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1. INTRODUCTION

The conventional breeding programme involving hybridisation ofchosen

parents followed by selection in the segregating generations is an effcctivc crop

improvement method for obtaining desirable recombinants. But (he recovery
of such recombinants is limited by linkages that may exist between desirable

and undesirable traits. In such situations induced mutations can be of great

help in breaking undesirable linkages. Conventional breeding method in

conjunction with mutation breeding thus serve as an effective and innovative

approach by which new and desirable recombinants can be isolated.

Heterozygosity in hybrids offer broad genetic base for the mutagen lo act upon
mcreatmg greater variability thereby providing much scope for selection. Hybrid

seeds have been subjected to mutations with this objective in groundnut

(Gregory, 1961), rice (Jalilmiah and Yamaguchi, 1965), cotton (Peter, 1976),

bnnjal (Gopimony, 1983) and okra (Cheriyan, 1986., Sheela, 1994 and Animon,
1996),

Okra is an important vegetable crop grown in the tropics. It is
e.xtensively cultivated in India, due to its wide range ofadaptability and easiness

^ for cultivation. But many of the okra cultivars now in vogue are highly
susceptible to yellow vein mosaic disease which reduces the growth and yield
of the crop considerably. Being avirus disease, transmitted by white fly {Beniisia



labaci). a possible i7icllio(J of conlrol is l>y use ol'iiiscclleiilcs Ici clcslroy (he

vector. But since the crop is adapted to alternate day harvest during fruiting

period, application ofinsecticides after flowering will lead to problem ofacute

insecticide toxicity. Intervarietal breeding programmes have not been fully

successful. Afew varieties like Pusa Sawani, Kiran etc. which were tolerant to

the disease initially are now susceptible to the disease. Interspecific

hybridisation between disease resistant semi wild species and cultivated types
ofokra has been atlempled in order to isolate high yielding disease resi.stant

recombinants from among the segregating generations. Preponderance of yellow
vein mosaic disease resistant plants having semi wild characters was obtained

in interspecific crosses of okra involving Abehnoschus maiii/iol, a semi wild

resistant species and Ahelmoschus esciileiitiis, a cultivated type which is

susceptible (Mathews, 1986).

Po.s.sibihty ofbreaking .strong linkage between the semi wild characters

and YVM resistance in //. mcwihot through irradiation in F, seeds was suggested
by earlier workers (Sheela, 1994 and Animon, 1996). The present study aimed

to estimate the e.xtent of variability generated in and generations as
aresult of hybrid irradiation of the interspecific hybrids between /). esclen/ns

and //. and to select high yielding yellow vein mosaic disease resistant
types from among the variable populations so that it can ultimately be developed
into a yellow vein mosaic disease resistant variety.
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2. REVIEW OF LITERATURE

Okra, commonly known as bhindi {Abelmoschus esculentiis (L.)

Moench) is one of the most important fruit vegetables grown throughout the

tropics and subtropics of the world. Attempts have been made to evolve high

yielding yellow vein mosaic disease resistant varieties through intcrspccific

hybridisation, irradiation and recombination. Areview ofthe reports on research

in the above context is being attempted here.

2.1. Origin and taxonomy

Okra belongs to genus Abelmoschus which was established by Medikus

(1787). However, most authors followed Candolle (1824) and treated it as a

section of Hibiscus. It was Hochreutiner (1924) who reinstated the genus

Abehuoschus stating that calyx, corolla and stamens are fused together at the

base and fall as one piece after anthesis whereas in the case ^niibiscus, these

are persistent.

1hough the genus is ol Asialic origin, [he origin ofculligcn A. esculentus

is variable-India (Masters, 1875), Ethiopia (Candolle, 1883: Vavilov, I95I);

West Africa (Chevalier, 1940; Murdock, 1959) and tropical Asia CGrubbcn,

1977). According to Joshi and Hardas (1956) okra is believed to be polyphyletic

in origin and might have originally been present in Africa and India.
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Index Kcwcnsis lisis over 30 spccics Abelmosvhus in Ilio old world,

four in the new world and four in Australia. Waalkes (1966) has a more

conservative point of view retaining only six species. These are A. moschatus

Medikus, A. manihot (L.) Medikus, A. esculentus (L.) Moench, A. ficulneus

^ (L.) Wt and Art. ex Wt, A. criuitus Wall, and A. angulosus Wall, cx Wt and Art.

The former three species consisted of wild and cultivated forms and the latter

three species consisted of wild forms only. Bates (1968) suggested some

additional modifications like inclusion of A. tubercuJatus and the grouping of
all subspecies and varieties ofA. manihot. The genus became more complex by
the discovery of an African cultivated species by Siemonsma (1982) and

described as A. caillei (Stevcis, 1988). Based on the available cytogenetical

^ International Okra Workshop (1990) adopted a classification in
^ which nine species were included in the genus Abelmoschits. This classification

also included the new cultivated species A. caWei which was wrongly identified

earlier as A. manihot ssp. manihot.

2.2. Cytogenetics of Abelmoschus

Joshi and Hardas (1956) reported that cultivated okra is allopolyploid
in nature. The chromosome number oTA. esculeiuus, has been reported to range
from2n =66to 144 (Siemonsma, 1982). However, tiie most frequently observed
chromosome number was 2n =130. The chromosome number of other species
reported are 2n =60 to 68 for A. manihot, 72 for^. moschatus, 72 hrA.ficuhteus
and 130 to 138 for tettaphyllus. The highest number reported was close to
200 for/I. ca///e/(Singh and Bhatnagar. 1975 and Siemonsma, 1982).
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2.3. Yellow vein mosaic disease

Yellow vein mosaic is the most serious disease atTecting okra. In India,

the disease was first reported by Kuikarni (1924). The viral nature of the disease

was first established by Uppal et al. (1940). The disease was first described

by Capoor and Varma (1950). Varma (1952) studied the relationship ofyellow

vein mosaic virus and its vector, the white fiy - Bemisia (abaci. The white flies

could secure the virus after feeding for one hour on diseased plants and the

viruliferous insects could transmit the virus to healthy plants after feeding on

them for thirty minutes. Handa and Gupta (1993) reported that the causal agent

ofYVM disease ofbhindi was gemini virus (18 x30 mm) in size, which showed

< ^ close relationship to Indian cassava mosaic bigemini virus.

The loss in yield due to the virus ranged from 50 to 90 per cent depending

on the stage ofcrop at which infection occurs. (Sastry and Singh, 1974). If the
plants were affected in the early stages of growth, there was a total loss so far

as yield and quality were concerned. Plants infected 50 and 65 days after

germination, suffered a loss of80 and 60 per cent respectively. Chelliah et a!.

(1975) reported that infection by virus (n 30 days old crop resulted in 88 per

cent loss in yield. Sinha and Chakraborti (1976) confirmed that the disease had

an adverse effect on plant height, number ofbranches, number and size offruits

and seed yield. Aliri jmd Ibidnpo (I9«9) reported (hnl conihined infection by
okra mosaic virus and okra Jeaf curl virus reduced growth ofokra more than

when plants were affected singly by either virus.
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2.4. Sources of resistance

Altempts to locatc resistant sourccs.to yellow vein mosaic disease were

made by many scientists. The variability in the genus Abelmoschus in respect

of mosaic resistance has been studied extensively at the lARI, New Delhi in

1948. Varietal resistance to yellow vein mosaic in A. esciilenttis was reported

as rare.

Pal et al. (1952) reported that A. tnherculatus closely related to A.

esculentus, was resistant to yellow vein mosaic virus and their hybrids were

seedless or with empty seeds.

Nariani and Seth (1958) reported that A. mauihot var. pungens, A.

chnitus, //. viiifolius and //. panduriformis were immune to YVM virus.

Singh et al. (1962) reported that a line IC 1542 which consistently

showed freedom from disease under field conditions was found to be a

symptomless carrier of virus.

Sandhu etal. (1974) reported that resistance to YVM virus was confined

to wild species, viz., A. ntanifwt, A. criiunia, A. moschatus and A. pungens.

According to Arumugam et al. (1975) the two accessions Abelmoschus

manihot introduced from Africa and Japan, were highly resistant to yellow vein

mosaic disease. The crosses made between A. esculentus and A. manihot yielded
viable Fj seeds. But there was 40 per cent sterility in the Fo generat

;ion.
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/I. manihot ssp. tetraphyUus of okra was reported to be a promising

source of resistance to yellow vein mosaic virus by Ugale et a/. (1976) and

Mamidwar et al. (1979).

Chelliah and Srecnivasan (1983) reported that A. manihot ssp.

tetraphylius and A. manihot were resistant to YVM virus.

Preliminary evaluation of okra types under research project on
f

maintenance and evaluation ofgermpiasm ofcrop plants in the Department of

Plant Breeding and Genetics, College of Agriculture, Vellayani have revealed

that asemi wild species A. manihot is completely resistant to yellow vein mosaic

disease while twenty other cultivars in the germpiasm were severely affected by
the disease (KAU, 1983).

Dutta (1984) reported that A. manihot ssp. tetraphyUus was successfully
used in the development of yellow vein mosaic resistant lines Scl-4 and Scl-10.

Rajamony et ai. (1995) reported that A. tetraphyUus, A. manihot ssp.
tetraphyUus, A.ficulneus, A. moschatus and anew collection. Hibiscus huegeiii
were resistant to the virus in the hot spot condition of the southern region of

Kerala.

2.5. Interspecific hybridisation in okra

Okra is essentially a self pollinated crop. .However due to its showy
corolla, the possibility of cross pollination cannot be ruled out. The rate of
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cross pollination has been reported to vary from 4 to 19 per cent (Purewal and

Randhawa, 1947); 4 to 31.7 per cent (Venkitaramani, 1953); 20 per cent (Joshi

and Hardas, 1956); 42.2 per cent (Mitidiery and Vencovsky, 1974) and 63 per

cent (Martin, 1983). Engels and Chande! (1990) reported that depending on

the specics or variety, season and location, varying degrees of out crossing,

upto 60 per cent occurs in okra.

Interspecific hybridisation has been carried out in this genus as early as

1930's. Teshima (1933) reported a successful cross between A. esculentus and

A. manihot. Later, Chizaki (1934), Skovsted (1935), Ustinova (1937) and Singh

et al. (1938) reported success of the same cross.

Pal et al. (1952) allcmplcd to transfer the true resistance against the
yellow vein mosaic disease of A. manihot var. pungens and symploinless type

of resistance of^. (uberculatus to cultivated okra variety, Pusa Makhmali. In

the case of crosses with A. tuberculatus, the F| hybrids were completely sterile

and no viable seeds were obtained even from back crosses. They succecded in

overcoming seed sterility through the production of amphidiploids from F,
hybrids, but were not free from yellow vein mosaic disease. Similarly the A.
manihot var. pimgens xA. esculentus hybrids also exhibited very high degree
of sterility. The F, hybrids were vigorous but mostly sterile as most of the

meiotic chromosomes remained as univalents.

Joshi and Hardas (1956) obtained a fertile plant from acolchicine treated

sterile F, hybrid between A. esculentus (2n - 130) and A. tuberculatus. There



were 29 bivalents and 36 univalents in the Fj hybrid. The cross was successful

in both directions and produced vigorous but sterile hybrids. Thus it was

postulated that A. esculentus (2n = 130) evolved through hybridisation between

one species with n = 29 and another with n = 36 followed by doubling the

chromosome number. The constant prcscncc ol the genome of/f. tuhei'culatus

in A. esculentus was noted.

Kuwada (196!) reported that the hybrid between A. esculentus and A.

manihot was particularly sterile. Later, Kuwada (1966) found that the crosses

between A. esculentus and A. tuberculatus were succcssful in bolh directions

but the hybrids were completely sterile.

Gadwal e( aL (1968) through embryo and ovule culture of hybrid

embryos, obtained viable hybrids from cross combinations of/I. esculentus x

A, moschatus, A. esculentus xA.ficulneus, A. tuberculatus xA, moschatus and

A.ficuhieus x A. moschatus.

Joshi et aL (1974) reported that the F, hybrid between A. esculentus (n

= 65) and A. moschatus (n - 36j through /'/; vitro culture showed very little

genomic affinity.

Kuwada (1974) reported that the hybridisation between A. tuberculatus

and A. manihot was successful only when A. tuberculatus was used as the female

parent, but the hybrid was completely sterile.
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Singh et al. (1975) reported that the hybrids of an accession from Ghana

which was identified as being immune to yellow vein mosaic with Indian okra

were only partially fertile while those between this accession and A. tetraphyllus

were completely sterile.

Hossain and Chattopadhyay (1976) reported that the interspecific hybrids

ofA. esculentus and A.ficulneus were resistant to yellow vein mosaic but were

self sterile and produced many fruits without seeds or witli only rudimentary

seeds and resembled their wild parent in several morphological charactcrs.

A successful cross between A. esculentus and A. tetraphyllus was

reported by Ugale et al, (1976). Almost perfect pairing of the genome ofA.

esculentus with the chromosomes of the other species was observed in the

meiosis of the hybrid. One of its genomes manifested agood homoiogy with A.

esculentus and behaved like an amphidiploid.

rhakur (1976) reported that YVM resistance in an interspecific cross

involving A. esculentus cv. Pusa Sawani and A. manihot ssp. maniliot cv. Ghana

was conditioned by two dominant complementary genes.

Arumugamand Muthukrishnan (1978)'reported that I-jS of crosses
involvmg two wild forms of A. manihot and two susceptible cultivars of/i.

esculentus namely Pusa Sawani and Co-1 were resistant to yellow vein mosaic
virus. Ihey also obtained good recombinants from and l-^ generations.
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II

Mamidwar et al. (1979) observed reciprocal dilTcrcnccs in crosses

between A. esculentus and wild forms o? A. manihot and A. tetraphylfus. The

fruit set was highest when A. esculentus was used as the female parent. The

hybrids produced seedless fruits or fruits with shrivelled seeds.

Meshram and Dhapke (1981) reported that the hybrid between A.

esculentus and A. letraphyUus was spreading in habit, dwarf in stature and highly

male sterile.

Dhillon and Sharma (1982) reported successful crosses between two

susceptible cultivars of/(. esculentus and one resistant cullivar of/I. manihot.

The hybrids showed resistance to the virus.

Jambhalc and Ncrkar (1982) induccd atnphidiploidy in Ihc l-, hybrid
between A. esculentus (n =65) and A. tetraphyllus (n =69) to overcome sterility.
They also reported colchicme induced amphidiploidy in the cross/i. esculentus

(2n = 130) XA. manihot ssp. manihot (2n = 194).

Martin (1982) reported interspecific hybrids between unnamed West

African species of Abelmoschus and A. esculentus. The Fj hybrids were
comparatively sterile but a few produced germinable seeds. Back crosses were
more lertile with almost complete fertility in liC2.

Siemonsma (1982) reported two distinct types ofokra called Soiidanien
and Guineen type. Soudanien corresponded to botanical descriptions and
previously reported chromosome numbers of A. esciilenlus. Guineen was
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thought to be anatural amphidiploid of A. esculentus (2n = 130 lo 144) and A.
manihot (2n =60 to 68) and had 2n =185 to 199. Soudanien and Guineen types
crossed readily in both directions and the progenies were intermediate in

character.

Jambhale and Nericar (1983) identified some plants resistant to yellow
vein mosaic virus which were obtained from back crosses of A. esculentus xA,

manihot to A. esculentus cv. Pusa Sawani. Seed fertility in the plants was 58 to
88 per cent.

-4.

Sharma and Dhillon (1983) reported that YVM virus was controlled by
two dominant complementary genes with additive effects based on their studies
on the genetics of resistance to YVM from the segregation of back crosses of
A. esculentus xA. manihot. They also suggested that genes responsible for
resistance to virus were sensitive to environmental changes. Therefore the

possibility that resistance to YVM virus in A. manihot ssp. manihot is
conditioned by polygenes cannot be ruled out.

In an interspecific breeding programme between A. esculentus and A.

manihot. Sujatha (1983J observed high degree of pollen fertility (33.4 to 64.5
per cent) in the hybrids but there was hardly any seed set. The seeds ifat all

formed were shrivelled and small in size.

• Pillai (1984) obtained hybrids with complete resistance to yelli
mosaic by crossing A. manihot with four susceptible cultivars of//, esculentus

low vein
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viz., AE-87, Pusa Sawani, Co-I and KS-17. But none outyicldcd the higlicst

yielding parent KS-17.

^ Nerkar and Jambhale (1985) crossed A. tetraphyllus, A. manihot and A.
manihot ssp. manihot with the cultivated okra A. esculentus cv. Pusa Sawani.

Approaches of growing straight generation, back crossing and use of

amphidiploidy were followed. They developed nine resistant lines with good

agronomic traits and consumer qualities.

•y

Cheriyan (1986) found that A. manihot and A. manihot ssp. tetraphvUus

were cross compatible with A. esculentus. But the plants did not bear normal

seeds and the pollen fertility of the hybrids was much lower than the parents.

There was preponderance of characters of wild species in the interspecific
^ hybrids.

Mathews (1986) observed preponderance oflow yielding YVM resistant

plants similar to semiwild parent among the population of tlic interspecific
hybrids between the YVM susceptible cultivars of A. esculentus and YVM

resistant semi wild species of A. manihot. Varying degrees of sterility were

observed in the F2 progenies. He also reported high phenotypic and genotypic
coefficients of variation for weight of fruits per plant, number of leaves per
plant and height of plant.

Prabha (1986) found that the interspecific crosses between the two
species mentioned above were cross compatible with absence of total hybrid
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sterility. The hybrids also inherited YVM disease resistance. But viable seed

recovery was low in hybrids, because ofcytogenetic disturbances arising out of

chromosomal differentiation that has taken place during spcciation.

Fatokun (1987) reported successful crosses between two cultivars from

each ofthe A. esculentus varietal groups Soudanien and Guineen. The hybrids

showed meiotic abnormalities which resulted in production of microspores of

variable size. Pollen viability was low (35.8 and 39.4 per cent) and only few

seeds were produced.

Sureshbabu (1987) reported vigorous F, hybrid between A. esculentus

and A. manihot ssp. teiraphyllus var. tetraphyllus. Sterility in the hybrid was

attributed to the failure of development of female gamete.

Bhargava (1989) reported embryo deterioration in ovules resulting from

crosses between A. manihot and A. esculentus and that it started five days after

pollination and was accompanied by reduction in ovule weight.

Kondaiah et al. (1990) made reciprocal crosses between A. manihot

ssp. manihot and A. tetraphyllus and also between A. manihot ssp. manihot and

induced amphidiploid of(l)v4. esculentus \ A. tetraphyllus and {2) A. esculentus

XA. manihot. The study revealed that/I. ssp. ///flm7;o/(hexaploid)
contained two genomes from A. tetraphyllus and a third'from A. manihot.

Swamy and Khanna (I99I) studied pollen grain formation and pollen
tube growth following interspecific pollination and reported that failure of seed
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formation might be due to slowness of pollen tube growth, abnormal pollen

tube, collapse of fertilised ovules or sparsity of pollen grains.

Sheela (1994) attempted to transfer YVM resistance from wild relatives

namely A. caiUei Stevels and A. manihot ssp. tetraphyUus to the cultivated

varieties. She observed preponderance of low yielding YVM resistant plants

similar to the donor parents among F2 and F2M2 populations indicating the

presence ofpowerful genetic mechanisms preventing recombination. Proportion^

of recombinants was higher in FjMj populations indicating breakage of

undesirable linkages through irradiation.

In interspecific crosses between the cultivated species A. esculentus and

wild types viz., A. moschatus, A. tetraphyUus and A. manihot, Chandran and

Rajamony (1997) observed that fruit set was higher when the cultivated type

was used as the female parent. Percentage ofviable seeds was low inall crossed

fruits than parents except in the cross A. esculentus cv. Kiran x A. manihot

which might be due to complete or partial failure of endosperm development.

2.6. Achievements

Varietal resistance to YVM in A. esculentus is rare. The earliest attempts

in India to breed a field tolerant variety led to the evolution of Pusa Sawani

(Singh etal., 1962). It was developed at lARI from a cross between IC 1542, a

West Bengal stock with symptomless carrier type of resistance and Pusa

Makhmali, an otherwise superior, but susceptible commercial variety of okra.
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However, the widely cultivated variety has lost this resistant reaction due to

various genetic and agrociimatic factors.

^ ihe lack ol varietal resisiance lo YVM prompted scientists to evolve

^ resistant vaneties through interspecific hybridisation. Punjab Padmini, an yellow
vein mosaic disease resistant variety had been evolved as aresult of interspecific

hybridisation between A. esculeutus and A. manihot ssp. manihot (Sharma,
1982).

Maharashtra Stale Seed Committee released another YVM disease

resistant variety 'Parbhani Kranti' in 1985 which was derived from the
^ backcrosstis of A. manihot to A. e.scii/cn/n.v cv. I'usa Sawatn' (.Ininbhnle and

Nerkar, 1986).

An YVM virus resistant variety P-7 was evolved from a cross between

A. escuhntus cv. Pusa Savvani and A. manihot ssp. manihot. The F, was
backcrossed to Pusa Sawani four times and selection was followed in the selfing
generations upto Fg (Thakur and Arora, 1988).

Selections from IIIIR, Bangalore viz., Selection-4, Selection-?,

Selection-IO and Selection-12 possessed YVM disease resistance
and was derived from a wild species A. manihot van tetraphyllns (Marckose

^ and Peter, 1990). Two varieties namely Arka Anamika and Arka Abhay resistam
to YVM disease was evolved at IIHR, through interspecific hybridisation using
A. manihot ssp. tetraphyllus. These varieties have been recommended for release
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at National Level (Arka Anamikaj and State Level (Arka Abhay) cultivation

(IIHR, 1991).

2.7. Variability through induced mutation in okra

The effect of irradiation in inducing recombination through the breakage

ofundesirable linkages has been reported by several workers.

Kuwada (1967) induced resistance to phytophthora in //. tmwihot by
irradiating seeds with gamma rays and X-rays. Variability induced by X-
ray mutation in okra has also been reported by Kuwada (1970).

Nandapuri et al. (1971) reported increased variation in plant height,
number of days to nowering and yield on gamma irradiation of seeds of okra.

One bushy mutant was also isolated.

Rao and Giriraj (1975) reported the effect of irradiation on seedling
characters in okra (A. esculen(us). Me noticed low germination as well as shorter
seedlings with thicker and darker leaves in M2.

Thandapani et al. (1978) released a mutant variety, MDU-2 produced
by treattng seeds of Pusa Sawani with diethyl sulphoxidc. The mutant showed
ahigher level of resistance to yellow vein mosaic than Pusa Sawani, under field
conditions during winter season. The mutant was shorter than Pusa Sawani
due to reduction in internodal length. More number of fruits per plant as well
as increased weight of fruit contributed to increased yield.



Jambhale and Ncrkar (I980j isolated an induccd leaf mutant in M.

following gamma irradiation ofA. esciileiuiis cuhivaT Pusa Savvani characterised

by tiie presence of three to five leaflets on most of the leaves, smallieaves and

flowers, basal branching, dwarf habit and small fruits with six to seven ridges.

Nirmala (1982) induced variabilily. in wild species o( Abehnoschns

mamhoi using 10, 15 and 20 kR gamma radiation. Vigour due to Irradiation for

plant height, internodal length and length of leaves was significant irrespective
of the doses of radiation. Maximum variability was observed for fruit yield per
plant.

Abraham and Bhalia (1984) reported that highest mutation rates in okra

occured with 60 to 80 kR gamma rays.

Jambhale and Nerkar(1984) identified amutant with fruits bearing stiff
prickly trichomes in the H. esculentus variety Vaishali Vadhu by treatment of
seeds with 40 kR gamma rays. Crosses of M3 mutant with normal plants of
Vaishali Vadhu indicated that presence of trichomes is controlled by asingle
incompletely dominant gene designated as sf.

Abraham (1985) isolated a mutant having the characteristics of A.
tetraphyllus showing resistance to yellow vein mosaic disease from the
generation of irradiated A. esculentus varieties and observed that the hybrids
were more sensitive to mutation compared to varietal seeds.
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Krishna (1985) treated okra seeds with 10, 20, 30, 40, 50 and 60 kR

gamma rays to induce variability. In there was a progressive decline in

mean values for most of the characters depending on doses. Pollen and seed

"f- sterility were high in higher doses ofmutagen treatments.

Cheriyan (1986) reported considerable variability in interspecific hybrids
• involving A. esculent,,s and A. manihot by gamma irradiation. Irradiation

produced considerable changes in dominant characters like branched habit,
pubescence and pigmentation of vegetative parts. Gamma irradiation enhanced
pollen fertility of interspecific hybrids and suggested that higher doses above
25 kr should be used to create wider variability in interspecific hybrids.

Regina (1986) reported higher variability in okra through gamma
irradiation in generation than in generation. The irradiated hybrids
showed maximum positive variability.

Jeevanandam e, al. (1987) irradiated seeds of strain AE-7 of
esculent,,s with gamma rays at 10, 20, 30, 40, 50 and 60 kR. The seeds of M,
generation were either forwarded to or again exposed to 20 kR of gamma
rays or presoaked in water for four hours and treated with 0.05 per cent EMS.
The effectiveness of treatment and number of viable mutants increased with
increasing doses of gamma rays upto 40 kr in all the three treatments.

Kulkarni and Nerkar (1992) identified an induced mutant 'Parbhani
Tillu' suitable for fruit processing by gamma irradiation of seeds of okra (./.
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escu/enttis) with a dose of40 kR. The short fruit mutant was isolated from M2

generation. The fruits do not break and retain acceptable fruit texture after

freezing. The mutant was also characterised by short stature and small leaves

with shallow leaf lobules.

Sheela (1994) studied the effect of radiation on the hybrid seeds of

interspecific crosses between A. caillei and A. tetraphyHus with A. escuUntus.

She reported that a radiation dose of60 kR was optimum for inducing breaks in

closely linked genes so as to release the variability present in the interspecific

hybrids for effecting selection of resistant types. The scgrcgants resembled

wild parents with regard to yellow vein mosaic resistance. Majority of the

scgrcgants showed complete resistance under heavy cpidcmic condition. She

suggested the selection of early flowering types with increased fruit weight for

enhancing the level of YVM disease resistance. She also observed a general
reduction in the mean values of the important yield components like number of

nowers, number of fruits and average fruit weight in the segregating generations
due to the presence of sterile weak plants in the progeny. Ma.ximum number of

recombmants were identified in the irradiated crosses o^A. caiUei and cultivated

parent A. esculentus (Anakkompan and Eanivenda).

Animon (1996) reported that the irradiated interspecific hybrid between
A. esciiletuus xA. monihot represented more towards the semi wild parent for
most economic characters. Not much difference was noticed among irradiated
and unirradiated hybrids with respect to yield contributing characters like number
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of flowers per plant, number of fruits per plant and fruit weight. All the hybrid

treatments were found to be giving high yields and had resistance to YVM

disease. Increase in radiation dose decreased germination percentage and

^ survival rate. Delayed formation offlowers and fruits was noticed on irradiation

of the hybrids.

-i.
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y 3. MATERIALS AND METHODS

The present study was undertaken in the Department of Plant Breeding
and Genetics, College of Agriculture, Vellayani during 1996-97 to estimate
the variability generated by hybridisation and hybrid irradiation in the F,
F^M,. F3 and F3M3 generations of okra {Abehnoschus spp.) and to isolate high
yielding yellow vein mosaic disease resistant lines from among the segregating
gcneralions.

3.1. Materials

The present study was undertaken as acontinuation of aprevious
investigation conducted in the Department of Plant Breeding and Genetics,
College of Agriculture. Vellayani wherein the parents, Kiran -ahigh yielding
locally adapted Abehnoschus esculentus cultivar and A. manihoi^a YVM disease
resistant semi wild species were crossed, the hybrid seeds irradiated and F,
studied. The selfed seeds obtained from the parents, F, and F,M, plants of the
above experiment were used to raise the F, and F,M, generations in the present
study. Recombinants of high fruit yield and YVM disease resistance from the
F2 and F,M, generations were selected, selfed and the seeds used to raise the
F3 and F3M3 generation along with the parents.
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3.2. Methods

3.2.1. Evaluation of (tie and FjINI^ progenies

Afield experiment was laid oul in aCompact Family Block Design with
seven treatments, five replications and ten progeny rows per treatment. Each

progeny row consisted ten plants. The purpose of the experiment was to

evaluate the (unirradiated) and F^M^ progenies from the four radiation
treatments (10 kR, 20 kR, 30 kR and 40 kR) along with the parents. The
details are furnished below

Treatment

OkR

10 kR

20 kR

30 kR

40 kR

Kiran (Pj)

A. waiUhot (P2)

l^rogcny rows

I to 10

II to 20

21 to 30

31 to 40

41 to 50

51 to 60

61 to 70

3.2.2. Evaluation of F3 and F3IVI3 progenies

Plants with high fruit yield and YVM disease resistance were selected
from the F^ and F^M^ generation and selfed. The selfed seeds collected from
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the Ft and progenies as well as from the two parents were utilised to

raise tlic F, and I'jMj proecnics. Afield experiment was laid out in Compact

Family Block Design with seven treatments, five replications, ten progeny rows

•y.- per treatment and each progeny row consisting often plants inorder to evaluate
ihe Fj and F3M3 progenies. The details are furnished below.

Treatment Progeny rows

OkR

10 kR

20 kR

30 kR

40 kR

1-3,2-4, 4-1,4-4, 5-3,6-3,6-4, 7-2,

9-3, 10-2

15-3, 15-4, 16-2, 16-3, 17-4, 17-5,
19-1, 19-2, 19-3, 19-4

22-4, 23-1, 23-7, 24-6, 26-1, 27-J.
27-5, 29-4, 30-3, 30-6

32-1, .33-4, 33-5, 35-1, 35-2, 35-3,
35-4, 35-8,36-1,40-6

41-2, 42-4, 43-1, 43-2, 43-4, 44-3,
45-1,46-2, 46-3,46-4

51-3, 53-4, 53-6, 54-2, 55-4, 55-5,
56-2, 57-4, 58-3, 58-5

A. manihotiP^) 61-1, 61-3, 62-4, 63-3, 64-3, 64-4,
65-4, 66-2, 67-3, 68-2

The crop was raised under insecticide free condition and susceptible check

Kilichundan was grown as border plants for both the experiments. All
agronomic practices e.xcept insecticidal sprays were followed as per the Package
of Practices Recommendations (1993) of Kerala Agricultural University.
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plants each were selected at random in each progeny row per replication for

recording the observations.

3.3.1. Days to first flowering

The number of days taken from sowing to the first flower opening was
recorded.

3.3.2. Leafaxil bearing the first flower
0

The number of the leaf axil from which the first flovver was produced was
recorded.

3.3.3. Leaf number

The total number of leaves produced by the plant from the base to the tip
ol the plant including the branches were counted. Dropped leaves were counted
by their respective nodes.

3.3.4. Leaf area

Three leaves were collected from the third, sixth and ninth nodes from
each plant. Leaf area was determined using a leaf area meter and mean
expressed in square centimetres.
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3.3.5. Number of branches per plant

The total number of primary branches in cach plant was counicd at liiial

harvest and recorded.

3.3.6. Number of flowers per plant

The total number of flowers produced per plant was counted and
recorded.

3.3.7. Pollen sterility

Stainability with 1:1 glycerine acetocarmine was used as the criterion to
assess pollen sterility. Mature flower buds produced during early part of
nowering period were selected. Unstained, undersized, partially stained and
shrivelled pollen grains were scored as sterile and uniformly stained properly
.filled pollen as fertile. In each of the slides, ten microscopic fields were scored
and data recorded. Pollen sterility of each plant was estimated as percentage
of the number of sterile pollen grains to the total number of pollen grains
scored.

3.3.8. First fruiting node

The number of the node from which the first fruit produced was
recorded.
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3.3.9. Number of fruits per plant

Hic total number of (ruils produced from each plant was counted and

recorded.

3.3.10. Average fruit weight

Weight ofcach fruit was taken at tlie time of harvest and tTiean expressed
in grams.

3.3.11. Weight of fruits per plant

Weight of fruits per plant was calculated from the product of average
^ fruit weight and number of fruits per plant and expressed in grams.

3.3.12. Length of fruit

\

Length of fruit was measured from the base to the tip on the third, sixth
and ninth node in each plant and expressed in centimetres. "

^ 3.3.IJ. Girth of fruit

-T recording the length were used for recording the girth.
The girth was measured at the middle portion of the fruit and mean expressed
in centimetres.
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3.3.14. Number of seeds per fniit

Seeds were extracted from each of the fruits of which hength and girth
were measured and mean number ofseeds recorded.

3.3.15. Number of ridges per fruit

The number of ridges per fruit was counted and recorded.

3.3.16. Fruiting phase

Ihe duration between the first harvest and the final harvest in each
treatment was recorded in days.

3.3.17. Height of (he plant

Height of the plant from the ground level to the lip was measured after
the last harvest and expressed in centimetres.

3.3.18. Incidencc of YVM d
iseasc

The rating scale by Arumugam et o/. (1975) was used for scoring
yellow vein mosaic intensity. The scoring was done according to the
characteristic symptoms appearing on the leaves or the fruits of each
observational plant. The disease rating mean of each treatment in a
replication was calculated as follows ;
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Sum of disease scores in the observational plants
Mean disease Rating =

Number of plants

Table 1. Yellow vein mosaic disease rating scale

SI.

No.

3.

4.

5.

Symptom

No visible symptom characteristic of
the disease

Ver>' mild symptoms, basal half of primary
veins green, mild yellowing ofanterior half
ofprimaiy veins, secondary veins and veinlets.
Infection is also seen late in the season under
field conditions

Veins and veinlets turn completely yellow

Pronounced yellowing ofveins and veinlets.
50 %ofleaf lamina turn yellow, fruits
exhibit slight yellowing

Petioles, veins, veinlets and interveinal
area turn yellow in colour. Leaves start
drymg from margin. Fruits turn yellow in
colour

Grade

Highly

resistant

Resistant

Moderately

resistant

Susceptible

Highly

susceptible

Rating
scale

29

3.3.19. Inculence of fruit „„d shoot borer

Infemion „„ r,„„

F.) In ,l,e ob,e„.,i„„.| p,.„„

percentage.
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3.3.20. Duration of the plant

The number of days taken from the day of sowing till the last harvest
<A

was recorded.

3.4. Statistical analysis

The data collected from the experiments were recorded separately for all

the main items of study and subjected to statistical analysis.

3.4.1. Analysis of variance '

Analysis of variance was done as per the design (Panse and Sukhatme,

1957) for the comparisonamong the different treatments, among the progenies

within the treatments and to estimate variance components.

Table 2. ANOVA for the Compact Family Block Design

Source of Between families Between progenies within

variation (treatments) families (treatments)

df MS df MS

1 2 " /

Blocks

1

(r-1) S-b (r-1) S^b] S2b2 S^bf

Families (/-I) sV (p-1) S^p, S^P2 •S^Pf
(treatments)

Error (r-1) (/-I) S^e (r-l)(p-l) S^e,
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When II,e error variances were found l,on,ogenous, ll,e follow,
was done.

ng pooled ANOVA

Table 3. Pooled ANOVA for ,he Compact Family Block Design

Source of varialion
df

Blocks
(r-l) S^b

Families (treatmenls)
(M) S^f

Error (a)
(r-l) (/-I) S^ea

Progeny within families (trcalmenlsj /(p-I)
S2p

Error (b)
/(r-I)(p-I) S^eb

Tolal
/pr-l

For different comparisons, the standard
errors were computed as follows

SR.ofdiffercnce between family means = /^
V rp
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2. SE of difference between two progeny means in the same family

2S?b

3. SE of difference between two progeny means belonging to different

fmilie. -
' V pr

3.4.1. Estimation of variance components

A

Genotypic variance =
SPi^ - SP2

' ei

Environmental variance (a^e ) =
1' ei

Phenotypic variance (o^p|) = a^g. + a^e-

3.4.2. Coefficient of variation

Phenotypic and genotypic coefficients of variation (PCV and GCV) were

estimated as

GCV = X 100



api
PCV - —X 100

^ where ag| = genotypic standard deviation oftiie variable Xj

apj = phenotypic standard deviation of the variable Xj

x-j = mean of Ihe character Xj

3.4.3. Heritability (Broad sense)

H- = X 100
a2pi

where is the herilabilily expressed in percentage (Jain, 1982).

3.4.4. Genetic advance under selection

GA = kH-ap- (Allard, 1960)

where GA = Genetic advance

k - Selection differential

- 2.06 at 5 per cent selection in large samples
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3.4.5. CorrchKion

Phenotypic correlation (r ) =

> ^px ^ <^py

where a pxy ~ phenotypic covariance of characters xand y

- phenotypic standard deviation ofcharacter x

(7py phenotypic standard deviation of character

34
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4. RESULTS ^

The data collected from the experiments were tabulated and were

subjected to statistical analysis. Phenotypic and genotypic coefficients of

variation, heritability in the broad sense, genetic advance and correlation were

computed for the different characters under study. The results obtained are

presented below.

4.1. Evaluation of the F2M2 generation

Analysis of variance of the different characters studied showed that

the treatments differed significantly among themselves for all the characters

(Table 4). The mean values of the different treatments as well as the progenies

with respect to each character are presented in tables 5 to 24. The variability

observed for the plant characters are presented in figures 1 to 10.

4.1.1. Days to first flowering

Significant difference in the number of days to first flowering was

observed among the treatments. The mean number ofdays taken for first flowering

was minimum for the cultivated parent Kiran (44.35) and maximum in 30 kR

(54.12). Progeny differences were significant within the treatments 20kRand 30kR.
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Table 4. Pooled ANOVA of 20 characters for the seven treatments in F^M
21V12

Si. Character
Mean Sq uare

No Replication Family Error ^6,24
df=4 df=6 df=24

I. Days to first flowering 5.45 622.53 7.03 88.87*'
2. Leaf axil bearing first flower 0.30 41.72 1.35 30.91*'
3. Leaf number 85.78 2489.08 28.20 88.27"
4. Leaf area 728.50 116638.70 1504.17 77.54"
5. Number of branches per plant 1.26 8.84 0.29 30.61'-'
6. Number of flowers per plant 39.98 1652.51 11.98 137.96"
7. Pollen sterility 60.04 7502.31 12.29 610.49"
8. First fruiting node 2.08 87.63 .1.36 64.63"
9. Number of fruits per plant 8.07 1255.43 9.59 130.87"

10. Average fruit weight 34.43 250.18 8.68 28.83"
11. Weight of fruits per plant 5645.50 151376.00 5449.71 27.78"
12. Length of fruit 4.49 168.07 1.84 91.32"
13. Girth of fruit K31 62.94 0.69 91.08"
14. Number of seeds per fruit 91.93 22012.18 58.66 375.26"
15. Number of ridges per fruit 0.14 47.70 0.29 160.08"
16. Fruiting phase 41.00 7515.21 41.40 181.55"
17. Height of plant 225.88 7296.75 253.10 28.83"
18. Incidence of YVM disease 0.04 1.41 0.06 24.95"
19. Incidence of fruit and shoot borer 0.06 18.80 0.06 326.37"
20, Duration of plant 9.88 9177.75 40.10 228.84'"

Significant at 1 percent level CO

o>
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In 20 kR (he mean number of days taken lo first Ilowering ranged froin 49.54 to

57.10 and in 30 kR, it ranged from 45.88 to 59.50 (Table 5).

4.1.2. Leaf axil bearing the first flower

Leaf axil bearing the first flower varied significantly among the

treatments (Table 6). The mean values ranged from 4.73 in the cultivated

parent to 7.32 in 10 kR and the semi wild parent. The unirradiated treatment,

0 kR (6.08) was on par with 20 kR (6.46), which in turn was found to be on

par with 40 kR (6.73) also. Progeny difTerences were significant within

treatments 20 kR, 30 kR and Pj. The mean values ranged from 5.68 to 7.32

in 20 kR, 4.52 to 7.32 in 30 kR and 4.24 to 5.28 in the parent Kiran.

4.1.3. Leaf number

Significant variation in the number of leaves per plants was observed

among the treatments (Table 7). The average number of leaves ranged from

19.81 (0 kR) to 40.64 (20 kR). The treatments 10 kR (27.02) and 30 kR

(28.71) were on par, while 40 kR (24.13) was on par with P2 (23.85). Progeny
differences were observed within the treatments 10 kR, 20 kR, 30 kR and Pj
Maximum variability was observed among the progenies in 20 kR where the
average number of leaves ranged from 16.52 to 167.88. The mean values

ranged from 19.08 to 32.60 in 10 kR, 20.28 to 67.04 in 30 kR, 19.12 to

21.96 in Pj.
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Iable 5. Days lo first flowering in i'2MT

Progenies
Treatments

OkR 10 kR 20 kR 30 kR 40 kR Pi ^^2

1. 49.88 48.76 51.62 59.50 52.73 43.98 53.26

2, 48.60 50.98 49.54 54.40 53.20 43.86 54.80

3. 49.20 53.28 52.76 50.98 54.08 43.68 51.30

4. 50.58 53.82 52.20 56.70 53.78 44.54 50.40

5. 48.48 52.02 52.54 45.88 55.00 45.00 56.28

6. 48.30 52.20 57.10 48.92 52.00 43.80 52.36

7. 47.48 53.32 54.48 58.08 53.80 44.14 54.42

8. 45.06 49.40 49.72 57.66 53.88 44.36 52.14

9. 50.56 51.84 52.84 53.46 55.36 43.44 52.28

10, 46.72 53.06 50.98 55.62 53.30 46.08 53.88

Mean 48.49 51.87 52.38 54.12 53.72 44.35 53.12

^9,36 1.71 1.62 2.37* 15.95*' 0.74 0.62 1.91

SE

Progenies

Treatments

1.872

0.530

1.886 2.048 1.544 1.632 1.542 1.795

Bartlett's

for error

variances

5.17

Significant at 5 per cent level ** Significant at 1
per cent level
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Table 6. Leaf axil bearing the first Hower in F.M
21VI2

Progenies
Treatments •

0 kR 10 kR 20 kR 30 kR 40 kR Pi ^2

1. .5.72 7.36 6.80 7.32 6.32 4.28 7.20

2. 5.88 7.76 7.32 6.88 6.72 4.60 7.72

3. 6.52 7.32 5.68 4.96 6.40 4.84 7.12

4. 6.32 7.32 6.36 6.00 6.52 4.24 7.76

5. 6.52 7.80 7.12 5.84 6.96 4.92 7.28

6. 6.12 7.52 6.04 5.52 7.18 4.40 6.76

7. 6.24 6.88 6.48 5.80 7.08 4.80 7.80

8. 6.08 7.16 6.48 5.56 6.80 5.28 6.84

9. 6.04 7.00 5.96 5.88 6.72 5.00 7.40

10. 5.36 7.08 6.36 4.52 6.64 4.98 7.36

Mean 6.08 7.32 6.46 5.83 6.73 4.73 7.32

^9,36 1.42 0.88 4.23'* 11.70'* 0.45 2.32* 2.07

SE

Progenies 0.426 0.462 0.351 0.338 0.595 0.318 0.357

Treatments 0.232

Bartlctt's 23.26"
for error

variances

Significant at 5per cent level ** Significant at 1per cent level
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Table 7. Leaf number in ^2^2

Progenies
Treatments

•

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

I. 22.92 30.48 25.22 22.21 31.44 20.00 24.08

2. 19.56 28.84 26.52 22.16 21.92 21.02 25.70

J. 19.76 19.08 24.36 23.68 24.96 20.16 26.20

4. 20.60 21.95 22.32 31.60 22.00 19.12 24.20

5. 19.52 . 32.60 27.08 21.32 23.36 19.28 23.40

6. 19.60 27.84 167.88 20.28 22.08 20.08 24.32

7. 19.88 28.52 16.96 23.96 21.44 20.48 23.00

8. 19.52 23.32 60.58 67.04 24.36 21.00 23.46

9. 19.04 28.40 19.00 28.56 21.88 21.76 21.72

10. 17.68 29.16 16.52 26.28 28.28 21.96 22.40

Mean 19.81 27.02 40.64 28.71 24.13 20.49 23.85

^9,36 1.03 4.39** 359.04** 29.67** 1.50 3.12** 1.47

SE

Progenies 1.845 2.831 3.467 3.608 3.798 0.763 1.605

Treatments 1.062

Bartlett's 103.50**
for error

variances

** Significant at I per cent level
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4.1.4. area

Significant diflerences in leaf area were observed among the treatments
. (Table 8). The leaf area was highest in 40 kR (3-35.01 cm^) and least in 0

kR (214.62 cm2). The treatment 10 kR (290.39 cm^) was on par with 30 kR
(283.50 cm2) while 40 kR (335.01 cm^) was on par with (328.63 cm^).
Significant differences among the progenies were also observed within the
treatments 0 kR, 10 kR, 20 kR, 30 kR and 40 kR. The average leaf area
ranged from 161.76 to 246.80 cm^ in 0 kR, 180.32 to 483.50 cm^ in 10 kR,
86.60 to 340.16 cm^ in 20 kR, 105.60 to 486.20 cm^ in 30 kR and 239.88 to
424.52 cm- in 40 kR.

4.1.5. Number of branches per plant

Table 9showed that the number of branches per plant was significantly
different among the treatments. The average number of branches per plant
ranged from 0.23 in the parent Kiran to 1.27 in 30 kR. The treatments 20 kR
and 30 kR were on par, while the treatments 0kR, 10 kR, and P, were also
round to be on par. Progeny differences were observed within the irradiated
treatments. The mean values ranged from 0.09 to 1.16 in 10 kR, 0.20 to 7.92
in 20 kR, 0.12 to 6.23 in 30 kR and 0.12 to 3.90 in 40 kR.

4.1.6. Number of flowers per plant

Table 10 showed that the number of Howers per plant varied significantly
among the .realments, I. was highest for 20 kR (30.79, ..k, lowc.st for 0kl< (13.72).
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Table 8, Leaf area (cm^) in FjMj

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi Pz

1. 246.80 238.36 250.77 289.96 384.22 235.36 325.04

2. 244.56 180.32 252.56 255.48 424.52 213.12 341.92

3. 222.88 239.12 242.52 364.96 327.04 232.20 329.36

4. 246.24 254.26 229.00 201.04 293.52 216.80 309.32

5. 161.76 246.68 305.78 255.62 330.04 190.32 341.28

6. 208.60 461.66 86.60 154.52 421.28 223.64 317.92

7. 221.00 276.84 340.16 382.56 326.92 224.62 310.12

8. 177.36 483.50 128.33 105.60 239.88 230.36 321.20

9. 230.00 287.72 311.41 342.08 285.04 245.80 343.80

10. 186.96 235.40 287.76 486.20 317.60 230.28 346.32

Mean 214.62 290.39 243.49 283.50 335.01 224.25 328.63

6.38** 43.17** 54.23** 63.61** 27.88** 1.15 0.41

SE

Progenies 16.965 21.580 15.418 20.272 15.871 19.903 31.048

Treatments 7.888

liarllctl's 28.04**
for error

variances

*♦ Significant at 1 per cent level
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Table 9. Number of branches'per plant in F,M

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

1. 0.72 0.20 0.48 0.35 3.90 0.16 0.24

2 0.20 0.20 0.24 0.12 0.52 0.26 0.44

3. 0.56 0.16 0.36 0.40 0.40 0.48 0.34

4. 0.28 0.09 0.20 0.28 0.32
V

0.20 0.44

5. 0.60 1.16 0.20 0.60 0.24 0.36 0.40

6. 0.96 0.20 7.92 1.00 0.24 0.12 0.54

7. 0.16 0.68 0.36 0.43 0.12 0.24 0.52

8. 0.24 0.20 2.07 6.23 0.24 0.00 0.20

9. 0.16 0.24 0.33 1.02 0.12 0.16 0.42

10. 0.80 0.56 0.20 2.25 0.12 0.30 0.84

Mean 0.47 0.37 1.24 1.27 0.62 0.23 0.44

^9.36 2.07 12.08** 173.16** 38.35** 34.65** 1.62 1.03

SE .

Progenies 0.291 0.136 0.259 0.422 0.278 0.148 0.247

Trealments 0.108

Banlett's. 61.31"
for error

variances

** Significant at I per cent level
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Table 10. Number of flowers per plant in ^2^2

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi '̂2

>•
I. 15.64 17.36 16.04 14.33 22.48 14.68 16.24

2. 13.40 22.00 17.92 15.00 15.80 15.22 17.18

3. 13.08 14.04 16.92 16.84 16.40 13.94 18.52

4. 12.74 13.92 14.00 20.08 14.96 13.72 15.84

5. 12.92 24.68 18.12 15.16 13.72 13.20 16.60

6. 13.92 20.12 143.48 14.20 16.64 14.80 16.52

7. 14.08 20.44 10.72 16.44 14.64 15.12 16.24

8. 14.88 17.36 48.68 51.39 17.92 15.16 16.12

T 9. 13.92 17.96 11.84 17.04 14.48 15.40 14.40

10. 12.64 19.76 10.16 18.72 20.72 16.08 13.92

Mean 13.72 18.76 30.79 19.92 16.78 14.73 16.16

^9.36 1.05 3.45** 268.69** 28.46** 2.83* 2.29* 1.41

SB

Progenies 1.342 2.556 3.549 2.974 2.396 0.814 1.545

-r
Trcatnicnts 0.704

Bartlett's 92.15*'
for error

variances

Significant at I pcrccnt level
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Progeny differences were observed within the irradiated treatments and the cultivated

parent. In 10 kR the average number of flowers ranged from 13.92 to 24.68, while
m20 kR the range was from 10.16 to 143.48. The mean values ranged from 14.20
to 51.39 in 30 kR, 13.72 to 22.48 in 40 kR and in P| the range was from 13.20
to 16.08.

4.1.7. Pollen sterility

There was significant difference among the treatments with respect to
pollen sterility (Table 11). The pollen sterility was minimum for the cultivated

parent (3.59 per cent) while it was maximum for 10 kR (54.04 per cent).
Progeny differences were significant in all the treatmems except the cultivated
parent. Maximum progeny differences were observed in 20 kR and 30 kR.

In 20 kR the pollen sterility ranged from 2.40 to 52.92 per cent while in 30

kR it ranged from 5.42 to 79.00 per cent.

4.1.8. First fruiting node

Table 12 showed that first fruiting node differed significantly among
the treatments ranging from 5.38 in the cultivated parent Kiran to 9.16 in the

highest irradiation treatment 40 kR. The treatments 10 kR and 40kr were

found to be on par. Significant progeny differences were observed within the

treatments 20 kR, 30 kR and Pj. In 20 kR the mean values ranged from 6.96
to 8.96, while it was 5.00 to 8.40 in 30 kR and 4.84 to 6.24 in P^.
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Tahlell. Pollen sterility (%) in F.M
2""2

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR

1. 14.86
(22.63)

57.05
(49.07)

38.48
(38.30)

36.68
(37.18)

24.04
(29.28)

3.24
(10.30)

33.15
(35.11)

2. 18.32
(25.20)

41.82
(40.22)

52.92

(46.66)
37.26

(37.55)
26.86

(31.16)
7.04

(15.36)
•26.48
(30.81)

3. 14.76
(22.57)

77.06
(61.51)

43.24

(41.08)
79.00

(63.07)
64.68

(53.59)
3.60

(9.74)
25.12

(29.85)
4. 16.00

(23.55)
57.93

(49.58)
22.48

(28.05)
77.60

(61.93)
42.52

(40.64)
3.40

(10.50)
21.36

(27.43)
5. 19.48

(26.12)
51.58

(45.90)
15.68

(23.23)
5.42

(13.05)
39.20

(38.70)
3.50

(10.63)
41.62

(40.14)
6. 19.68

(26.27)
64.08

(53.24)
2.40

(8.82)
28.62

(32.26)
43.40

(41.12)
2.88

(8.73)
13.60

(21.61)
7. 16.64

(24.06)
61.30

(51.62)
51.00

(45.57)
30.90

(33.59)
27.40

(31.48)
1.84

(6.78)
17.56

(24.71)
8. 18.12

(25.15)
38.20

(38.12)
18.44

(25.15)
56.34

(48.79)
50.60

(45.33)
3.40

(10.60)
25.56

(30.06)
9. 15.88

(23.45)
45.40

(38.76)
39.24

(38.76)
23.84

(29.11)
44.08

(41.57)
4.16

(10.44)
34.32

(35.57)
10. 17.28

(24.53)
45.96

(32.39)
28.80

(32.39)
53.20

(46.82)
45.00

(42.02)
2.84

(8.55)
32.30

(34.52)
Mean 17.10

(24.35)
54.04

(47.43)
31.27

(32.80)
42.89

(40.34)
40.78

(39.49)
3.59

(10.16)
27.11

(30.98)

^9,36 2.41* 3.09** 62.59'* 34.36*'" 14.65** 1.56* 7.72**
SE

Progenies

Treatments

1.211

0.702

1 T 1 TT**

4.649 3.184 5.927 4.588 2.498 4.397

for error

variances

Figures in parenthesis are values after angular transformation
*Significant at 5per ccnt level Significant at Iper cent level
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Table 12. First fruiting node in

Progenies
Treatments

•

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

1. 7.04 8.24 8.08 8.40 10.12 4.92 8.00

2. 7.56 10.56 8.96 7.76 8.16 5.12 8.08

3. 7.16 8.92 7.88 6.00 9.52 5.56 8.76

4. 7.52 8.96 8.40 6.88 9.08 4.84 8.48

5. 7.64 10.72 8.68 6.56 9.28 5.32 8.16

ft. 7.64 ^J,08 7.72 6.72 8.96 5.12 7.52

7. 7.48 8.44 7.76 6.08 9.56 5.44 8.12

8. 7.24 8.68 7.36 6.72 10.04 5.60 7.16

9. 6.96 7.88 6.96 6.76 8.40 5.68 7.76

10. 7.12 8.64 7.92 5.00 8.52 6.24 7.72

Moan 7.34 9.01 7.97 6.69 9.16 5.38 7.98

^36 1.42 0.88 4.23*' 11.70'* 0.45 2.32* 2.07

SH

Progenies 0.336 0.408 0.342 0.213 0.720 0.357

Treatments 0.233

Bartlett's 58.62**
for error

variances

Signiricam al 5per cent level »* Significant at I per cent level
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4.1.9. Number of fruits per plant

Significant difference in the number of fruits per plant was observed
^ among the treatments. The average number of fruits ranged from 11.08 in the

unirradiated treatment to 26.40 in 20 kR. The treatments 10 kR, 40 kR, P,
''2 P'"'- Significant progeny differences were noticed within the

treatments 20 kR. 30 kR. 40 kR and P, The number of fruits per plan,
n-nged from I2.2« to 15.00 in the cultivated parent P, In 20 kR, the mean
values ranged from 8.88 to 125.40 while in 30 kR the progeny mean values
angtd liom I_.I6 to 44.44. In 40 kR, the mean values ranged from 10.56

to 17.62'. (Table 13).

k 4,1.10. Average fruit weight

, Sigiurieam iltfrerence-s existed among ihe irealmenls wiili respecl lo
average Ihii, „eigl„ (Tafcle H), 11,e r,ai, weigl,,
wild parent (18.13 g) while 0kR recorded the lowest (11.59 gj. The parent
Kiran (14.37 g) was on par with 40 kR (13.61 g). The unirradiated treatment
0kR xvas on par with 10 kR which in turn was on par with 30 kR and 40 kR.
Significant differences among the progenies were noticed within the treatments
20 kR. 30 kR and 40 kR. The average fruit weigh, ranged from 6.08 to
20.20 gin 20 kR, 7.18 tol5.04 gin 30 kR and 10.44 to 17.44 gin 40 kR.

4.1.11. Weight of fruits per plant

The results showed that all the treatments differed significantly
among themselves with respect to the weight of fruits per plan, (Table 15).
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Tnhic l.V Number of fruils per plant in r-,M21VI2

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR ''2

1. 11.77 14.72 13.36 12.37 17.62 13.44 14.24

2; 11.68 14.36 13.28 • 12.56 12.96 13.72, 15.24

3. 10.86 12.20 13.88 13.36 13.20 13.40 15.96

4. 9.28 13.52 10.88 17.79 13.00 13.04 13.96

5. 10.44 13.72 11.64 13.12 10.56 12.28 14.68

6. 10.16 13.48 125/10 13.20 13.76 14.08 15.84

7. 11.04 12.56 9.46 12.16 12.88 14.20 14.92

8. 12.64 13.36 45.23 44.44 14.86 14.28 14.36

9. 12.06 13.44 9.96 14.36 12.48 14.32 13.32

10. 10.86 13.50 8.88 14.12 15.80 15.00 14.00

Mean 11.08 13.49 26.19 16.75 13.68 13.78 14.65

*^9.36 0.75 0.32 463.01*" 46.40** 2.56* 2.29* 0.51

SH

Progenies

Treatments

t

1.612

0.619

1.848 2.391 2.047 1.714 0.722 1.676

Bartlett's 45.33**
X-^ for error
variances

Sisniricant nl 5per ccnl level SigniricatK al Iper ccnt level
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rabic \A, Average (rui( wcighi (g) m

Progenies

t
* •

'rreatments

0 kR- 10 kR 20 kR 30 kR 40 kR

I.

1

11.90 M.I6 16.92 . 12.65 10.44 13.56 18.88

2 12.04 i'2.26 18:28 13.50 17.44 14.14 18.16

:v I.V4S .11.42 15.1.8. - 14.68 14,24 13.24 18.20

•\. 10.78 -12.04 19y74 •- 13.08 13.08 14.32 18.28

10.80 ' 9.58 •|9.00- 14.74 12.44 14.08 18.56

6. 11.56 ' 13.16 6.08 12.64 14.36 15.00 17.16

7. 10.94 11.58 16.68 14.20 13.80 14.36 18.72

8. 11.20 14.60 8.30 7.18 13.16 14.68 19.12

9. 11.82 • 13.82 20.20 15.04 13.52 15.24 17.40

10. 11.36 14.50 18.24 12.26 13.62 15.04 16.80

Mean 11.59 12.41 15.86 13.00 13.61 14.37 18.13

1.10 1.65 9.08** 5.70** 9.14" 1.72 0.38

SI-

Progenies

Treatments

1.084

0.589

1.766 2.269 1.345 0.819 0.699 1.771

Bartlett's 73.04**
X-^ for error
variances

*« Significant at I pcrccnt level
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Inhle 15. Wcighl oC (ruils per plan( (g) in
2""2

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR J'l •

1. 144.26 158.00 230.64 197.62 181.22 182.50 301.94

2. 143.37 176.56 242.84 192.20 224.94 194.16 335.60

3. 151.81 140.74 208.60 196.72 191.08 177.36 295.08

4. 115.76 152.18 211.89 233.39 170.18 185.98 277.28

5. 115.34 125.48 216.58 193.36 131.76 173.04 271.80

6. 1.M.I3 l()5.3H 684.88 178.64 198.46 211.76 271.80

7. 133.88 146.82 184.84 173.44 177.84 203.00 275.76

8. 140.26 192.50 354.94 320.94 192.30 209.60 276.60

9. 144.25 188.14 197.72 .219.16 166.16 218.32 231.98

10. 123.56 210.92 278.98 170.36 2'l5.82 229.38 240.44

Mean 133.66 165.67 281.19 207.88 184.98 198.51 277,82

0.80 1.32 14.65'' 2.54* 2.75* 3.16** 0.48

SL-

Progenies 20.695 32.320 55.479 39.069 22.529 14.984 60.166

Treatments 14.767

Bartlett's 105.61'*
for error

variances

Significant at 5per cent [cvcl *♦ Significant at I
per ccnt level



-i

52

*Ilic maxiimiin fruit wciglil of plant was observed in llie treatment 20 kR

^281.10 and llio least in the unirradiated ttealnient (133.06 gj. The

ticatnicnts 30 kR, 40 kR, and P, were on par.' Progeny differences were

significant within the treatments 20 kR, 30 kR, 40 kR and P,. The mean
values ranged from 184.84 to 684.88 g in 20 kR, while in 30 kR, the fruit

weight per plant ranged from 170.30 to 320.94 g where all the progenies
oxcoin one wore on par. The fruii yield per plant ranged from 131,76 to

22-1.g in 40 kR and 173,04 lo 2J9.3K g in P,.

4.1,12: Lcii{;(h of fruU

iTuit Icnglli (JilVcred signiricantly among the treatmenls. Average fruit
length ranged from 10.03 cm in 10 kR to 14.70 cm in the case of cultivated
parent P,. The lower doses of irradiation 10 kR and 20 kR were on par,
while 30 kR nnd 40 kR were on par. The cultivated parent (14.70) was on
par with the semi wild parent (14.18) with respect (o this character. Progeny
dilleronces were significant within the irradiated Irealnients and the cultivated
parent. In 10 kR, the fruit length ranged from 6.36 to 13.24 cm while in 20

kR. Ihe range was from 4.70 to 12.40 cm. iTuil length ranged from 8.52 lo
14.04 cm in 30 kR and 10.08 to H.eo cm in 40 kR. In the cultivated parent
the average fruit length varied from 13.88 to 15.88cm (Table 16 and Fig. 3).

4.1.IJ. Girtli of (lie fruit

Significant dilferences were noticed among the treatments for fruit
girlh. The mean values ranged from 4.92 cm (10 kR) lo 8.36 cm (P,).
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Table 16. Length of fruil (cm) in F,M

Progenies
Trealmenls

0 kR 10 kR 20 kR 30 kR 40 kR 1^2

I. IM2 7.92 12.40 12.88 11.52 15.64 13.92

2. 10.()« 7.80 1 i.OO 12.96 13.60 15.04 14.12

}, \i).n 10.44 11..V2 14,04 12.94 14.52 14.72

4. 10.90 10.88 11.68 12.92 12.36 13.88 13.80

5. 10.48 6.36 11.04 12.82 12.36 14.12 14.24

6. 10.44 8.44 4.70 11.00 10.72 14.60 14.72

7. 10.84 10.64 12.12 10.60 11.72 14.12 14.00

8. 10.76 13.24 9.96 8.52 11.60 14.72 14.44

9. 10.72 11.84 8.04 11.92 12.36 14.52 13.52

10. 10.80 12.72 11.24 11.08 10.08 15.88 14.56

Mean 10.77 10.03 10.37 11.87 11.93 14.70 14.18

0.15 30.91** 25.34*' 21.78*' 3.93** 2.47* 0.90

SH

Progenies 0.735 0.584 0.659 0.486 0.736 0.585 0.581

Tamil ies 0.271

Bartlett's

for error

variances

9.31

Signil-iciint al Iper cenl level *» Signiricanl at 5per cent level
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The Ireatmenls 0 kR, 20 kR, 30 kR and P, were on par. The progenies of the

licalnionts t) kR. 20 kR. 30 kR nnd 40 kR dilTcied si^niCicimtly. The iivorai^c

fruit girlh ranged from 5.00 -to 6.32 cm in 0 kR, 3.80 to 6.64 cm in

20 kR, 5.12 to 8.00 cm in 30 kR and 5.56 to 7.78 cm in 40 kR (Table 17 and

Fig. 3).

4.1.14. Number of seeds per fruit

lablc 18 showed tliat there was considerable difference among the
treatments with respccl to mean number of seeds per fruit. It was highest for

the SLMUi wild parent (56.46) and lowest for 10 kR (4.22). The Ireatmenls 10

kR and 20 kR were on par while 0 kR was on par wilh 30 kR and 40 kR.

Considerable differences were present among progenies of ireatmenls 0 kR,
^ tlie irradiated treatments and the semi wild parent. The mean number of

seeds per frint ranged from 6,92 lo 12,16 in 0kR, 1,92 to 7,60 in 10 kR, 1,36
10 26.52 in 20 kR, 2,65 to 29,04 in 30 kR, 2.36 to 15,44 in 40 kR and 48,76

lo 64.28 in the semi wild parent.

4.1.15. INumlior of ridges per fruit

Significant differences in number of ridges per fruit were observed
among the treatments (Table 19). The average number of ridges per fruit
ranged from 5.02 in the cultivated parent to 7.89 in the semi wild parent.

^ Progeny dilferences within the treatments 10 kR, 20 kR and 30 kR were
signilicnnt. The number of ridges per fruit ranged from 5.32 to 6,96 in 10
kR. 5.00 to 6,96 in 20 kR and 5.00 lo 5,96 in 30 kR (Fig. 3),
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Table 17. Girth of fruit (cm) in F2^2

'

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR

N

>-
I. 5.14 4.69 6.12 5.68 6.22 5.40 8.06

2. 5.88 4.81 6.64 5.76 5.56 5.64 8.36

3. 5.78 4.80 5.88 5.28 7.78 5.48 8.68

4. 5.80 4.64 5.06 8.00 6.16 5.54 8.28

5. 6.16 4.86 5.20 5.52 6.32 5.32 8.44

6. 6.32 5.12 3.80 5..34 6.28 5.56 8.52

7. 5.08 5.34 5.60 5.60 6.60 5.84 8.28

8. 5.00 4.76 5.36 5.28 6.12 5.72 8.88

9. 5.48 5.04 5.30 5.12 5.81 5.40 7.98

10. 5.44 5.12 5.32 5.94 6.16 5.64 8.08

• Mean 5.61 4.92 5.43 5.75 6.30 5.55 8.36

^9,36 3.35** 1.83 4.50** 41.63** 10.67** 1.52 1.30

SE

Progenies 0.352 0.236 0.344 0.182'

1

0.256 0.179 0.353

Treatments 0.166

>

Bartlett's 361.33**
for error

variances

Significant at 1 per cent level
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Table 18. Number of seeds per fruit in

Progenies
Treatments

X.
0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

It-
I. 8.76 5.76 1.36 10.04 5.72 41.36 54.32

2. 9.28 2.08 2.56 2.65 4.80 39.88 51.56

3. 8.68 2.36 2.60 4.80 11.22 39.72 48.76

4. 6.92 4.44 2.12 3.20 15.44 38.84 64.28

5. 11.32 3.40 3.44 29.04 13.88 50.52 59.10

6. 12.16 7.28 26.52 20.22 4.78 46.92 59.76

7. 12.08 1.92 1.68 3.03 2.36 36.16 53.44

8. 9.60 7.60 1.37 4.39 7.26 44.84 54.28

9. 10.60 4.00 10.76. 5.28 4.00 42.56 56.76

10. 10.04 3.36 7,20 4.48 6.78 40.12 62.32

Mean 9.94 4.22 5.96 8.71 7.62 42.09 56.46

^9,36 4.33** 18.67** 189.75** 74.85** 21.09** 1.97 3.15**

SE

Progenies 1.121 0.673 0.804 1.452 1.356 4.289 3.897

Treatments 1.532

>

Bartietl's 222.90**
for error

varin ncc:s

Significant at I per ccnt level
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Table 19. Number of ridges per fruit in

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi 1^2

>
I. 5.52 5.86 6.96 5.32 6.20 5.04 7.96

2. 5.08 5.70 5.12 5.60 5.99 5.00 7.00

3. 5.12 5.68 5.84 5.00 5.84 5.00 7.64

4. 5.00 5.32 5.24 5.12 5.64 5.08 7.68

5. 5.36 6.04 6.12 5.00 5.80 5.04 7.68

6. 5.20 6.56 5.00 5.00 6.40 5.00 8.00

-4-
7. 5.22 5.80 6.12 5.96 6.48 5.00 8.04

8.

9.

5.32

5.00

6.96

5.88

5.00

5.28

5.00

5.28

6.56

6.12

5.00

5.00

8.00

7.96

10. 5.30 6.52 5.60 5.76 6.16 5.00 8.08

Mean 5.20 6.03 5.63 5.30 6.12 5.02 7.89

^9,36 1.59 2.23* 7.17" 2.40* 1.07 1.00 1.50

SE

Progenies 0.188 0.472 0.335 0.323 0.417 0.039 0.180

Treatments 0.109

Bartlett's 166.91**
for error

variances

Significant at 5per cent level ** Significant at I
per cent level
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4.1.16. Kruiliiig pliiise

Fruiting phase was significantly different among the treatments

(Table 20). It was highest for the.treatment 40 kR (108.80 days) and lowest

for Pj (73.03 days). Progeny differences were significant within 10 kR, 20

kR and 30 kR. The fruiting phase'ranged from 70.72 to 83.84 days in 10 kR,

84.04 to 110.08 days in 20 kR and 73.94 to 115.86 days in 30 kR.

4.1.17. Height of the plant

Significant differences in plant height were noted among the

treatments. The plant height ranged from 110.06 cm in 10 kR to 145.81 cm

in 30 kR. The treatments 20 kR, 40 kR, Pj and P2 were on par, whereas 0

kR'was on par with 30 kR. Progenies differed significantly within the

treatments 0 kR, 10 kR, 20 kR, 30 kR and 40 kR. The mean height ranged

from 131.44 to 156.90 cm in 0 kR, 56.00 to 161.60 cm in 10 kR, 70.20 to

159.30 cm in 20 kR, 114.60 to 238.16 cm in 30 kR and 100.84 to 149.50 cm

in 40 kR (Table 21).

4.1.18. Incidence of YVM disease

The treatments differed significantly with respect to YVM disease

incidence. The mean disease scores ranged from 1.12 in the semi wild parent

to 2.43 in the treatment 30 kR. The treatment 0 kR was on par with 10
kR while the treatments 20 kR and 40 kR were also found to be on par.
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Table 20. Fruiting phase in F^M
2ivi2

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

I. 83.18 70.72 89.24 87.96 98.60 74.02 108.10

2. 76.70 79.82 89.60 88.78 101.48 72.24 106.96

3. 80.94 81.36 87.86 94.02 101.08 71.50 100.98

4. 82.52 81.96 98.32 74.86 103.28 73.74 104.40

5. 82.50 80.78 84.04 73.94 105.10 72.80 104.82

6. 82.54 81.72 110.08 79.88 III.68 72.68 106.82

7. 79.28 80.54 98.58 84.58 101.96 73.36 102.98

8. 76.30 81.34 0.44 115.86 104.94 74.36 105.62

9. 82.06 83.84 95" 02 88.24 106.52 73.86 106.20

10. 82.12 78.32 84.92 91.74 103.36 71.78 105.94

Mean 80.81 80.04 92.8! 87.99 108.80 73.03 105.28

^9,36 1.75 3.16** 3.89** 21.46** 0.89 0.88 1.19

SE

Progenies 2.695 2.844 5.651 3.634 5.389 1.488 2.708

Treatments 1.287

Bartletfs 81.95*'
for error

variances

** Significant at I per cent level
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Table 23. Height of the plant (cm) in FjMj

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR 1^2

I. 137.74 72.31 137.40 130.20 138.42 113.52 (19.86

2. 141.86 78.00 159.30 162.60 100.84 121.12 118.92

3. 149.70 56.00 109.20 128.60 141.92 124.62 126.42

4. 131.44 92.80 132.40 133.00 127.98 126.40 129.88

5. 134.78 153.54 146.62 114.56 113.70 123.74 130.12

6. 156.90 111.20 158.16 129.38 130.96 133.30 129.28

7. 148.38 125.20 132.74 123.20 149.50 121.54 127.44

8. 136.20 161.60 123.40 238.16 126.78 (26.60 126.00

9. (54.00 113.04 70.20 156.60 142.22 125.40 (24.76

10. 135.00 136.90 83.80 141.80 114.60 121.00 129.20

Mean 142.60 110.06 125.32 145.81 128.69 123.74 126.19

2.60* 22.49" 33.02** 29.25'* 6.00** 1.01 1.69

SE

Progenies

Treatments

7.878

3.225

10.511 7.320 9.309 8.809 7.189 4.359

Bartletfs 120.65**
X-g for error
variances

Significant a( 5per cent level Significant al Iper cent level
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Progeny differences were significant within treatments 10 kR and ihc

cultivated parent. It ranged from 1.04 to 1.47 in 10 kR and 1.29 to 2.04 in

Pj (Table 22).

4.1.19. Incidcncc of fruit and shoot borer

Significant differences among the treatments were observed

with respect to incidence of fruit and shoot borer (Table 23). The

mean values for fruit and shoot borer incidence ranged from 6.15 per

cent in the senii wild parent to 19.45 per ccnt in the cultivated parent.

Significant differences were observed within the treatments 30 kR and

Pp It ranged from 6.94 to 21.27 per cent in 30 kR and 14.79 to 23.68

per cent in Pj.

4.1.20. Duration of the plant

Duration ol the plant varied significantly among the treatments.

Ihc duration was shortest for the cultivated parent (126.30 days) and
maximum for the treatment 40 kR (161.04 days). Progeny differences
were significant within the treatments 0 kR, 10 kR, 30 kR and the

semi wild parent. Plant duration ranged from 129.24 to 142.06

days m0 kR, 123.50 to 139.80 days in 10 kR 122.40 to 167.14
days in 30 kR and 152.76 to 167.36 days in the semi wild parent
(Table 24).
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Table 21-. Incidence of YVM disease in F2M2

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

1. 1.17

(1-08)
1.47

(1-21)
1.66

(1.29)
2.38

(1.54)
1.39

(1.18)
1.61

(1.27)
1.11

(1.06)
2. 1.35

(1.25)
1.38

(1.18)
1.61

(1.27)
2.34

(1.53)
1.78

,(1.34)
1.29

(1.13)
1.12

(1.06)

3. 1.17

(1.08)
1.43

(1.19)
1.26

(1.12)
2.38

(1.54)
1.15

(1.07)
1.56

(1-25)
1.15

(1.07)
4. 1.36

(1.17)
1.26

(1.12)
1.45

(1.20)
2.43

(1.56)
1.16

(1.08)
1.61

(1.27)
1.11

(1.06)

5. 1.16

(1.08)
1.12

(1.06)
1.21

(l.IO)
2.34

(1.53)
1.55

(1.25)
2.04

(1.43)
1.08

(1.04)

6. 1.26
(1.12)

1.26
(1.12)

1.33
(1.15)

2.34
(1.53)

1.35
(1.16)

1.91
(1.38)

1.08
(1.04)

7. 1.09
(1.05)

1.04
(1.02)

1.40

(1.18)
2.09

(1.45)
1.34

(1.16)
1.95

(1.39)
1.04

.(1.02)
8. 1.15

(1.07)
1.34

(1.16)
1.35

(1.17)
2.49

(1.58)
1.19

(1.09)
1.61

(1.26)
1.12

(1.06)
g. 1.47

(1.21)
1.08

(1.04)
1.07

(1.04)
2.70

(1.04)
1.39

(1.18)
1.37

(1.17)
1.12

(1.06)
10. 1.45

(1.20)
1.08

(1.04)
1.23

(1.11)
2.75

(1.66)
1.41

(1.19)
1.63

0-28)
1.20

(1.10)

Mean 1.28

(1.13)
1.23^

(l.H)
1.34

(1.16)
2.43

(1.56)
1.37

(1.17)
1.66

(1.29)
1.12

(1.06)

^•5.36 1.06 2.40* MI 0.80 1.72 3.75" 0.49

SE

Progenies

Treatments

0.096

0.045

0.065 0.103 0.094 0.086 0.069 0.041

Bartlett's

for error
10.25

variances

Figures in parenthesis are values after angular transformation
♦ Significant at 5per cent level ** Significant at 1per ccnt level



Table 22. Incidence of fruit and shoot borer in F2M2

Progenies

4.

5.

6.

7.

8.

9.

Mean

9J6

Treatments

OkR 10 kR 20 kR 30 kR 40 kR

13.15
(3.63)

12.58
(3.55)

12.55
(3.54)

13.18
(3.63)

12.75
(3.57)

14.34
(3.78)

14.34
(3.78)

14.78
(3.84)

13.38
(3.66)

15,17
(3.85)

13.54
(3.68)

2.00

16.73
(4.09)

14.78
(3.84)

14.32
(3.78)

14.58
(3.81)

14.98

(3.87)

15.39

(3.92)

13.86
(3.72)

14.95
(3.87)

15.77

(3.97)

I5,3K
(3.92)

15.05
(3.88)

.03

15.37
(3.92)

16.17
(4.02)

15.98
(3.99)

16.59
(4.07)

15.14

(3.89)

16.18
(4.02)

15.78
(3.97)

14.97
(3.87)

16.38
(4.05)

(3.92)

15.76
(3.97)

18.94
(4.35)

17.78
(4.22)

17.78
(4.22)

16.24
(4.03)

21.27
(4-61)

16.17
(4.02)

16.56
(4.07)

17.56
(4.19)

6.94

(2.63)

16.74
(4.09)

16.32
(4.04)

0.82 10.77'

16.54
(4.07)

16.57
(4.07)

16.94
(4.12)

14.58
(3.81)

15.51

(3.94)

15.16
(3.89)

16.57
(4.07)

15.95
(3.99)

16.98

(4.12)

15,37
(3.92)

16.00
(4.00)

17.14
(4.14)

14.79
(3.85)

19.31
(4.39)

19.38
(4.40)

20.17
(4.49)

20.18
(4.49)

18.78
(4.33)

23.68
(4.86)

18.56

(4.31)

(4.79)

19.45
(4.41)

1.18 7.46"

6a

5.17
(2.27)

5.91

(2.43)

6.55
(2.56)

6.59

(2.57)

6.16
(2.48)

5.77
(2.40)

5.98
(2.45)

6.97

(2.64)

6.33

(2.52)

6.16
(2.49)

6.15
(2.48)

.10

SE

Progenies 0.129

Treatments 0.048

0.143 0.109 0.171 0.135 0.156 0.137

Barllett's 15.23"
for error

variances

Figures in parenthesis are values after angular transformation
♦ SigniHcant at 5per cent level Significant at I per cent level
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Table 24. Duration of the plant in

Treatments
Progenies

0 kR 10 kR 20 kR 30 kR 40 kR P) P2

I. 142.06 123.50 146.08 141.96 157.76 126.90 165.12

2. 129.26 129.76 146.00 139.32 163.80 123.96 167.36

3. 131.72 134.96 147.04 147.56 161.08 125.28 159.08

4. 133.96 137.14 144.40 133.40 160.52 125.66 157.38

5. 133.52 139.80 150.28 124.84 161.60 125.12 152.76

0. 135.16 127.84 147.76 122.40 163.04 129.36 154.56

7. 131.92 129.48 148.70 133.76 159.00 124.92 156.28

8. 133.22 132.88 149.94 167.14 159.76 123.88 155.28

9. 129.24 132.78 149.16 141.04 162.12 129.72 156.44

10. 133.88 134.28 148.32 152.32 161.68 128.22 166.40

Mean 133.39 132.24 147.77 140.37 161.04 126.30 159.11

^9.36 3.14" 5.13** 1.06 25.27" 0.69 1.36 6.72"

SB

Progenies 2.891 2.966 2.592 3.717 3.132 2.591 2.975

Treatments 1.266 .

Bartlett's 6.89

for error

variances

«« Significant at I percent level
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4.2. Genetic variability in the F^IVIj generation

Genetic parameters viz.. phenotypic and genotypic coefficients of

variation, heritability and genetic advance of the 20 characters pertaining to
the seven treatments are presented in Tables 25 and 26.

4.2.1. 0 kR

Phenotypic and genotypic coefficients of variation were highest for
luimber of branches per plant (108.49 per cent and 47.58 per cent respectively).
Both phenotypic and genotypic coefficients of variation were low for all the
other characters. Heritability estimate was highest for leaf area (52.00 per
cent) but the genetic advance was comparatively low (19.29 per cent). Similar
trend in heritability and genetic advance was noticed for number of seeds per
rriiil. girth of fruit, durntion of plant, height of plant and pollen sterility.
Heritability and genetic advance were low for all other characters exccpt for
number of branches per plant which had agenetic advance of 40.22 per cent.
Genotypic coefficient of variation, heritability and genetic advance were not
estimable for number of fruits per plant, weight of fruits per plant and length
of fruit (Fig. 11),

4.2.2. 10 kR

Phenotypic and genotypic coefficients of variation were highest for
number of branches per plant (104.68 and 85.47 per cent respectively)
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Table 25. Phenotypic and genotypic coefficients of variation in F2IVI2

SI. P/ant characters
0 kR 10 kR 20 kR 30 kR 40 kR Pl P2

No. PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV

1. Days to first

flowering

6.53 2.31 6.09 2.03 6.90 3.20 9.01 7.01 4.67 ne 2.25 ne 5.81 2.28

2. Leaf axil bearing

first flower

11.51 3.29 9.85 ne 11.05 6.92 16.18 13.40 13.21 ne 11.96 5.59 8.50 3.60

3. Leaf numbers 14.77 1.01 21.46 13.64 114.94 114.14 51.62 47.64 26.10 7.87 7.02 3.84 11.13 3.27

4. Leaf area 18.01 12.96 36.10 34.13 34.17 32.67 41.57 40.00 18.90 7.37 14.24 2.45 14.03 ne

5. No. of branches

per plant

108.49 47.58 104.68 85.47 197.05 194.22 153.09 143.69 197.54 183.90 106.50 43.40 88.02 0.00

6. No. of flowers -

per plant

15.55 1.63 26.30 15.09 134.57 133.33 60.14 55.31 26.38 13.64 9.81 4.45 15.73 4.33

7. Pollen sterility 8.90 4.17 16.97 14.27 36.88 35.46 39.97 37.27 21.00 17.96 41.00 13.02 22.03 16.69

8. First fruiting node 7.94 0.00 12.16 9.80 9.64 6.87 14.65 13.78 13.33 4,76 12.19 6.16 9.71 4.34

9. No. of fruits per plant 22.44 ne 20.12 ne 138.41 137.66 61.36 58.24 22.68 11.06 9.29 4.23 17.19 ne

10. Average fruit weight 4.94 2.11 23.92 8.09 36.59 28.76 22.78 15.80 15.43 12.14 8.23 2.87 14.44 ne

Contd...

O)
a>
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rable 25. Contd...)

SI. Plant characters
0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

No. PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV

11. Weight of fruits

per plant

23.99 ne 31.83 7.65 60.25 51.55 34.00 16.52 22.38 11.41 14.28 7.84 32.41 ne

12. Length of fruit 9.63 ne 24.34 22.54 24.36 22.18 14.69 13.19 12.29 7.45 7.17 3.40 6.42 ne

13. Girth of fruit 12.09 6.90 8.13 2.87 16.47 13.02 15.06 14.24 10.99 8.98 5.40 1.80 6.87 1.67

14. Number of seeds

per fruit

23.03 14.54 53.67 47.39 132.75 131.02 104.70 101.33 63.03 56.40 • 17.60 7.08 13.05 9.60

15. Number of ridges

per fruit

6.08 1.92 13.78 6.21 14.10 10.51 10.84 4.99 10.84 1.63 0.00 O.OO 3.80 1.27

16. Fruiting phase 8.60 2.04 6.72 3.69 12.69 7.32 14.73 13.21 7.74 ne 3.18 ne 4.14 0.79

17. Height of plant 10.04 4.94 34.76 31.30 25.13 23.27 26.03 23.99 15.37 10.82 9.19 0.30 5.82 2.63

18. Incidence of YVM

disease

12.50 0.00 8.98 0.00 14.88 0.00 9.07 ne 12.08 0.00 11.01 7.78 0.00 ne

19. Incidence of fruit and

shoot borer

6.06 2.71 5.76 0.00 4.36 ne . 15.24 12.36 5.59 0.00 8.18 6.00 9.02 0.00

20. Duration of plant 4.10 2.24 4.79 3.22 2.73 0.30 10.13 9.23 2.98 ne 3.36 0.87 4.23 3.02

ne - not estimable o>
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Table 26. Heritability and genetic advance in F^M
2""2

SI.
No.

Plant characters
0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

H2 GA H2 GA " H2 GA H2 GA H2 GA H2 GA H2 GA

1. Days to first

flowering

12.00 1.16 11.00 1.38 22.00 3.16 75.00 13.93 ne ne ne ne 15.00 9.29

2. Leaf axil bearing

first flower

8.00 1.90 ne ne 39.00 8.88 68.00 22.67 ne ne 21.00 5.17 18.00 3.16

3. Leaf numbers 1.00 0.30 40.00 17.68 99.00 234.40 85.00 90.39 '9.00 4.83 30.00 4.34 9.00 2.06

4. Leaf area 52.00 19.29 89.00 66.18 91.00 64.05 93.00 79.65 84.00 32.73 3.00 0.88 ne ne

5. No. of branches

per plant

18.00 40.22 69.00 148.79 97.00 393.14 88.00 277.52 87.00 354.03 11.00 24.13 1.00 1.81

6. No. of flowers

per plant

1.00 0.32 33.00 17.88 98.00 271.67 85.00 105.31 27.00 14.67 21.00 4.25 8.00 2.59

7. Pollen sterility 22.00 4.03 71.00 24.82 92.00 69.89 87.00 71.63 73.00 31.57 10.00 8.45 57.00 25.87

0. First fruiting node 0.00 0.00 65.00 16.28 50.00 9.93 . 88.00 26.55 13.00 3.57 25.00 6.28 19.00 3.80

9. No. of fruits per plant ne ne ne ne 99.00 282.27 90.00 113.78 24.00 11.22 20.00 3.82 ne ne

10. Average fruit weight 2.00 0.62 11.00 5.42 62.00 46.73 48.00 22.53 62.00 19.71 13.00 2.21 ne ne

Contd.

O)
03



(Table 26. Contd...)

SI. Plant characters
No.

11. Weight of fruits

per plant

12. Length of fruit

13. Girth of fruit

14. Number of seeds

per fruit

15. Number of ridges

per fruit

16. Fruiting phase

17. Height of plant

18. Incidence of YVM

disease

19. Incidence of fruit and

shoot borer

I r4. i

0 kR 10 kR 20 kR 30 kR 40 kR

ga h2 gA H2 GA H2 ga h2 GA h2
GA

ne ne 6.00 3.g3 73.OQ 90.61 24.00 16.81 26.00 11.99 30.00 8.83 ne ne

ne ne 86.00 43.12 83.00 41.64 81.00 24.51 37.00 9.37 23.00 3.40 ne ne

32.00 7.97 14.00 2.34 63.00 21.38 89.00 27.61 66.00 14.95 9.00 1.00 6.00 0.85

40.00 18.98 78.00 86.24 97.00 265.26 94.00 202.74 80.00 103.88 16.00 5.80 30.00 8.07

11.00 1.37 20.00 5.68 55.00-15.97 22.00 4.90 1.00 0.22 0.00 0.00 9.00 0.70

13.00 1.50 30.00 4.16 37.00 9.22 80.00 24.28 ne ne ne ne 40.00 3.40

24.00 4.96 81.00 57.99 86.00 44.53 85.00-45.58 50.00 15.76 0.00 0.00 12.00 1.44

1.00 0.26 22.00 4.06 2.00 0.61 ne ne 13.00 3.24 35.00 7.94 ne ne

17.00 2.12 1.00 0.12 ne ne 66.00 20.72 3.00 0.35 56.50 9.44 2.00 0.37

20. Duration of plant •• 30.00 2.53 45.00 4.44 1.00 0.06 83.00 145.16 ne ne 7.00 0.48 51.00 4.44

ne - not estimable
o
CO
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(Fig. 12). Phenolypic and genotypic coefficients of variation were moderately
lugh for number of seeds per fruit, leaf area and height of plant. All other
characters had low phenotypic and genotypic coefficients of variation.
Ilcritahility estimate was highest for leaf area (89 per cent) which also had
»-"-'""'clv high genctic advancc (66.1« per cent). Similar trends in
heritability and genetic advance were noticed for plant height and length of

Highest genetic advance was noticed for number of branches per plant
(148.79 per cent) which had high he.i,ability also (69.00 per cent) Similar
-rend was noticed .,r number of seeds per IVuit. Genotypic coemcient of
variation, heritabihty and genetic advance were not estimable for leaf axil
hearing the first Hower and number of fruits per plant.

4.2.3. 20 kR

N.i.nb«r or p„ ph,,, p|,
coemdeni, „

"ono„pic .„d ge„.„,pie coemdcm, .rv.rimion .l,o hieh f„r
" P., Pi..,, ,»ds p„ tar
rr«..s p„ p,„,. p,.„,

.oefn„e„,s .r

and number of fruits per plant (99 ner centi w •Pdm ^yy per cent). Highest genetic advancc was
r-r« r„r .p

""""""""«»•" .ISO n.,.. r.r lo,r
"" P" .r p.;

-W. ..r r™-,s p„ p,.„,
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were recorded for duration of plant (1.00 and 0.06 per cent respectively) and

yellow vein mosaic disease incidencc (2.00 and 0.61 per cent rc.spcctivcly).
Genolypic cocriicienl of variation, heritability and gcnctic advancc were not

estimable for incidence of fruit and shoot borer (Fig. 13).

4.2.4. 30 kK

Highest phenotypic and genotypic coefficients of variation were

recorded lor number of branches per plant (153.09 and 143.69 per cent
respectively). Number of seeds per fruit also had high phenotypic and
genotypic coefficients of variation. Number of fruits per plant, number of

flowers per plant and leaf number recorded moderately high phenotypic and
genotypic coefficiems of variation. The lowest values were recorded for days

^ to first llowering (9.01 per cent and 7.81 per cent respectively). Number of
seeds per fruil, number of branches per plant, number of nowers per plant,
number of fruits per plant and duration of plant recorded high heritability and
very high genetic advance. Low heritability and genetic advance were
recorded for number of ridges per fruit and for weight of fruits per plant
(22.0 and 4.90 per cent, respectively). Genotypic coefficient of variation,
heritability and genetic advance was not estimable for incidence of YVM
disease incidence (Tig. 14).

4.2.5. 40 kR

Number of branches per plant recorded (he highest phenotypic (197.54
per cent) and genotypic (183.90 per cent) coefficients of variation (Fig. 15).
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All Other characters recorded low values except number of seeds per fruits

which had moderately high phenptypic and genotypic coefficients of variation

(63.03 and 56.40 per cent respectively). Lowest heritability and genetic

advance estimates were for number of ridges per fruit (1.00 and 0.22 per cent

respectively). Highest heritability and genetic advance were for number of

branches per plant (87.00 and 354.03 per cent respectively). Similar trend

was noticed for number of seeds per fruit (80.00 and 103.88 per cent

respectively). Heritability estimates were high for leaf area, pollen sterility,

girth of fruit and average fruit weight, but had low to moderately low genetic

advance. Genotypic coefficient of variation, heritability and genetic advance

were not estimable for days to first flowering, leaf axil bearing first flower,

duration of plant and fruiting phase.

4.2.6. Pj

Highest phenptypic and genotypic coefficients of variation were noticed

for number of.branches per plant (106.50 and 43.40 per cent respectively)

(Fig 16). All other characters had low values except pollen sterility which

exhibited moderately high phenotypic coefficient of variation. Heritability

estimate was highest for incidence of fruit and shoot borer (56.50 per cent)

but had low genetic advance (9.44 per cent). All other characters had low

heritability and genetic advance, the lowest being noticed for plant height

and number of ridges per fruit. Genotypic coefficient of variation heritabilitv

and genetic advance were not estimable for days to first flowering and fruiting

phase.



7.1

4.2.7. Pj

Number of branches per plant had ihe highest phenotypic coeflicicnt

ol vanaiion (88.02 per cent) and the lowest genotypic coefficient of variation.

IVlodcrately high phenotypic coefficient of variation was noticed for weight of
Iruils per plant (32.41 per cent). Meritability (57.00 per cent) and gcnctic
advance (25,87 per cent) were highest for pollen sterility. Meritability was
moderately high for duration of plant, frmting phase and number of seeds per
fruit (.SI. 40 and 30 per cent respectively), but had low gcnctic advance. All
the other characters had low heritability and genetic advance. Genotypic
cocfficicnl of variation, hcritabiliiy and gcnctic advancc were not estimable
lor leaf area, number of fruits per plant, average fruit weight, weight of fruits
per plant, length of fruit and incidence of YVM disease (Fig. 17),

4.3. (.orrclalioii in flic FjMj generation

Phenotypic correlation among the 18 characters are presented below

4.J.I..() kK

1" the unirradiated treatment, leaf a,xil bearing first flower was
significantly and positively correlated with first fruiting node and girth of
fruit while it was significantly and negatively correlated with number of ridges
per fruit. Number of leaves per plant, llowcrs per plant and fruits per plant
were significantly and positively correlated with weight of fruits per plant
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and also among Ihcnisclvcs. Leaf area was positively correlated with pollen
stcrilily and negatively correlaled with number of seeds per fruit. Number of

brandies per plant was significantly and negatively correlated with weight of
fruits per plant. Pollen sterility exhibited significant positive correlation with
number of seeds per fruit. Average fruit weight had significant positive
correlation with weight of fruits per plant. First fruiting node was significantly
and negatively correlated with weight of fruits per plant and length of fruit.
niiration of plant was significantly and positively correlated with number of
llowcrs per plant (Talilc 27).

4J.2. 10 kU

•n the treatment 10 kR, days to first flowering was significantly and
negatively correlated with number of seeds per fruit while it was significantly
and positively correlated with duration of the plant. I.eaf axil bearing firs.
Ilowor was ncgnlively correlated with length of fr„i,. |,c„f had
significant positive correlation with number of branches per plant, llowers
per plani and fruits per plant. I.eaf area and number of branches per plant
were significantly and positively correlated with number of flowers per plant,
(•rsl fruiting node and plant height. I.eaf area also had significant
negative correlation with length of fruit and positive correlation with
""mbcr of seeds per fruit and ridges per fruit whereas number of
•Tnnehes per plant and number of seeds per fruit were negatively
eonela.ed with each other. Number of flowers per plan, was positively
correlated with first fVuiting node and negatively correlated with fhnt length.
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Table 27. Correlatlonm FjMj - 0 kR

Characters
Xe X.. X..

^18

X Days s first
fiowenn;

X- Lm* o Dearing
tn« ftrc flower

*5 Leaf
numc^

Leaf
- area

No ef tranches
per eve

No ef fcwers
per BxBrc

X. Poll*'-
stenhZi

First Tiling
noce

Xs No e" Iru-ts
per pffl-c

X,. Averaip? fruit
weigrr

X,. Wetgrc o* fruits
per p»n-

X,. Lerjpr sr*
frui:

X.J GiftP •='
frui:

No Meds
per fr^.

X.J No ef
per frjir

X,. Pruicr-j
phase

X-- HeigTr c*
plant

Durancr af the
plant 1

0.0016

0.2741 -0.0803

0.1956 -0.1028 0.1701

0.1020 0.2039 -0.1025-O.C<23

0,1122 -0.0196 0.5372 -0.C2BS -0.0991

•0.0750 0.0743 -0.1606 0 <278 0.0192 0.0727

-0.0727 0.5446 -0.1876 -0,1458 0.1713 -0.1819 0.1040

0.1072 -0.1386 0.5302 -0 C3D0 -0,2334 0.7745 -0,0475 -0.1905

0.1278 0.0123 0.0967 0 C9BS -0.1190 -0.0247 0.0338 -0.2356 -0.0445 -

0,1031 -0.1286 0 4306 C.MO -0.3374 0.5963 -0.0727 -0,3100 0.7558 0 453S

•0.2245 -0.1127 0.027S 0 151^-0,2429 -0.0544 -0.2421 -0.3420 0.1394 0,2S3S 0.2B3S

0.0809 0.3001 0.09S7^CC21 01091 -0.1537 0.1853 0.2156 -0.2363 -0.0803 -0.0803 -0.1073

0.0410 0.0287 -0.2163 -0.3^ 01163 0.0726 0.2957 0.0722 0.0103 -0.0155 -0.0586 -0.0446 0.1078

-0.1876 -0.3419 0.082^-0.17*6 0.1023 01273 0,0943 -0.2441 0.0924 -D.17ee -0.0141 -0.0050 -0.1966 00430

0,2060 -0,1135 00101 0C223 00783-0 0327 -0.0042 -G.2565 -0.0947 -0.04- -0.0471 -0.0983 0.0206 0,0752 0.1417
•0.0287 0,0252 00822 Q.C^. 0.0602 0.1260 -0.1006 -0.0583 0.0472.0.0953 O11£3 0.0492 0.091G 01353 01010 -0.2W6
0.2013 0.0507 0.1878-O.CSX C.27B7 0.3591*-0.0135 0.1336 0,1855 -0.236. 0.0032-0.1295 -0.22:2 01283 0.2659 0.2288 -0.2736

S'Snr^icant ar * 9«r cent l«vel •* Siorttftea.Tt »t i p«r c«nt level
-vj
en
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Number of fruits per plant and average frtnl weight had significant positive
coirelatioM with fruit yield per plant. Length of fruit was significantly and
negatively correlated with first fruiting node while it was significantly and
positively correlated with average fruit weight. Number of ridges per fruit
had significant positive correlation with girth of fruit, number of seeds per
Iniit and plant height. I'ollon sterility exhibited significant negative correlation
with plant height (Table 2X),

•<.3.3. 20 kK

Days to first llowering had significant positive correlation with leaf
number, number of branches per plant, flowers per plant, fruits per plant,
seeds per fruit and fruiting phase while it had significant negative correlation
with fruit length (Table 29). Leaf axil bearing first Oower was significantly
-Kl positively correlated with first fruiting node, girth of fruit and plant
I'cight while it was significantly and negatively correlated with number of
seeds per fruit and fruiting phase. Number of leaves per plant. Powers per
plant and fruits per plant were significantly and positively correlated with all
characters and among themselves except plant duration while they were
significantly and negatively correlated with leaf area, pollen sterility, average
Iruit weight, length of fruit, girth of fruit and nuttiber of ridges per fruit.
Leaf area was negatively correlated with number of branches per plant, weight
of fruits per plant, number.of seeds per fruit, fruiting phase and plant height
"liile It had significant positive correlation with pollen sterility, average
fruit weight, length and girth of fruit and number of ridges per fruit.
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Table 23. Correration in FjMj - TO
kR

X, X, *4 X, X-
^10 X.. X..

•0.0494 -O OSSS

•0.0591 -0.0335 -0.1357'

0.0741 •0.1063 0.S072-0.1562

•0.1672 0.0175 0.7682 0.6702 0.6702

0.1417-0.05S2 ^0.2636 -0.2233 -0.0057 -0.2239

-0.0012 -0.0559 0.2729 0.4421 0.4336 0.4427 -0.1029

-0.2158 -0.0175 0.3087 0.1603 0.1638 0.2380 -0.0154 0.1337

0.0875 -0.2208 0.0454 -0.033I -0.0424 -0.0331 -0.1798 -C.1205 0.1355

•0.0196 -0.0335 0.2298 0.1323 0.0737 0.1329 -0.1577 -0.0457 0.5449 0.8075

O.I57a .0.3555 -0.277, -0.2963" .0.,72- .0.33m' ^,.,73, .0.52M -0.0835 0.3235* 0.2563
0.13,4 -0.,0,5 -0.0248 -0.089, -0.0035 0.,069 0.0806 -0.,64, .0.,690 ^.060, -0.„06 0.0567

'••4 '̂ i

X.,
Ms

-*:arscters

X. Z!mf% ta first
^ownng

'smf axil bearng
^ fir»l fJowe'

leaf

Laf
area

X- of branch«8
sar sfant

X- *io.sf flowers
star plant

X- ^ilen
tserilit/

Xs -=nFt fruitino
-03«

*{c af fruits
=ar slant

X.- -^•-eraje fruit
•WQflt

X., '^•ghT of fruts
ser plant

X., -jrtjtfi of

X.3 Sm' af
fr-^n

X.^ Ne 9f sasds
s«r fnut

x.< pf rtdgss
-0.„6a -0.26,9 0.0,97 0.4,30 -O.OSo3 0.,372 -o.,„4 .0.0„8 0.,269 0.2325 0.2362 0.,223 0.3278 o.ajS," -
0.,204 0.0,68 0.022, 0.,54^ o.,^9 0.,e80 -0.0077 C.,392 0.0773 0.,C53 0.092, 0.,274 0..00. -0.,509 ^.0498 -

•0.0474 -0.„82 0.,847 0.389S 0.3290 0.2454 -0.4579 0.0„8 0.0772 0.087, 0.0708 0.2408 0.,643 0.2060 0.4,40 0.,2,3 -

0.0068 0.„26 0..,64-0.,898 0.,643 0.2009 0.2009
• Sign.fc«ni«5perMntlevel " Signrffcnt at 1pr c«nt lev.1

X.j '".Jtiing

X.. of

X-a Ctnaen of thj
p«rn

X,(

-sj

-vl
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Table 29. Correlation tn F2M2 " 20 kR

Characters X.
X7 X., X.. X.. X.. X. X.. X.,

L^ajr* to first
fsowanng _

leaf axil bearing
tro *ir»t flower 0.2603

Leaf
'^uffiDer

X.

Leaf
area

No. of branches
per plant

No of flowers
per plant

X; Pollen
sterilrty

X8 "•rst fruiting
riose

No of fruits
per plant

Xic Average fruit
neignt

Wetgnt of fruits
per plant

X,3 Length of
irurt

Xi3 Giriti of
?njft

No of seeds
per Vuit

No of ridges
per fruit

Fruit»ng
snase

Heignt of
ptant

^10 Duratson of the
plant

0.36S8 -0.1472

•0.0387 0.1560 •0.7891

•• ^

0,3873 -0.2238 0.9729 -0.7883

0.3792 -0.1390 0.9967 -0.7848 0.9733

•0.2334 0.0896 •0.6611 0.6258 -0.8359 •0.6548

-0.1518 0«S52 -0.1197 0.0988 -0.1279 -0.1278 0.0612

0.3647 -0.1798 0.9872 -0.7950 Q.9SS4 0.9S94 -0.8485 -0.1528 _

-0.1587 0 1790 -0.6768 0.7004 -0.69:-« -O 5950 0.4577 0.2384 -0.7143

0.2225 -0.1160 0.8533 -0.6995 0,833S 0 8417 -0.8058 -0.0898 0.8608 -O.S550 — -

-0.3473 0 2462 -0.7831 0.5164 -0.78*5 -0,7936 0.5186 0.2885 .0.7846 0.5025 -0.6612

-0.2755 0.3294 -0.6205 0.4144 -0.6C&5 -0.6152 0.8964 0.2649 -0,6196 0.3135 -0.5222 0.5999

0.4100 -0.2890 0.8325 -0.4918 0.85*9 0.9274 -0.5427 -0.2154 0.8209 -0.4171 0.7475 -0.8510 -O.S4M

0.0842 02210 -0.3150 0.3718 -0.337D-0.3204 0.2431 0.3253 -0.3380 0.3165 -0.3509 0.3941 02980 -0.3265

0.3530 -0.3493 0.4772 -0.2908 0.49*5 0.4732 -0.2234 -0,1146 0.5162 -0,3812 0.4335 -0.4375 -0 40CM 0.4587 -0.2309

0.1075 0.3698 0.3975 -0.3480 0.35SS 0.33*4 -0.1899 0.3495 0.3767-0.3177 0.2762 -0.0526 -0.0353 0.0403 -0.0451 0.2122
0.0405 -0.1468 0.0306 0.0543 0.0257 0.0236^1.0876 .0.2181 0.0524 -0.0707 0.0663 -0.1340 -0.1S81 0.0434 ^.0307 -0.1379 -0.1986

Significant at 5 per cent level ** Significant at 1 per e«nt t«v«l
-nI
00
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Number of branches per plani and rniil yield per plant bad significant positive
correlation with niimber of seeds per IVint, fruiting phase, plant height and
also between themselves whereas they were significantly and negatively
correlated with pollen sterility, average fruit weight, length and girth of fruit

^ and number of ridges per fruil. Average fruil weight was positively correlated
with pollen sterility, length and girlh of fruits, and number of ridges per fruit
"nd negnlively correlated with number of seeds per fruil, fruiting phase and
plant height. Length and girth of fruits were significantly and positively
correlated with pollen sterility, number of ridges per fruit and also between
iliemselves and signincantiy and negatively correlated with ntiinbcr of seeds
per fruil and fruiting phase. Number of seeds per fruit exhibited significant

^ negative correlation with number of ridges per fruit and positive correlation
with fruiting phase.

>

4.J.4. JO kR

Iable 30 showed that, in this treatment, days to first flowering exhibited
sienificant positive corrclalion with pollen sterility, fruit girlh, fruiling phase,
plant height and planl duration, while it had significant negative correlation
wilh average fruil weigh!, length of fruil and number of .seeds per fruil.
Leaf number, number of branches per plan, and number of (lowers per plan,

t had significanl positive correlation wilh all characlcrs cxcept pollen
while ihey were significanily and

"ogalively corielaled will, leaf area, average (ruil weight and lenglh of fruit.
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Table 30. Correlation In F-Mj - 30 fcR

^12

<13

XtS

Characters X, Xj X-

Oaye ts first
flowering .

Leaf axil bearing
the first flower 0.1053

Leaf
numoer 0.2773 -0.1337

0.0860 -0.2953 -0.4604

• •• • *

0.2828 -0.3079 0.8166 -0.3280

0.2558 ^.1377 0.9834 -0.4655 O.01S8

0.3107 -02695 0.2738 0.0213 0.17B7 0.2495

0.1827 0 8363 -0.0190 -0.4724 -0.1235 -0.0410 -0.1930

Leaf
area

No. of branehoa
per plant

No.of flowers
per plant

Pollen
sterility

First fruiting
node

No. of fruits
per ptant 0.2193 -0.1062 0.9397 -0.5294 0.6123 0.9476 0.2367 0.0028 _

Average fruit •
— ~

weignt -0.2802 0 0865 •0.5716 0.3937 -O.02S7 •0.5661 -0.2002 0.0239 •0.6090
Weignt of fruits
per plant 0.1472 0.1051 0.6386 -0.3790 -0.1503 0.6567 0.1664 0.1554 0.7021 -0.0342
Length of • ••

fruit -0.2948 0.2621 •0.8252 0.2347 -0.7202 -0.6173 0.0976 0.2180 •0.5914 0.4543
Girth of •

fruit 0.2955 0.0507 -0.0699 -O.C971 -0.2C51 -0.0909 0.4365 0.0466 •0.0614 0.0292
No. of seeds

• •

per fruit -0.6771 0 0104 -0.2655 -0.2738 -0.15*6 -0.2173 -0.5969 0.0629 -0.1842 0.1255
No. of ridges
per fruit 0.1613 0 0987 -0.0716 0.4002 -0.0723 -0.0536 -0.0229 •0.0396 •0.1766 0.2841

Fruiting •

phase 0.3247 -0.1715 0.6681 -0.1125 0.6836 0.7263 0.2662 0.0743 0.7061 -0.5348
Height of • •• * ,,

plant 0.3508 0 0534 0.6011 -0.4274 0.6242 0.7398 0.1624 Q. 1066 0.7607 0.5252
Duration of the ••

••

plant 0.4479 0.2074 0.6401 0.C556 0.643S 0.6601 0.4206 -0.1480 0.6236 -0 47S9

Significant at S per cent level •• Significant at 1 per cent level

X,, X.. X.« X..

CD
O
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Leaf area exhibited significant negative correlation with first fruiting node,

weight of fruits per plant and plant height and had signiOcant positive

correlation with average fruit weight and number of ridges per fruit. Pollen

sterility was positively correlated with fruit girth and plant duration, and

negatively correlated with number of seeds per fruit. Average fruit weight

had significant positive correlation with fruit length and number of ridges per
fruit and had significant negative correlation with fruiting phase, plant height
and plant duration. Fruit yield per plant, fruiting phase, plant height and
plant duration were significantly and negatively correlated with fruit length
and were significantly and positively correlated with one another. Number of

seeds per fruit had significant negative correlation with fruiting phase, plant
height and duration of plant.

^ 4.3.5. 40 kR

In this treatment, leaf axil bearing first fiower and first fruiting node
were significantly and positively correlated. Number of leaves per plant,
flowers per plant and fruits per plant were significantly and positively
correlated with weight of fruits per plant, number of branches per plant and
also among themselves but they were significantly and negatively correlated
wii/i ,„e„ |,„.siiively conelated with average fruit
weight and plant duration but negatively correlated with pollen sterility.

X Number of branches per plant exhibited significant negative correlation with
pollen sterility and average fruit weight. First fruiting node was negatively
correlated with average fruit weight and positively correlated with fruit girth.
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Number of fruits per plant and weight of fruits per plant were positively

correlated where as significant negative correlation between number of fruits

per plant and plant duration was observed. Average fruit weight was positively
correlated with fruit yield per plant, length of fruit, and plant duration but

negatively correlated with plant height. Weight of fruits per plant and number

of seeds per fruit were negatively correlated. Girth of fruit exhibited significant
positive correlation with pollen sterility and plant height while number of

seeds per fruit and number of ridges per fruit were significantly and negatively
correlated (Table 31).

4.3.6. P,

In the cultivated parent, leaf axil bearing the first Hower was
significantly and positively correlated with first fruiting node. Leaf number,
number of fiowers per plant and fruits per plant were positively correlated
with leaf area, first fruiting node, fruit yield per plant and also among
themselves. Leaf number was found to be positively correlated with average
fruit weight and negatively correlated with fruiting phase. Leaf area had
significant positive correlation with fruit yield and length of fruit, but had
negative correlation with number of branches per plant. Number of fiowers
per plant and pollen sterility were negatively correlated with number of seeds
per fruit. Significant positive correlation between first fruiting node and
weight of fruits per plant was noticed. Average fruit weight was found to be
positively correlated with fruit yield per plant and negatively correlated with
number of ridges per fruit. Girth of fruit had significant negative correlation
with number of ridges per fruit (Table 32).
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Table 31. Correlation in F2M2 -40 kR

X,

Xj

X3

X.

Characters

Oaya to first
flowering

Leaf axil bearrr*
Ihe first flower

Leaf
number

Leaf
area

^5 No. of branches
per plant

No.of flowers
per plant

^7 Pollen
sterility

^8 First fruiting
node

^9 No. of fruits
per plant

^10 Average fruit
weight

X,, Weight of fruits
per plant

X,2 Length of
fruit

.^<13 Girth of
fruit

No. of seeds
per fruit

No. of ridges
per fruit

^10 Fruiting
phase

Height of
plant

^18 Duration of the
plant

X9 *•10 X,, ^13 ^14 X.
13

•0.0786

•0.121s -0.1727

0.2393 0.0608 0.1148

-0.1274 0.1994 0.3475 0,2762

•• ••
0.0716 -0.2029 0.9070 -0.0204 0.4423

0,0782 -0,0650 -0.0112 -0.3408 -0,3524 -0.0204

0.0239 0.3933 0.1207 -0.0961 0.1463 0.:094 0.0362

-0.1930 -0.2002 0.8098 0.1377 0.3831* 0.8713' 0.0049 0.1463
0.0082 0.0317 -0.2482 0.2821 -0.4500 -0.2050 0.0095 -0.3175"-0.2070

8-0.1667 0.4855 0.2729 -0.0121 0.5847 0.0575 -0.0839 0.7227 0.4990
3.0716 -0.0625 -0.2198 0.0395 -0.0193 -0.2487 -0.0317 -0.0779 -0.2674 0.3417" -0.0521
0.0856 0.0281 0.096, -0.0322 -0.0«5 -<,.0,27 0.4386 0.2883 -0.0088 O.OUB 0.0209 0,0305 -
308,2 0.0030 -0.02., -0.2039 .0.„09 -0.,774 0.3328 0.0747 -0.,89, .0.,874 -0.29,7' 0.,969 0.2,47 _

-= 07,8 0.03,0 0.0,02 -0.0,7, 0.0322 0.0299 -0.097, -0.0594 -0.0,87 0.0246 -0.007, .0.,5,7 0.045, -0.3288 -

. ,663 -0.0767 -0.0927 .0.,600 0.09,0 -0.0946 0.0,29 0.,9S6 0.0497 -0.350," -0.,767 -0.,404 0.367-4- -0.,927 0.,364 006,5 -

.0822 0.,3,5 -0.386, 0.2995 -0.,269 -0.2995 •0.0„6 -0.,482 -0.5097 0.3026--0.2325 0.,284 0.00,6 .0.02,, 0.0573 0,332 -0 0379
Significant at 5 per cem **el •• ^ ^Signtficant at 1 per cent level

"•IS

00
CO
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Table 32. Correlation in FjMj - P

Characters

Days to first
flowering

Leaf axil bearing
the first f/ower 0.052G

Leaf
number

Leaf
area

-0.3321 0.1704

•0.2703 -0.0358 0.3734

No. of branches •
per plant -0.0226 0.2001 0.0530 .0.2872

Xg No.of flowers
per plant

X7 Pollen
stsrility

Xg First fruiting
node

Xg No. of fruits
per plant

Xio Average fruit
weight

X,1 Weight of fruits
per plant

X,: Length of
fruit

Xl3 Girth of
fruit

Xt4 No. of seeds
per fruit

^13 No. of ridges
per fruit

Xia Fruiting
phase

Xl7 Height of
plant'

Xia Duration of the
plant

•0.1974 -0.0880 0.8450 0.4176 -0.0122

-0.0555 -0.0078 0.0785 .0.0184 0.0276 0.1346

-0.0787 0.6499 0.4571 0.1397 0.2030 0.3217 O.C.;6b

-0.1700 -0.0420 0.7423 0.4729 -0.1780 0.8475 -0.0250 0,3872

-0.0873 -0.0920 0.3013 0.2196 -0.1046 0.2552 -0,0342 0.0771 0.2586

-0.1651 -0.0652 0.6755 0.4447 -0.1784 0.7063 -0.0508 0.3187* 0.6114 0.7703
ft

.0.1527 0.0109 0.2347 0.31SS -0.0870 0.2312 -0.0033 0.2072 0.1658 0.1187 0.2101

.0.0731 0.1890 0.2030 0.0430 0.0394 0.1963 -0.0827 0.2514 0.2623 0.0975 0.2106 -0,1094

-0.0428 -0.0240 -0.1938 -0.2023 -0.2085 -0.3522 -0.3352 -0.223S ^).2473 0.1299 -0.0694 0,1777 -0.2287

•0.0467 0,0721 -0,1331 -0.0998 -0.0710 -0,1554 .0.1268 -0.1077 -0.0875 -0.386B -0.2687 -0.0625 -0.3330 0.1980

0.0743- 0.0063 -0.3219 -0.1881 0.2463 -0.2565 -0.0265 -0.0498 -0 2782 -0.0752 -0.2244 -0.0071 -0.1619 0.0732 0.1620
.0.1053 0.1054 0.1040 -0.2118 .0.0001 0.0354 .0.0150 0.1676 0.0727 .0.1533 .0.0534 .0.1768 0.1762 0.0702 .0.0169 0.0368 -
_an06^a^0.0972 0.0257 0.1005 0.1167 .0.2279 .0.0355 0.0263 0,0186 0,024B .0,1174 0.0371 .0.0334 .6,1493 .0.0987 0.0520

Significantat 5 per cent level Significant at 1 per cent level
03
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4.3.7. Pj

In the semi wild parent, days to first flowering was found to be

positively correlated with leaf area. Leaf axil bearing the first flower had
significant positive correlation with first fruiting node and negative correlation

with girth of fruit. Leaf number, number of flowers per plant and fruits per

plant were significantly and positively correlated with fruit yield and also
among themselves. Leaf number was found to be positively correlated with

first fruiting node also. Number ofbranches per plant had significant positive

correlation with girth offruit while first fruiting node had significant negative

correlation with fruiting phase. Average fruit weight exhibited significant

positive correlation with fruit yield per plant and girth of fruit but negative
correlation with number of ridges per fruit. Fruit yield per plant was also

found to be positively correlated with girth of fruit and plant duration, but

had negative*correlation with plant height. Number of seeds per fruit was
negatively correlated with plant height which in turn was negatively correlated

with plant duration (Table 33).

4.4. Evaluation of the F3IVI3 generation

The analysis ofvariance ofthe 20 characters showed that the treatments

•-differed significantly among themselves (Table 34).

The mean values of the different treatments and progenies with respect

to each character are presented in Tables 35 to 54. High yielding yellow vein
mosaic disease resistant lines in the treatment 30 kR are presented in figures

18 to 20. .



Table 33. Correlation Irr FjMj - Pj

Cnaract»rs
^13 S3 X.. ''IS ^17

Xi

X2

X3

X4

X3

J<9

X7

Xg

X„

Days to first
flowering

Leaf axil bearing
the first flower 0.1437

Leaf
number

Leaf
area

No. of branches
per plant

No.of flowers
per plant

Pollen
sterility

First fruiting
node •

No. of fruits
per plant

X,g Averase fruit
weight

X,., Weight of fruits
per plant

X.,2 Length of
fruit

Girth of
fruit

X^4 No. of seeds
per fruit

X,g No of ridges
per fruit

X,Q Fruiting
phase

X^7 Height of
plant

X.A Duration of the
plant

•0.0567 0.1630

• •

0.4129 -0.0459 -0.0420

-0.0778 -0.1018 0.0654 -0.0579

-0.0034 0.0366 0.7929 0.0S81 -0.0350

0.1837 0.0905 '0.1291 0,1294 -0.1573 •0.1208

0.0403 0.7710 0.3209 -0.1090 -0 2077 0.2342 0.0967

-0.0334 -0,0480 0.5952 0.0775 0.1884 0.7838 -0.2183 0.0162

0.1212-0.1420 0.1551 -0.0005 0 0452 0.1818 -0.0618 .0.1755 0 1898

0.1505 -0.1631 0.4740 -0.0469 0.2144 0.5732 -0.1694 -0.1274 0.6290 0.0745

-0.0311 -0,2173 -0.0708 0.0835 0.0111 0.1255 0.1157 0.1418 0.0619 -0.1428 -0.0860

-0.2173 -0.3031 0.2627 -0.2018 0,2798 0.2478 -0.0492 0.1587 0 1360 0.3824 0.3025 0.0953

-0.0875 0 0373 -0.1498 0.1628 0.1649 0.0238 0.0239 -0.1380 0 0111 -0.0863 -0.0840 0.0439 -0.0836

-0.0932 0.1422 -0.0252 -0.2749 -0.1503 -0.0034 0,0174 0.0145 0.1210 -0.3267 -0.1180 0.0207 -0.2561 -0.1504

0.0861 -0 2110 -0.1031 0.2019 0.1714 -0.1752 -0.0430 -0.4229 -0 0603 0.1291 0.2165 0.0257 0.0398 0.0618 -0.0148

0.0657 0.0956 -0.1786 0.0749 -0.13B3 -0.1698 -0.0650 -0.0272 -0.1537 0.0520 -0.2867 0.1465 -0.0051 0.3080 -0.0676-0.2208

0.1954 0.1361 0.1034 0.1068 0.1338 0.0303 0.1189 -0.0184 0.1939 0.1086 0.3955 -0.1229 0.0459 -0.0507 -0.0318 0.2328 -0.4002

* Significant at 5 per cent level ** Significant at 1 per cent level
CO
o>
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Table j4. Pooled ANOVA of 20 characters for the seven treatments in F3M3

**

SI. Character
No.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Days of first flowering
Leaf axil bearing first flower
Leaf number

Leaf area

Numberof branches per plant
Number of flower per plant
Pollen sterility (%)
First flowering node
Number of fruits per plant
Average fruit weight (g)
Weight of fruits per plant (g)
Length of fruit (cm)
Girth of fruit

Number of seeds per fruit
Number of ridges per fruit
Fruiting phase
Height of plant
Incidence of YVM disease
Incidence of fruit and shoot borer
Duration of plant

Significant at I per cent level

Mean Square

Replication Family Error ^6.24
df=4 df=6 df=24

8.95 625.60 14.29 43.77*'
0.24 44.32 1.28 34.51*'

46.70 30184.56 48.49 622.39*'
10671.50 126690.00 4309.25 29.39"

1.66 196.03 1.26 155.46*'
29.08 25138.03 46.10 545.24*'
28.59 3719.63 21.99 169.14"

2.08 87.63 1.35 64.63"
10.66 17715.39 43.80 404.40*'
3.40 501.76 3.43 146.16*'

1854.00 641259.00 6345.50 101.06*'
2.40 391.71 1.88 207.67*'
0.25 59.43 0.36 161.41*'

25.35 16087.41 37.84 425.15*'
O.Il 47.97 0.06 743.37"

78.25 8219.38 38.94 211.09"
129.25 47972.00 273.66 175.29"

0.13 0.71 0.02 100.66"
0.18 27.17 0.09 279.84'^

51.37 9156.66 25.52 358.79"

CD
-vj
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4,4.1. Days to first flowering

Significant differences in number of days taken to first Howering
were observed among tlie treatments. 20 kR took the maximum number

of days for first nowering (54.08 days) and the cultivated parent the
minimum number of days (45.28 days). The treatment 10 kR was on par
with the treatments 20 kR, 40 kR and the semi wild parent. Significant
progeny differences were observed within all the treatments excluding the
semi wild parent. The mean number of days taken for first nowering
ranged from 43.60 to 50.88 days in 0kR, 48.12 to 61.56 days in 10 kR.
50.16 to 60.64 days in 20 kR, 46.82 to 55.68 days in 30 kR, 47.52 to

.59.24 days in 40 kR and 42.28 to 50.72 days in P, (Table 35).

•<.•<.2. Leaf nxil bearing (lie first fiowcr

^ Treatment wise differences were observed with respect to leaf axil
bearing the first flower (Table 36). It ranged from 4.83 in 30 kR to
7.39 in the semi wild parent. The treatments 0 kR (6.70) and 10 kR
(6.75) were on par while 40 kR (5.52) was on par with P, (5,14).
Progeny differences were observed within the treatments 0 kR, 10 kR. 30
kR. P| and P^. Progeny differences ranged from 6.24 to 7.28 in 0 kR
5.64 to 7,36 in 10 kR. 4.14 to 5.20 i„ 30 kR, 4.72 to 5.56 in P, and
6.60 to 8.12 in P2.
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Table 35. Days to first flowering in

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi Pz •

I. 47.76 51.48 58.00 55.64 56.84 45.74 53.94

2. 46.12 56.20 60.64 51.84 59.24 46.16 51.78

3. 4K.20 61.56 55.84 50.28 56.68 46.16 54.36

4. 44.28 56.68 51.96 54.88 55.16 46.46 52.68

5. 50.88 54.40 51.04 47.24 53.16 43.12 52.76

6. 47.80 50.96 56.08 51.36 55.00 46.60 51.72

7. 46.46 52.84 50.16 46.82 50.76 42.28 54.06

8. 43.60 49.00 51.84 48.60 47.52 50.72 52.40

9. • 47.20 50.00 50.36 55.68 55.40 43.64 53.52

10. 47.20 48.12 54.96 47.76 48.64 43.92 52.40

Mean 46.95 53.12 54.08 51.01 53.86 45.28 52.92

^9.36 3.06** 4.17** 2.43* 6.32** 2.59* 5.96** 0.48

SE

Progenies 1.656 2.865 3.232 1.945 3.324 1.392 1.942

Treatments 0.756

Bartlett's 48.55**
X-g for error •
variances

Significanl at 5per cent level " Significant at I per cent level



Table 36. .Leaf axil bearing the first nower in F3M3

Progenies

3.

4.

5.

6.

7.

8.

9.

0.

Mean

9.36

SE

Progenies 0.296 0.417

Treatments 0.226

Bartlett's 84.28**
for error

variances

Treatments

OkR 10 kR 20 kR 30 kR 40 kR P,

7.28 7.18

6.80 7.36

6.92

6.40

6.44

7.12

6.60

6.24

6.48

6.76

6.70

7.28

6.68

6.40

7.08

6.56

5.64

6.96

6.32

6.75

6.04

5.82

5.32

7.16

6.04

5.48

5.36

6.68

7.14

5.60

6.06

5.12

4.90

5.20

4.36

5.20

5.08

4.16

4.14

4.92

5.20

4.83

5.56 4.80 7.00

6.04 5.12 6.60

5.96 5.48 7.08

4.88 5.40 7.32

5.38 4.76 7.12

5.00 5.10 7.88

5.44 5.32 7.89

5.12 4.72 7.00

6.34 5.16 7.92

5-44 5.56 8.12

5.52 5.14 7.39

3.28** 1.34 2.31* 1.76 2.17* 7.90*

0.856 0.407 0.503 0.291 0.260

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

90
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4.4.3. Leaf number

Significant differences in leaf number were observed among the
treatments (Table 37). It ranged from 16.67 in 0 kR to 71.15 in 10 kR.
Progeny differences were significant within the irradiated treatments. The
mean number of leaves ranged from 30.24 to 135.42 in 10 kR. 27.60 to

128.00 in 20 kR, 10,32 lo IJ6.40 in JO kR and 13.76 lo 156.72 in 40 kR.

4.4.4. Leaf area

riK- troalnienls were significanlly dirierenl with respect to leaf area
ranging from 210.41 cm- (P,) to 343.54 cm^ (10 tR.) (Table 38), Significant
progeny dilTerenees were observed within the irradiated treatments and the
semi wild parcw.. The mean Ic-af area tanged from 214.84 to 478.38 cm^ in
10 k.R, 208.24 to 440.60 cm^ in 20 kg, 188.78 to 344.54 cm^ ia 30 kR,
167,82 to 409 00 cm- in 40 kR. and 288.24 to 393 28 cm^ in P^.

4.4.5. Number of branches per plant

Irealment wise differences were highly significant with respect to the
number of branches per plant. Maximum number of branches were observed
in 20 kR (5.05) and least in (0,36), P,. P, and the unirradiated treatment
were on par. Progeny differences were significant in the irradiated and
unirradiated treatmcnls and in (he cultivated parent. In 0kR.the ma,ximum
number of branches was 1,36 and minimum 0,12 while in 10 kR. the range
was from 1,20 to 10,54. in 20 kR from 3,14 to 7,82. in 30 kR from 0,44 to
9,10 and in 40 kR from 1,28 lo 5,36, In the cultivated parent the number of
branches ranged from 0.04 (o 1.04 (Table 39).



Table 37. Leaf number in F,M->
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Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

1. 15.56 37.68 48.00 19.48 92.84 (7.68 20.52

2. 17.56 30.24 83.40 22.20 29.72 16.76 21.80

3. 15.46 58.00 44.40 136.40 64.96 18.12 19.00

4. 15.36 52.00 49.80 16.84 36.88 17.60 17.40

5. 18.24 135.42 128.00 18.08 80.12 17.60 19.60

6. 16.24 54.40 72.40 24.08 49.80 17.40 19.74

7. 16.72 41.20 54.80 10.32 29.08 16.64 20.88

8. 16.92 132.60 49.00 14.48 156.72 18.56 19.72

9. 17.32 51.60 45.20 49.20 123.04 17.64 22.40

10. 17.32 118.36 27.60 13.68 13.76 19.52 22.84

Mean 16.67 71.15 60.26 32.48 67.69 17.75 20.39

*^9,36 1.52 128.18** 70.34** 495.99** 176.80** 0.84 1.47

SE

Progenies 1.130 5.104 4.780 2.417 4.873 1.293 1.932

Treatments 1.392

Bartletfs 147.38**
for error

variances

♦ * Significant at I per cent level
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Table 38. Leaf area (cm-) in F,M

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR P2

1. 270.26 305.54 24.7.48 254.24 409.00 204.16 393.28

2. 229.36 403.30 277.84 344.54 354.04 217.38 334.52

3, 217.46 270.32 208.24 340.92 329.24 195.70 375.60

4. 220.48 350.38 360.50 287.56 261.32 210.06 320.30

5. 233.80 455.76 ?89.00 211.14 274.94 220.82 288.24

6. 220.26 394.96 257.74 188.78 167.82 213.66 330.36

7. 214.64 478.38 245.52 241.16 268.40 218.10 333.18

8. 216.46 232.80 268.16 241.26 300.00 209.20 320.50

9. 216.04 214.84 440.60 215.12 244.32 210.98 310.66

10. 208.20 329.12 231.04 214.73 242.06 204.02 310.12

Mean 224.70 343.54 282.11 253.95 285.11 210.41 331.68

^9.36 1.48 18.94** 7.97** 4.35** 8.69" 0.45 7.27**

SE

Progenies 20.458 29.237 34.658 36.701 32.171 16.049 16.383

Treatments 13.129

I3artletl's 48.41**
X-g for error
variances

** Significant al I percent level
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Table 39. Number of branches per plant in F3M3

Progenies
Treatments

0 kR 10 kR • 20 kR 30 kR 40 kR P

0.20 2.84 0.44 4.64

5.16 4.20

0.24 10.54 5.42 1.74 0.80

0.84 4.88 5.12

1.36 6.00 1.28 0.44

4.64 5.05

6.24 28.28** 7.35** 74.28** 27.98** 2.46*

Progenies 0.248 0.715 0.662 0.421 0.353 0.260

Treatments 0.224

Bartlelt's 83.50**
X-^ for error
variances

Significant al 5per cent level ♦♦ Significant at I
per cent level

94

0.289
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4.4.6. Number of flowers per pinnt

Table 40 showed (hat significant differences among the treatments

were noted with respcct to number of flowers per plant. The maximum

number of flowers was In 10 kR (60.67) which was on par with 40 kR
(58.32) and the least was in 0 kR (10.29). The semi wild parent (14.25) and
the cultivated parent (13.39) were on par for this character. I^rogeny
differences were also significant within the unirradiated and the irradiated
treatments. The mean number of flowers ranged from 9.16 to 11.64 in 0kR,
22.02 to 121.68 in 10 kR. 19.60 to 116.20 in 20 kR, 5.92 to 122.20 in 30
kR and 9.28 to 138.20 in 40 kR.

4.4.7. Pollen sterility

The treatments differed significantly with respcct to pollen sterility.
II ranged from 4.16 per cent in the cultivated parent to 38.64 per cent in the
unirradiated treatment. Progeny differences were significant within all the
ireatments excluding the parental treatments. It ranged from 15.98 to 55.72
per cent m0kR, 4.06 to 53.86 per cent in 10 kR. 4.56 to 74.16 per cent in
20 kR, 1.98 to 30.14 per cent in 30 kR, 3.74 to 34.80 per cent in 40 kR
(Table 41).

4.4.8. First fruiting node

Significant treatment wise differences were noticed with respcct to
first fruilmg node (Table 42). It ranged from 5.50 in P, to 8.30 in 0kR,
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Table 40. Number of flowers per plant in F3M3

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR 1^2 .

>
I. 9.32 29.64 40.20 14.00 82.28 13.96 13.96

1 11.12 22.02 71.00 16.20 22.40 13.16 15.64

3. 9.36 48.60 34.00 122.20 57.44 13.36 13.90

4. 9.16 44.40 39.80 12.28 29.56 13.48 13.52

5. 11.64 121.68 116.20 12.44 71.40 13.52 13.72

6. 9.32 46.00 62.00 18.52 42.48 13.54 16.04

4
7. 10.44 32.74 47.00 5.92 22.28 12.40 13.68

>

8. 10.84 118.00 39.60 10.04 138.20 14.20 13.04

9. 10.64 42.60 36.60 40.00 107.88 12.92 14.56

10. 11.04 101.00 19.60 8.52 9.28 13.32 14.40

Mean 10.29 60.67 50.60 26.01 58.32 13.39 14.25

^9.36 2.22* 111.87** 64.75** 602.94** 196.60** 0.69 0.66

SE

Progenies 0.869 5.047 4.773 2.021 4.206 0.857 1.654

Treatments 1.358

K

Bartlett's 197.01.**
X-g for error
variances

Signilicanl at 5per cent level ♦» Significant at I
per cent level
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Fable -41. Pollen sterility in l'3Mj

Progenies

I.

Treatments

OkR 10 kR 20 kR 30 kR 40 kR

45.30 22.24 4.56
(42.18) (27.98) (11.65)

55.72 29.16 26 ^2
(48.28) (36.65) (30.62)

15.98 33.04 6.18
(23.47) (35.04) (14.07)

25.44 53.86 74.16
(30.23) (47.20) (60.18)

47.36 28.84 37.28
(43.46) (32.44) (37.57)

35.68
(36.63)

4.06 18.92
(11.28) (25.61)

18.22 25.14 3.34
(25.12) (30.02) (9.90)

17.40 25.90 3.08
(24.59) (30.48) (8.95)

30.14 22.72 I ^5
(33.17) (28.40) (6.22)

21.16 34.80 3 44
(27.27) (36.11) (10.15)

4.76 30.52 4.22
(12.40) (33.27) (11.77)

18.96 16.94 6 16
(25.42) (24.12) (13.62)

36.62 17.20 31.44 4.66 3.74
(37.19) (24.33) (34.05) (11.99) (10.87)
36.20 5.40 5 78

(36.92) (12.95) (13.38)
9.36 16.62

(19.98) (23.82)

5.38
(12.98)

4.50
(12.20)

25.46 4.26 6.66
(30.23) (11.36) (14.01)

97

24.68
(29.29)

34.70
(36.01)

29.44

(32.83)

24.88
(29.71)

27.36
(31.44)

23.06
(28.33)

17.86
(24.84)

24.86
(29.84)

25.15
(29.97)

j.

4.

5.

6.

7.

8.

9.

10.

42.90 10.46 63.22
(40.88) (18.68) (52.70)

45.22 15.60 44 52
(42.16) (23.09) (41.80)

1.98 24.14 3.56 26.36

Mean 38.64
(38.14)

21.99
(26.57)

31.23
(32.17)

.15.21
(21.50)

20.48
(25.77)

4.16
(11.05)

25.84
(30.31)

13.85** 61.35'* 66.28** 20.94** 20.34** 1.68 2.05
SE

Progenies

Treatments

2.571

0.938

2.081 2.894 2.491 2.369 2.466 2.883

for error

variances

I'igiires in parenthesis are values after angular transformation
♦ Significant at 5per cent level Significant at I per ccntlevel
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Table 42. First iruiling node in F-,M
3'*'3

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi Pi

I. 9.42 8.48 6.82 6.12 6.56 5.72 7.28

2. 8.12. 8.44 7.00 6.08 7.18 5.44 7.08

.V 8.46 8;48 6.62 6.56 6.64 5.60 7.28

4. 9.16 8.16 7.84 5.60 6.20 5.78 111

5. 7.40 7.24 7.12 5.54 6.36 5.12 7.44

6. 8.02 7.29 6.60 5.84 5.80 5.44 8.20

7. 8.08 7.54 6.18 5.10 6.46 5.64 8.36

8. 7.66 6.76 8.60 5.48 6.14 5.04 7.36

9. 8.10 8.52 8.22 5.38 7.40 5.52 8.20

10. 8.58 8.16 6.36 6.42 6.24 5.68 8.32

Mean 8.30 7.97 7.14 5.81 6.50 5.50 7.72

^9.36 6.49** 7.03** 1.87 4.08" 1.61 1.91 15.24**

SE

Progenies

Treatments

0,347

0.232

0.323 0.843 0.332 0.538 0.254 0.179

Bartlett's 116.30**
X-g for error
variances

** Signincant at 1 percent level
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riic unirradiatcd Ircalmcnt was on par with 10 kR whereas 30 kR was on
par with P,. Progeny differences were significant within treatments 0kR. 10
klv. M) kR and P^. In 0kR. the first fruiting node varied from 7.40 to 9.42,
in 10 kR from 6.76 to 8.52, in 30 kR from 5.10 to 6.56 and in P^ it ranged
from 7.08 to 8.36.

4.4.9. Niimhcr of fniirs per plant

The trealmenls varied significanlly with respect to number of fruits
per plant (Table 43). I| ranged from 10,14 (0 kR) to 52.22 (10 kR). The
cultivated parent (12.78) and the semi wild parent (13.52) were on par. The

^ treatment 10 kR (52.22) was on par with 40 kR (50.55). Progeny differences
were significant within the irradiated treatments. It ranged from 18.96 to

T 110.44 in 10 kR. 15.60 to 100.40 in 20 kR, 5.44 to 103.20 in 30 kR and 8.32
10 125.20 in 40 kR.

>

4.4.10. Average fruit weight

Average fruit weight varied significanlly among the treatments. It
ranged from 7.26 g in 10 kR to 16.14 g i,. .he semi wild parent. The
unirradiated treatment and 30 t-R

\

ivy. It g in ine semi wild parent. The

unirradiated treatment and 30 kR were on par (12.47 and 12.59 grespectively).
Progeny differences within the irradiated treatments were significant. I, ranged
from 5.80 to 8.58g; 5.72 to 12.36 g; 9.48 to 18.32 gand 5.88 ,o 11.16 gin
10, 20, 30 and 40 kR respectively (Table 44).
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Table ^3. Number of fruits per plant in [•,M,

Progenies

4.

5.

6.

7.

8.

9.

10.

Mean

9..16

SE

Progenies 0.897

Treatments 1.324

Irealments

OkR lOkR 20 kR 30 kR 40 kR P

9.12

10.64

9.08

10.16

10.68

9.24

•10.28

10.60

9.68

10.96

10.14

27.28

18.96

43.46

38.64

110.44

41.20

24.58

101.20

34.20

82.20

52.22

35.40 13.80 72.04

65.20 15.06 17.64

29.20 103.20 51.28

33.60 12.20 24.00

100.40 11.96 63.00

54.40 16.16 34.60

41.00 5.44 16.24

36.40 9.20 125.20

30.80 35.40 93.20

15.60 8.36 8.32

44.20 23.08 50.55

1-30 72.82** 50.32** 564.00** 145,65**

13.32

12.72

12.04

12.72

13.04

13.08

11.88

13.80

12.64

12.60

12.78

100

13.04

14.60

13.24

13.00

13.24

15.36

13.08

12.44

13.76

13.48

13.52

5.493 4.786 1.745 4.456 0.825 1.411

Bartlett's 226.01**
for error

variances

Significant at I per cent level
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lable 44. Average fruit weight (y) in l-^Mj

4>ifr

Progenies
Treatments

OkR 10 kR 20 kR 30 kR 40 kR P,

J.

4.

5.

6.

7.

8.

9.

10.

!1.92

11.96

11.88

12.92

12.92

12.84

12.72

12.40

12.56

12.56

7.46

8.34

0.96

6.04

5.80

7.70

8.58

6.80

8.32

6.62

6.12

10.40

10.12

6.54

5.72

6.08

8.96

8.56

8.76

12.36

11.32

16.24

9.50

11.18

9.58

14.60

10.86

14.80

9.48

18.32

0.36 12.59

11.55 '̂ 17.82

9.70

10.68

«.36

10.68

5.88

11.16

9.24

8.48

8.74

10.53

13.30

14.36

13.44

12.56

14.24

13.84

13.64

13.44

13.48

13.28

SE

Progenies 0.657

Treatments 0.371

0.475 0.923 1.059 i.293 0.772

Bartlett's 53.28'
for error

variances

•Sipnilicnnt at I percent level

101

17.94

15.66

17.62

15.32

16.24

14.80

15.96

16.00

17.04

14.80

1.337
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4.4. II. Weighf of fruits per planf

Weight ol (ruits per plant differed significantly with respect to the
^ treatments. It ranged from 126.95 gin 0kR to 444.34 gin 40 kR. The lower

doses of radialion viz., 10 kR and 20 kR were on par. Progeny differences
^ were significant witiiin tlie irradiated treatments. Weight of fruits per plant

ranged from 158.50 to 688.48 g in 10 kR. 194.08 to 680.56 g in 20 kR,
58.12 to 980,20 gin 30 kR and 86.16 to 1059.04 gin 40 kR (Table 45).

4.4.12. Length of fruit

The treatnicnls differed significantly with respect to fruit length, The
^ length of fruit was maximum for the semi wild parent (14,92 cm) which was

on par with the cultivated parent (14.54 cm). The fruit length was minimum
in 10 kR (7.38cm). The treatments 0kR (12.04 cm) and 40 kR (12.13 cm)
were on par, Progeny diircreiiccs were .significanl within llic Ircaimenls 0

kR, 30 kR. 40 kR and P,. The ma.ximum fruit length was 13.88 cm and the
minimum 10.12 cm in 0kR, while it was 8.28 and 6.68 cm in 10 kR. 10.44
and 7.52 cm in 20 kR and 14.52 and 8.92 cm in 30 kR respectively (Table
46).

^ 4,4.13. Girth of fruit

Girth of fruit differed significantly among the treatments. It was
nximum for the fruits of the semi wild parent (8.32 cm) and
'•".•mum in 20 kR (5.20 em). The treatments lO.kR, 20 kR. 30 kR and

P, were on par. The unirradiated treatment was on par with 40 kR.

ni

m
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Table 45. Weight of fruits per plant in F3M3

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

^t~
I. 113.32 202.40 215.76 156.44 693.56 176.68 233.70

2. 128.12 158.50 680.56 249.18 187.94 184.24 228.86

.V 108.80 299.02 301.88 980.20 429.14 161.98 232.56

4. 132.08 237.66 218.44 136.56 257.12 159.98 199.42

5. 137.84 686.96 573.68 114.66 368.16 185.32 216.04

6. 117.76 314.42 339.52 236.52 396.52 178.18 227.46

"V-
7. 130:88 211.06 364.92 58.12 153.50 163.38 209.02

8. 131.68 688.48 313.92 136.64 1059.04 185.68 195.42

V
9. 133.40 285.84 255.64 430.96 812.26 170.32 239.74

. 10. 135.58 543.34 194.08 153.98 86.16 167.62 199.92

Mean 126.95 362.77 345.84 265.33 444.34 173.34 218.21

^9.36 1.16 40.62** 18.53** 43.91** 47.67** 0.75 0.58

•

S[£

Progenies 13.124 44.515 52.706 57.900 64.679 16.364 30.392

Trcalmcnts 15.931

Bartlett's 125.61**
for error

variances

Significant at 1 per cent level
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Table 46. Length of fruit (cm) in F-,M

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi ^2

T
I. 1 1.36 7.52 8.80 10.92 11.98 15.10 15.86

2. 12.52 8.28 7.80 10.70 11.92 14.88 15.16

3. 12.32 7.44 7.52 9.48 11.72 15.02 15.38

4. 12.76 7.68 8.08 12.42 13.86 14.46 15.30

5. 13.36 7.64 8.92 14.52 11.72 14.62 15.16

6. 13.88 7.76 8.36 12.76 12.82 15.18 14.68

7. 12.88 6.88 10.44 13.04 14.10 14.74 15.08

8. 10.72 6.76 8.72 8.92 13.20 14.02 15.10

9. 10.12 6.68 8.62 12.32 8.92 13.40 13.56

10. 10.44 7.16 8.68 10.12 11.02 14.02 13.92

Moan 12.04 7.38 8.59 11.52 12.13 14.54 14.92

*^9.36 4.73'* 1.55 2.00 8.75** 7.69** 1.37 3.20**

SE

Progenies 0.843 0.576 0.795 0.847 0.768 0.692 0.548

Treatments 0.274

Bartlett's
X-g for error
variances

12.77*

SigniCicnnt al 5per ceiU level SiBnificanl at I per cent level
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Progeny differences were significant within the treatments 0 kR, 30 kR,

40 kR and the two parents. Frnit girth ranged from 5.24 to 6.30 cm in

0 kR, 5.08 to 5.96 cm in 30 kR, 4.94 to 6.90 cm in 40 kR, 5.02 to 5.94

^ cm in Pj and 6.90 to 9.32 cm in P^ (Table 47).

4.4.14. Number of seeds per fruit

Treatments varied significantly with respect to number of seeds per
fruit (Table 48). It ranged from I.5d (10 kR) to 50.29 (P^). The lower doses
of radiation viz., 10 kR and 20 kR were on par (1.56 and 2.70 respectively).

Progeny differences were significant within the treatments 0 kR, 20 kR, 30
^ kR, 40 kR, P, and P2. The number of seeds per fruit varied from 8.08 to

12.24 in 0 kR, 0.32 to 10.36 in 20 kR, 8.36 to 35.76 in 30 kR, 1.00 to 15.64

"T in 40 kR, 23.74 to 41.04 in P, and 43.56 to 57.84 in P2.

4.4.15. Number of ridges per frui(

Ireatmcnt dilTcrcnccs were significant with respect to number of ridges
per fruit (Table 49). The semi wild parent had fruits with maximum number

of ridges (7.97) and the cultivated parent the lowest (5.00). All other

treatments were on par. Significant progeny differences were noticed in all

ihc treatments excluding the cultivated parent. The number of ridges per fruit
ranged from 5.04 to 6.36 in 0 kR, 5.02 to 7.06 in 10 kR, 5.06 to 7.00 in 20

kR, .-^.02 to 7.86 in 30 kR, 5.00 to 6.18 in 40 kR and 7.84 to 8.06 in
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Tahlo 47. Girdi of fruit (cm) in F3M3

Progenies
Treatments

OkR 10 kR 20 kR 30 kR 40 kR P2

1. 5.48 5.64 5.16 5.22 6.90 5.02 7.40

2. 5.82 5.24 5.36 5.72 6.50 5.24 7.70

3. 5.86 5.04 5.40 5.08 6.64 5.22 9.32

4. 5.56 5.18 5.40 5.24 6.86 5.36 8.72

5. 6.00 5.52 5.24 5.94 5.10 5.42 9.30

6. 5.24 5.92 5.08 5.46 6.22 5.44 8.62

7. 6.12 5.16 5.12 5.96 5.24 5.36 9.24

8: 6.30 5.76 5.36 5.44 4.94 5.48 8.48

9. 6.08 5.24 4.92 5.14 5.08 5.94 6.90

10. 5.76 5.04 4.96 5.20 6.26 5.30 7.56

Mean 5.82 5.37 5.20 5.44 5.97 5.38 8.32

''9.36 2.99** 1.02 0.84 2.94'' 11.57** 2.25' 11.35**

SB

Progenies 0.265 0.437 0.277 0.270 0.329 0.224 0.368

Treatments 0.120

Bartlett's 23.15**
for error

variances

Significant at 5per ccnt level Significant at I per cent level
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Table 48. Number of seeds per fruit in I'\M
3'^'3

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR P2

1. 10.44 1.76 I.I2 13.24 1.44 32.16 43.56

2. 8.28 1.92 0.92 28.24 4.72 23.74 55.24

3. 8.08 3.00 1.32 8.36 2.52 38.26 54.32

4. 10.00 2.56 0.96 16.36 12.16 41.04 57.84

5. 9.52 0.76 0.90 9.24 1.00 33.64 56.46

6. 12.08 1.60 0.32 16.64 15.64 35.14 48.36

7. 9.00 0.44 3.20 16.70 4.72 36.30 44.28

8. 12.24 1.32 4.16 29.10 2.48 23.82 47.06

9. 9.76 1.00 3.76 17.12 6.48 24.48 48.06

10. 9.52 1.28 10.36 35.76 10.32 25.50 47.72

Mean 9.89 1.56 2.70 19.08 6.15 31.41 50.29

^9.36 •5.59** 1.71 9.62** 14.11** 6.24** 5.64** 2.46*

SE

Progenies

Treatments

0.836

1.244

0.852 1.373 3.393 2.819 3.882 4.689

Bartlett's 170.79**
for error

variances

Significant at 5per cent level Significant at I per cent level
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Table 49. Number of ridges per fruit in F3M

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi Pz

I. 5.12 5.6-^1 5.12 6.00 5.76 5.00 8.04

2. 6.36 ' 7.06 5.10 7.86 5.28 5.00 8.06

3. 5.42 5.76 5.44 5.38. 5.66 5.00 8.06

4. 5.04 5.58 5.12 5.06 6.00 5.00 7.84

5. 5.32 5.28 5.20 5.04 5.42 5.00 8.00

6. 5.28 5.48 5.34 5.02 5.00 5.00 7.84

7, . 5.48 5.38 5.96 5.10 5.04 5.00 8.02

8. 5.86 5.08 6.26 5.10 5.34 5.00 8.00

T 9. 5.88 5.20 5.06 5.10 5.52 5.00 7.88

10. 5.08 5.02 7.00 5.32 6.18 5.00 8.00

Mean 5.48 5.55 5.56 5.50 5.52 5.00 7.97

^9,36 17.98** 10.40** 12.71** 137.56** 15.17 — 2.54*

SE

Progenies 0.142 0.256 0.256 0.106 0.139 0.077

'Ircatments 0.049

Bartlett's 277.51**
for error

variances

Signincant at 5per cenl level Significant at I per cent level
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4.4.16. Fruiting phase

I'ruiling phase exhibited signincaiU differcncc between the Ireatnienls

(Table 50). It was highest for the semi wild parent (109.97 days) and least

for the cultivated parent (70.74 days). The treatment 10 kR (92.00 days) was

on par with 40 kR (90.90 days) while 30 kR (83.64 days) was on par with 0

kR (81.93 days). Progenies also differed significantly in all the treatmenls

excluding the parental treatments. Fruiting phase varied from 78.92 to 87.60

days in 0 kR, 86.84 to 99.26 days in 10 kR, 92.82 to 108.16 days in 20 kR,

71.96 to 102.72 days in 30 kR and 83.12 to 99.88 days in 40 kR respectively.

4.4.17. Height of the plant

Treatment differences were significant with respect to plant height. It

ranged from 101.57 cm in the cultivated parent to 186.90 cm in 10 kR. The

treatments 30 kR (133.87 cm) and 40 kR (139.52 cm) were on par. Significant

progeny differences were noticcd in all the treatments except in the semi wild

parent. Plant height ranged from 135.46 to 161.12 cm in 0 kR, 155.08 to

252.48 cm in 10 kR, 128.86 to 226.44 cm in 20 kR, 57.54 to 226.70 cm in

30 kR, 75.56 to 188.06 cm in 40 kR and 94.16 to i18.92 cm in P, (Table 51).

4.4.18. Incidencc of YVM disease

Significant dilTerences among treatments were observed with respect

to YVM disease incidence and it ranged from 1.17 for the semi wild parent

to 2.40 lor the cultivated parent (lable 52). Significant progeny differences

were observed within treatments 10 kR, 20 kR and 30 kR and it ranged from

1.11 to 2.05 in 10 kR, 1.38 to 1.89 in 20 kR and 1.14 to 3.30 in 30 kR.
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Table 50. Fruiting phase in F3M3

Progenies
Treatments

OkR 10 kR 20 kR 30 kR 40 kR P2

1. 87.60 87.82 104.92 102.72 97.84 73.02 110.72

2, 81.20 97.22 108.16 91.74 94.12 71.30 110.66

3. 78.92 99.26 98.88 99.46 99.88 72.02 107.28

4. 80.00 88.50 93.64 78.98 96.56 71.38 107.02

5. 82.24 89.92 92.82 72.42 86.84 70.78 111.24

6. 81.54 94.38 101.96 80.58 87.34 68.70 110.36

7. 82.26 93.70 102.28 84.50 86.82 72.30 112.42

8. 81.32 93.82 101.22 71.96 90.30 67.80 110.10

9. 80.60 88.54 98.24 74.20 86.14 70.80 113.78

10. 83.58 86.84 100.94 79.88 83.12 69.34 106.16

Mean 81.93 92.00 100.31 83.64 90.90 70.74 109.97

*^9,36 3.36'* 5.43** 4.17** 35.13" 5.93" 1.43 1.45

SE

Progenies 1.830 2.593 3.243 2.610 3.357 1.964 2.87J

Treatments 2.575

Bartiett's 21.68"
for error

variances

Significant at I per cent level



'I'jilili! .*) I llcighl of llu: phinl (cm) in I'jM,

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR ^2

I. 138.98 194.08 128.86 208.92 159.66 97.26 119.94

9 145.88 179.32 139.86 226.70 159.48 104.14 118.24

3. 152.94 252.48 181.66 166.92 164.04 99.32 117.18

4. 143.28 155.08 220.44 123.92 188.06 94.16 114.04

5. 135.46 191.92 172.40 57.54 160.52 101.78 118.68

6. 158.34 162.84 182.40 110.42 128.94 98.42 117.18

7. 152.90 182.44 168.52 112.12 155.32 99.36 114.62

8. 150.34 185.73 217.46 103.06 80.38 106.56 120.28

9. 135.70 161.58 226.44 138.16 75.56 96.24 117.16

10. 161.12 203.56 154.54 90.92 123.20 118.92 111.38

Mean 147.49 186.90 179.29 133.87 139.52 101.57 116.87

^9,36 5.72** 16.20** 39.76** 94.45** 52.78** 4.50** 1.48

SE

Progenies

Treatments

5.388

3.308

9.776 7.574 7.685 7.231 4.645 3.235

Bartiett's 51.85**
for error

variances

** Signincant at I per cent level
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'I'able 52. Incidence of YVM disease in

Progenies
Treatments

0 kR 10 kR 20 kR 30 kR 40 kR Pi P2

I. 1.27
(1.12)

2.05
(1.43)

1.85
(1.36)

2.03
(1.43)

2.38
(1.54)

2.60
(1.61)

1.13
(1.06)

2. 1.07

(1.04)
1.50

(1.22)
1.48

(1.22)
1.95

(1.40)
2.20

(1.48)
2.21

(1.49)
1.09

(1-05)

3. 1.34
(1.16)

1.19

(1-09)
1.52

(1.23)
1.14

(1.07)
2.13

(1.46)
2.39

(1.55)
1.25

(1.12)

4. 1.07
(1.04)

1.23
(1.11)

1.55
(1.25)

1.81
(1.35)

2.36
(1.54)

2.39
(1.55)

1.17
(1.08)

5. 1.30
(I.14)

1.49
(1.22)

1.43
(1.19)

2.41

(1.55)
2.15

(1.47)
2.47

(1.57)
1.26

(I.12)

6. 1.45

(1.20)
l.Il

(1.05)
1.38

(1.17)
1.72

(1.31)
2.04

(1.43)
2.25

(1.50)
1.19

(1.09)

7. 1.21

(1.10)
1.25

(1.12)
1.40

(1.19)
3.30

(1.82)
2.27

(1.51)
2.39

(1.55)
1.18

(1.08)

8. 1.34
(0.15)

1.43

(1.19)
1.43

(1.20)
2.57

(1.61)
2.43

(1.56)
2.45

(1.57)
1.12

(1.05)

9. 1.51
(1.23)

1.61
(1.27)

1.89
(1.38)

1.37

(1.17)
2.5-2

(1.59)
2.45

(1.57)
1.20

(1.09)

10. 1.55
(1.07)

1.77
(1.33)

1.87
(1.36)

1.97
(1.40)

2.16
(1.47)

2.45
(1.57)

1.12
(1.05)

Mean 1.28
(1.13)

1.46
(1.21)

1.59
(1.26)

1.99

(1.41)
2.25

(1.50)
2.40

(1.55)
1.17

(1.08)

^9,36 11.11 4.08* 2.70* 14.24** 2.10 1.06 0.77

SE

Progenies 0.087 0.024 0.069 0.080 0.158 0.156 0.133

Treatments 0.026

Bartlett's 18.38**
for error

variances

Figures in parenthesis are values after square root transformation
♦ Significant at 5per cent level ** Significant at I per cent level
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Fig. 18 - 20. High yielding YVM resistant plants in F3M3 ^
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4.4.19, Incidcncc of fruit and shoot horcr

There was significant difference among treatments with respect to

fruit and shoot borer incidence and it ranged from 6.45 per cent for (he semi

wild parent to 25,10 per cent for the cultivated parent (Table 53). The

treatments 0 kR and 40 kR were on par. Significant progeny differences were

observed within all the treatments except 20 kR. It ranged from 12.80 to

. 14.99 per cent in 0 kR, 13.55 to 15.96 per cent .in- 10 kR, 8.71 to 22.34 per

cent in 30 kR, 9.70 to 20.94 per cent in 40 kR, 20.68 to 30.37 per cent in Pj
and 4.74 to 7.38 per cent in Pj.

4.4.20. Duration of the plant

v* Duration of the plant varied significantly among the treatments. It

ranged from 127.56 days in Pj to 167.28 days in P2. Progeny differences
were significant in all the treatments except the cultivated parent. It ranged

from 135.70 to 146.90 days in 0 kR, 142.64 to 164.12 days in 10 kR, 152.14

to 175.14 days in 20 kR, 119.12 to 161.62 days in, 30 kR, 131.68 lo 164.38

days in 40 kR and 162.60 to 171.54 days in the semi wild parent (Table 54).

4.5. Genetic variability in the F3IVI2 generation

. Genetic parameters viz., phenotypic and genotypic coefficients of
V ' I

variation, hcritabilily ami genctic advancc of Ihc 20 ciiaractcrs are presenlecl
in Tables 55 and 56.
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Table 53. Incidcncc of friiil and sliool borer in I'̂ Mj

Progenies
Treatments

0 kR 10 kR 20 kR 30.kR 40 kR Pi P2

1. 13.20
(3.63)

15.58
(3.94)

15.97
(3.99)

19.71

(4.44)
12.54

(3.54)
21.53
(4.64)

6.44
(2.54)

2. 13.23
(3.64)

15.79
(3.97)

!4.98
(3.87)

14.47
(3.80)

i3.96
(3.73)

20.68
(4.55)

5.72
(2.39)

3. 13.12

(3.62)
15.96

(3.99)
14.92

(3.86)
8.71

(2.95)
12.56

(3.54)
22.57

(4.75)
4.74

(2.17)

4. 13.04
(3.61)

14.78
(3.84)

15.58
(3.94)

21.55
(4.64)

14.17
(3.76)

27.55

(5.44)
6.36

(2.52)

5. 13.22
(3.63)

13.55 •
(3.68)

15.37
(3.92)

19.38
(4.40)

9.70
(3.12)

.27.72
(5.26)

7.20

(2.68)

6. 12.80
(3.57)

13.78
(3.71)

15.79

(3.97)
13.35

(3.65)
12.72

(3.57)
27.52

•(5.24)
6.55

(2.55)
7. 12.91

(3.59)
13.77
(3.71)

15.98
(3.99)

22.15
(4.71)

14.94
(3.87)

24.87

(4.99)
6.24

(2.50)

8. 13.91

(3.63)
13.78
(3.71)

16.59
(4.07)

22.34

(4.73)
10.71
(3.27)

24.36
(4.94)

7.38
(2.72)

9. 14.83

(3.85)
14.77

(3.84)
16.36
(4.05)

15.17

(3.89)'
14.77
(3.84)

22.91

(4.79)
6.95

(2.49)

10. 14.99
(3.87)

13.58
(3.68)

15.58
(3.95)

21.54
(4.64)

20.94
(4.58)

30.37
(5.51)

. 6.97
(2.64)

Mean 13.47
(3.67)

14.52
(3.81)

15.68
(3.96)

17.47
(4.18)

13.54
(3.68)

25,10
(5.01)

6.45
(2.54)

^9.36 11.28" 3.13'* 0.76 18.99" 12.21" 6.47" 2.56*

SE

Progenies 0.139 0.103 0.111 0.191 0.159 0.188 0.139

Treatments 0.063

Bartlett's 28.54**
for error

variances

Figures in parenthesis are values after square root transformation
* Signincnnt at 5per ccnt level ♦♦ Significant at I per ccnt level
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Table 54. Duration of thu planl in f'̂ M

Treatments ,
Progenies

0 kR 10 kR 20 kR 30 kR 40 kR Pi 1^2

1. 146.90 153.32 166.84 159.12 164.38 127.82 166.52

2. 139.76 159.26 175.14 157.62 157.20 128.02 171.54

J. 135.70 164.12 162.68 147.96 161.96 131.24 162.60

4. 137.88 154.98 155.62 139.86 162.26 126.20 168.74

5. 136.94 156.18 152.14 119.12 141.04 125.50 163.19

6. 136.58 150.40 162.74 152.10 152.08 127.56 170.46

7. 143.34 151.66 160.24 129.98 131.68 127.20 168.02

8. 135.80 154.48 168.34 J32.56 136.36 123.86 167.60

9. 139.12 146.86 152.58 126.34 133.72 129.72 163.56

10. 138.74 142.64 155.16 161.62 137.42 158.50 170.60

Mean 139.08 153.39 161.15 142.63 147.81 127.56 167.28

^9,36 4.70'' 12.29** 15.53** 44.99*' 61.53** 0.95 4.64**

SE

Progenies 2.323 2.447 2.692 3.191 2.353 3.025 2.134

Treatments 1.010

Bartlett's 9.59

for error

variances

** Significant at I per cent level
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Table 55. Phenotypic and genotypic coefficients of variation In F,M
3""3

SI.
No.

Plant characters
0 kR 10 kR 20 kR 30 kR 40 kR Pi , P2 '•

PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV • PCV GCV

1. Days to first

flowering

6.63 3.58 10.90 6.BO 10.72 5.05 8.67 6.22 • 11.20 5.50 6.86 4.84 5.49 ne .

2. Leaf axil bearing

first flower

8.04 3.95 11.75 6.63 23.04 5.72 14.90 6.87 15.48 5.73 9.92 4.35 8.56 6.49

3. Leaf number 11.27 3.50 58.32 57.21 48:36 46.71 117.69 117.09 68.45 67.50 11.34 ne 15.66
«*

4.57

4. Leaf area 15.07 4.46 28.83 25.49 30.06 22.93 29.52 18.70 28.43 22.13 11.38 ne 11.73 8.74

5. No. of branches

per plant

110.90 78.40 61.94 56.94 31.25 23.35 131.81 127.57 51.86 47.65 95.72 45.63 121.08 ne

6. No. of flowers

per plant

14.90 6.59 63.32 6t.94 55.32 53.27 135.36 134.80 72.24 71.3 9.79 ne 17.71 ne

7. Pollen sterility 20.92 17.87 42.50 40.65 53.14 51.20 43.20 39.12 35.65 32.56 38.21 14.65 16.52 6.83

8. First fruiting node 9.56 6.92 9.47 6.99 20.24 7.79 11.42 7.09 13.85 4.62 7.93 3.15 5 21 7.21

g. No. of fruits per plant 14.39 3.42 65.19 63.03 56.43 53.77 127.44 126.90 76.25 74.96 10.14 ne 16.06 ne

10. Average fruit weight 8.18 ne 16.36 12.62 30.80 25.37 27.79 24.39 25.89 13.86 8.91 ne 13.55 3.45

Contd.
05
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(Table 55. Contd...)

SI.
No.

Plant characters
0 kR 10 kR 20 kR 30 kR 40 kR P

1
P

2

PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV PCV GCV

11. Weight of fruits

per plant

16.61 2.93 57.96 54.62 51.15 45.12 106.82 101.09 73.98 70.31 14.55 ne 21.07 ne

12. Length of fruit (cm) 14.62 9.54 13.00 4.07 16.05 6.59 18.56 14.47 15.31 11.60 7.81 2.06 6.96 3.85

13. Girth of fruit (cm) 8.59 4.55 12.90 0.00 8.38 ne 9.19 4.86 15.44 12.76 7.43 3.22 12.26 10.06

14. Number of seeds 18.51 12.79 92.22 32.69 132.77 105.60 53.52 45.54 103.71 74.18 27.13 18.82 16.75 7.95'
per fruit

15. Number of ridges

per fruit

8.56 7.52 12.35 10.03 13.33 11.23 16.26 15.95 7.90 6.78 0.00 0.00 1.77 0.00

16. Fruiting phase 4.29 2.43 6.12 4.20- 6.54 4.07 13.81 12.89 8.23 5.80 4.57 1.28 4.30 1.24

17. Height of plant 8.05 5.60 16.62 14.42 19.76 18.60 40.28 39.24 27.61 26.37 9.43 6.05 4.58 1.36

18. Incidence of YVM

disease

12.54 0.00 14.37 8.30 11.26 0.00 17.37 14.18 6.66 0.00 6.44 0.00 0.00 ne

19. Incidence of fruit and

shoot borer

2.72 2.72 14.46 2.62 4.36 ne 15.48 13.72 12.44 10.15 8.47 6.30 9.02 5.57

20. Duration of plant 3.49 2.27 4.55 3.79 5.22 4.50 11.08 10.50 9.11 8.76 3.73 ne 2.65 1.72

ne - not estimable
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Table 56. Heritabllity and genetic advance in F,M
3"'3

SI.
No.

Plant characters
0 kR 10 kR 20 kR 30 kR 40 kR P 1 Pa

H2 GA H2 GA H2 GA H2 GA * H2 GA H2 GA H2 GA

1, Days to first

flowering

29.00 3.96 39.00 8.76 22.00 4.86 52.00 9.28 24.00 5.54 50.00 7.07 ne ne

2. Leaf axil bearing

first flower

24.00 3.97 31.00 7.51 6.00 2.56 21.00 6.46 13.00 4.15 19.00 3.88 58.00 10.23

3. Leaf number 9.00 2.09 96.00 115.34 93.00 92.65 99.00 240.01 97.00 136.78 ne ne . 9.00 2.90

4. Leaf area 9.00 2.79 78.00 46.32 58.00 35.91 40.00 24.33 61.00 35.72 ne ne 56.00 13.53

5. No. of branches

per plant

51.00 116.50 85.00 108.46 56.00 36.05 94.00 257.96 84.00 69.74 23.00 45.35 ne ne

6. No. of flowers

per plant

20.00 6.14 96.00 125.22 93.00 "105.98 99.00 276.05 98.00 145.83 ne ne ne ne

7. Pollen sterility 74.00 31.88 92.00 80.54 93.00 101.80 82.00 72.97 83.00 60.96 15.00 11.81 17.00 5.79

8. First fruiting node 52.00 10.24 55.00 10.73 15.00 6.26 36.00 8.94 11.00 3.14 15.00 2.44 74.00 10.29

9. No. of fruits per plant 6.00 1.78 93.00 124.89 91.00 105.79 99.00 259.90 97.00 152.35 ne ne ne ne

10. Average fruit weight (g) ne ne 60.00 20.22 68.00 43.14 77.00 44.08 29.00 15.47 ne ne 6.00 1.67

Contd.

03
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(Table 56. Contd...)

0 kR 10 kR 20 kR 30 kR 40 kR P P
2

SI.
No.

Plant characters
H2 GA H2 GA H2 GA H2 GA H2 GA h2 GA H2 GA

11. Weight of fruits

per plant (g)

3.00 1.03 89.00 106.26 78.00 82.19 90.00 198.04 90.00 173.17 ne ne ne ne

12. Length of fruit (cm) 43.00 28.13 10.00 2.68 17.00 5.62 61.00 23.32 57.00 17.98 7.00 1.13 31.00 4.45

13. Girth of fruit (cm) 28.00 4.96 0.00 0.00 ne ne 28.00 5.30 68.00 21.63 20.00 3.06 67.00 16.92

14. Number of seeds

per fruit

48.00 18.30 12.00 22.80 63.00 172.30 72.00 79.38 51.0 108.96 48.00 26.83 23.00 7.94

15. Number of ridges

per fruit

77.00 13.58 65.00 91.60 70.00 19.23 96.00 32.16 74.00 12.04 ne ne 24.00 0.38

16. Fruiting phase 32.00 2.83 47.00 5.93 39.00 5.25 87.00 24.74 50.00 8.47 8.00 0.75 8.00 0.71

17. Height of plant 49.00, 8.13 75.00 25.68 89.00 36.23 95.00 78.82 91.00 51.77 41.00 7.96 9.00 0.85

18. Incidence of YVM

disease

2.00 0.52 38.00 11.25 25.00 5.79 73.00 26.12 18.00 2.84 1.00 0.13 ne ne

19. Incidence of fruit and

shoot borer

67.00 3.76 30.00 3.24 ne ne 78.00 24.87 69.00 17.68 52.00 9.06 24.00 4.77

20. Duration of plant 43.00 3.09 69.00 6.47 74.00 7.94 90.00 20.54 92.00 17.27 ne ne 42.00 2.29

ne - not estimable CO
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4.5.1. 0 kR

Phenotypic and genotypic coefficients of variation were maximum for

number of branches per plant (1 10.09 and 78.40 per cent respectively). All

other characters had low phenotypic and genotypic coefficients of variation.

Heritability was highest for number of ridges per fruit (77.00 per cent) but

genetic advance was low (13,58 per cent). Similar trend was noticed for

pollen sterility, first fruiting node, plant height, plant duration and number of

seds per fruit. Nuinber of branches per plant had moderately high heritability
of 51.00 per cent and recorded the maximum gonctic advance of 116.50 per
cent. Genotypic coemcient of variation, heritability and genetic advance

were not estimable for average fruit weight (Fig. 21).

4.5.2. 10 kR

Highest phenotypic coefficient of variation was recorded for number
of seeds per fruit (92.22 per cent) but genotypic coefficient of variation was
low (32.69 per cent). Moderately high phenotypic and genotypic coefficients
of variation were noticed for number of fruits per plant, number of flowers
per plant, number of branches per plant, leaf number, weight of fruits per
plant and pollen sterility. Heritability and genetic advance was maximum for

number of flowers per plant (96.00 and 125.22 per cent respectively). Similar
trend was noticed for leaf number, number of fruits per plant, weight of fruits
per plant, number of branches per plant, number of ridges per fruit and pollen
stenlity. Heritability was moderately high for all the other characters except
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length of fruit, girth of fruit and number of seeds per fruit but genetic advancc

was low (Fig. 22).

-f- 4.5.3. 20 kR

Phenotypic and geiiotypic coefficients of variation were liighest for

number of seeds per fruit (132.77 and 105.60 per cent respectively) (Fig. 23).

Moderately high phenotypic and genotypic coefficients of variation were

noticed for number of fruits per plant, number of flowers per plant, pollen

sterility, weight of fruits per plant and leaf number. Heritability was maximum

for number of leaves per plant, flowers per plant and pollen sterility (93.00

per cent) and had high genetic advance also. Genetic advance was highest

for number of seeds per fruit (172.30 per cent). Heritability was high to

moderately high for all characters except leaf axil bearing first flower, first

fruiting node, fruit length, days to first flowering and incidence of YVM

disease. Genotypic coefficient of variation, heritability and genetic advance

were not estimable for girth of fruit and incidence of fruit and shoot borer.

4.5.4. 30 kR

Number of flowers per plant recorded the highest phenotypic and

genotypic coefficients of variation (135.36 and 134.80 per cent respectively).
Similar trend was also noticed for number of branches per plant, leaf number,

number of fruits per plant and weight of fruits per plnnt. Ilerilability and
genetic advance were highest for number of flowers per plant (99.00 and
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276.05 per cent). Similar trend was observed for leaf number, number of

fruits per plant, number of branches per plant, weight of fruits per plant and

number of seeds per fruit. Hcritability was minimum for leaf axil bearing the

^ first flower (21.00 per cent) while genetic advance was minimum for fruit

girth (5.30 per cent) (Fig. 24).
4

4.5.5. 40 kR

.Phenotypic coefficient of variation was maximum for number of seeds

per truit (103.71 per cent) while it had a genotypic coefficient of variation of

74.18 per cent (Fig. 25). Phenotypic and genotypic coefficients of variation

were high for number of fruits per plant, weight of fruits per plant, number

of flowers per plant and leaf number. Heritability and genetic advance were

^ high for number of flowers per plant, leaf number, number of fruits per

plant, weight of fruits per plant, number of seeds per fruit, number of branches

per plant, pollen sterility and plant height. Heritability was lowest for first

fruiting node (11.00 per cent) while genetic advance was least for incidence

of YVM disease (2.84 per cent).

4.5.6. P,

Phenotypic and genotypic coetficients of variation were maximum for

number of branches per plant (95.72 and 45.63 per cent respectively). All

other trnits recorded low values. Hcritability was moderately high for incidcnce

o( Iruit and shoot borer, days to first flowering and number of seeds per fruit
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(52. 50 and 48 per cent respeclively) but genetic advance was low (9.06.

7.07 and 26.83 per cent). Genotypic coefficient of variation, heritability and

genctic advance were not estimable for characters like leaf number, leaf area,

number of flowers per plant, average fruit weight, weight of fruits per plant,

plant height and plant duration (Fig. 26).

4.5.7. Pj

Phenotypic coefficient of variation was highest for number of branches

per plant (121.08 per cent). Both phenotypic and genotypic coefficients of

variation were low for the other characters (Fig, 27). Heritability was highest

lor first fruiting node (74.00 per cent). High heritability was also noticed for

girth of fruit, leaf axil bearing the first flower, leaf area and plant duration.

But genetic-advance was low for all these characters. Genotypic coefficient
of variation, heritability and genetic advance were not estimable for days to
first Howering, number of branches per plant, flowers per plant, fruits per
plant, fruit yield per plant and incidence of YVM disease.

4.6, Correlation in the generation

Phenotypic correlations among the 18 characters are presented in Tables
57 to 63.

4.6.1. 0 kR

In the unirradiated treatment leaf axil bearing first Hower was
significantly and positively correlated with first fruiting node, but had
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sigiiiricani negative correlation with average fruit weight, weight of fruits per
plant and gtrth of fruit. Number of leaves per plant and number of flowers
per plant had significam positive correlation with pollen sterility, number of

f™'' yield per plant and also among themselves. Leaf area
and pollen sterility were positively correlated with fruiting phase. Number of
branches per plant had significant positive correlation with fruit girth and
negative correlation with length of fruit. Number of flowers per plant as well
as pollen sterility were found to be positively correlated with number of
ridges per fruit. First fruiting node exhibited significant negative correlation
with average fruit weight and plant duration. Significant positive correlation
of fruit yield per plant with number of fruit per plant and average fruit weight
was observed. Number of ridges per fruit was significantly and positively
correlated with fruit girth and significantly and negatively correlated with
fruiting phase (Table 57).

y

-4-
4.6.2. 10 kR

In 10 kR, days to first flowering was significantly and positively
correlated with pollen sterility, length of fruit, fruiting phase and plant
duration. Leaf axil bearing the first flower exhibited significant negative
correlation with leaf number, number of flowers per plant, fruits per plant
and fruit yield per plant but had significant positive correlation with first
fruiting node and number of ridges per fruit. The characters like number of
leaves per plant, flowers per plant and fruits per plant had ' significant
positive correlation with number of branches per plant, weight of fruits per
plant and among themselves but had significant negative correlation with
first fruiting node, average fruit weight and number of ridges per fruit.
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Table 57. Correlation in F3M3 - 0 kR

Characters X, Xj Xj X^ Xg X, Xg X, Xi, X,j X,5 X.Q X.7 X.4

Days to first
flowering

x. Leaf axil bearing
the first flower 0.0637

^3 Leaf
number 0.2048 0.0087

Leaf
area 0.1084 0,0580 -0.0783

Xs No. of branches
per plant 0.1171 0.1830 0.0733 -0.1427

^6 No.of flowers
per plant 0.0801 -0.1487 0.8209 -0.1271 0,1489

Pollen
sterility

• •

0.1462 -0.1042 0.3205 0.2189 0.1280 0.3220

^8 First fruiting
node

•

•0.0352 0.3415 -0.2357 0.0997 0.0275 -S.2C89 -0.1841

Xg No. of fruits
per plant

• #

-0.1307 -0.1243 0.6113 -0.0832 0.2033 0.7716 0.1633 -0.0912

^10 Average fruit
weight

•

0.0534 -0.3187 0.0582 -0.1435 0.0212 0.0187 0.1047 -0.3841 0.0027

Weight of fruits
per plant

« •• ••

-0.1163 -0.2841 0.4794 -0.1045 0.1585 0.8308 -0.2164 -0.2739 0.8133 0.5544 _

X,2 Length of
fruit 0.2484 -0.0984 -0 1304 -0.0977 -0.3955 -0.1825 -0.0005 0.1717 •0.2327 0.2677 0.0679

^13 Girth of
fruit 0.0785 -0.2845 0.0385 -0.2146 0.3804 0.1737 0.0488 -0.2098 0.0112 -0.0226 0.0143 -0.1475

No. of seeds
per fruit -0.1506 -0.0393 -0.0519 0.0815 0.0423 -0.0327 0.0133 0.0567 -0.0127 -0.0796 -0.0347 -0.0074 •0.0590

No. of ridges
per fruit -0.0855 -0.0963 0.2158 -0.1038 0.2716 0.3013 0.3011 -0.1867 0.1960 -0.1584 0.0643 -0.1323

•

0.2927 -0.0954

^16 Fruiting
phase -0.0022 0.0545 -0.1625 0.32^-0.1357 -0.1396 0.2823 -0.1648 -0.2459 0.1980 -0.C524 -0.0812 -0.1213 0.0286 -0.3088

Xl7 Height of
plant -0.0448 0.2364 0.0022 -0.25S1 -0.0812 -0.0515 0.2517 -0.1894 0.0391 0.0873 0.0394 0.08£9 -0.1228 0.0274 -0.2007 -0.0448

'^la Duration of the
plant -0.0073 0.2092 -0.0901 0.0756 -0.0250 -0.1193 0.1856 0.4066 0.0500 0.0936 0.0589 -0.0471 -0.1436 0.0793 -0.1417 -0.0073 -0.0983

significant at S par cent level Significant at 1 D«r cent level to
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Number of branches per plant was significantly and negatively correlated

with average fruit weight and number of ridges per fruit and positively

correlated with weight of fruits per plant. There was significant negative

-f correlation for pollen sterility with average fruit weight and positive correlation

with number of ridges per fruit and plant duration. First fruiting node was

significantly and negatively correlated with weight of fruits per plant and

significantly and positively correlated with number ofridges per fruit. Average

fruit weight was negatively correlated with weight of fruits per plant which

was in turn negatively correlated with number of ridges per fruit. Fruiting

phase and plant duration were significantly and positively correlated

among themselves and also with number of ridges per fruit and plant height

(Table 58).

4.6.3. 20 kR

In this treatment, days to first flowering was positively correlated

with (railing phase and plant duration and negatively correlated with

plant height, while leaf axil bearing first flower was positively correlated

with pollen sterility first fruiting node and plant height. Leaf number,
number of flowers per plant and fruits per plant were negatively and

significantly correlated with average fruit weight, number of seeds per
fruit and number of ridges per fruit but had significant positive
correlation with weight of fruits per plam and also among themselves.
Leaf area was positively correlated with pollen sterility and plant height
but negatively correlated with fruiting phase and plant duration.
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Table 58. Correlation in F3M3 - 10 kR

Characters X, X, X3 X4 X, X, X^ Xg Xj ^10 *11 Xi2 X.3 Xi6 X.9

Days to first
flowering

Xj Leaf axil beanng
the first flower 0.0481 _

^3 Leaf
number •0.2718 -0.4712

Leaf
area •0.0521 -0.1893 0.0900

^5 No. of branches
per plant •0.1405

••

-0.2205 0.7100 -0.0428

hJo.cf flowers
par plant •0.2556 -0.4729 0,9970 -0.0737 0,7172

Xr Pollen
sterility

••

0.4677 0.1893 -0.2146 0.0765 -0.1308 -0.2046

Xa First fruiting
node -0.0008

•• *•

0.6685 -0.5028 -0.0476 -0.1906 -0 502S 0.2411

^0 No. cf fruits
per plant '0.2321 •0.4200 0.9846 -0.0494

• • «•

0.7470 0.9902 -0.1735 -0.4648

^10 Average fruit
weight -0.0235

••

0.21 SO -0.5329 0.0077 •0.4539 -0 5^00

• •

-0.3923

• •

0.0652 -0.5628

^11 Weight of fruits
per plant -0.2643 -0 4157 0.9864 -0.0956 0.70e0 0.9690 0.2761 •0.5029 0.9732

• •

-0.4227

X,3 Length of
fruit 0.2977 0.2372 -0.1410 0.2779 -0.0291 -0 1334 0.2462 0.1043 -0.1076 0.0123 -0.1418

Xl3 Girth of
fruit •0.0688 0.1475 0.0817 0.0691 0.0633 0.CS61 -0.2074 0.0358 0.1324 -0.0843 0.1601 0.0113 _

No. of seeds
per fruit 0.2491 0.1444 -0.1529 -0.2682 -0.1350 -0 1526 0.2785 0.1174 -0.1435 0.0031 -0.1693 0.0211 -0.0575 _

^TS No. of ridges
per fruit 0.2338 0.3897 -0.4776 0.1260 -0.4347 -0.4790

•

0.3062

• ••

0,3471 -0.4500 0.2146 •0.4685 0.2611 •0.0228 0.1954

^ia Fruiting
phase 0.3374 0.0962 -0.1468 0.0745 -0.1915 -0 1332 -0.0393- 0.0126 -0.1049 0.1223 -0.0921 -0.1176 0.0951 0.1386 0 3261

Height of
plant 0.2135 0.2130 0.1542 -0.0702 0.1428 0.1557 0.0765 0.1903 0.1694 0.1520 0.1500 >0.1164 -0.0019 0.1475 -0.0606 0.3304

^18 Duration of the
plant 0.4782 0.1274 -0.1631 0.0039 0.0998 -0.1489

• •

0.3811 0.0262 -0.0948 0.0998 -0.1316 0.0345 0.0164 0.2667 0.4342 0.5471 0.3983 -

Signiricant at S per cent level Significant at 1 per cent level ro
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Number of branches per plant exhibited significant negative correlation

with pollen sterility, average fruit weight, number of seeds per fruit, ridges

per fruit and plant height but had significant positive correlation with girth

' of fruit and plant duration. Pollen sterility was negatively correlated with

^ fruiting phase and plant duration but positively correlated with plant

height. There was significant positive correlation between first fruiting

node and plant height while average fruit weight had significant positive

correlation with number of seeds per fruit and ridges per fruit. Significant

negative correlation of weight of fruits per plant and fruit girth with

number of seeds per fruit was observed which wns in turn found to be

positively correlated with number of ridges per fruit. Fruiting phase was

^ found to be negatively correlated v/ith plant height and positively correlated

with plant duration while plant height was negatively correlated with plant
duration (Table 59).

4.6.4. 30 kR

[able 60 showed that in this treatment, days to first flowering had

significant positive correlation with pollen sterility and plant height. Leaf
number, number of Howers per plant and fruits per plant were found to be

positively correlated with all other characters and among themselves

except days to first flowering, leaf axil bearing the first flower, plant
lioighl iiiul phint duration but had significnni negative correlalion with
average fruit weight, girth of fruit and number of seeds .per fruit.
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Table 59. Correlation In F3M3 - 20 kR

Characters Xa X4 X. X, X, Xg X3 X,o X.1 ^12 ^13 ^14 ^t5 ^10 ^7 ^ia

Cays to first
flowenng

Xj Leaf axil bearing
tne first flower O.OSBO

•

Leaf
number 0.0233 -0.01S4

x-i Leaf
area -0.1591 0.2321 0.0659

No. of branches
per plant 0.2641 0.0462 0.1842 -0.0396 _

No.of flowers
per plant

••

0.0048 -0.0065 0.9954 0.0608 0.1920

Pollen
stertlity

• ••

-0.2243 0.3233 -0.0230 0.5118 -0.3870 -0.0215

^8 First fruiting
rode

«•

0.0873 0.6972 *0.0164 0.1928 0.0482 -0.0198 0.1912 -

Xg No. of fruits
per plant

••

0.0127 -0.0245 0.9844 0.0593 0.21Q3 0.9876 -0.0490 -0.0310

^10 Average fruit
weight

••

0.0388 -0.2746 -0.4021 -0.0663 •0.3845 -0.4116 -O.OOS3 -0.2472 -0.4059

Weight of fruits
per plant 0.1257 -0,1S02 0.7809 0.0194 0.0473 0.7735 -0.1079 -0.1436

••

0 8075 0.1075

X,3 Length of
fruit •0.2018 0.1348 0.0317 0.0820 ♦0.0411 0.0777 0.0162 0.0114 0.0704 -0.1226 0.0373

Xu Girth of
fruit -0.1239 0.0341 0.0635 -0.2289 0.2865 0.0668 -0.0993 0.0201 0.0895 -0.0889 0.1174 0.2428

X,4 No. of seeds
per fruit

••

-0.1028.-0.2077 -0.4325 0.0006 -0.2999 -0.4286 0.1454 -0.1675

•*

•0.4673 0.6376 -0.2907

•

0.0759 -0.2955

No. of ridges
per fruit

•

0.0067 -0.1872 -0.3453 -0.1961
•

0.2841 -0.3510 -0.1079 -0.1747
• •

•0.3641 0.4692 -0^2142
• •

0.1582 -0 2460 0.7386

^18 Fruiting
pnase

•• ft

0.3916 -0.1568 -0.1667 -0.3370
•

0.2263 -0.1902 -0.2977 -0.0755 0 1201 0.1571 0.1300 0.0469 -0.0493 0.0206 0.1496

^17 Height of
ptant

•• • *•

-0.3726 0.2943 -0.1277 0.5114 -
•

0.2973 -0.1346 0.4082 0.3864 0.1695 -0.0733 -0.2529 -0.0515 -0.0467 0.0657 -0.0323 -0.4557

X,8 Durstien of the
plant 0.4879 -0.0532 -0.0487 -0.3447

• • ••

0.3661 -0.0741 -0.5000 0.0929 0.0159 0.0551 0.2246 •0.1201 0.1128 -0.2374 -0.0144 0.6696 -0.3799 -

Significant at 5 per cent level Significant at 1 per cent level
fO
CO
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Table 60. Correlation in F3M3 - 30 kR

Characters X, Xj X-j X^ Xq X7 Xg X5 X.Q X^2 3 ^14 X,7

Days to first
flowering _

X2 Leaf aiil bearing
the first flower 0.1516 _

Leaf
number O.OS54 0.2062

X4 Loaf
area 0.0824 •0.1060 0.3605

^5 No. of branches
per plant -0.0587

••

0.0961 0.8879 0.4834 _

No.of flowers
per plant 0.0863 0.1941 0.9985 0.3609 0.8956

X7 Pollen
sterility

•«|

0.5502 0.1329 0.6173 0.276S

^ •*

0.4693 0.6185

•

X3 First fruiting
node 0.0789 0.5696 0.3316 0.1808

• »

0.3321 0.3316 0.2110

X9 No. of fruits
per plant 0.0962

•• ••

0.2039 0.9980 0.3646

•• ••

0.8929 0.9992

• •

0.6179 0.3369

Average fruit
weight •0.1634 -0.0250 -0.3688 -0.0387

• •

-0.2647 -0.3707

•

-0.3371

• •

0.1143 -0.3728 _

Xn Weight of fruits
per plant 0.1591 0.1924 0.9616 0.3929

• • «*

0.6206 0.9610

• •

0.6007 0.2770 0.9628 •0.2635

X.3 Length of
fruit 0.0703 0.0616 -0.2738 -0.2782

• •

•0.3351 -0.2003 -0.1154 -0.4117 -0.2773 •0.3078 -0.3009

X.3 Girth of
fruit -0.1735 0.0118 -0.3101 -0.0957 -0.2202 -0.3035

•

-0.3350

«

-0.0956 -0.3078 -0.1057 -0.3356

•

0.3026

No. of seeds
per fruit -0.1093

•*

0.2113 -0.3834 -0.0170

• •

0.2585 -0.3815

•

-0.3304

••

•0.0196 -0.3897 0.7266

«

-0.2873 -0.2947 -0.0451 _

^15 No. of ridges
per fruit 0.1326 0.1246 -0.0425 0.4254 0 0826 -0.0455 0.1313 0.2831 -0.0416 0.3072 0.0159 •0.2394 0.0996 0.2592

Fruiting
phase 0.2364

•• •*

0.1806 0.4252 0.3656 0.4406 0.4224

• •

0.3936 0.4074 0.4244 -0.1037 0.3839

•

•0.2871 -0.1518 0.2580

A*

0.4821 _

Xl7 Height of
plant

••

0.3969 0.0334 0.2616 0.0521 0.2869 0.2610

• •

0.4897 0.2796 0.2687 0.0316 0.3096

•

-0.3563 -0.1818 -0.0068

••

0.7562 0.7239

Duration of the
plant 0.1866 0.2700 0.0571 0.2308 0.0967 0.0950 0.1428 0.6231 0.0606 0.5474 0.1026 -0.4135 -0.2395

•

0.3145

P*

0.5036 0.5715 0.5384 -

SignKicant at S por cent level SiQnificant at 1 por cent level CO
o
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Signiricant negative correlation between number of (lowers per plant and

length o( Iniit was also observed. Leaf area was found to have significant

positive correlation with nuinber of branches per plant, weight of fruits

per plant, number of ridges per fruit and fruiting phase. Number of

binnchcs per plant e.\hibiled significant positive correlation with pollen

sterility, first fruiting node, weight of fruits per plant, fruiting phase and

plant height but had significant negative correlation with fruit length.

Pollen sterility had significant negative correlation with average fruit

weight, girth of fruit and number of seeds per fruit but had significant

positive correlation with weight of fruits per plant, fruiling phase and

plant height. Average fruit weight e.Nhibited significant positive correlation

with number of seeds per fruit, ridges per fruit and plant duration but had

significant negative correlation with length of fruit. Fruit yield per plant
had significant negative correlation with length of fruit, girth of fruit

and number of seeds per fruit, but had significant positive correlation

with fruiting phase and plant height. Length and girth of fruits were

positively correlated with each other but length of fruit was also

negatively correlated with number of seeds per fruit, fruiting phase, plant
height and plant duration. Number of ridges per fruit, fruiting phase,
plant height and plant duration were significantly and positively
correlated with each other. Duration of plant was positively correlated
widi (riiiling phase also.
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4.6.5. 40 KU

In llie treatment 40 kR, days, to first flowering was positively

correlated with leaf area and plant duration. Significant positive correlation

of leaf axil bearing first flower with first fruiting node and negative

corrclalion with number of branches per plant was observed. Number of

leaves per plant, llowcrs per plant and fruits per plant had significant

positive correlation with number of branches per plant, weight of fruits

per plant and also among themselves but had significant negative

correlation with average fruit weight, fruit girth, number of seeds per

Iruit and plant height. Leaf area exhibited significant positive

corrclalion with number of branches per plant and fruiting phase but had

signillcant negative correlation with number of seeds per fruit and plant

duration. Number of branches per plant and weight of fruits per plant

were signilicanily and positively correlated where as pollen sterility was

significantly and positively correlated with girth of fruit, number of ridges

per fruit, fruiting phase, plant height and plant duration. Average fruit

weight was positively correlated with fruit girth and number of seeds per
fruit while fruit yield per plant had significant negative correlation with

plant height. Length of fruit was positively correlated with plant height.
Girth of fruit exhibited significant positive correlation with number of

ridges per fruit, fruiting phase, plant height and plant duration. Significant
positive correlation existed among fruiting phase, plant height and plant
duration (Table 61).
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Table 61. Correlation In F3M3 —40 kR

Characters X, Xj x^ X, X, X7 Xg Xg Xic X,3 X-4 ^15 Xie X17 x,g

Days to first
flowering

Leaf axil bearing
the first flower 0.0919

Leaf
number -0.0885 0.1008

Xa Leaf
area

*

0.3043 0.2167 0.1692

Xa No. of branches
per plant •0.2332 -0.3085 0.3993 0.3178

•

No.of flowers
per plant

••

-0.0867 0.0889 0.9953 0.1697 0.3923 _

Pollen
sterility 0.1943 -0.1736 -0.2526 -0.1914 0.1140 •0.2341 _

Xfl First fruiting
node 0.0452 0.6826 0.0956 0.1692 -0.2277 0.0008 -0.1272

Xg No. of fruits
per plant •0.0835 0.0649 0.9924 0.1872

• •

0.4075

••

0.9965 -0.2077 0.0608

^10 Average fruit
weight

•

0.0370 -0.2171 -0.3111 -0.1690 0.1582

•

•0.3191 -0.0848 -0.2360 -0.3232 _

Weight of fruits
per plant

»•

•0.0562 0.0265 0.9424 0.1574
• •

0.4623

•• ••

0.9427 -0.2600 -0.0102 0.9427 -0.0408

^12 Length of
fruit 0.0551 -0.1223 -0.1967 0.0056 0.2440 -0.2099 0.1237 ^0.0741 -0.2165 0.0375 o.oose

Xi3 Ginh of
fruit 0.2170 -0.1059 -0.4317 0.2685 0.1095 -0.4288 0.4388 -0.1089 -0.4174 0.3730 0.2685 0.0321

X,, No. of seeds
per fruit

••

•0.0334 -0.1708 -0.3599 -0.4935 •0.2543 -0.3518 0.0506 •O 2000 -0.3669 0.4089 •0.2715 3.0043 0.1903

Xis No. of ridges
per fruit -0.1868 -0.0545 -0.1479 0.0638 0.0712 -0.1542 0.4480 -0.0405 -0.1307 0.1259 -01017 -0 2487

•

0.3471 0.0887 _

^10 Fruiting
phase 0.1379 -0.1370 -0.0186 0.3334 0.2279 0.0016 0.4121 -0.1845 0.0070 0.0215 0.0361 3.0082 0.4013 -0.0649 0.2345 _

^17 Height of
plant

••

0.2534 -0.1014 -0.6082 0.2319 0.0978 0.6048 0.5258 -0.0127 •0.6023 0.0706 -0.5987 3.4199 0.5050 0.0374 0.1649

•

0.3573

Xl9 Duration of the
plant 0.4253 -0.0142 -02220 -0.3630 0.1473 0.2101 0.5948 -0.0108 -0.2075 0.1752 0.1372 3 1823 0.7164 0.0745 0.2278 0.6329 0.6156

Significant a( 5 per cent level Significant at 1 per cent level CO
CO
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4.6.6. Pj

In the cultivated parent, days to first flowering had significant negative

correlation with leaf axil bearing the first flower and first fruiting node

( Table 62) . Leaf number was positively correlated with number of flowers

per plant, fruits per plant and weight of fruits per plant. Significant negative

correlation of pollen sterility with number of branches per plant, length of

fruit, fruiting phase and plant duration were observed. First fruiting node

was significantly and positively correlated with leaf axil bearing first flower.

Significant positive correlation between average fruit weight and weight of

Iruits per plant was noticed. Length of fruit had significant positive correlation

with number of seeds per fruit and plant duration while number of seeds per

fruit was significantly and positively correlated with fruiting phase and

negatively correlated with plant height. Significant negative correlation

between fruiting phase and plant height was also noticed.

4.6.7. Pj

In the semi wild parent, leaf axil bearing the first flower was

significantly and positively correlated with leaf number and first fruiting

node and negatively correlated with pollen sterility and fruit length. Leaf

number, number of nowers per plant, fruits per plant as well as fruit yield

per plant were positively correlated among themselves. Pollen sterility

was positively correlated with number of fruits per plant, average fruit

weight,, weight of fruits per plant and number of seeds per fruit.
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Table 62. Correlation in F3M3 - P,

Characters X3 X3 X5 X7 Xg X9 Xio X,2 Xi3 Xis X16 ^17 X]a

Days to first
flowering _

Xj Leaf BXil bearing
the first flower -0.3460 _

Leaf
number -0.0011 •0.0064 _

X, Leaf
area -0.0145 0.0320 -0.0334 -

X5 No. of branches
per plant -0.0721 0.0739 •0.1249 -0,2194 _

X3 No.of flowers
per plant 0.1651 -0.0694 0.6570 -0.1894 0.0129 _

X7 Pollen
sterility -0.0766 0.0320 -0.1945 0,2426 -0,2792 -0.1946

-

Xg First fruiting
node

• •

-0.3B61 0.7468 -0.0967 0.0768 -0.0092 -0.0621 0.0880 _

Xg No. cf fruits
per plant 0.2261 •0.0742 0.5254 •0.1146 -0.0158 0.9101 -0.0286 -0.0239 _

X]o Averaae fruit
weight 0.0362 -0.1688 0.1053 0.1490 0.1623 0.1109 •0.1799 •0.2223 0.1537

Xii Weight of fruits
per plant 0.1097 •0.1730

• •

0.4511 -0.0029 0.0917 0.7372 -0.1379 -0.1623

• •

0.8206

• •

0,6848 _

X12 Length of
fruit 0,1317 •0.0533 •0.1881 -0.0845 -0.0456 -0.0249 -0.3382 -0,0558 •0,0056 -0,0414 •0.0354

Xl3 Girth of
fruit -0.1105 0.0578 -0.1710 0.0854 0.1100 -0.1566 -0,2107 •o.oeid •0.1235 -0.1392 •0.1762 -0.0933 _

No. of seeds
per fruit -0.1967 0.1864 0.1716 0.0123 -0.2212 -0.1159 -0.1949 0.2145 -0.1866 -0.0536 -0.1793

• A

0.3626 -0.0854

^16 No. of ridgea
per fruit ne ne ne ne ne ne ne ne ne ne ne ne ne ne

^18 Fruiting
phase 0.0016 -0.3061 -0.0872 0.1024 0.0759 0.0799 -0.3430 •0.1882 •0.1102 0.1548 0.0096 0,2497 0,0412

A*

0,6190 ne

Height of
plant 0.0171 0.2002 0.0102 -0,0625 •0.1584 -0.1683 -0.0095 0,1018 •0.1212 -0.0736 -0.1355 •0.0627 0.0525 -0.3535

It

ne -0.3535

^ia Duration of the
plant 0.0299 0.1357 0.0617 -0,1411 0,0713 -0,0875 -0,3213 0.1073 •0.1376 0.0022 -0,1016 0.2902 -0.0140 0,1001 ne 0.1900 -0.0170 -

significant at 5 par cent level *' Significant at 1 per cent level ne • Not estimable
CO
Ol
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Table 63. Correlation in F3M3 - Pj

Characters X, X2 X3 X X X Xg X^ X^Q X^. X.j X.^ X^j X., X., XiB

Day« to first
flowering

•

X3 Leaf axil bearing
the firtt flower 0.1007

X3 Leaf
numtMr

•

a.02S9 0.3430

X. Leaf
area 0.1261 -0.1627 -0.1189

X5 No. of branchae
per plant 0.0373 -0.0462 -0.0062 0.0251

No.of flowers
per plant -0.0612 0.1817 0.7685 -0.0043 0.0025

X7 Pollen
sterility -0.1173 -0.2950 -0.0142 0.1574 0.1160 0.0992

Xg First fruiting
node

• •

0.1654 0.8988 0,2731 -0.2475 0.0182 0.1263 -0.0819

><9 No. of fruits
per plant -0.0909 0.1843 0.7008 -0.0327

• *

-0.0167 0.9782

•

0.3195 0.1076

^10 Average fruit
weight 0.2349 -0.0171 0.1512 0.1436 -0.0926 0.0326 0.2934 -0.0508 -0,0072

Xi, Weight of fruits
par plant 0.0678 0.1280 0.6270 0.0526 -0.0785 0.7560

• «

0.4198 0.0448 0.7493 0.6469

X,3 Length of
fruit 0.0434 -0.3236 -0.1726 0.2383 0.2431 -0.0513 0.0957 -0.4630 -0.0037 -0.0178 -0.0176

Xl3 Girth of
fruit 0.0583 -0.1291 -0.2704 -0.0479 -0.0153 -0.1009 0.0128 -0.0771 -0.1079 -0.1507 -0.1507 0.1582

Xl4 No. of seeds
per fruit 0.0144 -0.1078 -0.1399 -0.0909 -0.0271 0.1047

*

0.3073 -0.1237 0.1229 -0.1475 0.0015 0.0400 0.1531

No. of ridges
per frut 0.2009 -0.2463 0.2423 0.1682 0.0311 0.1342 -0.0240 -0.2944 0.1119 0.0219 0.1000 0.2985 -0.0404 0.0320

Xia Fruiting
phase 0.0444 0.1412 0.2062 -0.1310 0.0886 0.1634 0.Q352 0,1219 0.1940 0.2000 0.2987 -0.1238 -0.1089 -0.0071 0.0601

^17 Height of
plant 0.2357 -0.0710 0.1965 0.0613 0.0307 0.3130 0.0173

• •

0.0819 0.3195 0.2934

• •

0.4198 0.0957 0.0128 0.1204 -0.0812 0.1582

Xia Duration of the
plant 0.1149 0.2080 0.1311 -0.1185 0.06S2 0.1385 0.1430 0.2424 0.1009 -0.1094 o.otoi 0.0586 -0.1235 -0.0661 0.0244 0.1469 -0.0122 -

Significant at S per cent level ** Significant at 1 per cent leval
CO
O)
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I'irsl Iruiling node exhibited significant negative correlation with fruit

length and number ol ridges per Iruit. Average fruit weight had significant

positive correlation with fruit yield per plant and plant height whereas

fruit yield per plant was positively correlated with fruiting phase and plant

height, Significant positive correlation was also observed between fruit

length and number of ridges per fruit (Table 63).
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5. DISCUSSION

Roconibinalion breeding liirougli interspecific hybridisation of chosen

parents lollowod by selection in the segregating generations is a popular

method ot crop improvement to gel desirable recombinants. But recovery of

such recombinants is somewhat limited hy the linkage between desirable and

undesirable traits which rcdnces variability. In okra, interspecil'ic hybridisation

between cultivated species //. escuhmus and semi wild species A. manihot

did not yield useful recombinants due to strong linkage between YVM disease

rLsistance and semi wild characters of A. uiauihot in the generation

(Mathews, 1986). Variability can be induced by subjecting hybrid seeds of

okra to mutation (Gregory, 1961; Cheriyan, 1986; Sheela, 1994 and Animon,

1996).

The present investigation aimed to study the variability generated by

hvhtidisation and hybrid irradiation in I'2M2 and generations and thereby

identity disease resistant high yielding plants from among the variable

population. The results obtained are discussed in the following sections.

5.1. Evaluation of the F2M2 generation

Ihe scope (or selection in the breeding population depends on the

extent of altered mean values and genetic variability present in the segregating
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generations. The Fj and ^2^2 ptJpnlations showed wide range of variability

for majority of the characters studied.

Days lo first flowering was least for the cultivated parent. All the

irradiated treatments tended to resemble the semi wild parent for this character

and look more number of days for flowering than the unirradiated treatment.

ConlriUY to this Sheela (1^94) reported that plants in ^2^12 population took

less number of days lo llowering.

Leaf axil bearing first Hower was lowest for the cultivated parent.

All other treatments had higher mean values. There were several plants

resembling the cultivated parent in 30 kR, which flowered at lower nodes and

hence had a mean value closer to the cultivated parent when compared to

other treatments.

Irradiation was found to increase the number of leaves per plant. The

irradiated Ireatmenl 20 kR had the maximum number of leaves while the

unirradiated treatment 0 kR had the minimum. Significant variation among

the F2M2S was noticed for this character. Sheela (1994) reported that Fj s

and F2M2 s recorded significantly higher number of leaves than the parents.

Leaf area also was significantly higher in the irradiated treatments

when compared to the unirradiated treatment and the cultivated parent.

Maximum leaf area was observed in 40 kR. Significant variability was noticed

within all the treatments except the parental treatments were noticed. Some

plains with high number of leaves and small leaf area were noted especially
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in 20 kR and 30 kR treatments. Shecia (1994) reported that and ^2^2^

showed ninrkcd incroiise in leaf area.

Number of branches per plant were high in the treatments 20 kR and

30 kR. 40 kR also recorded higher mean values when compared lo 0 kR, 10

kK and the parents. Kuwada (1970) reporied higher number of branches on

irradiation in okra. Significant variation for number of branches in the F,
to

and i^M, gciicrnlioiis of irriutinled imer specific hybrids of okra has been

reported by Sheela (1994),

Number of flowers per plant showed similar results like number of

leaves per platil. Higher dose of radiation (40 kR) reduced the number of

Mowers per plant, when compared to the other irradiated treatments. The

mean values were lower for the unirradialed treatment. This is in contrast to

(he results of Sheela (1994) who reporied that TjM^s produced le.sser number
ol (lowers per plant as compared to parents and FjS.

Pollen sterility was least for the cultivated parent. Irradiation was

found to increase the pollen sterility. Krishna (1985) reporied increased pollen
sterility with increasing radiation dose. But these results are not in agreement
with the findings of Cheriyan (1986) and Animon (1994) who reporied thai
radiation induced pollen fertility.

The cultivated parent recorded the lowest mean value for first fruiting
node. All other treatments had higher mean values and tended to resemble
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the semi wild pnrent Ibr this character. This is in agreetncnt with the findings

111' Shcela (l')'M).

Number of fruits per plant showed significant variability among the

troiitnuMits. Maximum numlicr of fruits were observed in 20 kU, due to

piosenee ol ecrlain plants with large number ofsmall sized fruits with spines.

Ihe luiirrndiatod treatment, 0 kl< had the lowest nienn value for this characlcr.

Higher doses ol radiation viz., 30 kU and 40 kR reduced the number of fruits

when compared to 20 kR. Reduction in number of fruits per plant on gamma

irradiation of okra seeds was observed by Abraham (1985).

Fruit weight was maximum for the semi wild parent but it was

ii'i'iinuim for the unirradiated Ireatmcnt, Not much difference was noted
among 0kR and 10 kR with respect to this character. Many plants with very
low average Iruit weight were also observed in treatments 20 kR and 30 kR.

Irradiation was found to increase the fruit yield per plant and it was
nia.\imiim for the 20 kR treatment. The unirradiated treatment iiad lowest
Iruit yield per plant when compared to all the other treatmenls. But Abraham
11985) reported lower fruit yield on gamma irradiation.

Significant differences among the treatments were observed with
respect to fruit length. The cultivated parent had the maximum fruit length
l- '̂llowed by the semi wild parent. The lower doses of radiation viz., 10 kR
and 20 kR did not vary much with respect to this character but were smaller
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(han 30 kR and 40 kR which were on par. 'I he progenies of the cultivated

piiionl showed nitninunn vnriiiiion Cor IVuil length when conipiired to the

progenies within the irradiated treatments. Animon (1996) observed that

there was no slgniricant dilTcrencc among the 10 kR, 20 kR and 30 kR

irradiated plants with rcspeet to fruit length, but were smaller when compared

to untreated hybrids.

Girth ol Iruits showed an increasing trend with respect to the irradiated

treatments which was contrary to the findings of Animon (1996). The fruit

girth was maximum for the semi wild parent.

Number of seeds per fruit were high for both the parental treatments.

Ihe uiu'rradiated treatment had higher number of seeds per fruit when compared
to the irradiated treatments. This radiation induced sterility might be due to

dctectablc chtomosomal aberrations and cryptic deficiencies (Gaul et a!., 1966)
Radiation induced seed sterility has been reported by Abraham (1985),
Cheriyan (1986) and Animon (1996) in okra.

Number of ridges per fruit was ma.ximum for the semi wild parent and
lowest tor the cultivated parent. It was higher for the irradiated treatments

when compared to the unirradiated treatment and was highest for 40 kR. The

progenies in 30 kR showed lower values which might be due to presence of
plants resembling the cultivated type with fruits having lower number of

ridges,
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TIkmo wiis iidi niiidi (lilTcioiu'i- lielwoon () kl< iiiul III kl< wilh ics|)ccl

lo luiiiiiig pliuso. Hill In gcneriil Iriiiiing phase showed an increasing ircnd

wilh respect lo irradiated treatmenis when compared to the unirradiatcd

troatmcnt. It was maximum for the 40 kR treated plants and least for the

^ cultivated parent. These results are in agreement with the findings of Animon
• (I9')6).

Plant height varied significantly in all (he treatments. It was lowest

Ml III kR and maximum in iO kR. All the irradiated treatmenis had lower

plant height except 30 kR, when compared to the unirradiatcd treatment.

Animoii (|y9(,) observed lhal there was no signilicanl difference among 20,

> ^0 '•O kR treated plants with respect to plant height.

V '"^ease incidence did not differ much among the
irradiation treatmenis viz.. 10 kR. 20 kR and 40 kR, and had a lower level
of incidence compared lo 30 kR. However, a few recombinants wilh high
.Yield resembling cultivated parent and wilh YVM disease resistance were
also found in 30 kR. The semi wild parent ivas almost free from the disease,
while the cultivated parent showed mild incidence of the disease. Animon
(19^6) reported thai YVM disease incidence did not differ significantly among
irradiated and unirradiatcd hybrids but cultivated parent recorded high
incidence.

I'ruit and shoot borer incidence was high in 30 kR and 40 kR treatments
as well as the cultivated parent. It was very low in the semi wild parent.

-Jr
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The treatment 40 kR recorded the maximum duration and the cultivated

piuonl the iiiiiiimum. Iho plitiii duration showed in general, an increasing

liend on iiradiation. Not much difference was noticcd between the unirradiated

treatment and 10 kR with respcct to this character.

5.2. (10110(10 viiriahility in (lio

Ihe variability available in a population could be partitioned into

heritable and non heritable components using the gcnetic parameters phenotypic
coellicicnt ol variation, genotypic coefficient of variation, heritability and
genetic advance based on whicli selection can be effectively carried out.

The highest phenotypic and genotypic coefficients of variation were

obser\cd for number of branches per plant in all the treatments except in the
scmt wild parent which recorded a low genotypic coefncient of variation.

Ihis IS in agreement with the findings of Alex (1988) and Shcela (1994} who
obiiitned high degree of gcnctiu variability for number of branches per plant.
All the irradiated treatments showed high phenotypic and genotypic coefficients
ol variation for number of seeds per fruit. Yndav (1986) and Alex (1988)
observed moderately high genotypic coefficient of variation with respcct to
Ihis character. Leaf number and number of flowers per plant and fruits per
plant showed high to moderately high phenotypic and genotypic coefficients
of variation in tbe treatments 20 kR and 30 kR. High phenotypic and genotypic
coeKicients of variation were noticcd for number of Hovvers per plant by
Mnlhews (l-)8(,) and Alex (|9K«). Modenilely high v«lue.s of phenotypic
coefhcient of variation and genotypic coefficient of variation were recorded
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for weight of fruits per plant in 20 kR. Low phenotypic and genotypic

coefficient of variation were observed for yellow vein mosaic disease incidence

in all treatments which is in agreement with the findings of Mathews (1986).

But Alex (1988) reported high genotypic coefficients of variation for this

character., The characters days to first flowering, leaf axil bearing first flower,

first fruiting node, length and girth of fruit, number of ridges per fruit, fruiting

phase, plant duration and incidence of fruit and shoot borer recorded low

phenotypic and genotypic coefficients of variation in all the treatments. Except

for 20 kR all other treatments had low phenotypic and genotypic coefficients

of variation for average fruit weight which is in confirmity with the findings

of Alex (1988). But Sheela (1994) reported moderate phenotypic and genotypic

coefficients of variation for this trait.

Heritable variation may be effectively used with greater degree of

accuracy when heritability is studied in conjunction with genetic advance

(Majumdar et aL, 1974). A high genetic advance along with high heritability

shows the most effective condition of selection. High heritability with very

high genetic advance were noticed for number of branches per plant and

number of seeds per fruit in all the irradiated treatments. High heritability

with moderately high genetic advance was noticed for leaf area in the four

radiation treatments. High heritability with high genetic advance was observed

for leaf number, number of flowers per plant, number of fruits per plant and

pollen sterility in the treatments 20 kR and 30 kR. However Mathews (1986)

reported high heritability with low genetic advance for number of branches
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per planl. mimlicr of llowcrs per plant and tumihcr of (riiils per plant while

low liciilaliility and low gcnclic advancc was reported by Alex (1988) Ibr

niinilicr of llowcrs per plant and number of rriiits per plant. Slieela (1994)

reported high herilability and low genetic advance Cor number of I'ruits per

plant, which is not in conformity with the present findings. High heritability
and high gcnelic udvancc were noticed for fruit yield per plant in 20 kl{ and

plant duration in JO kR but all other treatments recorded low values. Shecia

(l"94) also reported high hcrilnbilily and gcnclic advancc Ibr fruit yield per
plant. High herilability with moderately high genetic advance was observed

for plant height in 10 kR, 20 kR and 30 kR. This is in conformity with the
frndings of Ale.x (1988) who reported high heritability and moderately high
genetic advance indicating the low influence of environment and (he scope
for direct selection of these characters based on phenotypic performance.

Ilipli heriliibility and moderately low genetic advance were noticed for length
ol Iruii in the irradiated treatments 10 kR, 20 kR and 30 kR whereas for girth
of Iriiit, high heritability and low genetic advance were noticed in 20 kR, 30
kR, and 40 kR. Fruiting phase also recorded high herilability and low genetic
advance m30 kR. Heritability and genetic advance were low for yellow vein
mosaic incidence in all the treatments e.xcept 30 kR and the cultivated parent
Kiran which had moderately high heritability and low genetic advance. Low

heritability and genetic advance Ibr yellow vein mosaic incidence was reported
by Sheela (1994). However, Mislira and Chhonkar (1979) reported high
heritability and genetic advance for this trait while Mathews (1986) and Alex
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(1988) reported high heritability and low gcnctic advarico. Low heritabilily

and gonctic advancc siiggcsl (he prcduiiiinanl role of environment in the

inhoriiancc ol YVM disease and it indicates lesser scope lor improvement of

^ this trait through selection. I.ow heritability and gcnctic advancc were also

^-''̂ f iitMers like days to first flowering and number of ridges per

liiiit in all the treatnicnts.

5.3. Correlation in the S^ '̂crjUion

Correlation provides information on the nature and extent of

rcliilioMsltip iinione Hie various ciiaraelers. In order lo obtain inlbrinalion on

> "ssoeiation ol trails in the generation, correlation coeiricient was
worked out among Hie eighteen cliaraclcrs.

Diiys to first llowering was significantly and posiliveiy correlated with
plant duration in 10 kR, leaf number, number of branches per plant, flowers
per plant, Iruits per plant, seeds per fruit and fruiting phase in 20 kR, pollen
sterility, girth of fruit, fruiting phase, plant height and plant duration in 30 kR

and leaf area in Pj. However, there was significant negative association of

iliiys to fiist flowering with length of fruit in 20 kK, average fruit weight,
length of fruit and number of seeds per fruit in 30 kR and leaf number in P,.
Alex (1988) reported that there was significant positive correlation of days to

^ first flowering with fruiting phase, girth of fruit and number of seeds per fruit
while signincant negative association was noticed with number of flowers
per plant, fruits per plant and length of fruit.
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In all the treatments except in 10 kR, number of leaves per plant.
Mowers per plant and Iruits per plant were positively correlated with weight
of fruits per plant and also among themselves. Mathews (1986) and Slieela

(IW4) reported significant positive correlation of fruit yield per plant with
leaf ninnber. Ilowers per plant and fruits per plant, fhe importance of fruit
number per plant as a selection criterion was stressed by Arumugam and
Muthukrishnan (mKI) and Halachandran (1984). Significant positive
correlation of weight of fruits per plant with number of fruits per plant has
been reported by Ariyo (1992). In all the irradiated treatments number of
leaves and Ilowers were significantly and positively correlated with number
ol branches per plant while in the treatments 20 kR, 30 kR and 40 kR, fruit
number per plant was also positively correlated with number of branches per
plant. Number of (lowers per plant and fruits per plant had sienificant negative
correlation with average fruit weight in the treatments 20 kR and 30 kR.
Ale.x (1988) reported that number of branches per plant was positively
correlated with number of Ilowers per plant and fruits per plant which is in
accordance with the present finding. Me also observed that number of fruits
per plant hnd significanl positive correlation with average fruit weight which
is not in agreement with the present results.

Pollen stcnljiy was found to be positively correlated with leaf area
and number of seeds per fruit in 0 kR. leaf area, averaee fruit weight and
length and girth of fruit in 20 kR. girth of fruit and plant duration in 30 kR,
girth ol Iruit and liumber of seeds per fruit in 40 kR whereas it was negatively

^vi.h plant height in 10 kR. number of leaves per plant, branches
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per planl. nowcr.s per planl, friiit.s per planl, IViiil yield per planl and number

ol",seeds per (hill in 20 kR, number ofseeds per Iruil in 30 kR, leaf area and

number of branches per planl in 40 kR and wilh number of seeds per fruil

in l'|.

Average Iruil weight was found to be significantly and positively
correliilcd with weight of fruits per plant in the treatments 0 kR, 10 kR, 40
kR, P| and while in 20 kR they were negatively correlated. Average fruit
weight had signilicani positive correlation with fruil length in 10 kR, leaf
area and length of fruit in 20 kR, 30 kR and 40 kR, number of ridges per fruit

in 20 kR and M) kR, fruit girth in 20 kR and P^. Significant negative
association of average fruit weight with number of branches per planl and
plant height was ob.served in treatments 20 kR , 30 kR and 40 kR, fruiting
phase in 20 kR and 30 kR and number of ridges per fruit in P, and Pj.
SignilK-iint posilive correlation of average fruil weight with length and girth
ol (run and fruil weight per plant was observed by Alex (I98«).

Fruit yield per plant was significantly and positively associated wilh

number of branches per plant, number of seeds per fruil and fruiting phase in
20 kR, (ruiting phase, plant height and plant duration in 30 kR while there
wns significani negative coirelalion with number of branches per plant in 0
kR, leaf area, length of fruil, girth of frui( and number of seeds per frui( in
20 kR, leaf area and length of fruit in 30 kR. number of seeds per fruit in 40
kR and plant height in P,. Significant and positive association of yield with
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luimhcr of branches per plant has been reported by Elangovan el al. (1980),

Malnchandnin (.M^«4), Malhcws (1986), Alex (1988) and Sheela (1994).

Significanl positive correlation of yield with fruit girth as well as non

significant positive correlation between fruit yield and plant height was

observed by Sheela (1994), Alex (1988) reported significant positive

correlation of fruit yield per plant with length of fruit and positive yet non

significant association with leaf area, girth of fruit and number of seeds per

fruit.

Numlier of seeds per fruit was signincanlly and positively correlated

will! leaf area and number of ridges per fruil in 10 kR, number of leaves per

plant, branches per plant, flowers per plant, fruitsper plant and fruiting phase

in 2n kR and plant height in P, while significant negative association was

noticed with leal area in 0 kR, number of branches per plant in 10 kR, leaf

area, length and girth of fruit and number of ridges per fruit in 20 kR, fruiting

phase, plant height and plant duration in 30 kR, length of fruit and number

of ridges per fruit in 40 kR and number of Howcrs per plant in P,. Significanl
negative association between plant height and number of seeds per fruil was

observed by Alex (1988).

Iruiting phase, plant height and plant duration was significantly and
positively correlated among themselves in 30 kR, but plant duration and plant
height were negatively correlated in P,.
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5.4. Kvaliifltion of (lie ''3^13 gcnernlion

1'3 and F,M, populations showed wide range of variability for majority
of the cliaraclers studied.

Days to first (lowering was least in the ciillivated parent. The irradiated
irontmcnts took more number of days for (lowering than the unirradiated

ireatnient and the cultivated patent. The maximum number of days to first
(lowering was taken by the treatment 20 kR. However, Sheela (1994) reported
that the irradiated population took less number of days to first flowering
when coMiparod to utiitradinlod (realincni.

Leaf axil bearing first newer was lowest for 30 kR, Several plants
resembling the cultivated parent, with low Howering nodes were found to be
present in 30 kR. The semi wild parent had the maximum value for this
character, fho treatments 0kR and 10 kR did not vary much but differed
sigiulicuMtly Ironi the other treatments.

I.eaf number varied significnntly among the trcalment.s. Irradinlcd
treatments had more number of leaves per plant whet, cott.parcd to o(hcr
treatments and it was maximum in 10 kR. The unirradiated treatment had
least number of leaves per plant. Several plants which resembled the cultivated
Piuvnt-nnd with fewer number of leaves were found in 30 kR. Sheela (1994)
reported higher number of leaves in l-'̂ s as well as (^^M^s than their parents.
Animon (1990) reported that the JO kR treated plants produced less number
of leaves compared to other treated plants and untreated control.
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l.Ciil area was least lor the ciillivatcd parent when compared to'the

other treatments and it was maxinunn in 10 kR. Irradiation was found to

increase the leaf area. The treatments 10 kR and semi wild parent did not

show significant variation among themselves while 0 kR resembled the

culiivnted parent with respect to this character. In general, the P-^M^s

resemhied the semi wild parent with respect to leaf area.

Number ol branches per plant was low in the unirradiated treatment

and resembled the parents lor this character. Irradiation increased the number

ot branches per plant. The maximum number of branches per plant was in

20 kR. It was iilso high in 10 kR nnd nioderale with rcspcct to .10 kR and

40 kR. Wide range of variability observed with respect to this character

among the F^M^s might be due lo release of variability on irradiation. Similar

results were obtained in generation also. But Animon (1996) observed

adecrease in number of branches per plant on irradiation of the inter specilic
hybrids of okra.

Number of flowers per plant was maximum in the treatment 10 kR.

1he unirradiated treatment as well as the parents had lower number of flowers

pei plant when compared to the irradiated treatments. The number of llowers
was low in 30 kR when compared to the other irradiated treafmenls due lo

presence ol plants resembling cultivated parent with fewer number of flowers

per plant. Sheela (1994) reported that the segregants produced lesser number

of Howors.
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Pollen sterility was lowest in the cultivated parent. The pollen sterilit}-

was maximum in the unirradiated treatment while the irradiated treatments
\

had significantly lower pollen sterility when compared to 0 kR. This indicated

the chance for the presence of fertile segregants among the irradiated

population. These findings agree with the results of Cheriyan (1986) and

Animon (1996). But Krishna (1985) reported higher pollen sterility at higher

doses of mutagen treatments.

Cultivated parent recorded the lowest value with respect to the first

fruiting node. Among the irradiated treatments, 30 kR had the lowest value

for this character and resembled the cultivated parent. All other treatments

resembled the semi wild parent. Sheela (1994) also reported that the segregants

resembled the wild parent with respect to this character.

Number of fruits per plant was highest in 10 kR and least in the

unirradiated treatment. In general, radiation increased the number of fruits

per plant. The treatment 30 kR recorded lower values compared to other

irradiated treatments, which might be due to presence of plants, resembling

the cultivated parents in this treatment. Animon (1996) observed that there

was no significant difference between the irradiated and unirradiated treatments

with respect to this character.

Average fruit weight showed wide variation among the treatments.

The semi wild parent had the maximum average fruit weight. Irradiation was

found to decrease the average fruit weight. A reduction in the average fruit

weight was observed among the segregants by Sheela (1994).
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Weight of fruits per plant was high in the irradiated treatments when

compared to Ihc other trcalmenls and it was highest in the treatment 40 kR.

The unirradiated treatment had the lowest fniil yield per plant. However,

Abraham (1985) reported decreased Iruit yield on irradiation. Sheeia (1994)

icporied general reduction in the mean values of scgrcgants I''̂ s and I*\M^s

with respect lo this character.

Length o( Iruit increased with increasing dose of radiation. 10 kR

recorded the lowest fruit length while the semi wild parent had the maximum

(ruit length. Except for 40 kR, all the other irradiated treatments had smaller

liiiits than Ihc uniniuiiiitcd Ireatmenl which was in agreement with the findings
of Animon (19%).

The semi wild parent had the maximum fruit girth. There was no

significant difference among the irradiated treatments 10 kR, 20 kR and 30
kR with respccl to this character and had lower mean values than Ihc

imirradiatcd treatment. Animon (1996) reported that plants in the Ireatmenl

40 kR produced fruits with lesser girth.

Ihe tieatment 30 kR had significantly higher number of seeds per
(ruit when compared lo the other irradiated treatments as well as the

unirradiated treatment. This might be due to the presence of plants resembling
cultivated parent in 30 kR which had higher number of seeds per fruit. But
in general irradiation was found to decrease number of seeds per fruit.
Maxinuim number of seeds per fruit was for the semi wild parent. Radiation
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induced steriliiy was observed among F2M2 s also. Animon (1996) also

reported reduced number of seeds per fruit for the irradiated treatments.

The semi wild parent had the highest mean value for the number of

ridges per fruit while the cultivated parent recorded the lowest value.

Significant differences between irradiated and unirradiated treatments were

not observed with respect to this character.

Irradiation of the interspecific hybrids increased the fruiting phase
and resembled the semi wild parent for this character. The fruiting phase
was lowest lor the cultivated parent and maximum for the semi wild parent.

Significant differences were observed among the treatments with
respect to plant height. The higher doses of radiation viz., 30 kR and 40 kR

reduced the plant height when compared to 10 kR and 20 kR. Plant height
was maximum in 10 kR and minimum in the cultivated parent. Not much

difference between 0 kR and 10 kR and also among 20 kR, 30 kR and 40 kR
irradiated treatments were observed by Am'mon (1996).

Incidence of yellow vein mosaic disease was more for the treatments
30 kR, 40 kR and the cultivated parent. However, a few plants which had
resistance to YVM disease and resembling the cultivated parent were also

observed in 30 kR. The semi wild parent had the lowest value for this
character and had almost no incidence of this disease. According to Animon
(1996) not much difference among irradiated and unirradiated treatments was
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observed with respecl lo YVM incidence, bul (lie incidence was higli in tiie

cultivated parent.

The cultivated parent and the treatment 30 kR had high incidence of

Iruit and shoot borer. The semi wild parent had the lowest incidcnce oflVuit

and shoot borer. All the other treatments did not vary very much with respect

lo this character. High incidence of fruit and shoot borer was observed in

treatments 30 kR, 40 kR and the cultivated parent by Animon (1996).

Plant duration was higher in the irradiated treatments when compared

to the unirradiated treatment as well as the cultivated parent. The plant

duration was maximum for the semi wild parent. Among the irradiated

treatments, 20 kR recorded the maximum mean value for this character.

5.5. Genetic variability in the generation

High to moderately high genotypic coefficient of variation was

observed for number of branches per plant in all the treatments which was in

agreement with the findings of Balachandran (1984), Alex (1988) and Sheela

(1994). The characters such as leaf number, number of flowers per plant,
number of fruits per plant, weight of fruits per plant and number of seeds per
fruit had moderately high phenotypic as well as gcnotypic cocfficicnt.s of

variation in all the irradiated treatmenls. High genotypic coefficient of
variation for number of flowers per plant, fruits per plant, weight of fruits per
plant and number of seeds per fruit has been reported by Alex (1988).
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Moderately high phcnolypic as well as genoiypic coelTicietiis of varialioii for

number of friiils per plant as well as fruit yield per plant have been reported

by Sheela (1994). Moderate genotypic coelTieient of variation was observed

for pollen sterility with respect to the irradiated treatments. All other characters

had low phenotypic as well as genotypic coefficients of variation. The

treatment 0 kR had low phenotypic and genotypic coefficients of variation for

all characters except number of branches per plant.

Genotypic coefficient of variation as well as heritability estimate
provide a better picture of the amount of gcnctie advance to be e.xpected by

phenotypic selection. Number of fruits per plant and weight of fruits per
plant had high heritability and genetic advance for all the irradiated treatments.

This finding was in consonance with the results of Sheela (1994) but contrary
to the results of Ualachandran (I984J and Alex (1988). Leaf number, number

of branches per plant, flowers per plant and pollen sterility also recorded high
heritability and genetic advance in all the irradiated treatments. High
heritability and genetic advance for number of seeds per fruit was observed
in the irradiated treatments 20 kR, 30 kR and 40 kR. Moderately high to high
heritability was observed in the irradiated treatments as well as the unirradiated

treatment with respect to number of ridges per fruit, plant height and plant
duration. Heritability was moderately high in the irradiated treatments as well

as the semi wild parent with respect to leaf area, but genetic advance was

moderately low. Sheela (1994) reported high heritability coupled with high
genetic advance for plant height and leaf area which are contrary to the
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prcseni rindings. Moderately high hcrilabilily coiiplcd wiih low gcnclic

advance was observed for length of fruit and fruiting phase in the treatments

30 kR and 40 kR. The treatments 30 kR, 40 kR and Pj had moderately high

^ heritability and low genetic advance as far as fruil and shoot borer was

^ conccrncd. Ail the other treatments cxcept 30 kR had low heritability as

well as genetic advance with respect to the incidencc of VVM disease. Low

heritability couplcd with low genctic advance for yellow vein mosaic disease

has also been reported by Sheela (1994). fhis suggests the predominant role

of the environment in the spread of the disease. Sharma and Dhillon (1983)

also reported that the genes responsible for resistance to virus arc sensitive

to environmental changes. This accounts for the low heritability rccordcd for

^ the incidence of the YVM disease during the present investigation.

5.6, Correlation in the ^^3^3 generation

Correlation studies among the 18 characters in r3M3 were done to
find the extend of association among them.

Days to first Oowering was positively correlated with pollen sterility,
fruit length, fruiting phase and plant duration in 10 kR, fruiting phase and

^ plant duration in 20 kR, pollen sterility and plant height in 30 kR and leaf
. area and plant duration in 40 kR. Significant negative correlation was noticed

^ with plant height in 20 kR and leaf axil bearing the first Howcr as well as

first fruiting node in P,. Alex (1988) reported significant positive correlation

of days to flowering with fruiting phase and Hrst Howering node.
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Number of leaves per plant, flowers per plant and fruits per plant

were positively correlated with fruit yield per plant in all the treatments.

Similar results have been observed in the generation also. Significant

positive association was also noticed with number of branches per plant in 10

kR. 30 kR and 40 kR. Number of (lowers per plant and fruits per plant were

negatively correlated vvilh average fruit weight in all the irradiated treatments.

Significant negative association of number of flowers per plant and fruits per

plant with number of seeds per fruit was observed in treatments 20 kR, 30 kR

and 40 kR. Alex (1988) has reported significant positive correlation of number

of fruits per plant with number of branches per plant and average fruit

weight.

Pollen sterility was significantly and positively correlated with number

of leaves per plant and flowers per plant in treatments 0 kR and 30 kR,

number of fruits per plant and fruit yield in 30 kR and P2, average fruit

weight in P2, number of ridges per fruit in 0 kR, 10 kR and 40 kR, fruiting

phase in 0 kR and 30 kR, plant height in 20 kR, 30 kR and 40 kR, number

of seeds per fruit in P2 and plam duration in 10 kR and 40 kR. Significant

negative association was noticed with average fruit weight in 10 kR and

30 kR.

Average fruit weight exhibited significant positive correlation with

fruit yield per plant in 0 kR, Pj and P2 while significant negative association

with fruit yield was noticed in 10 kR. Significant negative association was

noticed with number of branches per plant in 10 kR and 20 kR, while positive
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association was noticed with respect to number of seeds per fruit in treatments

in 20 kR, 30 kR and 40 kR and number of ridges per fruit in 20 kR and 30

kR. Alex (1988) and Sheela (1994) observed significant positive association

of fruit yield with average fruit weight. Significant negative correlation of

average fruit weight with number of branches per plant and positive correlation

with number of seeds per fruit was reported by Alex (1988).

Fruit yield was found to have a significant positive correlation with

number of branches per plant in 10 kR, 30 kR and 40 kR, fruiting phase and

plant height in 30 kR and f^2 significant negative correlation with

number of ridges per fruit in 10 kR, number of seeds per fruit in 20 kR and

30 kR and length and girth of fruit in 30 kR. Sheela (1994) reported significant

positive association of fruit yield per plant with branches per plant and girth
of fruit.

Significant positive correlation of number of seeds per fruit with

number of ridges per fruit was observed in 20 kR and plant duration in 30

kR. Significant positive correlation between number of seeds per fruit and

ridges per fruit was also observed by Alex (1988). Significant negative
correlation of number of seeds per fruit with number of branches per
plant and fruit girth was observed in 20 kR and fruit length in 30 kR. Alex

(1988) reported significant negative association of number of seeds per
fruit with number of branches per plant and positive association with girth of
fruit.
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Number of ridges per fruit was positively correlated with girth of fruit

in 0 kR and 40 kR, fruiting phase and plant duration in 10 kR, leaf area,

fruiting phase, plant height and duration in 30 kR, while there was significant

negative correlation with fruiting phase in 0 kR and number of branches per
plant in 10 kR and 20 kR.

Fruiting phase, plant height and plant duration were positively
correlated among themselves in 10 kR, 30 kR and 40 kR. Significant negative
correlation of fruiting phase and plant duration with plant height was noticed
in 20 kR, Significant negative association between plant height and fruiting
phase was observed by Alex (1988).

From the present study several plants resembling the cultivated parent
having higher fruit yield and which showed tolerance or resistance to YVM
disease were isolated from the 30 kR treatment. As a future line of work,
these selected plants will be further evaluated for afew more generations and
if found superior and resistant to the disease it will finally be developed into
a YVM disease resistant variety.
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SUMMARY

Okra is one of the inost important fruit vegetable crops cultivated in

India. However the growth and yield of the crop is highly affected by the

yellow vein mosaic disease. As part of the larger objective of evolving high
yielding, YVM disease resistant varieties of okra, a study was undertaken in

the Department of Plant Breeding and Genetics, College of Agriculture,
Vellayani, to estimate the extent of variability generated in the F2M2 and
F3M3 generations on irradialion of the hybrid seeds of okra and also to isolate

high yielding YVM disease resistant lines from among the segregating
generations. Correlation studies were also conducted to find out the extent

of association among the characters under study. The various findings obtained
are given below.

Evaluation of the 1*2^2 Scneration

TIiu irradiated treatments were found to be late Howering when
compared to the unirradiated treatment and the cultivated parent.

Irradiation was found to increase the number of leaves per plant,
flowers per plant and fruits per plant and it was maximum for the treatment
20 kR. The treatments 20 kR and 30 kR had the maximum number of branches
compared to all other treatments.
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Irradiation was found to increase pollen sterility and it was maximum

lor 10 kR. However seed set was lower for the irradiated treatments when

compared lo the unirradiated treatment and parental treatments.

y Fruit weight was maximum for the semi wild parent. Among the

irradiated treatments, the plants in 20 kR exhibited maximum fruit weight
and weight of fruits per plant. However a few plants which resembled the

cultivated parent with good yield could he observed in the treatment 30 kR.

l-ruti length and girlh were found lo increase with increasing radiation doses. "

Number of ridges per fruit, fruiting phase and plant duration were

•f higher for the irradiated treatments when compared to 0kR and was maximum
in the treatment 40 kR. Plant height was found to be maximum in 30 kR and
least in 10 kR.

Irradiation was found to increase yellow vein mosaic disease incidence
as well as fruit and shoot borer incidence and it was maximum in 30 kR
among the irradiated treatments. However, a few high yielding YVM disease
resistant plants resembling the cultivated parent were also observed in 30 kR.

Genotypic coelT/cienl of variation was highest for number of branches
per plant in all the treatments except the semi wild parent. High genotypic
coefficient of variation was observed for the number of seeds per fruit in all
the irradiated treatments as well as number of leaves per plant and novvers
per plant in treatments 20 kR and 30 kR.
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High heritability and very high to moderately high genetic advance

were observed for number of branches per plant, seeds per fruit and leaf area
\

in all the irradiation treatments. High heritability with high genetic advance

^ were observed for leaf number, number of flowers per plant, fruits per plant

and pollen sterility in treatments 20 kR and 30 kR, fruit yield per plant in 20

kR and plant duration in 30 kR. Heritability and genetic advance were low

for yellow vein mosaic disease incidence in all the treatments.

Significant positive correlation of number of leaves per plant, flowers

per plant and fruits per plant with weight of fruits per plant-and also among

themselves was observed in all the treatments except 10 kR. Average fruit

weight and fruit yield per plant were positively correlated in treatments 0 kR,

^ 10 kR, 40 kR, Pj and P2.

Evaluation of the F3M3 generation

The irradiated treatments were found to be late flowering but had

more number of leaves, branches, flowers and fruits per plant.

The irradiated treatments had lower pollen sterility when compared to

the unirradiated treatment and was lowest in 30 kR. However, the number

of seeds per fruit was more in 30 kR compared to the other treatments

excluding parental treatments.

Irradiation was found to decrease average fruit weight. However fruit

yield per plant was more for the irradiated treatments due to the larger number
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of fruits. Fruit yield ,per plant was maximum in 40 kR. Length of fruit

increased with increasing radiation doses. There was not much diflerencc

among irradiated treatments 10 kR, 20 kR and 30 kR with-respcct to girth of

fruit and had lower mean values than the unirradiated treatment. Significant

differences amoTig the irradiated treatments were not observed with respcct to

number of ridges per fruit.

Irradiation was found to increase the fruiting phase as well as plant
duration but the semi wild parent recorded the maximum fruiting phase and

plant duration when compared to all other treatments. Plant height was
maximum in 10 kR when compared to other treatments.

Incidence of YVM disease was more in the treatments 30 kR, 40 kR

and the cultivated parent. However, a few high yielding, YVM disease resistant

plants resembling the cultivated parent were also observed in 30 kR. Fruit

and shoot borer incidence were found to be high in the cultivated parent and
30 kR.

High to moderately high genotypic coefficient of variation was

observed for number of branches per plant in all the treatments, as well as for

number of leaves per plant, llowers per plant, fruits per plant, weight of fruits
per plant and number of seeds per fruit in all the irradiated treatments.

High heritability and genetic advance were observed for number of
fruits per plant, weight of fruits per plant, leaf number, number of branches
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per plant, tlowe'rs per plant and pollen sterility in the irradiated treatments.

The treatments 20 kR, 30 kR and 40 kR had high heritability and genetic

advance for number of seeds per fruit. Moderately high to high heritability

was observed for the irradiated treatments as well as the unirradiated treatment

with respect to number of ridges per fruit, plant height and plant duration but

genetic advance was low. All other treatments except 30 kR had low

heritability as well as genetic advance with respect to yellow vein mosaic

disease incidence.

Days to first flowering was positively correlated with plant duration

in 10 kR, 20 kR and 40 kR. Number of leaves per plant, ttowers per plant

and fruits were plant were positively correlated with fruit yield per plant in

all the treatments. Average fruit weight had significant positive correlation

with fruit yield per plant in 0 kR, P, and while there was significant

negative association with fruit yield in 10 kR. There was significant positive

correlation between weight of fruits per plant and number of branches per

plant in 10 kR, 30 kR and 40 kR. Fruiting phase, plant height and plant

duration were positively correlated among themselves in 10 kR, 30 kR and

40 kR.

From the present study, several plants resembling the cultivated parent

with high yield and YVM disease resistance were isolated from the treatment

30 kR. As a future line of work these plants will be further evaluated for a

few more generations and if found superior and YVM disease resistant, it

will tmally be developed into a YVM disease resistant variety.
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ABSTRACT

A study was conducted in the Department of Plant Breeding and

Genetics, College of Agriculture, Vellayani during I996-'97 to estimate the

extent of variability generated in the ^2^2 ^3^3 generations ns a result

of hybridisation and hybrid irradiation of the interspecific hybrids between A.

esculentus and A. manihot and also to isolate high yielding yellow vein mosaic

disease resistant lines from among tlie segregating generations.

In the \'2^2 g^ucration, llic irradiated trealincnts were foutid to be

late flowering and had more number of leaves per plant, flowers per plant

and fruits per plant. Irradiation was found to increase pollen sterility and was

maximum in 10 kR. However seed set was lower for the irradiated treatments.

Average fruit weight and weight of fruits per plant was maximum in plants

belonging to the treatment 20 kR. Fruit length and girth were found to

increase with increasing radiation doses.. Number of ridges per fruit, fruiting

phase and plant durntioti were higher in the iitiidinlcd (rcatiiiLMits wheti

compared to 0 kR and was maximum in 40 kR. Plant height was highest in

the treatment 30 kR. Irradiation was found to increase YVM disease incidence

and fruit and shoot borer incidence and it was maximum in 30 kR among the

irradiated treatments. However a few high yielding YVM disease resistant

plants resembling the cultivated parent were also observed in 30 kR.
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Genotypic coefficient of variation, heritability and genetic advance

were high for number of branches per plant and number of seeds per fruit in

all the irradiated treatments in F^M^. High heritability with high gcnclic

advance were observed for leaf number, number of flowers per plant, fruits

per plant and pollen sterility in 20 kR and 30 kR. Significant positive

correlation of number of leaves per plant, flowers per plant and fruits per

plant with weight of fruits per plant and also among themselves was observed

in all the irradiated treatments in F2M2. Average fruit weight and fruit yield

per plant were positively correlated in treatments 0 kR, 10 kR, 40 kR, P,

and P2.

In F3M3 the irradiated treatments were found to be late flowering and

^ had more number of leaves, branches, flowers and fruits per plant. Pollen
sterility was lower for the irradiated treatments, when compared to the

unirradiated treatment and was lowest in 30 kR. However the number of

seeds per fruit was more in 30 kR compared to the other treatments excluding
parental treatments. Irradiation was found to decrease average fruit weiglu
but fruit yield per plant was more for the irradiated treatments due to the

larger number of fruits and was maximum in 40 kR. Length of fruit increased
with increasing radiation doses. Significant differences among the-irradiated

treatments were hot observed with respect to number of ridges per fruit.
^ Irradiation was found to increase the fruiting phase as well as plant duration.

Plant height was mdximum in 10 kR when compared to all the other treatments.

Yellow vein mosaic disease incidence was high in the^cultivated parent and
the higher dose radiation treatments viz.. 30 kK and 40 kU. l^rom iMo pre.scnl
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Study a Tew recombinants which resembled the cultivated parent, with high

yield and YVM disease resistance could be isolated from 30 kR, which

suggested that 30 kR could be ideal radiation dose for evolving.high yielding

in okra. Kruit and shoot borer incidence was

highest in the cultivated parent and was also high in 30 kR.

High to moderately high genotypic coefficient of variation was

observed for number of branches per plant, leaves per plant, llowers per

plant, fruits per plant, weight of iruits per plant and number ofseeds per fruit

in all irradiated treatments in F3M3. High heritability and genetic advance

were observed for number of fruits per plant, weight of fruits per plant,

ilowers per plant and pollen sterility in all the irradiated treatments. Number

of leaves per plant, flowers per plant and fruits per plant were positively

correlated with fruit yield per plant in all the treatments while average fruit

weight had significant positive correlation with fruit yield per plant in 0 kR,

Pj and P2 in the F3M3 generation.

As a future line of work, high yielding, YVM disease resistant plants

assembling the cultivated parent which have been isolated from the treatment

30 kR will be further evaluated for a few more generations and if found

superior and YVM disease resistant it will finally be developed into a YVM

disease resistant variety.
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