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INTRODUCTION



For the development of hybrid (Fl) variety suitable parents

must be identified first. In this respect a basic knowledae on
the combining ability of parents and gene action governing the
vield characters is a pre-requisite for launching the

hybridization programme.

As far as Kerala is concerned bacterial wilt caused by

Pseudomonas solanacearum is a handicap which practically prevents

the tomato cultivation. So to suit the condition of Kerala the
high vielding varieties must necessarilv be resistant to
bacterial wilt. Only a very few varieties are reported so far as

resistant to bacterial wilt.

Taking into consideration all the above points the present
study was undertaken in a line x tester model with an obiective
of estimating the combining ability of parental varieties and
nature of gene action involved in the inheritance of different
vield attributes and heterosis that can be achieved in the
hybrids. For the hybridization programme three well adapted
bacterial wilt resistant varieties were used as lines and five
popular varieties were used as testers. Basic information on
combining ability, gene action, heterosis and disease resistance
derived from this study will be useful for identifying suitable
parents for the development of high vyielding wilt resistant

hybrid varieties.



I hJT“F!C)E)LJC:T‘I ON

Tomato (Lyco ersicon esculentum Mill.) belonging to the
LYcopersicon ==3cUlentum

family Solanaceae is an important vegetab e crop of Tropical
American origin, ¢ is the world's largest vegetable crop after
potato, Moreover it is one of the most important Protective
foods because of ijts special nNutritive value, Tomato jg a rich

Source of Vitaminsg A, B and C.

In  India . tomato g cultivated in an area of 0,29 million
hectares with 4 Production of 4.8 million tonnes. The average
vyield of tomato g only 15, 85 tonnes Per hectare, (Chhabra,

1992.)

-

The phenomenon of heterosis in Crop plants is common and itsg

exploitation for higher Production is one of the plant breeding

strategies. Choudhury et aj. (1965) reported manifestation of
1ybrid vigour in Fq1 and Fo génerationgof tomatoes, In fact the

ulture of hybrid vVégetables ip the country started with the
volution of the hybrid tomato ‘Karnataka' in 1973, Hybrid
omatoes offer a very high yield of 70—80t/ha. So deve]opment of

vbrid variety ijg an ideal] method to tackle the problem of Tow
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REVIEW OF LITERATURE

information on combining ability, gene action and heterosis
for yield attributes in relation to wilt resistance is essential

to chalk out efficient breeding programmes in tomato. A review

of literature on these aspects are presented below.

Plant height

a. Combining ability and gene action

Svanosio and Vandoni (1974) studied combining ability
involving eight lines from intervarietal hybrids of tomato in the

F4s. Fg and Fg generations and reported significant sca effects

for plant height.

in a study of intervarietal hybrids of tomato Rema Bai
(1975) reported dominance for tall stature over medium stature of

plant.

Combining ability analysis for plant height was carried out
by Singh and Singh (1980). They reported that the gca variances

were higher than sca variances in the Fy and Fo generations.

Additive gene action was predominant for this character.



Govindarasu et al. (1981) from a line x tester analysis
reported that sca variances were higher than gca variances. They
suggested the involvement of non-additive gene action for this

character.

Combining ability analysis of pear shaped tomato was done by
Sidhu et al. (1981). They reported higher estimates of gca than
those of sca. They also showed the importance of additive and
non additive gene effects for plant height with a predominance of
non additive gene effects. High gca was exhibited by the variety

Chico grande.

Mova et al. (1986) in an estimation of combining ability of
nine tomato varieties significant gca and sca effects were

reported for fruiting height.

Sonone et al. (1986), in a combining ability analysis for
yield and 1its components in tomato revealed that non additive

effects were important for plant height.

Younis et al. (1987) reported that two gene pairs with

dominance was involved in the inheritance of tallness in tomato.

Combining ability analysis of tomato involving several
crosses revealed the significance of positive sca effects in six

crosses for plant height (Chandrasekhar and Rao, 1989).



Combining ability for plant height was studied in a six
parent diallel cross of tomato by Ali et al. (1989) and they
reported highly significant gca and sca variances and involvement

of additive and non additive gene effects.

The inheritance of plant height in tomato was studied in the
parental, Fjq, Fo, BCy and BCs generations of two crosses
involving three parents by Brahma et al. (1991). They reported
that in the cross Jap x CT!, the dominance effects were
pronounced. Combining ability analysis of tomato including nine
parents and their 36 Fi's was carried out by Ghosh and Symal
(1994) and they recorded high gca variance and predominant
additive gene action for plant height. They suggested that
crosses involving poor and good general combiners could give

better expression for this trait.

b. Heterosis
Rema Bai (1975) studied heterosis in intervarietal hybrids
of tomato and reported that all the hybrids exhibited heterotic

effects for plant height.

Babu (1978), in a 6 x 6 diallel cross of tomato including

parents and Fq hybrids, reported heterosis for plant height.

Govindarasu et al. (1982) studied heterosis in tomato
involving 11 lines, four testers and their hybrids and reported

that heterosis was moderate for plant height.



Ahmed et al. (1988) in a study of heterosis in tomato
reported that most of the hybrids showed positive heterosis over

the better parent for plant height.

Brahma et al. (1991) studied the inheritance of plant height

in the parental, Fq, Fo, BCq and BCy generations of tomato and

reported heterosis for this trait.

iIn a 12 x 12 diallel cross involving parents and 66F4

hybrids in tomato Dod et al. (1992) reported pronounced heterosis

for plant height.
Number of branches/plant
a. Combining ability and gene action

in an estimation of combining ability in tomato Gurdalbir
Singh and Nandpuri (1974) reported that additive gene effects
were important for branch number per plant. They also suggested
that the cultivars Sutton's, Best of All, Pusa Ruby and Red Belt

exhibited high gca for this trait.

Dudi et al. (1979) in a line x tester analysis 1in tomato
reported that certain varieties exhibited high gca for this

trait.

Singh and Singh (1980), in a combining ability analysis

indicated that gca variances were higher than sca variances in



the F; and F, generations for number of primary branches/plant

indicating predominance of additive gene action.

From a line x tester analysis Govindarasu et al. (1981)

reported that sca variances were higher than gca variances

indicating predominance of non additive gene action.

In a study of combining ability analysis of pear shaped
tomato, Sidhu et al. (1981) reported high sca values and

predominance of non additive gene effects for number of

branches/plant.

Younis et al. (1987) reported that four gene pairs with
dominance was involved in the inheritance of low number of

branches/plant.

In a study of combining ability in tomato Lonkar and Borikar

(1988) reported predominance of gca effects for this trait.

Combining ability analysis in a six parent diallel cross of
tomato revealed significant gca and sca variance and additive and
non additive gene effects for number of branches/plant. (Ali et

al., 1989).

Diallel analysis in tomato was conducted by Ghosh and Symal
(1994) and they reported that gca variances were greater than sca

variances and additive gene action was predominant for number of



primary branches. They suggested that crosses involving poor and
average general combiners could give better expression for this

trait.

b. Heterosis

Rema Bai (1975) studied heterosis in intervarietal hybrids
and revealed that all the hybrids exhibited heterotic effects for

number of branches/plant.

From a study of heterosis in pear shaped tomato Sidhu et al.
(1981) reported that the crosses Gamed x Chico Grande and Punjab

Chhuhara x KAL exhibited heterotic effect for this trait.

Growth habit and Spread of the plant

Inheritance of growth habit components was studied by
Daskaloff et al. (1975). They revealed that self pruning in
tomato, which is controlled by the gene species is independent of
growth habit components such as the number and length of
internodes. The number of leaves/stem was partially dominant and

more than 3 genes control growth habit.

Chandrasekhar and Rao (1989) noticed significant positive
sca effects for spread of the plant in 6 crosses from a combining

ability analysis of tomato.



Period of harvest
a. Combining ability and gene action

Svanosio and Vandoni (1974), studied the date of maturity in

the F4, Fg and Fg generation of tomato involving eight lines from

intervarietal hybrids and noticed that there were significant gca

and sca effects for this trait.

Nandpuri et al. (1975) studied the combining ability aspects
in a set of top crosses of male sterile lines x pollinators and
reported that gca and sca variances were important for

ear liness.

In a daillel cross involving six cultivars of tomato,
Trinklein (1975) reported highly significant gca and sca effects
for éar]y yield and also reported that dominance and epistasis
were involved in the inheritance of this character.

Maggiore t al. (1976) studied combining ability of tomato

for early yield and observed significant gca and sca effects for

this trait.
Diallel analysis on morphological and production traits in
elongated and round types of tomato was done by Scossiroli et al.

(1976) and they recorded that fruit maturity had significant

additive and dominance effects.



Dudi et al. (1979) studied combining ability aspects of

tomato in a line x tester model and reported that certain

varieties exhibited high gca for early yield.

In a study of inheritance of earliness in first generation
of tomato hybrids Egiyan and Luk'yanenko (1979) reported that

earliness was dominant.

Khatyleva (1980) proposed that intervarietal hybridization
in tomato using the Tlines with the best combining ability should

be employed to produce early hybrids.

Singh and Singh (1980) studied combining ability of tomato
and suggested that non additive variance was involved for number

of days to fruit maturity in the F4 generation.

Fy hybrids of tomato cultivars were evaluated by Gibrel et

al (1982) at three growth stages. They reported that gca
variance was larger than sca variance for earliness from first

fruit set to first ripe fruit stage.

In a combining ability analysis of tomato, Swamy and Mathai
(1982) reported significant gca effects and predominant additive

gene action for early fruit yield/plant.

In a diallel analysis of tomato including 7 cultivars and 21
F1 hybrids Kalf-Allah and Kaseem (1985) reported that Pace setter

‘
502 had the highest gca for early yield. They also suggested

10



the involvement of additive, dominance and epistatic effects in

the expression of this character.

Lopez - Rivares and Cuartero (1985)‘ studied the genetic
aspects of earliness in yield in tomato and recorded that gca was
highest 1in the varieties Oxheart, Fortuna and Floradel. They
also reported partial dominance for this character and

suggested that in order to get Fy population with higher early

yields, a parent which bears a large number of early fruits must

be crossed with one which bears heavy fruits.

Younis et al. (1987) reported that additive gene action was
important 1in the inheritance of earliness. They suggested that
two gene pairs with dominance was involved for early ripening 1in

tomato.

Ali et al. (1989) from their studies on combining ability
for harvesting period in a 6 parent diallel c¢ross of tomato,
reported that gca and sca variances were significant and the

additive and non additive gene effects were also significant for

this trait.

Four tomato lines were crossed in a compliete diallel design
by Szwadiak and Kordus, (1992) and they reported significant
gca and sca variances for early yield and they suggested the
involvement of additive-dominamce model of gene action for this

trait.

11



Diallel analysis for combining ability 1in tomato was
conducted by Ghosh and Symal (1994). They reported that gca
variances were greater than sca variances and hence additive gene
action was predominant for days to ripening. They suggested that
crosses involving poor general combiners could show better

expression.

b. Heterosis

Heterosis was reported for earliness 1in certain tomato

hybrids by Zubeldia and Nuez (1974).

In a study of seven inbred lines and their 21 Fy hybrids of

tomato, Lobo and Marin (1975) reported heterosis for harvesting

period.

In an estimation of combining ability and reciprocal effects
for several characters in tomato Trinklein (1975) reported that

heterotic effects were significant for early yield in tomato.

Egiyan and Luk'yanenko (1979) reported heterosis for
earliness in some hybrids of intervarietal crosses of tomato.
Heterosis for earliness was exhibited by the hybrids V729 x Cross

525, Cross 525 x Sort 123 and Sort 123 x Podarok 105.

Govindarasu et al. (1982) studied heterosis in tomato

involving 11 lines, four testers and their hybrids and reported

that heterosis was moderate for earliness.

12



Narcisco and Rosario (1988) studied processing quality of
tomato hybrids and reported that hybrids exhibited heterosis

and heterobeltiosis for days to first harvest.

Heterosis was studied for harvesting period in a six parent
diallel cross of tomato by Ali et al. (1989) and they suggested
that the crosses Japanese x World Champion, World Champion x FR 2

and World Champion x CTI exhibited high heterosis for this trait.

In a 12 x 12 diallel cross involving parents and 66 Fiq

hybrids in tomato Dod et al. (1992) reported pronounced heterosis

for days to first harvest.
Individual fruit weight
a. Combining ability and gene action

Gurdalbir Singh and Nandpuri (1974) conducted combining
ability analysis of tomato crosses involving two male sterile
lines 19-5 and 26-5 and 8 cultivars and recorded that the
cultivars and the line 19-5 exhibited high gca for fruit weight.
Crosses obtained from cultivars with high gca showed high sca
for this trait. They suggested the importance of additive as

well as non additive gene effects for this trait.

Svanosio and Vandoni (1974) studied combining ability in the

Fgq, Fg and Fe generation of intervarietal hybrids of tomato and

indicated significant gca effects for mean fruit weight.

13



Milkova (1975) reported that gca for fruit weight was stable
and it was higher in the cultivars than in the lines obtained by
crossing different species of tomato. They also reported the
involvement of both additive and non additive effects for this

trait.

In a diallel cross involving 6 cultivars of tomato Trinklein
(1975) found significant sca effect and also involvement of

dominance and epistasis in the inheritance of fruit weight.

In a 6 x 6 reciprocal diallel cross using inbred lines of
tomato Trinklein and Lambeth (1975) reported that small fruited
PJ 118785 showed the largest negative gca effect for fruit weight

and hence suggested that dominance controlled this trait.

In a line x tester analysis of tomato Dixit et al. (1980)
revealed that gca and sca variances were significant and gca
variances were higher than sca variances and hence the

predominance of additive gene action for average fruit weight.

Progeny from dijallel crosses among 9 1inbred lines were
evaluated by Swamy and Mathai (1982) and they reported
significant gca effects and predominant additive gene action for

fruit weight.

Combining ability for fruit weight was studied in a 6 x 6

diallel cross of tomato by Dholaria and Qadri (1983) and they

14



revealed highly significant gca and sca variances and predominant

additive gene action for the above character.

Khali! et al (1983) studied heritability of fruit weight in
tomato and indicated that this trait is quantitatively inherited

with predominance of additive effects.

Kalf-Allah and Kaseem (1985) in the study of combining

ability consisting of 7 cultivars and 21 Fq1 hybrids as a diallel

set in tomato revealed that the variety VFN 8 had high gca for
fruit weight. They reported significant additive and dominance

effects and epistasis for mean fruit weight.

In an estimation of gca and sca of 9 tomato varieties

including 36 F3's derived from a diallel cross Moya et al.

(1986) reported that the gca and sca effects were significant

for fruit weight.

Sonone et al. (1986) studied combining ability effects of
tomato crosses derived from 13 lines and four testers and
reported high gca effects and predominant additive gene action

for this trait.

Lonkar and Borikar (1988), while analysing combining ability

in tomato found predominant gca effects for fruit weight.

Omara et al. (1988) reported that in a 6 x 6 diallel cross

of tomato gca and sca effects were significant in the parents and

15



Fq4 hybrids. The components of variance analysis revealed

predominant additive gene effects for fruit weight.

Chandrasekhar and Rao (1989) reported significant positive
sca effects for fruit weight in eight crosses of tomato.

Combining ability analysis in six parent diallel cross for
fruit weight was done by Ali et al. (1989) and they reported
significant gca and sca variances and hence suggested the
involvement of additive and non additive gene effects 1in the

inheritance of this trait.

Szwadiak and Kordus (1992) crossed four tomato lines in
complete diallel design and reported significant gca and sca

variances for single fruit weight.

Diallel analysis for combining ability 1in tomato was
conducted by Ghosh and Symal (1994). They reported that the
variety Flora Dade was the best general combiner. They
suggested that crosses involving poor general combiners could

give better expression for this trait.

b. Heterosis

Sidhu et al. (1981) studied heterosis in pear shaped tomato
involving seven varieties and their hybrids from a non reciprocal
diallel cross and reported that the hybrid from the cross Roma X

Punjab Chhuhara exhibited high heterosis for average fruit

weight.

16



Heterosis for fruit weight was studied in tomato by Alvarez
(1985) and he reported significant positive heterosis for this
trait. The hybrid from the cross INCA 21 x INCA 2 was superior

to the better parent.

Ahmed et al. (1988) studied heterosis 1in tomato and
reported that most of the hybrids showed positive heterosis over

the better parent for fruit weight.
Number of fruits/plant

a. Combining ability and gene action
Conti (1974) reported that for the character total number of
fruits/plant in tomato dominance effects accounted for most of

the genetic variance in tomato.

In an estimation of combining ability in tomato Gu rdalbir
Singh and Nandpuri (1974) reported that the male sterile 1line
19-5, the cultivars and their crosses exhibited high gca and sca
effects. They also suggested that both additive and non additive

effects were important for fruit number/plant.

Svanosio and Vandoni (1974) studied combining ability 1in

tomato involving 8 lines from intervarietal hybrids in the Fa,
Fgs and Fg generationsand reported significant gca effects for

this trait.

17



In tomato combining ability analysis in a set of top crosses
of male sterile lines x pollinators was conducted by Nandpuri et
al. (1975). They reported significant gca and sca variances for

number of fruits/plant.

Trinklein and Lambeth (1975), while analysing combining
ability of tomato hybrids derived from a 6 x 6 reciprocal
diallel set found that the small fruited line, PJ 118 785, showed
the greatest gca effect for fruit number and it was mainly

controlled by additive effects.

Combining ability in tomato was studied by Maggiore et al.
(1976) and they reported that gca effects were significant for
this trait and they suggested the involvement of additive gene

effects.

Singh and Mital (1978) in a combining ability analysis of
tomato reported significant gca variance for fruit number /bunch

in the F{ generation.

Combining ability analysis for five yield components in the
winter and summer seasons was conducted by Dhillon et al. (1979)
and they reported significant gca variances in the male and

female parents in both seasons for fruit number.

Dudi et al. (1979) carried out line x tester analysis and

reported that, of the 21 crosses, certain hybrids showed high

sca for number of fruits/plant.

18



In a line x tester analysis Dixit et al. (1980) revealed
that gca variances and sca variances were significant for this
trait. But gca variances were higher than sca variances

indicating that additive gene action was predominant.

Analysis of variance for combining ability 1in tomato
conducted by Singh and Singh (1980) showed that the gca

variances were higher than sca variances in the F1 and Fy

generations for number of fruits/plant and number of
fruits/bunch indicating the predominance of additive gene
action.

Govindarasu et al. (1981) reported from a line x tester
analysis, that sca variances were higher than gca variances for
number of fruits/plant and hence non additive gene action was

invoived in the inheritance of this trait.

In a study of combining ability in pear shaped tomato Sidhu
et al. (1981) reported predominance of non additive gene effects

for number of fruits/ptant.

Combining ability analysis of tomato involving progenies
from a diallel set of crosses was conducted by Swamy and Mathai
(1982) and they reported significant gca effect and predominant

additive gene action for this character.

19



In an analysis of combining ability, Dholaria and Qadri
(1983) recorded significant gca and sca variances and predominant

additive gene effects for the character number of fruits/plant.

Khalil et al. (1983) studied heritability of number of
fruits/plant and indicated that the character was quantitatively
inherited with predominance of additive effects and partial

dominance.

Combining ability analysis of 9 tomato varieties including

36F1's of a diallel set indicated significant gca and sca effects

1., 1986).

for this trait. (Moya et

Sonone et al. (1986) estimated combining ability in a 13 x 4

line x tester combination in tomato and reported high gca effects

and predominant additive gene action for fruit number.

Genetics of yield components in tomato were investigated by
Dhaliwal and Nandpuri (1988) and they reported the involvement
of digenic interaction and additive and dominance effects in the

inheritance of this trait.

Combining ability analysis in a line x tester model, was
done by Lonkar and Borikar (1988) and they reported that high
gca for fruit yield was associated with high or medium gca for

fruit number.

20



Omara et al. (1988) in a 6 x 6 diallel analysis of tomato

showed that both gca and sca effects were high 1in the Fq

hybrids. Additive and non-additive gene effects were found to be
significant with predominant role of additive component of

genetic variance for this trait.

In a six parent diallel cross of tomato, combining ability
was estimated by Ali et al. (1989) and revealed significant gca

and sca variances and involvement of both additive and non

additive genetic effects for this trait.

A diallel cross with five cultivars of tomato revealed that
the parents IPA-3 and Roma VFN showed high gca and hybrids with
Roma VFN as one of the parents showed high sca for total number

of fruits/plant (Araujo and Campos, 1991).

The inheritance of number of fruits per plant was studied in

the parental, Fi1, Fp, BCy and BCy generation of two crosses

involving three parents and reported that in the cross Jap «x
CT!1, the dominance and the additive x dominant gene effects were

predominant (Brahma et al., 1991).

Szwadiak and Kordus (1992), 1in a study of combining ability
four tomato lines were crosed in a complete diallel design and

recorded significant gca and sca variances for this trait.

21



Ghosh and Symal (1994) from their studies on combining
ability reported that the variety BT-1 was the best general
combiner for number of fruits/plant. They suggested that for
getting better of this trait good and poor general combiners

should be crossed.

b. Heterosis

Conti (1974) from his studies on tomato hybrids reported
that among several traits maximum heterosis was observed for

total number of fruits/plant.

Heterosis was reported for number of fruits in tomato
hybrids by Zubeldia and Nuez (1974) and they recorded that the
hybrid from the cross Marmande x Tonda Sioux exhibited high

heterosis for this trait.

Trinklein (1975) reported that heterotic effects were

significant for fruit number in tomato.

Babu (1978) studied heterosis in a 6 x 6 diallel cross of

tomato including parents and F1 hybrids and showed heterosis for

fruit number.

In tomato a line x tester analysis was carried out by Anbu
et al. (1981) and they estimated the relative heterosis and

heterobeltiosis for number of fruits/plant.
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Sidhu et al. (1981) studied heterosis in pear shaped tomato

and reported that the hybrid from the cross Sel 152 x Roma,

exhibited high heterosis for number of fruits per plant.

In a preliminary estimation of hybrid vigourin tomato Sonone

et al. (1981) reported heterotic effect for this trait.

Govindarasu et al. (1982) studied heterosis in tomato
involving 11 lines, four testers and their hybrids and reported

that heterosis was high for fruits/plant.

Jamwal et al. (1984) reported hybrid vigour for fruit
number/plant in a line x tester analysis of tomato involving ten

foreign lines and three local testers.

Ahmed et al. (1988) studied heterosis in tomato and reported

that most of the hybrids showed positive heterosis over the

better parent for fruits/plant.

Brahma et al. (1991) studied the inheritance of number of

fruits/plant in the parental, Fy, Fo, BC4 and BC, generations of

tomato and reported heterosis for this trait.

In a 12 x 12 diallel cross involving parents and Fi1 hybrids

in  tomato Dod et al. (1992) reported pronounced heterosis for

number of fruits/plant.



Fruit yield/plant

a. Combining ability and gene action.

Diallel analysis using eight varieties of tomato was carried
out by Betlach and Novak (1968-69). They reported that the
combining ability effects were not significant for total

yield/plant.

Gurdalbir Singh and Nandpuri (1974) analysed the combining
ability of 8 tomato cultivars and two male sterile lines 19-5 and
26-5 and observed that the cultivars and the line 19-5 showed
significant gca for yield. The results indicated the importance

of additive gene effects.

Combining ability analysis, using a set of top crosses of
male sterile 1lines with pollinators in tomato for yield
components showed the importance of gca and sca effects for

yield. (Nandpuri et al., 1975).

Trinklein (1975) reported highly significant gca effects and
involvement of additive gene action in the inheritance of total

yield in tomato through diallel analysis.

Trinklein and Lambeth (1975) recorded from a 6 x 6
reciprocal diallel cross using inbred lines of tomato, that the
1ine Mosage had the greatest gca effect for total yield and this

trait was mainly controlled by additive effects. Maggiore et
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al. (1976) reported significant gca effects and additive gene

action for total yield.

Singh and Mital (1978) in a combining ability analysis of

tomato involving parents, F4 and F, generations recorded

significant gca and sca variances for yield/plant.

Dudi et al. (1979) conducted a line x tester analysis 1in
tomato with parents and their 21 crosses and reported that
certain varieties and hybrids showed high gca and sca for total

yield.

in a line x tester analysis, Dixit et al. (1980) revealed
that gca variances of the female parent were significant and
higher than sca variances with regard to yield/plant in tomato.

The variety HS 120 had the highest gca for yield.

Combining ability studies 1in tomato by Singh and Singh
(1980) indicated the significance of non additive variances for

yield/plant in both Fy and F, generations.

According to Govindarasu et al. (1981), sca variances were
higher than gca variances for this trait. They also reported a

preponderance of non additive gene action here.

25



Sidhu et al. (1981) studied combining ability in pear shaped
tomato 1involving seven varieties and their hybrids from a non
reciprocal diallel cross and reported high values for both gca
and sca. They also reported significant additive and non
additive gene effects with predominance of non additive gene

effects for total yield/pliant.

In a 1ine x tester analysis of tomato Borikar et al. (1982)
reported high gca in the tester Pusa Ruby and in four lines and

high sca in ten cross combinations for yield.

Combining ability analysis of 44 F4 hybrids using 11 1lines
and four testers in tomato done by Govindarasu et al. (1983).
They suggested that the two lines LE 758 and LE 68 were good

general combiners for yield.

Combining ability analysis of tomato for yield was carried
out by Dholaria and Qadri (1983). They reported that both gca
and sca variances were significant and additive gene action was

predominant for the expression of this trait.

Kalf-Allah and Kaseem (1985) from their studies on
combining ability using seven cultivars and 21 Fq hybrids of a
diallel set in tomato, suggested that the cultivar VFN 8 was a
good general combiner for total yield. They reported significant

additive, dominance and epistatic effects for total yield.

26



Raijadhav and Kale (1985) conducted combining ability
analysis of tomato in a line x tester model and reported that
parents and hybrids exhibited significant gca and sca effects for

yield.

in an estimation of combining ability with 36 Fq's derived

from a diallel set of crosses involving nine varieties of
tomato Moya et al. (1986) reported significant gca and sca

effects for yield.

Sonone et al. (1986) reported significant sca effects and

predominant non additive gene action for yield/plant in tomato

in a line x tester analysis using 13 1ines and four testers.

Lonkar and Borikar (1988), in a line x tester analysis
involving 16 male sterile lines and three poliinators recorded
predominance of gca effects and they suggested that Pusa Ruby
was a good general combiner for yield in tomato. They also
reported that in general high gca for fruit yield was associated

with high or medium gca for fruit number.

Genetics of yield components in tomato was studied by
Dhaliwal and Nandpuri (1988) and they recorded the involvement
of additive and dominant gene action together with the digenic

interaction in the inheritance of the total yield.
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In a genetic analysis of yield and its components in tomato

using parents, F4 and F2's of a 6 x 6 diallel set Omara et al.

(1988) recorded that both additive and non additive effects were
significant and there was predominance for the additive

component of genetic variance for the total yield/plant.

chandrasekhar and Rao (1989) reported significant sca effect
for vyield in seven crosses of tomato and identified Pusa Early

Dwarf as the best general Combiner for yield.

Combining ability estimation from a triallel cross of tomato
Singh et al. (1989) reported that (Pusa Ruby x HS 110) ¥

Ostenkinskii showed the greatest sca effects for yield.

Combining ability analysis for fruit yield per plant in a
six parent diallel cross of tomato was carried out by Ali et al.
(1989) and they indicated that gca and sca variances were highly
significant and additive and non additive gene effects were
involved for the inheritance of this trait. The best general

combiners identified were C1-142-0-10-3 and World Champion.

Combining ability for yield was studied in a diallel set
involving 11 varieties and their hybrids by Kryuchkov et al.

(1992) and they indicated that yield was polygenically controlled

with predominance of dominant genes.
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Four tomato lines were crossed in a complete diallel design
by Szwadiak and Kordus (1992) and they reported significant gca
and sca variances suggesting the involvement of an additive-

dominance model of gene action for the total yield.

Ghosh and Symal (1994) conducted combining ability
analysis in tomato and reported that sca variance was significant
for fruit yield/plant and hence the involvement of non additive
gene action. Flora Dade, BT-1, Punjab Chhuhara and Arka Vikash
showed excellent gca for fruit yield. Crosses involving poor X

poor general combiners gave high fruit yield/plant.

b. Heterosis

Avdeev (1974) recorded positive heterosis for fruit yield in
tomato and also observed that certain hybrids with low yield

could show positive heterosis for other characters.

conti (1974) from his studies on tomato hybrids reported

that the hybrids gave a mean increase in yield per ha of 8.2%.

swadiak (1974) reported that heterosis for yield/plant
observed 1in the tomato hybrids was due to the increase in the
number of fruits/plant and not at all due to the large fruit

size.
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Lobo and Marin (1975) studied heterosis for yield in tomato

including seven inbyed lines and their 21 Fq hybrids. They

reported that the average value of heterosis for yield per plant

based on the highest yielding parent was 120%.

Rema Bai (1975) studied heterosis in intervarietal hybrids
of tomato and reported that all the hybrids exhibited heterotic

effects for vyield per plant.

Trinklein (1975) reported that heterotic effects were

significant for total yield in tomato.

Babu (1978) studied heterosis in a 6 x ¢ diallel cross of

tomato including parents and F1 hybrids and reported heterosis

for fruit yield. The yield was maximum in the hybrid Pusa Ruby x

Tiny Tim (722.54 a/ha).

Palaniappan et al. (1981) conducted growth analysis for

fruit yield in tomato involving six lines and their nine Fq

hybrids and reported heterosis for this trait. The best hybrid

identified was LE 719 x LE 573.

Sidhu et al. (1981) studied heterosis in pear shaped tomato
involving seven varieties and their hybrids and reported that
high heterosis for yield was shown by Gamed x Chico Grande, Roma

X Punjab Chhuhara, Punjab Chhuhara x KAL and Sel 152 x Roma.



In a preliminary estimation of hybrid vigour in tomato
Sonone et al. (1981) found that out of 197 hybrids, 13 gave

80-155% higher yield than the control Pusa Ruby.

Govindarasu et al. (1982) studied heterosis in tomato
involving 11 lines, four testers and their hybrids and reported
that heterosis was high for yield and the best hybrid was LE 758

x LE 413.

Jamwal et al. (1984) reported hybrid vigour for fruit
yield/plant in the hybrids obtained from l1ine x tester «cross
involving ten foreign lines and three local testers of tomato.
The hybrids EC 6050 x Lalmani, EC 122156 x Lalmani and EC 121193

x Gola were having very good yield.

in a study of tomato involving seven parental cultivars and
their 21 Fq's derived from a diallel set Bhuiyan et al. (1986)
observed that Fujuki x World Champion exhibited maximum heterosis

for yield/plant.

Ahmed t al. (1988) studied heterosis in tomato including

six varieties and their 15 Fi's and reported that most of the

hybrids showed positive heterosis over the better parent for

yield per plant.



Narcisco and Rosario (1988) studied the processing qualities
of tomato hybrids and reported that the hybrids exhibited

heterosis and heterobeltiosis for the fruit yield.

Kanthaswamy and Balakrishnan (1989) reported that among the
different hybrids studied the hybrid from the cross LE 2 X LE
1036 was outstanding giving the highest yield of 1.646 kg per

plant with a relative heterosis estimate of 29.81%.

Mandal et al. (1989) observed heterobeltiosis for fruit
yield and quality and reported that the hybrid from the cross
Pusa Early Dwarf x KS! was the highest yielding hybrid having

46.9 fruits/plant on an average.

Ali et al. (1989) studied heterosis for fruit yield per
plant in a six parent diallel cross of tomato and reported that

the crosses Japanese x World Champion, World Champion x FRo and

World Champion x CTI exhibited high heterosis for this trait.

In a 12 x 12 diallel cross involving parents and 66 Fy's in

tomato Dod et al. (1992) reported pronounced heterosis for vield

per plant.

Kryuchkov et al. (1992) reported that max imum heterosis for
fruit yield in tomato was achieved by a successful combination of

high gca and high sca effects.
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Bora et al. (1993), in a study of eight parental tomato

varieties and their 19 Fq's recorded significant heterosis for

yield over the better parent in 11 hybrids. The hybrid from the

cross BTq4g X Kqg showed highest heterosis for yield.

Hybrids from a diallel set of crosses between 11 varieties
of tomato were evaluated by Sidhu and Surjan Singh (1993) for

yield and they reported that heterosis ranged from 0.7% to 71.7%.

Kanthaswamy (1994), in a study of hybrid vigour in tomato
reported that the Fq{ hybrid of cross E (LE 3 x LE 1036) was the
outstanding giving highest yield of 1.6 kg/plant with the high

relative heterosis estimate of 29.8%.
Number of leaves/plant
a. Combining ability and gene action.

From a diallel cross involving six lines, Konstantinova et
al. (1990) reported that leaf number between inflorescences was
affected by growing conditions. Dominance and epistasis were

found in the inheritance of this character.

b. Heterosis
Rema Bai (1975) studied heterosis in intervarietal hybrids
of tomato and indicated that all the hybrids exhibited heterotic

effects for number of leaves per plant.
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Pericarp thickness
a. Combining ability and gene action.

Combining ability analysis of 10 varieties of tomato
conducted by Patil and Bojappa (1968) and they indicated
significant gca and sca variances. Higher sca effect for
pericarp thickness was observed in the <c¢ross San Merzano X

NTDR-1.

Nandpuri and Tyagi (1976) in a studydinheritance of pericarp
thickness 1in tomato showed that thick pericarp was partially
dominant to thin pericarp and they suggested the importance of

additive effects for the control of this trait.

The combining ability analysis of 236 hybrids from the
crosses of three testers and 12 Tlines in tomato revealed
significant gca and sca differences, for pericarp thickness. The
best general combiners identified were Gamed, Sioux and Improved
Meeruti and the best specific combiner was Gamed x Sioux

(Bagrawat Singh et al., 1980).

Combining ability analysis of 15 varieties of tomato from
a line x tester <cross revealed significant sca variances for

pericarp thickness. (Dixit et al., 1980).



Bhutani (1981) conducted combining ability analysis in
tomato and recorded predominant role of non additive gene action

and partial dominance for the pericarp thickness in both Fq and

Fo generations.

Sidhu et al. (1981) studied combining ability in pear shaped
tomato involving seven varieties and their hybrids on a diallel
set and reported that estimate of sca was higher than that for
gca indicating the predominance of non additive gene action for
pericarp thickness. The best general combiner for this trait was

Roma and the best specific combiner was ChicoGrande x Labonita.

Combining ability analysis from a line x tester cross
involving two testers and 10 lines revealed that the contribution
of gca variance was more prominent for pericarp thickness. The
best general combiner was the line ‘SM' for this trait (Patil

and Patil, 1988).

Combining ability analysis involving parents and their Fi's
was conducted by Ghosh and Symal (1994) and they reported greater
gca variances and predominant additive gene action for the
inheritance of pericarp thickness. They suggested that crosses

involving poor x average general combiners gave better expression

for this trait.
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b. Heterosis

Nandpuri and Tyagi (1976) reported heterosis for pericarp

thickness in the Fq hybrids of tomato.

In a line x tester study of tomato involving 10 lines, two
testers and 20 crosses, Patil and Patil (1988) recorded high

heterosis for pericarp thickness in most of the hybrids.

Locules/fruit

a. Combining ability and gene action.

Nandpuri and Tyagi (1976) in a study of inheritance of
locule number 1in tomato showed that low number of locules per
fruit was dominant to high number and he suggested that dominance

effects were more important in the control of locule number.

Singh and Mital (1978) studied combining ability in tomato
and reported that gca variance was greater than sca variance and

the parent K.Kuber exhibited high gca for this trait.

The combining ability analysis of 36 hybrids from a line x
tester cross of tomato revealed significant gca and sca
differences for locule number per fruit. PH 14, SL120 and Pusa
Ruby were the best general combiners and Punjab Tropic x SL120
was the best specific combiner for this trait. (Bagrawat Singh

et al., 1980).
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Combining ability analysis of tomato involving parents, Fi's
and Fo's was carried out by Singh and Singh (1980) and they

observed that gca variances were higher than sca variances in

the Fj and Fo generations for number of locules per fruit. They

reported the predominance of additive gene action for this trait.

Combining ability analysis involving eight parents, Fq's and
F2's of a diallel set of tomato indicated predominance of non

additive gene action and partial dominance for locule number per

fruit in both Fq and Fg generations (Bhutani, 1981).

Govindarasu et al. (1981) reported from a 1ine x tester
analysis of tomato that additive gene action was involved in the

inheritance of locule number per fruit.

in a study of combining ability in pear shaped tomato Sidhu
t al. (1981) reported predominance of non additive gene effects

for number of locules per fruit.

Dholaria and Qadri (1983) from a 6 x 6 diallel cross of
tomato reported significant gca and sca variances and

predominant additive gene effects for number of locules/fruit.

Tarrega and Nuez (1983) conducted combining ability analysis
of parents and Fq's of a 7 x 7 half diallel cross of tomato and
reported that gca and sca variances were highly significant for

number of lobes in the fruit.



In an estimation of combining ability of nine tomato
varieties including 36 F1's derived from a diallel cross, it was

indicated that additive effects were significant for number of

1., 1986).

carpels per fruit. (Moya et

Younis et al. (1988) reported that additive gene effects

were greater than non additive effects and partial dominance was

involved for higher number of locules per fruit.

Inheritance of locule number was studied by Bhutani and

kKalloo (1991) in tomato including 28 Fq's and Fo's from a dialiel

cross and reported that additive gene action was highly

significant for this trait.
b. Heterosis

in a study of heterotic effects on parental, Fq, Fo, BCy and
BC»o populations of tomato Ahmed and Petrescu (1983) reported

positive heterosis for locules/fruit.

In a combining ability analysis of tomato Ghosh and Symal
(1994) reported greater gca variances and predominant additive
gene action for number of locules per fruit. Crosses with poor

general combiners gave higher expression for this trait.
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Sige of fruits

a. Combining ability and gene action

Combining ability analysis with a set of top crosses of male
sterile 1lines and pollinators was conducted by Nandpuri et al.
(1975). They reported significant role of gca and sca variances

for fruit size.

Dominance was noticed for large size of fruit over small
. size in a study of intervarietal hybrids of tomato conducted by

Rema Bai (1975).

Inheritance of fruit size in tomato was studied by Nandpuri
and Tyagi (1976) in the cross EC 55055 x Punjab Tropic and they
reported that small fruit size was partially dominant over large
fruit size. They suggested the predominance of additive

effects in the inheritance of this trait.

Dudi et al. (1979) conducted a line x tester analysis 1in
tomato involving parents and their 21 crosses and reported that

gca was high for fruit diameter.

Inheritance of fruit shape in tomato was studied by Hanna
and Hernandez (1979). They reported that fruit diameter was

controlled by a minimum of two pairs of genes.
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singh and Singh (1980) in a combining ability analysis of
tomato involving parents, Fy's and Fo's of l1ine x tester
crosses reported that gca variances were higher than sca

variances in the Fjq and Fo generations for fruit size. They also

reported predominance of additive gene action for this trait.

Govindarasu et al. (1981) reported from a line x tester
analysis of tomato that additive gene action was involved 1in the

inheritance of fruit size.

Combining ability analysis conducted on a diallel set of
crosses in tomato by Dholaria and Qadri (1983) recorded that the
gca and sca variances were significant for the character fruit
volume. They indicated that the character s predominantly

controlled by additive gene action.

Combining ability analysis using the parents, and Fq's of a

7 x 71 half diallel cross of tomato was carried out by Tarrega
and Nuez (1983) and they reported that gca and sca variances were

highly significant for fruit diameter.

In an estimation of combining ability of nine tomato

varieties and their 36 F1's as a diallel set significant gca and

sca effects were reported by Moya et al. (1986).

Combining ability analysis of tomato was carried out by

ghosh and Symal (1994). They reported that for polar fruit
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diameter Flora Dade was the best general combiner. Crosses with
poor x average general combiners gave better expression for this

trait.

b. Heterosis

in a preliminary estimation of hybrid vigour in tomato
Sonone et al. (1981) reported that certain hybrids exhibited

heterotic effect for fruit size.

Alvarez (1985) reported heterosis for equatorial diameter of

fruit.

Bacterial wilt resistance

Singh (1961) and AVRDC (1975) reported that bacterial wilt

resistance is controlled by multiple recessive genes in tomato.

Ferrer (1976) studied inheritance of resistance to

Pseudomonas solanacearum in tomato and suggested that resistance

was polygenically inherited and the genes involved were additive

and no dominance was involved.

Graham and Yap (1976) studied inheritance of resistance to

Pseudomonas solanacearum in tomato in a diallel cross of six

cultivars and indicated that the gca was more important than sca.
They suggested that inheritance of resistance was mainly due to

additive gene action.
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Cinar (1978) reported that differences in resistance were
related to the number of bacteria present in the leaf cells four

days after infection.

Rema devi (1978) reported that Pseudomonas solanacearum

existed in different races coming under either race 1 or race 3.

Sunar jono (1980) reported that the breeding lines AVRDC 33,
AVRDC 15 and CL 32-d-0-1-25 were resistant to Pseudomonas

solanacearum.

Sonoda et al. (1980) observed that the better sources of

resistance to Pseudomonas solanacearum are Hawaii 7997, CRA 66

and Pl 126408A.

Bell (1981) stated that the factors which influence
resistance to bacterial wilt include intensity, duration and
quality of light, moisture levels, nutrient levels and

agricultural and industrial chemicals.

Celine (1981) reported that CL-32-d-0-19GS is a bacterial
wilt resistant varijety. A resistant line viz. Sakthi has been

developed in the horticultural College, Vellanikkara.

Rajan (1985) reported that in Kerala bacterial wilt caused

by the soil borne pathogen Pseudomonas solanacearum EF  Smith

was a handicap which affected the tomato cultivation very

seriously.
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Performance of local tomato varieties against bacterial
wilt disease was conducted by Ho (1988) and he reported that
disease incidence in the field peaked in approximately the ninth
week after transplanting. High rainfall, especially towards the
middle and end of the growing season favoured high disease

incidence.

Narcisco and Rosario (1988) studied bacterial wilt
resistance of tomato hybrids and reported that hybrids exhibited

heterosis and heterobeltiosis in bacterial wilt resistance.

varietal resistance to bacterial wilt in tomato was carried
out by Kapoor et al. (1991) and they reported that of the 62
varieties screened, 9 were immune, 26 were resistant, 5 were
moderately resistant, 4 were moderately susceptible and 18 were
susceptible. Environmental factors were found to be involved 1in

the stability of resistance.
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MATERI ALS AND METHODS

The present study was undertaken in the Division of Plant
Breeding and Genetics, College of Agriculture, Vellayani during
1993-94 with the obiective of estimating the combining ability
and gene action for yield and bacterial wilt resistance in

tomato.
MATERIALS

The first part of the experiment consisted of pot culture
where the selected varieties were grown for hybridization. The
materials consisted of eight varieties of tomato, of which
three were bacterial wilt resistant ones already identified and
five were popular high yielders. The high vielders were used as
testers and resistant ones were used as lines. The details of

these varieties are given in table 1.

Three lines and five testers were crossed in a line x tester

fashion. These 15 hybrid combinations are listed in table 2.
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Table - 1. Details of parental varieties

Lines/ Treatment Name of Source
Testers Number variety
Lines L1 Arka Abha 11HR, Bangalore
Lo Arka Alok 11HR, Bangalore
La Sakthi Department of Olericulture,

Horticultural College,
Veltlanikkara.

Testers T LE 312 Department of Olericulture,

Horticultural! College,
Vellanikkara.

To LE 370 "
Tq LE 372 "
T4 RFH-1 "
T PKM-1 "



METHODOL OGY

A. Pot culture

A1l the eight varieties were grown in pots for collection of
selfed and hybrid seeds. For hybrid seed production ten plants
each of the eight varieties were grown in pots following the
standard pot culture method. Staggered planting was followed to
obtain synchronised flowering for crossing. Sufficient number
of flowers in each variety were selfed to produce true to type
plants for the experiment. The techniques followed for the

production of selfed and crossed seeds were as follows.

Selfing

For getting selfed seeds mature flower buds which would open
on the next day were covered with paperbags and labelled in the
evening. The paper bags were retained till the end of fruit

setting.

Crossing

For hybridization programme the three lines were used as
female parents and five testers were used as male parents. From
the 1lines mature flower buds which would open on the next day
were selected in the evening and emasculation was done by
standard manual method using forceps. The emasculated flower

buds were covered with paperbag. Next morning between 9 and 10
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am. the emasculated flowers were pollinated by pollen collected
from the male parent. For collecting pollen grains, the anther

walls were split open with a needle and pollen grains were

scooped out and transferred to the stigmatic surface, After
pollination the flowers were protected with paper bags. Labels
with the details of Crossing were attached and kept ti11 the

fruits ripen.

The fully ripened fruits of both selfed and crossed flowers
were harvested and seeds were extracted separately. For
collection of seeds, pulp with seeds were kept for fermentation
in separate containers for one day, and seeds were separated by
washing with water eight to ten times to remove slimy materials.
Seeds were dried in shade for one day and then under sun for two

to three days before storing.

B. Field exper iment

In  the second part of the programme the evaluation of the
lTine x tester hybrids and parents was carried out as a replicated
field trial in a wilt free area with further precautions taken to
avoid wilt through heat sterilization of each planting pit and

application of higher dose of organic manure.

Well developed good quality seeds of eight parents and 15

hybrids were Sown in  nursery and 20 days after sowing the
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seedlings were transp1énted to the main field in Randomised Block
Design with three replications. In a replication, each treatment
consisted of 1n plants planted at a spacing of 60 x 60cm. The
cultural and management practices were done as per package of
practices (kau, 1993) except the heat treatment and higher dose

of organic manure applied to avoid wilt,
Observations on the following characters were recorded.

1. Plant height
2. Number of branches/Plant

3. Growth habit

a) Determinate (dwarf)
b) Indeterminate

c) Semi determinate.

S

Spread of the plant
5. Perijod of harvest
6. Individual fruit weight

7. Number of fruits/plant

w

Fruit yield/plant

9. Number of leaves/plant
10. Pericarp thickness
11. Locules/fruit

12. Size of fruits

13. Observation on pests and diseases.
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Observations from all the 10 plants were taken in each plot.

The details of observations are given below.

1. Plant height.

The height of plant was measured in centimeters from the
base of the main shoot to the tip of leaf bud of the largest
branch using a meter scale and the mean plant hejght was

estimated.

2. Number of branches/plant.

Total number of primary, secondary and tertiary branches

were counted and the mean was estimated.

2. G@Growth habit

The plants were classified into any one of the following

three types as per description given.

a) Determinate

inflorescence occurs more frequently in gvery
internode until terminal ones are formed and elongation
ceases at this point. The main axis terminates with a

flower cluster.
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b) Indeterminate

Inflorescence cluster occurs at every third inter

and the main axis continues growing indefinitely.

c) Semi determinate

node

It is intermediate between determinate and indeterminate

one.

4. Spread of the plant

Measured between the farthest two opposite leaf buds 1in

side branches in centimeters and average was worked out.

5. Perijod of harvest

Number of days from first to final fruit harvest and

mean was estimated.

6. Individual fruit weight

weight of five fruits from each plant was taken and the

weight was recorded as the mean single fruit weight in gram.

7. Number of fruits/plant

The number of fruits of each plant in a plot was noted

average was estimated.
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8. Fruit yield/plant

Total weight of all the fruits harvested periodically from
each plant in a plot was recorded and the mean yield in gram per

plant was estimated.

9. Number of leaves/plant

Numberofleaves from each plant in a plot was counted and the

average number of leaves/plant was estimated.

10. Pericarp thickness

The pericarp thickness was measured in millimeters from five
random fruits from each plant in a plot after cutting the fruits

transversely.

11. Locules/fruit

From each plant, five random fruits were selected and number
of locules was counted and mean number of locules/fruit was

estimated.

12. Size of fruits

Five random fruits from each plant was taken and their
volume was measured by the water displacement method using &
measuring cylinder. The mean volume of fruit/plant was estimated

in cubic centimeter.
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13. Observation on pests and diseases

a) Tomato fruit borer (Heliothis armigera)

The number of fruits attacked by the fruit borer in a plot

was recorded and expressed as percentage.
b) Mosaic

The number of plants infected by mosaic in a plot was

recorded and expressed as percentage.
c) Leaf curl

The number of plants infected by leaf curl in a plot

was recorded and expressed as percentage.
Statistical analysis

Analysis of variance was conducted for the characters under
study to test for the significant differences among genotypes
including both crosses and parents (Singh and Chaudhary, 1977).

ANOVA for line x tester mating design is presented in table 3.

Line x tester analysis

Combining ability and gene action were estimated from the

ANOVA of the line x tester model (Dabholkar, 1992).



SST

Contribution of testers = — x 100
§SC
SSLT
Contribution of 1ine x testers = x 100
§SC
Where SSL = sum of squares due to lines
SST = sum of squares due to testers
SSLT = sum of squares due to line x testers
SSC = sum of squares due to crosses
Heterosis

The three types of heterosis namely relative heterosis,
heterobeltiosis, and standard heterosis along with the standard

error (SEd) were estimated as following:

XF1 - MP
Relative heterosis (RH) = x 100
MP
SE4q = |3 Me
i 2r
XF1 - BP
Heterobeltiosis (HB) = x 100
BP



Table - 2 ANOVA for 1ine x tester mating design

Source df MS Expected mean square
Replication (r-1)
Treatments (v-1)
Parents (1+£)-1
Crosses 1£-1
parents Vs 1
crosses
Lines 1-1 ML cle + r X clsca + rt x uzgca
Testers t-1 MT cle + r x 02sca + rl X c?gca
Line x Tester (1-1)(t—1) MLT c2e + r X 6lsca
Error (r—1)(v—1) Me cle
rotal rE
Where r = number of replications
v = number of genotypes
1 = number of lines
t = number of testers
c2sca = sca variance
ozgca = gca variance
cle - error variance

Estimation of gca and sca effects

gca effects of lines

11
gi = - mean
rt
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G [

Mean =
1tr
Where gi = gca effect of ith 1ine
11 = sum total of observations with respect to
ith 1ine.
G' = total of observations with respect to all
hybrids
2 Me
SE (gi-gj) =
v rt

gca effects of testeys

tJ
gj = - mean
rl

Where gj = gca effect of jth tester

tj = sum total of observations with
respect to jth
tester
) 2 Me
SE (gi-gj) = L
o

sca effects of line x testers

(1) ij 14 tJ
Sij = - - + mean
r rt rl
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Where sij = sca effect of i jth cross

(1t) i3 = value corresponding to ixjth cross
2 Me
SE (Sij-8i1) = |~
2 Me
SE (Sij-sk1) =
yor

Estimation of genetic components of variance

(1+F)
ozgca = o2 g
4
(1+F)2
ozsca =T — 52 d
2
When F = o
ozgca = 1/4 024
ozsca = 1/4 o524
where F = Coefficient of inbreeding
02a = additive variance
o2d = dominance variance

Proportional contribution of lines, testers and line x testers to
total variance

Contribution of lines = —— X 100
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Standard heterosis (SH) = x 100
sC
SE4q = |2 Me
i r
Where XF1 = F1 mean

ﬁ;, BP and SC respectively
are the mean of mid parent, better parent and
standard cultivar

Me Mean square for error

r number of replications
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RESUL TS

The exper iment was conducted using three lines. five testers
and their resultant fifteen hybrids in RBD with three
replications. The mean performance, combining abilitv and gene
action of the 1lines, testers and line x tester hvbrids were
analysed. The heterosis of the line x tester hybrids was also

analysed and the results are presented below.

4.a. MEAN PERFORMANCE

The mean performance of lines, testers and line x tester

hvbrids for the different characters is given in table 4.

The mean plant height was minimum in Sakthi (45.38 cm) and
maximum in Arka Alok (52.66 cm) among lines. Among testers the
height was minimum in PKM-1 (48.82 cm) and was maximum in LE 373
(105.39 cm). In hybrids the minimum and maximum plant height
were recorded by Arka Abha x RFH-1 (51.33 cm) and Arka Abha x LE

373 (95.52 cm) respectively.

The Jlowest mean number of branches/plant was recorded in
Arka Alok (6.58) and highest number of branches was recorded in
Sakthi (13.54). The tester RFH-1 produced minimum number of
branches/plant (2.9) and LE 373 produced maximum number of
branches/plant (17.93). Among the hybrids the minimum and
maximum number of branches/plant were recorded by Arka Abha x

RFH-1 (5.33) and Sakthi x LE 2370 (18.56) respectively.
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Table - 4 Mean performance of lines, testers and hybrids for different morphological characters.

T
Plant Number of Spread Period Individual Number of Fruit Pericarp Number of Looules/ Size of

Parents/Hybrids height branches/ of the of fruit fruits/ vyield/ thiockness 1leaves/ fruit fruit
(om) plant plant  harvest weight plant plant  (mm) plant (oc)
(em)  (days) (@) (9)
R 2 s s s 6 : s s w0 oun o
arka bha .02 7.0 2083 235 5434 1.5 42417 42 7401 483 5182
Arka Alok 52.66 6.58 24,92 19.0 46 .65 7.67 321.01 3.37 95.44 3.92 43.75
Sakthi 45.38 13.54 23.87 17.38 30.59 35.17 1261.33 3.28 65.48 3.74 28.17
LE 312 62.82 15.67 24.0 19.5 38.45 11.30 439.43 3.31 138.9 4,93 35.22
LE 370 72.47 15.96 34.53 25.25 22.02 20.22 445.4 3.02 200.58 3.68 19.17
LE 373 105.39 17.93 44.98 21.5 37.53 7 263.77 4.28 207.73 4.63 34.711
RFH-1 49.42 3.9 18.31 10.67 34.35 4.67 182.95 4.15 75.4 3.94 41,72
PKM-1 48.82 7.56 23.02 20.82 43.34 13.43 598.50 3.63 106.67 4.59 39.16
Arka Abha x LE 312 69.52 12.82 59.47 14.87 44.77 11.57 517.95 3.45 222.6 4.90 41,62
Arka Abha x LE 370 89.43 17.41 48.39 17.0 47.76 13.42 680.27 4,02 219.67 4.50 44,22

Arka Abha x LE 373 95.52 13.67 71.28 14.28 49.44 8.83 435.86 4.21 208.51 4.87 47.68



Table - 4 Continued .......

1 2 3 4 5 6 7 8 9 10 11 12
arka Abha x RFHC1 5133 5.33 210 21.67  43.8 1433 465 4.3 540 498 45.69
Arka Abha x PKM-1 75.83 7.78 34.57 12.44 52.92 16.67 362.64 4.67 93.83 3.75 51.56
Arka Alok x LE 312 67.50 10.82 43.36 11.88 61.67 10 616.33 4.46 148.73 4.42 59.36
Arka Alok x LE 370 61.23 9.13 28.5 11.52 46.16 13.08 570.22 3.15 143.25 5.05 42.29
Arks Alok x LE 373 84.26 9.49 40.17 6.47 46.17 6 560.33 3.83 163.53 4.99 43.35
Arka Alok x RFH-1 56.74 5.75 24.72 16.25 71.38 7.17 512.60 5.92 58.23 4.24 69.54
Arka Alok x PKM-1 86.37 10.70 54.11 15.56 56.67 15.17 678 3.Nn 217.83 5.11 51.91
Sakthi x LE 312 86.08 14.69 75.63 14.65 31.92 19.8 634.65 3.38 201.07 3.97 28.18
Sakthi x LE 370 83.78 18.56 70.36 21.77 26.12 25.14 659.43 3.41 170.02 3.78 22.60
Sakthi x LE 373 89.83 156.98 42.2 18.02 33.14 18.67 618.67 3.89 159.87 4.22 31.38
Sakthi x RFH-1 58.78 7.68 44.89 25.37 39.90 20.67 823.27 4.21 68 3.57 37.63
Sakthi x PKM-1 66.56 11.32 50.0 15.92 43.86 14.97 655.80 3.81 127.56 4.01 40.5
Pz 28198 6.61 10,179 8620 65.720%  24.830% 16.01% 5,07 37,6704 4.0  20.96%
SE 3.77 1.72 5.48 1.79 1.42 1.09 54.73 0.29 9.61 0.26 2.51



For spread of the plant wide variation was observed among
the lines, testers and line x tester hybrids. The line Arka Abha
exhibited minimum spread of 20.83 cm and Arka Alok exhibited
max imum spread of 24.92 cm. Among testers it was minimum 1in
RFH-1 (18.31 cm) and was maximum in LE 373 (44.98 cm) while in
hybrids minimum and maximum spread was recorded by Arka Abha X

RFH-1 (21 cm) and Sakthi x LE 312 (75.63 cm) respectively.

Mean duration from first to final harvest varied from 17.38
days 1in Sakthi to 24.92 days 1in Arka Abha among lines. But 1in
testers it ranged from 10.67 days in RFH-1 to 25.25 days in LE
370. Among the hybrids this period ranged from 6.47 days 1in Arka

Alok x LE 373 to 27.67 days in Arka Abha x RFH-1.

Individual fruit weight was minimum in Sakthi (30.59 g) and
maximum in Arka Abha (54.34 g) among the lines. Testers showed a
variation from 22.02 g in LE 370 to 43.34 g in PKM-1. In  the
hybrids this range was from 26.12 g 1in Sakthi x LE 370 to 71.38

g in Arka Alok x RFH-1,

Average number of fruits/plant was minimum 1in Arka Abha
(7.5) among the lines and in LE 373 (7) among the testers and was
max imum in Sakthi (35.17) among the lines and in LE 370 (20.22)
among the testers. Among hybrids the lowest and highest values
were recorded by Arka Alok x LE 373 (6) and Sakthi x LE 370

(25.14) respectively.
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Among lines average fruit yield/plant ranged from 321.01
g/plant in Arka Alok to 1261.33 g/plant in Sakthi. 'n the
testers it ranged from 192.95 g/plant in RFH-1 to 598.50 g/plant
in PKM-1. This range was from 362.64 g/plant in Arka Abha x

PKM-1 to 823.27 g/plant in Sakthi x RFH-1 among the hybrids.

The minimum and maximum pericarp thickness were recorded by
Sakthi (3.28 mm) and Arka Abha (4.82 mm) respectively among the
lines. In the testers the pericarp thickness ranged from 3.02 mm
in LE 370 to 4.28 mm in LE 373. Arka Alok x LE 370 recorded the
minimum pericarp thickness of 3.15 mm and Arka Alok x RFH-1
recorded the maximum pericarp thickness of 5.92 mm among the

hybrids.

The average number of leaves/plant varied from 65.48 in
Sakthi to 95.44 in Arka Alok among the lines and from 75.4 in
RFH-1 to 207.73 1in LE 373 among the testers. Number of
leaves/plant ranged from 54 in Arka Abha x RFH-1 to 222.6 in Arka

Abha x LE 312 in the hybrids.

The mean number of locules/fruit among lines was minimum in
Sakthi (3.74) and maximum in Arka Abha (4.93). Among testers
number of locules/fruit was minimum in LE 370 (3.68) and maximum
in LE 312 (4.93). Minimum and maximum value 1in hybrids were
shown by Sakthi x RFH-1 (3.57) and Arka Alok x PKM-1 (5.11)

respectively.
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Size of fruit in the lines ranged from 28.17 cc in Sakthi to
51.92 cc in Arka Abha. In the testers the variation ranged from
19.17 cc in LE 370 to 41.72 cc in RFH-1. In the hybrids it was

from 22.60cc in Sakthi x LE 370 to 69.54cc in Arka Alok x RFH-1.

4.b. COMBINING ABILITY AND GENE ACTION

Analysis of variance of different morphological characters

studied are presented in table 5.

Highly significant differences were observed among the geno-—
types for all the characters, hence proceeded to combining
ability analysis 1in a line x tester model and the results are

presented below.

The general combining ability (gca) effects of parents and
the specific combining ability (sca) effects of hybrids for

eleven characters are given in table 6 and table 7.

Combining ability analysis of plant height revealed that
variance due to testers and hybrids was significant. But for the
lines it was not significant. The gca effect was negative and
significant in Arka Alok (-3.56) among the lines. Among testers
LE 2373 had significant positive gca effect (15.08) and RFH-1 had
negative effect (-19.17) and both of them were significantly
different from the rest. Significant positive sca effect was

shown by hybrids Arka Alok x PKM-1 (14.01), Arka Abha x LE 370

64



g9

Table 5 ANOVA of lines, testers and line x tester hybrids

Source df Mean sguares
Plant Number of Spread Period Individual Number of Fruit Pericarp Number of Locules/ Size of
height branches/ of the of fruit fruits/ yield/ thickness leaves/ fruit fruit
plant plant harvest weight plant plant plant '
Replication 2 267.22%* 100,.89%* 022,76** 48.91* 35,96%* 0.77 25021 0.49 114.94 0.26 1.03
Treatments 22 930.13** 58,.67** 916,19** 82,89** 3094,88** 87.76** 139088.6** 1.31** 10429,59**% 0.82** 397,.60%*
Parents 7 1260,35%* 84,74%¢ 239,.95* 58.82*% 297,06** 80.45%** 335783.2** 1.16%* 95730.38%* 0,84** 299,53**
Hybrids 14 596.78%** 49.66** 841.05%* 87.47** 400.97** 84.01** 41919,43** 1.38%* 10607.55** (.85*%* 418,53*%*
Parents vs 1 3285.58%* 2.24 6702.08** 187.16%* 994,34%* 191,34** 120593 ,5%% 1.41% 13931.56** 0.26 791.04%*
Hybrids
Lines 2 143.68 74.86* 1276.52 185.33** 1741.51** 365.32** 137335.5* 0.98 971.63 3.06** 1750,92%*
Testers 4 1367.09** 104,54** 1035.71 150.30** 232,97 45.69 11904.75 2.19 25362.94** 0.26 300.31

Line x tester 8 324.90** 15.92 634.85%*  31.59%* 149.83** 32.84** 32198.25** 1.08** 5638.83** 0.59* 144 ,55**

Error 44 42.65 8.87 80.10 9.62 6.01 3.53 8687.137 0.26 276.88 0.20 18.97

* Significant at 5% level
** Significant at 1% lTevel



(9.74) and Sakthi x LE 312 (9.69). Hybrids Arka Abha x LE 370
(-13.35) and Sakthi x PKM-1 (-12.38) exhibited significant
negative sca effect. The gca and sca effects for plant height

are presented in figure 1.

The gca and sca effects for number of branches/plant are
presented in figure 2. Variance for number of branches/plant was
significant only among lines and testers. The maximum positive
and negative gca effects were recorded by the lines Sakthi (2.24)
and Arka Alok (-2.23) respectively and among the testers LE 3723
(3.63), and RFH-1 (-5.16) respectively. None of the hybrids
exhibited significant positive sca effect but only Arka Alok x LE

370 (-2.67) exhibited significant negative sca effect.

Aralysis of variance for spread of the plant showed
significant differences among hybrids only. The gca effects
differed significantly among the lines and the testers. The

lines Sakthi and Arka Alok recorded gca effect of 9.37 and -9.08
respectively. only LE 312 (12.23) and RFH-1 (-17.05) recorded
significant gca effect among testers. The sca effect was
positive and high in hybrids, Arka Abha x LE 373 (20.35), Arka
Alok x PKM-1 (16.93) and Sakthi x LE 370 (11.91) and negative in
sakthi x LE 373 (-18.38), Arka Abha x PKM-1 (-11.30) and Arka
Alok x LE 370 (-11.51). The gca and sca effects for this trait

are presented in figure 3.
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Table - 6 Goa effects of parents (1ines and testers) with respect to different morphological characters.

Plant Number of Spread Period individual Number of Fruit Pericarp Number of Locules/ Size of
Parents height branches/ of the of fruit fruits/ yield/ thickness leaves/ fruit fruit
plant plant harvest weight plant plant plant
Lines 1 154 -0.006 0.2 1.01 136  -1.40v  -s1.260 0.1 9280 0.7 2.320
2 -3.56* -2.23* -9.08* -3.91* 10.03* -4,08* 3.19 0.18 -4.13 0.34* 9,.46*
3 2.02 2,24* 9.37* 2.90* -11.39* 5.98* 94.05* -0.29* -5.14 -0.51* -11.78*
S 04 4700 2.01 BT iLe2e na2e 4210 0.91 0.7 S.feve  aztes
SE 1.69 0.77 2.45 0.80 0.63 0.49 24.07 0.13 4.30 0.12 1.13
4.81 2.19 6.99 2.28 1.81 1.38 68.65 0.38 12.26 0.33 3.21
Testers
S & -0 L3 1220 245 025 0.5 533 -0.27 4.3 0.01  -0.78
5 3.36 3.63* 1.84 0.52 -6.36 2.85* 52.33 -0.51* 27.20% 0.02 -7.46*
6 15.08* 1.64 3.97 -3.32% ~3.46* -3.20* -46.02 -0.06 26.86* 0.27 3.03*
7 -19.17* -5.16* -17.05* 6.85* 5.31* -0.31 7.20 0.80* -90.37* -0.16 7.12*
8 1.14 -1.48 -0.99 -1.60 4.77* 1.24* -18.83 0.03 -4,04 -0.13 4,16*
S T 208 asov 045 2.08
SE 2.18 0.99 3.16 1.03 0.82 0.63 31.07 0.17 5.55 0.15 1.45



Table - 7 Sca effects of hybrids
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Line x tester Plant Number of Spread Period individual Number of Fruit Pericarp Number of Locules/ Size of
hybrids height branches/ of the of fruit fruits/ yield/ thickness leaves/ fruit fruit
plant plant harvest weight plant plant plant

o 99 005 021 008  -2m  -082 2556 -0.43 225 0.3  -3.75
LT, 9.74* 2.38 -0.40 -0.77 6.39* -2.40* 140.87* 0.38 32.74* -0.12 5.53*
LT, 4.1 0.63 20,35* 0.35 5.16* -0.93 -5.19 0.12 21.93* -0.002 4.56
LyT, -5.83 -0.91 -8.92 3.57* -9.26* 1.68 -55.62 -0.57 -15.35 0.54* 7.58*
L4Tg -1.63 -2.15 -11.30* -3.21 0.41 2,47 -105.61* 0.49 -61.85* -0.72* 1.25
LTy -3.30 0.28 ~7.05 1.99 5.52* 0.29 23.50 0.52 -37.94* -0.35 6.85*
LoTy ‘ -13,35* -3.67* -11.51* -1.33 -3.68* -0.05 -69.61 -0.56 -30.27* 0.27 3.53
LoTy -2.04 -1.33 ~1.97 -2.55 -6.78* -1.08 18.86 -0.32 -9.04 -0.04 -6.91*
LoTs 4.69 1.73 3.60 -2.94 9.66* -2.81* -82.09 0.89* 2,29 -0.36 9.13*
LyTg 14.01* 2.99 16.93* 4.82* ~4.51* 3.65* 109.33* -0.53 75.56* 0.48 ~5.54*
LaTy 9.69* -0.32 6.78 -2.05 ~2.81 0.53 -49,05 -0.09 15.41 0.06 -3.09
LaTy 3.61 1.29 11.91* 2.10 -2.50 2.44* -71.26 0.18 -2.48 -0.15 ~1.99
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The gca and sca effects for number of fruits/plant are given

in figure 6. Both lines and hybrids showed significant variances
for number of fruits per plant but in testers it was
insignificant. significant gca effect was observed in the lines

but only Sakthi exhibited positive gca effect (5.48). The testers
LE 370 and PKM-1 showed positive gca effect of 2.85 and 1.24 and
LE 273 showed negative gca effect of -3.20. significant sca
effect was observed in six hybrids. Among these Arka Alok x
PKM-1 (3.65), Arka Abha x PKM-1 (2.47) and Sakthi x LE 370 (2.44)
exhibited positive sca effect and Sakthi x PKM-1 (-6.11) had

negative sca effect.

Analysis of variance showed significant genotypic
differences for fruit yield/plant in both the lines and hybrids.
The line Sakthi showed positive gca effect of 94.05 and Arka Abha
showed negative gca effect of -97.24. None of the testers showed
significant gca effect. Significant sca effect was recorded in
the four hybrids viz., Arka Abha x LE 370 (140.87), Arka Alok x
PKkM-1 (109.33), Sakthi x RFH-1 (137.71) and Arka Abha x PKM-1
(-105.61). The gca and sca effects for fruit yield/plant are

represerted graphically in figure T.

Pericarp thickness differed significantly among hybrids
only. The line Sakthi exhibited negative gca effect of -0.29.
But in testers RFH-1 showed positive gca effect (0.80) and LE 370

showed negative gca effect (-0.51). Only one hybrid exhibited
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significant positive sca effect. That was Arka Alok x RFH-1
(0.89). The gca and sca effects are represented graphically in

figure 8.

Number of leaves/plant varied significantly among testers
and hybrids. only the line Arka Abha showed significant gca
effect (9.28). But among testers all the varieties except one
exhibited significant gca effect viz., LE 312 (40.35), LE 370
(27.20), LE 373 (26.86) and RFH-1 (-90.37). Significant positive
sca effects were observed in Arka Abha x LE 312 (22.53), Arka
Abha x LE 373 (21.93), Arka Abha x LE 370 (32.74) and Arka Alok x
PKM-1 (75.56) while negative sca effects were seen in Arka Abha x
PKM-1 (-61.85), Arka Alok x LE 312 (-37.94) and Arka Alok x LE

370 (-30.27). The gca and sca effects are presented in figure 9.

The gca and sca effects for locules/fruit are graphically
represented 1in figure 10. Variance due to lines, testers and
hybrids were significant for locules/fruit. Lines Arka Alok
(0.34) showed significant positive gca effect and Sakthi (-0.5%1)
showed significant negative gca effect. None of the testers
exhibited significant gca effect. Among the hybrids Arka Abha x
RFH-1 (0.54) and Arka Abha x PKM-1 (-0.72) expressed significant

sca effect.

Analysis of variance for size of fruits showed significant

differences among the lines and hybrids. THe lines Arka Alok and
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Fig. 9. GCA and SCA - number of leaves/plant
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Arka Abha showed positive gca effect of 9.46 and 2.32
respectively and the line Sakthi showed negative gca effect of
-11.78. Among testers RFH-1 (7.12) and PKM-1 (4.16) showed
positive gca effect and LE 370 (-7.46) and LE 373 (-3.03) showed
negative effect. only three hybrids Arka Alok x RFH-1 (9.13),
Arka Abha x LE 370 (5.53), and Arka Alok x LE 312 (6.85) showed
significant positive sca effects. The gca and sca effects are

represented graphically in figure 11.
4.c. GENETIC COMPONENTS OF VARI ANCE

The genetic components of variance such as additive variance

(oza) and dominance variance (ozd) were estimated and they are

presented in table 8 and in figure 12.

For all the characters under study dominance variance Was

greater than additive variance.

The additive to dominance variance ratio ranged from a
minimum of 0.03 for pericarp thickness to a maximum of 0.50 for
number of branches/plant. The ratio was low for five characters
such as spread of the plant (0.04), fruit vyield/plant (0.04),
pericarp thickness (0.03), number of leaves/plant (0.09) and
locules/fruit (0.07). Medium values were observed for plant
height (0.10), period of harvest (0.26), individual fruit weight

(0.18), number of fruits/plant (0.18) and size of fruits (0.23).
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Among the different characters, the proportional
contributions of lines, ranged very widely from a minimum of 1.30
per cent for number of leaves/plant to a maximum of 62.12 per
cent fcr number of fruits/plant. In the testers also the
proportional contribution varied very widely from a minimum of
8.21 per cent for fruit yield/plant to a max imum of 68.32 per
cent for number of leaves/plant. In the line x tester hybrids
this range was from 18.32 per cent for number of branches/plant

to 44.50 per cent for pericarp thickness.

Contribution of lines to the total variance was high for
the characters viz., individual fruit weight, number of
fruits/plant, fruit yield/plant, lTocules/fruit and size of fruits
having the values 62.05, 62.12, 47.37, 51.33 and 59.76 per cent
respectively. Contribution of lines was less for plant height
(3.44 %), spread of the plant (21.68 %), pericarp thickness
(16.12%) and number of leaves/plant (1.30%). The contribution of
lines was medium for number of branches/plant (21.53%) and period

of harvest (30.27%).

Contribution of testers was very high for plant height
(65.45%), number of branches/plant (60.15%), period of harvest
(49.09%), pericarp thickness (45.38%) and number of leaves/plant
(68.32%). Contribution of testers was less for individual fruit
weight (16.60%), number of fruits/plant (15.54%), fruit

yield/plant (8.21%) and locules/fruit (8.90%). For the rest of
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the characters viz., spread of the plant and size of fruits the

proportion being 35.18 and 20.50 per cent respectively.

Contribution of the line x tester hybrids to the total

variance was less for the characters branches/plant (18.32%),

size of fruits (19.74%) and period of harvest (20.64%). |t was
high for the character spread of the plant (43.14%). For the
remaining characters such as plant height, individual fruit

weight, fruits/plant, fruit vyield/plant, pericarp thickness,
leaves/plant and locules/fruit the contribution of the hybrids
was medium, the proportion being 31.11, 21.35, 22.34, 44.42,

44 .50, 30.38 and 39.77 per cent respectively.
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Table - 9, Proportional contribution of lines, testers and line X
tester to total variance.

sl Contributions (%)

No Characters  —-=--mmosssosmomomsmoommmmomm
Lines Testers Line x tester

I"EE;EQ”;;;EE'"”"""'""éfii"""ééfié"'"""éif??""

2. Number of branches/plant 21.53 60.15 18.32

3. Spread of the plant 21.68 35.18 43.14

4. Period of harvest 30.27 49.09 20.64

5. |ndividual fruit weight 62.05 16.60 21.35

6. Number of fruits/plant 62.12 15.54 22.34

7. Fruit yield/plant 47.37 8.21 44.42

8. Pericarp thickness 10.12 45 . 38 44 .50

9. Number of leaves/plant 1.30 68.32 30.38

10. Locules/fruit 51.33 8.90 29.77

11. Size of fruits 59.76 20.50 19.74

4.e. HETEROSIS

Percentage of relative heterosis, heterobeltiosis and
standard heterosis were assessed from the mean value of parents
and hybrids for the different morphological characters and the

results are presented below:

Plant height

The mean value of parents and hybrids and percentage of

heterosis for plant height are given in table 10.
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The hybrids exhibited significant heterosis for plant
height. Relative heterosis varied from -2.13 to 70.23 per cent.
Except one, al] the hybrids exhibited positive heterosis and it
was significant in eleven hybrids viz., Arka Alok «x LE 312
(16.91), sakthi x LE 373 (19.16), sakthi x RFH-1  (24.02), Arka
Abha x LE 373 (26.67), Arka Abha x LE 312 (28.46), sakthi x PKM-1
(39.21), sakthi LE 370 (42.18), Arka Abhg X LE 370 (51.72),
Sakthi x LE 312 (59.11), Arka Abha X PKM~1 (€0.94) and Arka Alok
X PKM-1  (70.23). Heterobeltiosis varied from -14.77 to 64.02
among the fifteen hybrids. Significant positive heterosis was
noticed in Sakthi x LE 370 (15.60), Arka Abha x LE 370 (23.40),
Sakthi x PKM-1 (34.31), sakthi x LE 312 (37.02), Arka Abha x
PKM-1 (55.34) and Arka Alok x PKM-1 (64.02). Standard heterosis
was measured using LE 373 as check variety. None of the hybrids
exhibited significant positive standard heterosis. The hybrid
Arka Alok x PKM-1 recorded highest significant relative heterosis

as well as heterobeltiosis.

Number of branches/plant

The mean value of parents and hybrids and heterosis for

number of branches/plant are given in table 10.

The hybrids exhibited significant heterosis for
branches/plant. Significant positive relative heterosis was

observed only in one hybrid, ie. Arka Abha x LE 1370 (50.99).
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Table -~ 10 Mean value of parents and hybrids and heterosis percentage for plant height and number of branches/plant.

Plant height

Number of branches/plant

Parents/Hybrids Mean Heterosis (%) Mean Heterosis (%)
(cm) 171 4 T
RH HB SH RH HB SH

Arka Abha 45.42 7.10

Arka Alok 52.66 6.58

Sakthi 45.38 13.64

LE 312 62.82 16.67

LE 870 T2.47 15.96

LE 3878 105.39 17.98

RFH-1 49.42 3.9

PKM-1 48.82 7.56

Arka Abha x LE 312 69.52 54.12 28.46* 10.67 -34.03¢ 12.82 11.89 12.62 -18.17 ~28.49%
" x LE 370 89.43 58.95 51.72* 28.40% -15.14¢ 17.41 11.63 50.99* 9.09 -2.88
" x LE 378 95.52 76.41 26.67* -9.37 -9.87 18.67 12.52 9.22 -28.76 ~-28.76
" x RFH-1 51.83 47.42 8.26 3.88 -51.29* 5.38 5.5 -3.08 -24 .88 ~T70.25¢*
" x PKM-1 76.88 47.12 60.94# 55.34¢ -28.05¢ T.78 T.388 6.07 2.82 -56.62¢

Arka Alok x LE 312 67.50 57.74 16.91% 7.46 -35.95* 10.82 11.13 -2.71 -30,92 -39.62¢
" x LE 870 61.23 62.57 -2.18 -15.51% ~41.90* 9.13 11.27 -19.00 -42,80* ~49.07*
" x LE 378 84.26 79.03 6.63 -20.05% -20.05* 9.49 12.26 -22.569 -4T7.08% ~-4T7.08%
" x RFH-1 56.74 51.04 11.18 7.76 -46.16 5.76 5.24 9.63 -12.71 ~67.94¢
" x PKM-1 86.37 48.82 T70.23# 64.02% -18.05% 10.70 T.07 51.28 41 .43 -40.83%

Sakthi x LE 312 86.08 54.10 59.11+* 37.02% -18.33% 14.69 14.61 0.61 -6.23 -18.06
" x LE 3870 83.78 58.93 42.18* 15.60% -20.51%* 18.56 14.75 25.85 16.2 3.58
" x LE 873 89.83 75.89 19.16* -14.77 -14.77Te 15.98 15.74 1.58 -10.86 -10.86
" x RFH-1 58.78 47.4 24 .02¢* 18.96 -44.23¢ 7.68 8.72 -11.95 -43.29% -5T7.18*
" x PKM-1 65.566 47.1 39.21% 34.31% -37.79% 11.82 10.56 T.27 -16.40 -36.87*

Cb (0.5 9.31 10.75 10.76 4.24 4.90 4.90

* 5% level of significance.



None of the hybrids recorded significant positive hetero
beltiosis and standard heterosis. standard heterosis was

estimated using LE 373 as a check variety.

spread of the Plant
The mean value of parents and hybrids and heterosis

expressed for spread of the plant are given in table 11.

The hybrids exhibited significant heterosis for spread of
the plant. Relative heterosis, heterobeltiosis and standard
heterosis recorded significant value. A1l the hybrids except one
showed positive relative heterosis. But only ten hybrids viz.,
Arka Abha x PKM-1 (65.67), Arka Alok x LE 2312 (77.28), Arka Abha
« LE 370 (81.36), Sakthi x RFH-1 (112.88), Sakthi x PKM-1
(113.30), Arka Abha x LE 373 (123.40), Arka Alok x PKM-1
(125.77), Sakthi x LE 370 (140.96), Arka Abha x LE 312 (177.67)
and Sakthi x LE 312 (215.99) recorded significant relative
heterosis. Heterobeltiosis was positive and significant in eight
hybrids viz. Arka Abha x LE 373 (58.47), Arka Alok x LE 312
(74.02), sakthi x RFH-1 (88.09), Sakthi x LE 370 (103.75), Sakthi
x PKM-1 (109.50), Arka Alok x PKM-1 (117.16), Arka Abha x LE 312
(147.78) and Sakthi x LE 312 (215.11). Standard heterosis was
significant and positive in three hybrids. They were Sakthi x LE
370 (56.41), Arka Abha x LE 373 (58.47) and Sakthi x LE 312
(68.12). Relative heterosis, heterobeltiosis and standard

heterosis were maximum in Sakthi x LE 312.
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Period of harvest

Pperiod of harvest was recorded as number of days from first
to last harvest. The mean value of parents and hybrids and

heterosis for period of harvest are given in table 11.

significant heterosis was recorded by the different hybrids
for this trait. Relative heterosis was positive and significant
in two hybrids, Arka Abha x RFH-1 (61.95) and sakthi x RFH-1
(80.91) and it was significantly negative 1in seven hybrids.
Heterobeltiosis was significant and negative in eight hybrids
viz., Arka Alok x PKM-1 (-25.27), Arka Abha x LE 370 (-32.67),
Arka Abha x LE 312 (-36.74), Arka Alok x LE 312 (-39.09), Arka
Abha x LE 373 (-39.25), Arka Abha x PKM-1 (-47.05), Arka Alok X
LE 370 (-54.36) and Arka Alok x LE 373 (-69.92) whereas standard
heterosis was significant and negative in 12 hybrids. Max imum
heterosis was shown by Arka Alok x LE 373 (-74.39). Here LE 370
was used as a check varijety. In all the three types of heterosis
the hybrid Arka Alok x LE 373 recorded maximum significant

negative values.

individual fruit weight

The mean value of parents and hybrids and heterosis

percentage for individual fruit weight are presented in table 12.
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Table - 11 Mean value of parents and hybrids and heterosis percentage for spread of the plant and period of harvest.

Spread of the plant

Period of harvest

Parents/Hybrids Mean Heterosis (%) Mean Heterosis (%)
(cm) MP (days) MP
RH HB SH RH HB SH

Arka Abha 20.88 23.50

Arka Alok 24 .92 19.00

Sakthi 23.87 17.88

LE 812 24.00 19.50

LE 870 84.58 25.25

LE 378 44 .98 21.50

RFH-1 18.81 10.67

PKM-1 23.02 20.82

Arka Abha x LE 312 59.47 21.42 177.67% 147.78% 382.20 14,87 21.5 ~-30.85¢ ~36.T4¢ -41,12¢
" x LE 370 48.39 26.68 81,.36%¢ 40.14 7T.58 17.00 24 .38 -80.26*% -~-32.67* -32.67*
" x LE 878 71.28 $1.91 1238.40* 58.47% 58.47% 14.28 22.50 -36.55®% -39.25* ~43.46%
" x RFH-1 21.00 18.57 13.09 11.50 -53.32¢ 27.67 17.09 61.95% 17.78 9.57
" x PKM-1 34.67 20.93 65.67* 50.62 -22.93 12.44 17.97 -43.84% -47.05% -50.72#

Arka Alok x LE 812 48.36 24 .46 T7.28¢ 74.02¢% =~3.61 11.88 19.26 -38.30*% ~-39.09* -52.96%
" x LE 870 28.5 29.73 -4.12 -17.47 -36.64* 11.52 22.138 -47.92¢ ~-54.36% -54.36%
" x LE 378 40.17 84.85 14.93 -10.71 -10.71 6.47 20.25 -68.07T¢ -69.92% -74.39%
" x RFH-1 24.72 21.62 14.40 -0.78 -45.04¢ 16.25 14 .84 9.55 -14 .47 -35.64*
" x PKM~-1 54.11 28.97 125.77* 117.16¢ 20.29 15.56 19.91 -21.86 -25.27% -38.39¢

Sakthi x LE 812 75.68 28.94 215.99*% 215.11¢ 68.12¢ 14.65 18.44 -20.55 -24.87 -41.,98%
" x LE 370 70.36 29.20 140.96* 103.76*% 56.41%¢ 21.77 21.82 2.13 -13.80 -13.80
" x LE 3873 42.20 34.43 22.59 -6.19 -6.19 18.02 19.44 -7.81 -16.20 -28.65%
" x RFH-1 44 .89 21.09 112.88* 88.09*% -0.21 25.87 14.08 80.91#* 45.98¢ 0.46
" x PKM-1 50.00 23.45 118.30*% 109.50* 11.15 15.92 19.10 -16.62 -28.51 -86.94#

cp (0.05) 13.52 15.62 15.62 4.42 5.10 5.10




~ Significant heterosis was recorded in the hybrids for
individual fruit weight. Ten hybrids viz., Arka Abha x LE 373
(7.63), Arka Abha x PKM-1, (8.36), Arka Alok x LE 373 (9.89),
Sakthi x PKM-1 (18.65), Sakthi x RFH-1 (22.88), Arka Abha x LE
370 (25.10), Arka Alok x PKM-1 (25.95), Arka Alok x LE 370
(34.46), Arka Alok x LE 312 (44.93) and Arka Alok x RFH-1 (76.26)
exhibited significant positive relative heterosis. Four hybrids,
Sakthi » RFH-1 (16.15), Arka Alok x PKM-1 (21.48), Arka Alok x LE

312 (32.20) and Arka Alok x RFH-1 (53.03) exhibited positive

heterobeltiosis. Standard heterosis was measured by using Arka
Abha as a check variety. 13 out of 15 hybrids recorded
significant standard heterosis. But positive heterosis was

exhibited by Arka Alok x LE 312 (13.48) and Arka Alok x RFH-1
(31.36). Among the 15 hybrids Arka Alok x RFH-1 recorded maximum
significant positive relative heterosis, heterobeltiosis and

standard heterosis.

Number of fruits/plant

The mean value of parents and hybrids and heterosis

percentage for number of fruits/plant are presented in table 12.

Significant heterosis was recorded in the hybrids for
number of fruits/plant. out of 15 hybrids seven of them
expressed significant positive relative heterosis. They were

Sakthi x LE 370 (42.11), Arka Alok x PKM-1 (43.76), Sakthi x LE
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Table - 12 Mean value of parents and hybrids and heterosis percentage for individual fruit weight and number of
fruits/plant
Individual fruit weight Number of fruits/plant
Parents/Hybrids Mean Heterosis (%) Mean Heterosis (%)
() P NP
RH HB SH RH HB SH

Arka Abha 54 .34 7.5

Arka Alok 46.65 T.67

Sakthi 30.59 35.17

LE 812 88.45 11.30

LE 3870 22.02 20.22

LE 378 87.58 T

RFH~1 34.35 4.67

PKM~1 43.34 13.48

Arka Abha x LE 3812 44 .77 46.40 -3.50 -17.61¢ -17.61* 11,57 9.4 23.05 2.36 -42.80*
" x LE 3870 47.76 $8.18 25.10% -12.11¢ 12.11% 18.42 13.86 -3.20 -83.65¢ ~88.65%
" x LE 378 49.44 45.94 T.68¢ -9.02% -9.02 8.88 T.26 21.84 17.78 -56.81¢
* x RFH-1 43.80 44.35 -4.24 -19.40% -19.40%* 14.38 6.09 135.62¢ 91.11* -29.11%*
" x PKM-1 52.92 48.84 8.36* -2.61 -2.61 16.67 10.47 659.24% 24 .07 -17.57*

Arka Alok x LE 3812 61.67 42.55 44.93¢ 8$2.20% 13.48* 10 9.49 5.45 -11.50 ~50.54¢
" x LE 870 46.16 34.34 34.46* -1.04 -~15.056¢ 18.08 13.95 -6.17 -35.30* ~35.30%
" x LE 878 46.17 42.09 9.69 -1.03 -15.05* 6 T.34 -18.18 -21.74 -70.338*
" x RFH~1 T1.38 40.50 T76.26* 53.03¢ 31.36% T.17 6.17 16.22 -6.52 -64.56*
" x PKM-1 56.67 44.99 25.95% 21.48¢ 4.28 15.17 10.55 43.76* 12.90 ~24.99¢

Sakthi x LE 812 $1.92 34.52 ~T.54 -16.99¢ -41.27¢ 19.8 18.24 49,.62% 30.55% -2.08
" x LE 870 26.12 26.31 -0.68 -14.60% -51.93* 25.14 17.70 42.11% 24 .,35% 24 .,35*
" x LE 878 38.14 84,06 -2.70 -11.70* -39.,01% 18.67 11.09 68.42* 28.08* ~-7.68
" x RFH-1 3$9.90 32.47 22.88* 16.15¢ -26.58% 20.67 9.92 108.,40% 36.26% 2.21
" x PKM~1 43.86 36.97 18.65¢ 1.20 =19.29+ 14.97 14.30 4.71 -1.28 ~25.95*

cb (0.05) 3.49 4.08 4.08 2.68 3$.09 $.09




312 (49.62), Arka Abha x PKM-1 (59.24), sakthi x LE 373 (68.42),
sakthi x RFH-1 (108.40) and Arka Abha x RFH-1 (135.62).
Heterobeltiosis was significant and positive in six hybrids viz.,
Sakthi x LE 373 (23.08), Arka Abha x PKM-1 (24.07), Sakthi x LE
370 (24.35), Sakthi x LE 312 (30.55), Sakthi x RFH-1 (26.26) and
Arka Abha x RFH-1 (91.11). LE 370 was used as a check variety
for measuring standard heterosis. Only one hybrid Sakthi x LE
370 exhibited significant standard heterosis. The hybrid Arka
Abha x RFH-1 recorded significant positive relative heterosis acg

well as heterobeltiosis.

Fruit yield/plant

The mean value of parents and hybrids and heterosis

percentage are given in table 13.

For fruit yield/plant the percentage ranged from -29.48 to
99.47 in relative heterosis from -50.95 to 74.56 in
heterobeltiosis and from -71.25 to -34.73 in standard heterosis.

Five hybrids such as Arka Alok x PKM-1 (47.47), Arka Alok x LE

370 (48.80), Arka Alok x LE 312 (62.10), Arka Alok x LE 372
(91.64) and Arka Alok x RFH-1 (99.47) exhibited significant
positive heterosis over mid parent. Four hybrids viz., Arka Alok

x LE 312 (40.26), Arka Abha x LE 370 (52.73), Arka Alok x RFH-1
(59.69) and Arka Alok x LE 373 (74.56) expressed significant

positive heterosis over better parent, whereas none of the
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hybrids exhibited significant positive heterosis over check
variety. Sakthi was used as a check variety. The hybrid Arka
Alok x LE 373 recorded maximum significant positive relative

heterocsis and heterobeltiosis.

Pericarp thickness

The mean value of parents and hybrids and heterosis

percentage of hybrids for pericarp thickness are given in table

13.

The hybrids exhibited significant heterosis for pericarp
thickness. Relative heterosis ranged from -15.16 to 57.43 per
cent. But significant positive heterosis was recorded 1in Arka

Alok x LE 312 (23.60) and Arka Alok x RFH-1 (57.43). Three out
of 15 hybrids recorded significant heterobeltiosis. only two
hybrids exhibited positive heterosis. They were Arka Alok x LE
312  (32.48) and Arka Alok x REFH-1 42.57. Only one hybrid Arka
Alok x RFH-1 (22.67) exhibited significant positive standard
heterosis. Arka Abha was used as a check variety. For pericarp
thickness the hybrid Arka Alok x RFH-1 recorded max imum
significant relative heterosis, heterobeltiosis and standard

heterosis.
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Table — 13 Mean value of parents and hybrids and heterosis percentage for fruit yield/plant and pericarp thickneas.

Fruit Yield/plant

Pericarp thickness

Parents/Hybrids Mean Heterosis (%) Mean Heterosis (%)
(g) "i 3 (wm) 113 --
RH HB SH RH HB SH

Arka Abha 424 .17 4.82

Arka Alok 321.01 8.37

Sakthi 1261.388 3.28

LE 812 439.43 3.31

LE 870 445.40 8.02

LE 3878 2638.717 4.28

RFH-1 192.96 4.15

PKM~1 598.50 $.68

Arka Abha x LE 3812 517.96 431.80 19.95 17.87 ~58.949 3.45 4.07 -15.16 -28.47+ ~28 .47
» x LE 3870 680.27 552.22 656.46 52.73% -46.07* 4.02 3$.92 2.65 -16.59 -16.569
" x LE 3878 435.86 343.97 26.72 2.76 -—-65.44» 4.21 4.56 -7.54 -12.72 -12.72
" x RFH-1 438.65 308.566 42.16 8.41 -65.22+ 4.38 4.49 -2.30 -9.12 -9.12
" x PKM~1 362.64 511.34 -29.08¢ -39.41* -71.25% 4.67 4.28 10.41 -3.25 -8.25

Arka Alok x LE $12 616.3838 380.22 62.10¢ 40.26* -51.14* 4.46 3.34 33.60* 32.48% -7.58
" x LE 870 570.22 383.21 48.80* 28.02 -54.79 $.15 $.20 -1.41 -6.44 ~34.69*
" x LE 878 560.88 292.39 91.64* T4 .56* ~55.58* 3.88 3.838 0.22 ~10.51 ~20.563*
" x RFH-1 512.60 256.98 99.47¢ 59.69¢ -~59,.36* 5.92 3.76 57.43% 42.57+ 22.67*
" x PKM-1 678.00 459.76 AT.ATe* 18.28 ~46.26¢ 3$.71 8.5 6.056 2.20 -23.08%

Sakthi x LE 812 634.65 850.38 -25.37¢ -49.68* 49.68 $.38 $.30 2.63 2.22 -29.86%
" x LE 3870 659.48 858.37 —-22.73% =47.T2% A4T7.72¢ 8.41 8.15 8.14 3$.86 -29.30*
" x LE 878 618.67 762.55 -18.87¢ -50,95% -50.95% 8.89 8.78 2,82 -9.18 -19.35%*
" x RFH-1 828.27 727.14 18.22 -34.73* -84.73* 4.21 8.72 13.27 1.45 -12.72
" x PKM-1 655.80 929.92 -29.48% -48.01% -48.01» 8.81 3.46 10.82 5.05 -20.94*

Cb (0.05) 132.80 153.34 158.34 0.72 0.84 0.84




Number of leaves/plant.

The mean value of parents and hybrids and heterosis

percentage of hybrids for number of leaves/plant are given ir

table 14.
Hybrids exhibited significant relative heterosis,
heterobeltiosis and standard heterosis for this trait. Eight

hybrids, Arka Alok x LE 312 (26.94), sakthi x LE 270 (27.81),
Arka Abha x LE 273 (47.65), gakthi x PKM-1 (48.20), Arka Abha X
LE 370 (59.59), sakthi x LE 312 (96.76), Arka Abha x LE 312

(108.42) and Arka Alok x pKM-1 (115.56) recorded significant

positive retative heterosis. only three hybrids recorded
significant positive heterobe]tiosis. They were sakthi »x LE 217
(44.76), Arka Abha x LE 312 (60.26) and Arka Alok x PKM-?
(104.22). None of the hybrids showed sigriificant positive
standard heterosis. With regard to number of leaves/plant the

hybrid Arka Alok x PKM-1 expressed significant relative heterosis

as well as heterobe1tiosis.

Locules/fruit

The mean value of parents and hybrids and percentage of

heterosis for locules/fruit are given in table 14.

The hybrids exhibited significant relative heterosis,

heterobeltiosis arnd standard heterosis. relative heterosis WwWas
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Table - 14 Mean value of parents and hybridas and heterosis percentage for No.of leaves/plant and locules/fruit.

Number of leaves/plant

Locules/fruit

Parents/Hybrids Mean Heterosis (%) Mean Heterosis (%)
P 73
RH HB SH RH HB SH

Arka Abha 74.71 4.93

Arka Alok 95.44 38.92

Sakthi 65.48 3.74

LE 812 138.90 4.938

LE 870 200.58 3.68

LE 878 207.78 4.63

RFH-1 75.4 3.94

PKM-1 106 .67 4.59

Arka Abha x LE 812 222.6 106.81 108.42% 60.26* 7.16 4.90 4.93 ~0.61 -0.61 -0.61
" x LE 370 219.67 187.65 59.59* 9.52 5.75 4.50 4.31 4.45 -8.85 -8.85
" x LE 8738 208,51 141.22 47.65% 0.87 0.387 4.87 4.78 1.74 -1.85 -1.85
" x RFH-1 54 150.11 -28.05% -28.38 -T4.01* 4.98 4.44 12.13 0.88 0.88
" x PKM-1 93.83 90.69 3.47 -12.08 -54.83"* $.75 4.76 -21.22% -238.99* -23.99*

Arka Alok x LE 812 148.78 117.4T7 26.94% 7.08 =-28.40* 4.42 4.43 -0.19 -10.47 -10.47
" x LE 370 148.25 148.01 -3.21 -28.58% -31.04* 5.05 3.8 33.10* 29.02% 2.43
" x LE 878 1638.58 1561.59 7.88 -21.28% -21.28% 4.99 4.28 16.88* T.84 1.28
" x RFH-1 58.238 85.42 -81.83% -38.99* -T71.97* 4.24 8.93 7.97 T.61 -138.99
" x PKM-1 217.88 101.06 115.56* 104.22% 4.86 5.11 4.286 20.19* 11 .41 3.58

Sakthi x LE 312 201,07 102.19 96.76* 44.76* -3.21 3.97 4.384 -8.41 -19.46* -19.46*
" x LE 870 170.02 188.08 27.81% =-15,23¢% -18.15* 3.78 3.71 1.98 1.07 -23.31»
" x LE 378 159.87 136.61 17.08 -23.04% -23.04% 4.22 4.19 0.84 -8.85 -14.89
" x RFH-1 68 70.44 -3.46 -9.81 =-67.27* 8.57 $.84 -7.11 -9.47 -27.64%*
" x PKM-1 127.56 86.08 48.20% 19.58 -38.60* 4.01 4.17 -3.64 -12.5 -18.65*

CD (0.05) 23.71 27.88 27.88 0.65 0.75 0.75




significant in four hybrids. Out of these, three hybrids showed
positive values. They were Arka Alok x LE 373 (16.88), Arka Alok
x  PKM-1 (20.19) and Arka Alok x LE 370 (33.10). Three hybrids
exhibited significant heterobeltiosis. Among these only one Arka
Alok x LE 370 (29.02) expressed positive heterosis. None of the
hybrids expressed significant positive standard heterosis. The
hybrid Arka Alok x LE 370 expressed maximum significant relative

heterosis and heterobeltiosis.

sSize of fruits

The mean value of parents and hybrids and percentage of

heterosis for size of fruits are given in table 15.

Relative heterosis, heterobeltiosis and standard heterosis
were significant in the hybrids. Relative heterosis was
significant and positive in six hybrids, viz., Sakthi X PKM-1
(20.32), Arka Abha x LE 270 (24.41), Arka Alok x PKM-1 (25.23),
Arka Alok x LE 370 (34.44), Arka Alok x LE 312 (50.33) and Arka
Alok x RFH-1 (62.73). Three hybrids viz., Arka Alok x PKM-1
(18.65), Arka Alok x LE 312 (35.67) and Arka Alok x RFH-1 (58.96)
exhibited significant positive heterobeltiosis. Only two hybrids
viz., Arka Alok x LE 312 (14.33) and Arka Alok x RFH-1 (32.95)
showed significant positive standard heterosis. Heterosis was

maximum in the hybrid Arka Alok x RFH-1.
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Table ~ 15 Mean value of parents and hybrids and heterosis percentage

for size of fruits.

- S i T = T - " o o Nt =

e - = " Y 1y ot o e P 4 o

Parents/Hybrids

Arka Abha

Arka Alok

sakthi

LE 312

LE 370

LE 373

RFH-1

PKM-1

Arka Abha x LE 312
" x LE 370
" X LE 373
" x RFH-1
" x PKM-1

Arka Alok x LE 312
" x LE 370
" x LE 373
" X RFH-1
" x PKM-1

Sakthi x LE 312
" x LE 370
b x LE 373
" X RFH-1
” x PKM-1

43.57
35.55
43.32
46 .82
45,54
39.49
31.46
39.23
42.174
41.46
31.70
23.67
31.44
34.95

-19.83*
-14.83*
-8.15
-11.99
-0.69
35.67*
-3.33
-0.91
58.96*
18.65*
-19.97
-19.75
-9.59
-9.81
3.43



4.f. DISEASE AND PEST INCIDENCE

Diseases

Observations were made on the incidence of diseases-mosaic,

leaf curl and bacterial wilt. There was no natural incidence of
bacterial wilt. The percentage of mosaic and leaf curl infected
plants 1in the lines, testers and line x tester hybrids s

presented in the table 16.

(a) Mosaic

In the lines the percentage of infected plants ranged from
20.67 in Arka Abha to 30 in Arka Alok while in the testers it
ranged from O in LE 370 to 23.67 in PKM-1. In the hybrids the
range was from O to 20 per cent. Maximum infection was recorded
in  Arka Alok x PKM-1 (20%) among the hybrids. The hybrids Arka
Abha x LE 370, Sakthi x LE 370, Arka Abha x RFH-1, Sakthi x LE

373 and Sakthi x RFH-1 were free from mosaic infection.

(b) Leaf curl

The percentage of plants infected by leaf curl in the two
lines Arka Abha and Arka Alok were 20 and 15 respectively. The
1ine Sakthi was free from the disease. Among the five testers,
only RFH-1 and PKM-1 showed symptoms of leaf curl and the
coercentage of plants showing infection was 25 and 10 respectively

in the two varieties. Among the 15 hybrids only five hybrids
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Abha x LE 312, Arka Abha x LE 370, Arka Abha x LE 372, Arka Abha
x RFH-1, Arka Abha » PKM-1, Arka Alok x 212, Sakthi x LE 2312,
sakthi » LE 370, Sakthi x RFH-1 and Sakthi x PKM-1 were free from

this disease.
Insect pest

The major insect pest noticed was fruit borer. The
percentage of tomato fruits attacked by fruit borer in the lires,

testers and hybrids is presented in table 16.



Table 16. Percentage of plants infected by diseases - mosaic and
leaf curl and percentage of fruits attacked by fruijt

borer.
Parents/ Mosaic Leaf curl fruits attacked
Hybrids (%) (%) by borer (%)
Arka Abha 20.87 20 13.04
Arka Alok 30 15 12.15
Sakthi 23.33 0 0.68
LE 312 15 0 3.45%
LE 370 0 0 0
LE 3723 10 0 3.45
RFH-1 20 25 0
PKM-1 23.67 10 7.41
Arka Abha x LE 212 10 0 2.87
Arka Abha x LE 2370 0 0 0
Arka Abha x LE 372 10 0 5.56
Arka Abha x RFH-1 0 0 Q
Arka Abha x PKM-1 10 0 o
Arka Alok x LE 312 15 0 g.358
Arka Alok x LE 270 10 20 £.238
Arka Alok x LE 372 10 10 4
Arka Alok x RFH-1 10 16.67 6.95
Arka Alok x PKM-1 20 20 4.3%
Sakthi x LE 312 10 0 9.8
Sakthi x LE 370 0 0 €.51
Sakthi x LE 373 0 10 y
Sakthi x RFH-1 0 0 7.46
Sakthi x PKM-1 10 0] 4.85
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1~ +the lines the percentage of fruits showing pest attack

ranged from 0.68 (sakthi) to 13.04 (Arka Abha). In the ‘testers
the range was from O to 8.46. Testers LE 370 and RFH-1 were
found tc be free from the fruit borer attack. In the kybrids the

vercentage of fruits showing the pest attack ranged from 0 to
9. .27. Among the five hybrids in which Arka Abha was used as the
female parent, three hybrids recorded no incidence of fruit borer
attack. They were Arka Abha x LE 370, Arka Abha x RFH-1 and Arka
Abhka x PKM-1. sakthi x LE 2373 was also free from this

infestation.

Growth habit

arawth  habit of the lines, testers and line x tester

hybrids are given in table 17.

According to the growth habit tomatoes were classified into

three viz., determinate, semideterminate and indeterminate types.

A1l the three lines Arka Alok, Arka Abha and Sakthi were
having semi determinate growth. Among the five testers RFH-1 anc
PKM-1 were semi determinate types while LE 2370, LE 373 and LE 312
were indeterminate types. Among the hybrids all the three lines
crossed to the three tester varieties LE 312, LE 370 and LE 373
produced indeterminate types and the three lines crossed to the
tester varieties RFH-1 and PKM-1 produced either determinate or

semideterminate types.
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Table 17. Growth habit of

Parents/Hybrids

Arka Abha
Arka Alok
Sakthi

LE 312

LE 370

LE 373
RFH-1

PKM-1

Arka Abha x LE 312
Arka Abha x LE 370
Arka Abha x LE 373
Arka Abha x RFH-1
Arka Abha x PKM-1
Arka Alok x LE 312
Arka Alok x LE 370
Arka Alok x LE 373
Arka Alok x RFH-1

Arka Alok x PKM-1

Sakthi x LE 312
Sakthi x LE 370
Sakthi x LE 373
Sakthi x RFH-1

Sakthi x PKM-1

parents and hybrids

Growth habit
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Semideterminate
Semideterminate
Semideterminate
Indeterminate
indeterminate
indeterminate
Semideterminate
Semideterminate
Indeterminate
indeterminate
Indeterminate
Determinate
Determinate
Indeterminate
indeterminate
Indeterminate
Semideterminate
Determinate
indeterminate
Indeterminate
Indeterminate
Determinate

Determinate



DISCUSSION



DISCUSS I ON

Before ltaunching any hybridization programme it is necessary
to choose the parents carefully. The common approach of
selecting the parents on the basis of per se performance does not
necessarily lead to fruitful results. Hence proper
identification of the genetically superior parents is done on the
basis of the performance of the hybrids which 1in turn is
dependent on the information obtained from the analysis of the
combining ability, in terms of gca of the parents and sca of the
hybrids. The concept of combining ability was first proposed by
Sprague and Tatum (1942). Combining ability analysis is aimed
at getting information: about the general combining ability (gca)
of parents and specific combining ability (sca) of hybrids.
Combining ability 1is the ability of a biotype to transmit
desirable performance to its crosses. General combining ability
is the average performance of a strain in a series of crosses.
specific combining ability is used to designate those cases in
which certain combinations do relatively better or worse than
that would be expected on the basis of average performance of the

l1ines involved.

in almost all major field crops, combining ability analvsis
has been used to estimate gca and sca variances and effects and

also to assess the nature of gene action invoived in the
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expression of various quantitative traits. Higher maanitude of
gca variances indicates the predominant role of additive gene
action which is fixable and higher sca variances indicate

dominance deviation and epistatic effect.

Line x tester analysis is one of the method{for evaluating
the performance of varieties or strains in terms of their
combining ability. 1t is a modified form of top cross and was
proposed by Kempthorne (1957). This method has some advantage
over diallel analysis in that interaction among males and females
can be avoided and the number of cross combinations can be
reduced without affecting the accuracy of the results. The
present study was carried out in a line X tester model using
eight varieties of tomato to estimate the general combining
ability of the parents and specific combining ability of the
hybrids. The three bacterial wilt resistant varieties were used
as lines (female parents) to ensure the production of hybrid

seeds on the mother plants.

Analysis of variance had shown that the treatments were
significant for all the characters, suggesting that there was
significant differences among the genotypes. The mean sauare due
to parents were significant for number of branches/plant,
indicating that the parents differed significantly for this

trait. The mean squares due to lines, testers and line x tester
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hybrids were significant for the characters viz., plant heiaht,
number of leaves/plant, period of harvest, individual fruit
weight, number of fruits/plant, fruit yield/plant, locules/fruit
and size of fruits. For the two characters viz., spread of the
plant and pericarp thickness only the line X tester hybrids

showed significance.

The results obtained from the line x tester analvsis are

discussed below:

Combining ability and gene action

The analysis of variance revealed that the mean squares due
to lines and testers were significant for number of
branches/plant. This indicated the importance of gca alone for
the expression of this trait which inturn reflects the importance
of additive gene action. The mean square due to lines, testers
and line x tester interactions were significant for the
characters viz., plant height, number of leaves/plant, period of
harvest, individual fruit weight, number of fruits/plant, fruit
yield/plant, locules/fruit and size of fruits. This showed the
importance of both aca and sca for these traits which inturn
suggest the involvement of both additive and non-additive aene
action in the inheritance of these characters. Hence these
characters are amenable to selection as well as hybridization.

However the variance due to l1ine x tester interaction alone was
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significant for spread of the plant and pericarp thickness,
suggesting the involvement of sca alone for the inheritance of

these characters.

plant height

For plant height significant variance was recorded by
testers and line X testers. So both aca and sca effects were
significant for this character, suggesting the involvement of

both additive and non additive gene action for the expression of

this trait. But’the ratio of additive to dominance variance was
less than unity. This revealed the predominant role of non
additive gene action. in agreement to this non additive aene
action was reported by Govindarasu et atl. (1981), Sidhu et al.

(1981), Sonone et al. (1986) and Brahma et al. (1991) in tomato.
Predominance of additive gene action was reported by Singh and
singh (1980) and Ghosh and Symal (1994). However +the involvement

of both additive and non additive effects were also reported by

Moya et al. (1986) and Ali et al. (1989) in tomato.

The estimates of combining ability revealed that, among the
three lines only Arka Alok had significant negative gca effect.
Among the five testers, LE 373 recorded significant positive gaca
effect while RFH-1 recorded significant negative gca effect.
Significant positive sca effects were shown by the hybrids. Arka

Abha x LE 370, Arka Alok x PKM-1 and sakthi x LE 312. Rut
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maximum sca effect was shown by the hybrid Arka Alok x PKM-1,
where one parent had negative gca effect and the other parent had
positive gca effect. In the hybrid Arka Abha x LE 2370 both
parents had positive gca effects. The hybrid Sakthi x LE 312 had
one parent with positive gca effect and other parent with

negative gca effect.

Observations on heterosis in the hybrids, well supported the
results of combining ability analysis. Since there were
predominant non additive gene action and significant sca effects:
heterosis was pronounced in the hybrids. Positive heterosis was
recorded by 14 hybrids out of the fifteen. Significant positive
heterosis over mid parent was recorded by 11 hybrids. of these
six hybrids recorded significant positive heterosis over the
better parent. The hybrid Arka Alok x PKM-1 recorded significant
positive heterobeltiosis also exhibiting significant sca effects
in the combining ability analysis. Positive heterosis for this
trait was reported earlier by Rema Bai (1975), Babu (1978), Ahmed

et al. (1985), Brahma et al. (1991) and Dod et al. (1992).

Number of branches/plant

For number of branches/plant, variance due to 1lines and
testers were significant, suggesting the major involvement of
additive gene action. More over the contribution of testers was

max imum here. For 1ine x tester interaction the variance was not
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not

significant which 1mp]iéd that the =sca
significant. However crosses should be selected on the basis of
gca effect of parents, unless sca variance exceeds twice qca
variance. Here sca variance does not exceed twice gca variance.

Hence selection should be based on the gca effect of parents.

Predominance of additive gene action for the above trait was
reported by Gurdalbir Singh and Nandpuri (1974), Singh and Sinah
(1980), Lonkar and Borikar (1988) and Ghosh and Symal (1994) in
tomato which supported the present findings. But contrary to
this, bpredominance of non additive gené action was reported by
Govindarasu et al. (1981) and Sidhu et al. (1981). involvement
of both additive and non additive gene actions were reported for

this trait by Ali et al. (1989).

Among the lines. Arka Alok showed significant negative gca
effect while Sakthi showed positive gca effect. Among testers,
LE 370 alone showed significant positive agca effect. None of the
hybrids showed significant positive sca effect. But significant
negative sca effect was observed in Arka Alok x LE 370, where
one of the parents is having significant negative gca effect and

the other parent is having positive gca effect.

significant positive heterosis over mid parent was recorded
only in one hybrid Arka Abha x LE 370. Rema Bai (1975) and Sidhu

et al. (1981) also reported significant heterosis for this trait.
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spread of the plant

The mean sguares for line x tester interaction alone WaSs
significant for the character, spread of the plant. This
indicated significant sca effect. The proportional contribution
of line x tester hybrids was also maximum for this character.
The ratio of additive to dominance variance was less than unity.
All these suggested the involvement of non-additive gene action
alone for the expression of this trait. 1t is in agreement with

the result of chandrasekhar and Rao (1989) in tomato.

The lines Arka Alok and Sakthi exhibited significant
negative and positive gca effects respectively for soread of the
plant. Among testers . LE 212 and RFH-1 showed significant
positive and negative gca effects respectively. sianificant
positive sca effect was observed in three hybrids viz., arka Abha
x LE 373. Arka Alok x PKM-1 and sakthi x LE 370. Among these
Arka Abha x LE 373 had parents with negative X positive gca
effects, Sakthi x LE 370 had parents with positive X positive gca
effects and Arka Alok x PKM-1 with negative X negative gca

effects.

The heterosis expressed in the hybrids for spread of the

plant was also studied. 1t was found that a very hiah dearee of
heterosis Wwas manifested among the hybrids. out of the 15
hybrids 14 recorded positive relative heterosis. significant
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positive heterosis was recorded by :ten hybrids over mid parent,
eight hybrids over better parent and three hvybrids over standard

parent. The maximum heterosis was expressed by Sakthi x LE 212.
Period of harvest

Variance due to lines, testers and line x tester interaction
was significant for period of harvest. This indicated that both
additive and non-additive gene actions were involved 1in the
expression of this trait. However this trait was found te be
controlled predominantly by non-additive gene action since the
additive to dominance variance ratio was less than one. 1In
agreement to this., non-additive gene action was reported by
Egiyan and Luk'vanenko (1979) and Singh and Singh (1980). But
predominance of additive gene action was reported by Swamy and
Mathai (1982) and Ghosh and Symal (1994). The involvement of
both additive and non-additive gene action was reported by
Nandpuri et al. (1975), Trinklein (1975), Scossiroli et al.

(1976), Ali et al. (1989) and Swadiak and Kordus (1992).

Among the parents, the line Arka Alok and the testers LE 312
and LE 372 exhibited significant negative gca effect. The
highest negative sca effect was observed in the hybrid Arka Abha

X PKM-1, where both the parents were positive general combiners.
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The predominance of sca variance is well reflected in the
hybrids. Significant heterosis was recorded by the different
hybrids. Positive heterosis was significant in Arka Abha x RFH-1
and Sakthi x RFH-1 while it was significantly neaative and
maximum in the hybrid Arka Alok x LE 373. Negative heterosis i<
preferable for bperiod of harvest since it aives earliness and

compactness for harvest.

Significant heterotic effects for early yield were reported
by Zubeldia and Nuez (1974), Trinklein (1975) and Egivan and
Luk'yanenko (1979) in tomato. Moderate heterosis for earliness

was also reported by Govindarasu et al. (1982).

Iindividual fruit weight

Variance due to lines and line x tester interactions were
significant for individual fruit weight. This showed that both
additive and non-additive gene actions were involved in the
inheritance of this trait. This is in confirmity with the
results of Gurdalbir Singh and Nandpuri (1974), Mova et al.
(1986), Ali et al. (1989) and Szwadiak and Kordus (1992).
Predominance of additive gene action was reported by Dixit et al.
(1980). Sonone et al. (1986) and Omara et al. (1988) for this
trait. 'n the present study predominance of non-additive gene
action was indicated since the additive to dominance variance

ratio was less than unity.
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All the lines showed significant gca effect for individual

fruit weight. Maximum gca effect was exhibited by Arka Alok.
But Sakthi showed significant negative gca effect. ATl the
testers. except LE 312 exhibited significant aca effect. REH-1

showed maximum gca effect. Nine hybrids exhibited significant
sca effects. But siagnificant positive sca effect was expressed
by five hybrids. Maximum sca effect was observed in Arka Alok «x
RFH-1, where both parents were having significant positive aca
effects. The hybrids Arka Abha x LE 370, Arka Alok x LE 312 and
Arka Abha x LE 373 had parents with positive x negative ageneral
combiners. The hybrid Sakthi x PKM-1 had parents with negative x

positive aeneral combiners.

Significant heterosis expressed in the hybrids for
individual fruit weight supported the results of combining
ability analysis. Ten hybrids recorded significant positive
relative heterosis. of which the four viz.. Arka Alok x LE 312,
Arka Alok x RFH~1, Arka Alok x PKM-1 and sakthi x RFH-1 recorded
significant positive heterobeltiosis also. The hvbrid Arka Alok
X RFH-1 which had the highest sca effect recorded maximum
positive heterosis for fruit weight. Similar findinas were also

reported for this trait by Ahmed et al. (1988).
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Number of fruits/plant

For number of fruits/plant the variance was sianificant for
lines and line x tester hybrids Hence both aca angd 3Ca  were
significant, Suggesting the involvement of both additive and
Non-additive gene actions. Here the ratio of additive to
dominance variance was found to be less than one indicating the
preponderance of non~additive gene action. This finding was in
agreement with the results of Govindarasy et al. (1981) and Sidhuy
et al. (1981). But contrary to this, singh and Singh (1980),
Omara et al. (1988) and Sonone et al. (1986) reported predominant
additive gene action for this trait. Significance of both
additive and non-additive gene effects were reported by Moya et

al. (1986). Dhaliwal and Nandpur j (1988), a1l et al. (1989) and

Szwadiak and Kordus (1992).

A1l the lines recorded significant aca effect. Two Tines
Arka Abha and Arka Alok exhibited significant hNegative «cy
effect. Among testers LE 370 and PKM-1 exhibited significant
positive gca effect, whereas |E 373 exhibited sianificant
negative gca effect. Among hybrids significant sca effect  was
observed in six hybrids - three with positive sca effect ang
three with negative sca effect. High sca effect was observed in
the hybrids Arka Alok x PKM-1. Arka Abha x PKM-1 and Sakthi x LE

370. Hybrids Arka Alok x PKM-1 and Arka Abha x PKM-1 had parents
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with negative X positive gca effect while gakthi x LE 270 had

positive X positive gca effect.

Positive heterosis expressed by the hybrids supports the
predominance of sca effect. out of 15, 12 hvbrids showed
positive heterosis. Heterosis was significant\y positive in seven
hybrids over mid parent viz.. Arka Abha x RFH-1. arka Abha ¥
PKM-1, sakthi x LE 312, Sakthi X LE 373, sakthi x LE 270, Sakthi
« RFH-1 and Aarka Alok X pkM-1. These hybrids showed siagnificant
heterobeltiosis also. The hybrid gsakthi x LE 370 exhibited

significant standard heterosis for this trait.

Pronounced heterosis for this trait was reported ear lier by
sonone et al. (1981). Govindarasu et al. (1982). grahma et al.
{1991) and Dod et al. (1992). Heterobeitiosis was reported by

Ahmed et al. (1988).

Fruit yield / plant

significance of gca and sca was revealed from the analvsis
of variance for fruit vield/plant; as +he mean sauares due to
1ines and 1ine x tester interactions were sianificant. This
trait is therefore controlled by both additive and non-additive
gene actions. gut the ratio of additive to dominance variance
was 1ess than unity indicating that non-additive aene action is
predominant]y involved 1n the expression of this trait. This 33

in accordance with the £indings of Govindarasu et al. {1Q81) .
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Sidhu et al. (1981). Sonone et al. (1986) and Krvuchkov et al,
(1992). But predominance of additive gene effects were
reported bv Dholaria and Qadri (1983), Lonkar and Borikar (1988)

and Omara et al. (1988).

The gca effect was positively significant only in one line
ie. Sakthi where as it was insignificant among testers. The sca
effect was sianificant in four hybrids. Maximum positive sca
effect was shown by Arka Abha X LE 370 obtained from parents with
negative x positive gca effect. It was followed by 35akthi
RFH-1, where both parents were having positive gca effents. En
the hybrid Arka Alok x PKM-1, the sca effect was significant and
positive; while the parents were having positive x negative gca
effects, In the hybrid Arka Abha x PKM-1. sca effect was
significant and negative; where both parents were negative

general combiners.

The expression of heterosis in the hybrids was estimated and
it was found that out of 15, five hybrids showed sianificant
positive heterosis over mid parent and four hybrids over hetter
parent. The hybrids Arka Alok x RFH-1 and Arka Alok x LF 373
exhibited high significant positive relative heterosis ard
heterobeltiosis. Earlier reports by Avdeev (1974). Ahmed o+ al.
(1988), Narcisco and Rosario (1988) and Mandal et al. (1989)
indicated that there was significant positive heterobeltiosis

expressed for this trait in tomato.
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Pericarp thickness

variance due to line x tester interaction alone was
significant for pericarp thickness suggesting the importance of
non-additive gene action for the expression of this trait.
Moreover the ratio of additive to dominance variance was l1ess
than one. So only non-additive gene action is involved in the
inheritance of this trait. This finding was in agreement with
the results of Dixit et al. (1980), Bhutani (1981) and Sidhu et
al. (1981). But the predominance of additive gene action was
reported by Nandpuri and Tyagi (1976), Patil and Patil (1988) and

Ghosh and Symal (1994) in tomato.

The 1line Arka Alok showed maximum positive gca effect and
sakthi showed significant negative gca effect. But sianificant
positive gca effect was observed in the tester RFH-1 alone.
Significant positive sca effect was found in the hybrid Arka Alok
x RFH-1, where both parents were having maximum gca effect.
Eight hybrids had significant positive sca effect. of these
three hybrids were having parents with positive x negative ac»a
effects, two hybrids were having parents with positive x positive
gca effects, two hybrids were having parents with negative ¥
negative gca effects and one hybrid was having parents with

negative x positive gca effect.
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exhibited significant negative sca effects. The maximum sca
effect was expressed by Arka Alok x PKM-1, where both the parents
were having negative gca effects. in the three hybrids Arka Abha
x LE 370, Arka Abha x LE 312 and Arka Abha x LE 373; all the

parents were having positive gca effects.

Since the character is predominantly under the control of
non-additive gene action the heterosis also was significant in
the hybrids. sSignificant positive heterosis Wwas observed 1in
eight hybrids over mid parent and three hybrids over better
parent. Max imum positive heterosis was recorded by the hybrid,
Arka Alok x PKM-1 which showed high sca effect in the combining

ability analysis.
Locules/fruit

Significant mean sum of squares due to lines and line X
tester interactions were recorded for locules/fruit. This
indicated significant gca and sca effects and the involvement of
additive and non-additive genetic components in the expression of
this trait. But the ratio of additive to dominance variance was
found to be less than one, indicating the predominant role of
non-additive gene action. This is in agreement with the results
of Bhutani (1981) and Sidhu et al (1981) in tomato. .Predominance
of additive gene effects were reported by Singh and Singh (1980),

Moya et al. (1986), Bhutani and Kalloo (1991) and Ghosh and Symal



Pericarp thickness

Variance due to 1line x tester interaction alone was
significant for pericarp thickness suggesting the importance of
non-additive gene action for the expression of this trait.
Moreover the ratio of additive to dominance variance was less
than one. So only non-additive gene action is inveolved in the
inheritance of this trait. This finding was in aareement with
the results of Dixit et al. (1980), Bhutan;i (1981) and Sidhu et
al. (1981). But the predominance of additive gene action was
reported by Nandpuri and Tyagi (1976), Patil and Pati] (19828) and

Ghosh and Symal (1994) in tomato.

The 1line Arka Alok showed maximum rositive aca effect and
Sakthi showed significant negative gca effect. BRut significant
positive gca effect was observed in the tester RFH-1 alone.
Significant positive sca effect was found in the hybrid Arka Alok
X RFH-1, where both parents were having maximum gca effect.
Eight hybrids had significant positive sca effect. 0f these
three hybrids were having parents with positive x negative gqca
effects, two hybrids were having parents with positive x positive
gca effects, two hybrids were having parents with negative «
negative gca effects and one hybrid was having bparents with

negative x positive gca effect.
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Positive heterosis was recorded in 11 hybrids out of 15,
Out of the 11, significant positive heterosis was exhibited in
two hybrids over mid parent and two hybrids over better parent
and one hybrid over standard parent. Patil and Patil (1988) also
reported high heterosis in tomato for pericarp thickness. Al
the three tvpes of heterosis were significant in Arka Alok x
RFH-1 which had shown maximum sca effect, 1in the combining

ability analysis.

Number of leaves/plant

Analysis of variance for number of Jleaves/plant. showed
significant variance for testers and line x tester hybrids.
Hence gca and sca effects were significant for this character
indicating that both additive and non-additive genetic components
were involved in the expression of this trait. But the ratio of
additive to dominance variance was less than one, sugaestina the
predominant role of non-additive gene action. Predominance of
non-additive gene action was reported earlier by Konstantinova

et al. (1990).

The 1line Arka Abha alone showed significant vpositive gca
effect. Among the testers, four showed significant gca effects.
They were LE 312, LE 370, LE 373 and RFH-1. The maximum positive
gca effect was exhibited by the tester LE 312. Oout of seven

hybrids four exhibited significant positive sca effects and three
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(1994). Importance of both additive and non-additive effects
were reported by Bagrawat Singh et al. (1980) and Tarrega and

Nuez (1983).

Among the lines, Arka Alok recorded significant positive gca
effect. while Sakthi recorded significant negative gca effect.
None of the testers showed significant positive or negative gca
effect. Significant positive sca effect was recorded only in one
hybrid die Arka Abha x RFH-1 which had parents with positive x
negative aca effect. As it is indicated, in the combining
ability analysis the predominance of non-additive gene action is
projected in the expression of heterosis. Out of the 15 hybrids.
three hybrids recorded significant positive heterosis over mid
parent and one hybrid over better parent. Earlier reports of
Ahmed and Petrescu (1983) also indicated positive sianificant

heterosis for Jocules/fruit in tomato.
Size of fruits

In the analysis of variance for size of fruits significant
sum of sauares was recorded for lines and line x tester hvbrids.
This indicated the importance of both gca and sca for this trait.
The ratio of additive to dominance variance was less than unity
indicating that this character was predominantly under the
control of non-additive gene action. Nandpuri and Tyagi (1976),

Dudi et al. (1979), Singh and Singh (1980), Govindarasu et al.
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(1981) and Dholaria and Qadri (1983) reported predominance of
additive gene action for this trait. But significance of both
additive as well as non-additive gene action was reported by

t al. (1975), Tarrega and Nuez (1983) and Moya et al.

Nandpuri

(1988).

Combining ability analysis revealed that all the 1lines
showed significant gca effect. Lines Arka Abha and Arka Alok
exhibited significant positive gca effect whereas  Sakthi
exhibited negative aca effect. Maximum gca effect was exhibited
by Arka Alok. A1l the testers, except LE 312, showed significant
gca effect. The testers LE 370 and LE 373 exhibited significant
negative gca effect whereas RFH-1 and PKM-1 showed positive gca
effect. Maximum gca effect was expressed by RFH-1. Three
hybrids showed significant positive sca effect and three hybrids
showed significant negative sca effect. Maximum positive sca
effect was shown by Arka Alok x RFH-1, formed from parents which
were having maximum positive gca effects. This was followed by
Arka Abha x RFH-1, Arka Alok x LE 312 and Arka Abha x LE 370,

where the parents were having positive X negative gca effect.

The heterosis observed in the hybrids also support the above
findings. Out of the 15 hybrids, six hybrids recorded
significant positive heterosis over mid parent and three hybrids
recorded significant positive heterosis over better parent. Two

hybrids showed significant positive standard heterosis. Max imum

113



heterosis was recorded by the hybrid Arka Alok x RFH-1, which had

shown maximum sca effect in the combining ability analysis.

Significant heterosis for size of fruits was reported

earlier by Alvarez (1985) and Sonone et a1, (1981).

In general the specific combination of Arka Abha x (¢ 270 s
showing significantly high sca as well as heterosis for the viald
attributes such as fryuit yield/p]ant, individual fruit weight
size of fruit and vegetative characters such as plant height and
number of leaves/plant. This combinatinn showed significant
heterosis for branches/piant also,. Observations on pests and
diseases showed that the above hvbrid is free from fryuit borer
attack and diseases like mosaic and leaf curl. 't exhibiteqd

1ndeterm1nate arowth habit.

The specific combination Arka Alok x PKM-1 is alse showing
significant]y high sca as well as heterosis fop number of
fruits/p]ant. fruit yield/p]ant, plant height and leaves/plant‘

This showed determinate growth habit.

The two hybrids Arka Alok x LE 319 and Arka Alok x RFH-1 are
showing high sca and heterosis for individual fruit weight, size
of fruits and pericarp thickness. For fruit vield/plant the
above two combination are showing significant heterosis. These
showed indeterminate and semj determinate growth habits

respectively,
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Sakthi x RFH-1 is a specific combination which showed high
sca for fruit vield/plant. This combinat ion is showing
significant heterosis for individual fruit weight and‘number of
fruits/plant. This combination exhibited determinate arowth

habit,

From the general combining ability analvsis it g evident
that all the three lines viz., Arka Abha, Arka Alok and Sakthi
are good genera] combiners with respect to vyieid and vield
attributes. The testers are good geners] combiners for the

different vegetative characters.

In the specifice combining ability analysis of the 15 lipe «
tester hybrids, pronounced specific combining ability and
significant heterosis were observed in the five hvbrids viz.,
Arka Abha x LE 370, Arka Alok x PKM-1. Arka Alok X LE 312, Arka
Alok x RFH-1 and Sakthi x RFH-1: for the different yield
attributes. Amona these the hybrid Arka Abha X LE 370 is  found
to be free from diseases like mosaic and leaf cur} and alse  freae

from the fruit borer attack.

Fruits of Arka Abha x LE 370, Arka Alok x PKM-1 and Sakthi x

RFH-1 are given in plates 1. 9 and 3.

Good general] combiners and specific combiners based on their

combining ability are presented in table 18 and 19,
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Table - 18 Lines and testers with high general combining ability
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Plant height
No. of branches/plant
Spread of the plant

Period of harvest

Individual fruit weight
Number of fruits/plant
Fruit yield/plant
Pericarp thickness
Number of leaves/plant
Locules/fruit

Size of fruit
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Testers and L x T hybrids

Lines and Testers

L x T hybrids

Lines, Testers and L x T
hybrids

Lines and L x T hybrids

Lines and L x T hybrids

Lines and L x T hybrids

L x T hybrids

Testers and L x T hybrids

Lines and L x T hybrids

Lines and L x T hybrids

Good lines Qood testers
- LE 373
Sakthi LE 370
Arka Alok LE 312, LE 373
Arka Abha, Arka Alok -—
Sakthi --
Sakthi --
- LE 312, LE 370 & LE 373
Arka Alok --

Arka Abha, Arka Alok -
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Table - 19 Good line x tester ocombinations for different characters
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Lines\Testers LE 312

Arka Abha No. of leaves/plant*

Arka Alok Individual fruit weight*
Size of fruit

Sakthi Plant height*

Plant height*

Spread of the plant*

Individual fruit weight* individual fruit

Fruit yield/plant
No.of leaves/plant*

Size of fruit*

Spread of the plant*

No. of fruits/plant*

weight*

No. of leaves/plant*

Looules/fruit

Size of fruits

Individual fruit
weight*

Pericarp thickness*

Size of fruit*

Fruit yield/plant

No.of fruits/
plant*

Period of harvest*

Plant height*
Spread of the plant*

No. of fruits/plant*

Fruit yield/plant*

No.of leaves/plant*

individual fruit weigt
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* significant heterosis












$ignificant for spread of the plant and pericarp thickness. Both
aca and sca were significant for the remaining characters such as

plant height, period of harvest, individuai fruit weight, fruits/

plant, fruit yield/ plant, leaves/plant. locules/fruit and size
of fruit. The additive to dominance variance ratio indicated 2
preponderance for non additive gene action in the above
characters.

Combining ability analysis showed that all the three lines
viz., Arka Abha, Arka Alok and sakthi were good general combiners
with respect to fruit yield and other vield attributes whereas
the testers were aood general combiners, for the different
vegetative characters such as plant height, branches and leaves/
plant. Among the 15 hybrid combinations, significant soa and
heterosis were observed in the hybrids such as Arka Abha x LE
370, Arka Alok x PKM-1. Arka Alok X LE 312, Arka Alok x RFH-1 and
sakthi X RHF-1. Among these hybrids, Arka Abha X LE 370 showed
significance for fruit yield, individual fruit weight, size of
fruit, plant height, ieaves/piant, branches/p\ant and also showed
resistance to mosaic, leaf curl and fruit borer. This rydrid
exhibited indeterminate growth habit. The hybrid Arka Alok X
PKM-1 showed significance for fruits/plant, fruit yie\d/oiant,
plant height and leaves/plant. The combinations Arka Alok X LE

312 and Arka Alok X RFH-1 showed high sca and heterosis for



SUMMARY



SUMMARY

Tomato is a nutritious vegetable crop which is facing the

serious problem of bacterial wilt in Kerala. Developing high
yielding, bacterial wilt resistant varieties adapted to Kerala
conditions is of prime importance. Earlier studies show that

there is much scope for heterosis breeding since positive
heterosis is expressed in tomato hybrids for the different yield
attributes. The present study was undertaken with an objective
of finding out the genetic basis of the different morphological
characters and identifying suitable parents for hybridization
programmes, based on the general combining ability of the
parents and also specific combining ability and heterosis for the

yield attributes of hybrids.

The experiment was carried out in a line x tester model at
the Department of Plant Breeding and Genetics, College of
Agriculture, Vellayani during 1993-94, using three bacterial
wilt resistant varieties viz., Arka Abha, Arka Alok and Sakthi as
lines and five popular good varieties viz., LE 312, LE 370, LE
373, RFH-1 and PKM-1 as testers. The experiment was laid out in

RBD with three replications.

The observations were recorded on plant height, number of
branches/plant, growth habit, spread of the plant, nperiod of

harvest, individual fruit weight, number of fruits/plant, fruit
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harvest, individual fruit weight, number of fruits/plant, fruit
yield/plant, number of leaves/plant, pericarp thickness,
locules/fruit, size of fruits and also on pest and diseases. The

salient inferences are presented below.

Analysis of variance indicated highly significant
differences among the treatments (genotypes) for all the
characters - plant height, branches/plant, leaves/plant, spread
of the plant, period of harvest, individual fruit weight, number

and weight of fruits/plant, size of fruit, pericarp thickness and

locules/fruit. Except for branches/plant sca variance was
significant for all the characters. Therefore the character
branches/plant is mainly governed by additive gene action. The

two characters - spread of the plant and pericarp thickness of
fruit -are mainly governed by non-additive gene action. All the
remaining characters are governed by additive as well as non

additive gene action showing preponderance to non-additive genes.

The general combining ability analysis showed that all the
three 1lines viz., Arka Abha, Arka Alok and Sakthi were good
general combiners with respect to fruit yield and other yield
attributes whereas all the five testers were good general
combiners for the different vegetative characters, such as plant
height, branches/plant and leaves/plant. The lines used in the
present study are resistant to bacterial wilt diseases and at the

same time they are good general combiners for the yield and yield
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attributes such as individual fruit weight, size of fruit, number
of fruits/plant and locules/fruit as it is evident in the study.
These promising varieties can be used in recombination breeding

programmes for better results.

Among the 15 line x tester hybrids the performance of five
hybrids excel the others. They are Arka Abha x LE 370, Arka Alok
«x PKM-1, Arka Alok x LE 312, Arka Alok x RFH-1 and Sakthi x
RFH-1. The hybrid Arka Abha x LE 370 exhibited highly
significant specific combining ability and heterosis for fruit
yield, individual fruit weight, size of fruit and for vegetative
characters such as plant height and leaves/plant. This
combination showed significant heterosis for branches per plant
and showed resistance to mosaic, leaf curl and fruit borer. This
also showed indeterminate growth habit. The hybrid Arka Alok x
PKM-1 exhibited significantly high sca as well as heterosis for
fruits/plant, fruit yield/plant, plant height and leaves/plant.
This combination exhibited determinate growth habit. The
combinations Arka Alok x LE 312 and Arka Alok x RFH-1 showed
significantly high sca and heterosis for individual fruit weight,
fruit size and pericarp thickness. These combinations also
showed high heterosis for fruit yield/plant. Indeterminate and
semi determinate growth habits were exhibited by these two

combinations respectively.
Saklhi x rREH- cxhibited s:'aniticamlly bigh  sca fion fewit yield/

W“Gt avd s@am$¢anb and Pos%hg bekeaosis bon murobest ol



fruits/plant and individual fruit weight. This hybrid also
showed resistance to the diseases such as leaf cur! and mosaic.

This showed determinate growth habit,

The above promising hvbrids can be directly popularised as
hybrid varieties or can be carried forward to evolve hich

yielding bacterial wilt resistant varities.
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ABSTRACT

An experiment in tomato (chépersicon esculentum Mill.) was
carried out at the Department of Plant Breeding and Genetics,
College of Agriculture, Vellayani during 1993-94, with the
objective of estimating the combining ability of parents and gene
action, involved in the inheritance of different yield
attributes. The study was conducted in a line x tester model,
using three bacterial wilt resistant varieties as lines and five

popular varieties as testers.

The three bacterial wilt resistant varieties (lines) were
Arka Abha, Arka Alok and Sakthi. The five popular varieties
(testers) were LE 312, LE 370, LE 373, RFH-1 and PKM-1. These
eight parental varieties and 15 hybrids were planted in the field
in RBD, with three replications. Observations recorded were
plant height, number of branches/plant, growth habit, spread of
the plant, period of harvest, individual fruit weight, number of
fruits/plant, fruit yield/plant, number of leaves/plant, pericarp
thickness, Jlocules/fruit, size of fruit and pest and disease

incidence.

Analysis of variance revealed highly significant differences
amona the genotypes for all the characters. Geca alone was

significant for number of branches/plant while sca alone was



significant for spread of the plant and pericarp thickness. Both
g9ca and sca were significant for the remaining characters such as

plant height, period of harvest, individual fruit weight, fruits/

plant, fruit yield/ plant, leaves/plant, locules/fruit and size
of fruit. The additive to dominance variance ratio indicated a
preponderance for non additive gene action in the above
characters.

Combining ability analysis showed that all the three lines
viz., Arka Abha, Arka Alok and Sakthi were good general combiners
with respect to fruit vield and other vyield attributes whereas
the testers were good general combiners, for the different
vegetative characters such as plant height, branches and leaves/
plant. Among the 15 hybrid combinations, significant sca and
heterosis were observed in the hybrids such as Arka Abha x LEF
370, Arka Alok x PKM-1, Arka Alok x LE 312, Arka Alok x RFH-1 and
Sakthi x RHF-1. Among these hybrids, Arka Abha x LE 270 showed
significance for fruit yield, individual fruit weight, size of
fruit, plant height, leaves/plant, branches/plant and also showed
resistance to mosaic, leaf curl and fruit borer. This hydrid
exhibited indeterminate growth habit. The hybrid Arka Alok «
PKM-1  showed significance for fruits/plant, fruit yield/plant,
plant height and leaves/plant. The combinations Arka Alok x LE

312 and Arka Alok X RFH-1 showed high sca and heterosis for



individual fruit weight, fruit size and pericarp thickness, angd
also high heterosis for fruit vield/plant. Among these, Arka
Aloka 3192 showed indeterminated arowth and Arka Alok x RFH-1
showed semi determinate growth habit. sakth; X RFH-1 exhibited
high sca for fruit vield/plant and heterosis for fruit number and
individual fruit weight. This hybrid also showed resistance to
lTeaf curl angd mosaic. This hybrid showed determinate growth
habit. Therefore these hybrids can be utilized for further crop

improvement orogramme.



