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INTRODUCTION



For the development of hybrid (F ,) variety suitable parents 

must be identified first. In this respect a basic knowledge on 

the combining ability of parents and gene action governing the 

yield characters is a pre-requisite for launching the 

hybridization programme.

As far as Kerala is concerned bacterial wilt caused by 

Pseudomonas so 1anacearurn is a handicap which practically prevents 

the tomato cultivation. So to suit the condition of Kerala the 

high yielding varieties must necessarily 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 objective 

of estimating the combining ability of parental varieties and 

nature of gene action involved in the inheritance of different 

yield 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 yielding wilt resistant 

hybrid varieties.
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REVIEW OF LITERATURE



REV  1 EEW OF l_ I T E R A T U R E

Information on combininq ability, qene action and heterosis 

for yield attributes in relation to wilt resistance is essential 

to chalk out efficient breedinq programmes in tomato. A review 

of literature on these aspects are presented below.

Plant heiqht

a. Combininq ability and qene action

Svanosio and Vandoni (1974) studied combininq ability 

involvinq eiqht lines from intervarietal hybrids of tomato in the 

F 4 , F 5 and Fg generations and reported siqnificant sca effects

for plant heiqht.

In a study of intervarietal hybrids of tomato Rema Ban 

(1975) reported dominance for tall stature over medium stature of 

p 1 a n t .

Combininq ability analysis for plant heiqht was carried out 

by Sinqh and Sinqh (1980). They reported that the qca variances 

were hiqher than sca variances in the F-j and F 2 generations. 

Additive qene action was predominant for this character.
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reported that sea 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 a l . (1981). They reported higher estimates of gca than

those of sea. 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.

Moya et a l . (1986) in an estimation of combining ability of

nine tomato varieties significant gca and sea effects were 

reported for fruiting height.

Sonone et a l . (1986), in a combining ability analysis for

yield and its 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 sea effects in six 

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

Govindarasu et a l . (1981) from a line x tester analysis
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Combining ability for plant height was studied in a six 

parent diallel cross of tomato by A 1 i et aj_. (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, F-,, F 2 , BC-, and BC2 generations of two crosses

involving three parents by Brahma et al- (1991)- They reported 

that in the cross Jap x CTI, the dominance effects were 

pronounced. Combining ability analysis of tomato including nine 

parents and their 36 Fis 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 F h y b r i d s ,  reported heterosis for plant height.

Govindarasu et aj_. (1982) studied heterosis in tomato 

involving 11 lines, four testers and their hybrids and reported 

that heterosis was moderate for plant height.



Ahmed et aj_. (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 aj_. (1991) studied the inheritance of plant height 

in the parental , F-| , F 2 > BC-j and BC 2 generations of tomato and

reported heterosis for this trait.

In a 12 x 12 dial lei cross involving parents and 6 6 F-j 

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 a±. (1979) in a line x tester analysis in 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 sea variances in
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the F 1 and F 2 generations for number of primary branches/plant 

indicating predominance of additive gene action.

From a line x tester analysis Govindarasu et aj_. (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 aj_. (1981) reported high sca values and

predominance of non additive gene effects for number of

branches/p 1 a n t .

Younis et. a_l_. (1987) reported that four gene pairs with

dominance was involved in the inheritance of low number of 

branches/p 1 a n t .

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 

a l . , 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

7



primary branches. They suggested that crosses involving poor and 

average general combiners could give better expression for this 

trai t .

b. Heterosis

Rema Bai (1975) studied heterosis in intervarieta 1 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 a l .

(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 aj.. (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 

sea effects for spread of the plant in 6 crosses from a combining 

ability analysis of tomato.
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Period of harvest

a. Combining ability and gene action

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

the F 4 , F 5 and Fg generation of tomato involving eight lines from

intervarietal hybrids and noticed that there were significant gca 

and sea effects for this trait.

Nandpuri et. aj_. ( 1975) studied the combining ability aspects 

in a set of top crosses of male sterile lines x pollinators and 

reported that gca and sea variances were important for 

ear 1 i ness.

In a daillel cross involving six cultivars of tomato,

Trinklein (1975) reported highly significant gca and sea effects

for early yield and also reported that dominance and epistasis

were involved in the inheritance of this character.

Maggiore et. aj_. (1976) studied combining ability of tomato

for early yield and observed significant gca and sea 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.
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Dudi et aj_. ( 1979) studied combining ability aspects of 

tomato in a 1 ine 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 intervarieta 1 hybridization 

in tomato using the lines 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 Fi generation.

F 1 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 

Fi hybrids Kalf-Allah and Kaseem (1985) reported that Pace setter 

502 had the highest gca for early yield. They also suggested
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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 in the varieties Oxheart, Fortuna and Floradel. They

also reported partial dominance for this character and

suggested that in order to get Fi 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 a_l_. ( 1987) reported that additive gene action was 

important in the inheritance of earliness. They suggested that 

two gene pairs with dominance was involved for early ripening in 

tomato.

A 1 i et a_l_. ( 1989) from their studies on combining ability

for harvesting period in a 6 parent diallel cross 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 complete 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-dominance model of gene action for this 

trait.
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Dial lei analysis for combining ability in tomato was 

conducted by Ghosh and Symal (1994). They reported that gca 

variances were greater than sea variances and hence additive gene 

action was predominant for days to ripening. They suggested that 

crosses involving poor general combiners could show better 

express ion.

b. Heterosis

Heterosis was reported for earliness in certain tomato 

hybrids by Zubeldia and Nuez (1974).

In a study of seven inbred lines and their 21 F-| 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 intervarieta 1 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 aj_. (1982) studied heterosis in tomato 

involving 1 1  lines, four testers and their hybrids and reported 

that heterosis was moderate for earliness.
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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 

dial lei cross of tomato by Ali et a±. (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 dial lei cross involving parents and 66 F •)

hybrids in tomato Dod et a 1. (1992) reported pronounced heterosis

for days to first harvest.

Individual fruit weight

a. Combining ability and gene action

Qurdalbir 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 sea 

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 

f4 > f5 and F6 generation of intervarietal hybrids of tomato and 

indicated significant gca effects for mean fruit weight.
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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 diallel crosses among 9 inbred 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
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revealed highly significant gca and sca variances and predominant 

additive gene action for the above character.

Khali 1 et. aj[ ( 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 F-| 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 F^'s derived from a diallel cross Moya et a l .

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

for fruit weight.

Sonone et a_l_. ( 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 aj_. ( 1988) reported that in a 6 x 6 diallel cross 

of tomato gca and sca effects were significant in the parents and
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F-\ hybrids. The components of variance analysis revealed 

predominant additive gene effects for fruit weight.

Chandrasekhar and Rao (1989) reported significant positive 

sea 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 jlI. ( 1989) and they reported 

significant gca and sea variances and hence suggested the 

involvement of additive and non additive gene effects in the 

inheritance of this trait.

Szwadiak and Kordus (1992) crossed four tomato lines in 

complete diallel design and reported significant gca and sea 

variances for single fruit weight.

Diallel analysis for combining ability in 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 aj_- (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.
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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 3 was superior 

to the better parent.

Ahmed et aj_. ( 1988) studied heterosis in 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 line 

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/p 1 a n t .

Svanosio and Vandoni (1974) studied combining ability in

tomato involving 8 lines from intervarieta 1 hybrids in the F4 ,

f5 and f 6 generations and reported significant gca effects for 

th i s trait.
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In tomato combining ability analysis in a set of top crosses 

of male sterile lines x pollinators was conducted by Nandpuri et 

aj.- ( 1975). They reported significant gca and sea 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-j generation.

Combining ability analysis for five yield components in the 

winter and summer seasons was conducted by Dhillon et aj_. ( 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 2 1  crosses, certain hybrids showed high 

sea for number of fruits/plant.
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In a line x tester analysis Dixit et al. (1980) revealed 

that gca variances and sea variances were significant for this 

trait. But gca variances were higher than sea variances 

indicating that additive gene action was predominant.

Analysis of variance for combining ability in tomato 

conducted by Singh and Singh (1980) showed that the gca 

variances were higher than sea variances in the F -j and F 2  

generations for number of fruits/plant and number of 

fruits/bunch indicating the predominance of additive gene 

act i o n .

Govindarasu et al. (1981) reported from a line x tester 

analysis, that sea variances were higher than gca variances for 

number of fruits/plant and hence non additive gene action was 

involved in the inheritance of this trait.

In a study of combining ability in pear shaped tomato Sidhu 

et aj_. (1981) reported predominance of non additive gene effects 

for number of fruits/plant.

Combining a b i 1ity 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 aj_. ( 1983) studied heritability of number of 

fruits/plant and indicated that the character was quantitatively 

inherited with predominance of additive effects and partial 

domi na nce.

Combining ability analysis of 9 tomato varieties including 

36F 1 's of a diallel set indicated significant gca and sca effects 

for this trait. (Moya et a]_. , 1986).

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

showed that both gca and sea effects were high in the F-j

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 A 1 i et aj_. ( 1989) and revealed significant gca 

and sea 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 I PA-3 and Roma VFN showed high gca and hybrids with

Roma VFN as one of the parents showed high sea for total number

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

The inheritance of number of fruits per plant was studied in 

the parental, F-j, F 2 , BC-j and BC 2 generation of two crosses

involving three parents and reported that in the cross Jap x

C T I , the dominance and the additive x dominant gene effects were 

predominant (Brahma et aj.. , 1991).

Szwadiak and Kordus (1992), in a study of combining ability 

four tomato lines were crosed in a complete diallel design and 

recorded significant gca and sea variances for this trait.
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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 . Heteros i s

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 F •) hybrids and showed heterosis for 

fruit number.

In tomato a line x tester analysis was carried out by Anbu 

et aj_. (1981) and they estimated the relative heterosis and 

heterobe 1 1  i os i s 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 1 1  lines, four testers and their hybrids and reported 

that heterosis was high for fruits/plant.

Jamwa1 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 aj_. (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, F 1? F 2 , BC, and B C 2 generations of 

tomato and reported heterosis for this trait.

In a 12 x 12 diallel cross involving parents and F , hybrids

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

number of fruits/plant.
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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 lines with pollinators in tomato for yield 

components showed the importance of gca and sea 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 

line 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, F-j and F 2 generations recorded 

significant gca and sea variances for yield/plant.

Dudi et aj_. ( 1979) conducted a line x tester analysis in 

tomato with parents and their 2 1  crosses and reported that

certain varieties and hybrids showed high gca and sea for total 

yield.

In a line x tester analysis, Dixit et aj_. ( 1980) revealed 

that gca variances of the female parent were significant and 

higher than sea variances with regard to yield/plant in tomato.

The variety HS 120 had the highest gca for yield.

Combining ability studies in tomato by Singh and Singh 

(1980) indicated the significance of non additive variances for 

yield/plant in both F-| and F 2 generations.

According to Govindarasu e)t aj_. (1981), sea variances were 

higher than gca variances for this trait. They also reported a 

preponderance of non additive gene action here.
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Sidhu et aj_. (1981) studied combining ability in pear shaped 

tomato involving seven varieties and their hybrids from a non 

reciprocal diallel cross and reported high values for both gca 

and sea. They also reported significant additive and non 

additive gene effects with predominance of non additive gene 

effects for total yield/plant.

In a line x tester analysis of tomato Borikar et a j . (1982) 

reported high gca in the tester Pusa Ruby and in four lines and 

high sea in ten cross combinations for yield.

Combining ability analysis of 44 F-| hybrids using 11 lines 

and four testers in tomato done by Govindarasu et aj_. ( 1983). 

They suggested that the two lines LE 758 and LE 6 8  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 sea 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 F-j 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.
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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 sea effects for

yield.

in an estimation of combining ability with 36 F ^ s  derived 

from a diallel set of crosses involving nine varieties of 

tomato Moya et al- (1986) reported significant gca and sea

effects for yield.

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

predominant non additive gene action for yield/plant in tomato 

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

Lonkar and Borikar (1988), in a line x tester analysis 

involving 16 male sterile lines and three pollinators 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, Ft and F 2 '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 yield in seven crosses of tomato and identified Pusa Early 

Dwarf as the best general Combiner for yield.

Combining ability estimation from a trial lei cross of tomato 

Singh et aj_. ( 1989) reported that (Pusa Ruby x HS 110) x 

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 aj_.

(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 C I -143-0-10-3 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 p o 1 ygenica 1 1 y 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 sea 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 sea 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 in 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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Lobe and Marin (,975) studied heterosis for yie,d in tomato 

including seven inbred lines and their 2, f , hybrids. They

reported that the average value of heterosis for yield per plant 

based on the highest yielding parent was 1 2 0 V

Rema Bai ( 1975) studied heterosis in intervarieta 1 hybrids 

of tomato and reported that all the hybrids exhibited heterotic 

effects for yield per plant.

Trinklein (1975) reported that heterotic effects were 

significant for total yield in tomato.

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

tomato including parents and Fl hybrids and reported heterosis

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

Tiny Tim (723.54 q/ha).

Palaniappan et al. (1981) conducted growth analysis for 

fruit yield in tomato involving six lines and their nine F,

hybrids and reported heterosis for this trait. The best hybrid 

identified was LE 719 x LE 573.

Sidhu ^  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.
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In a preliminary estimation of hybrid vigour in tomato 

Sonone et aj_. (1981) found that out of 197 hybrids, 13 gave 

80 — 155516 higher yield than the control Pusa Ruby.

Govindarasu et al_. ( 1982) studied heterosis in tomato 

involving 1 1  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 a U  (1984) reported hybrid vigour for fruit 

yield/plant in the hybrids obtained from line 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 Go 1 a were having very good yield.

In a study of tomato involving seven parental cultivars and 

their 21 F-|'s derived from a diallel set Bhuiyan et aj_. ( 1986) 

observed that Fujuki x World Champion exhibited maximum heterosis 

for yield/plant.

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

six varieties and their 15 F ^ s  and reported that most of the 

hybrids showed positive heterosis over the better parent for 

yield per plant.
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Narcisco and Rosario (1988) studied the processing qualities 

of tomato hybrids and reported that the hybrids exhibited 

heterosis and heterobe 1 tiosis for the fruit yield.

Kanthaswamy and Balakrishnan (1989) reported that among the 

different hybrids studied the hybrid from the cross LE 3 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 aj_. ( 1989) observed heterobe 11 i os i s for fruit 

yield and quality and reported that the hybrid from the cross 

Pusa Early Dwarf x KSI was the highest yielding hybrid having 

46.9 fruits/plant on an average.

All et aj_. ( 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 FR 2 and 

World Champion x CTI exhibited high heterosis for this trait.

In a 12 x 12 diallel cross involving parents and 6 6  F ^ s  in

tomato Dod et aj . ( 1992) reported pronounced heterosis for yield 

per plant.

Kryuchkov et a_l_. ( 1992) reported that maximum heterosis for 

fruit yield in tomato was achieved by a successful combination of 

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

varieties and their 19 F ^ s  recorded significant heterosis for 

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

cross BT -j o x K 1 0  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 F-, 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 intervarieta 1 hybrids 

of tomato and indicated that all the hybrids exhibited heterotic 

effects for number of leaves per plant.
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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 cross San Merzano x

NTDR-1.

Nandpuri and Tyagi ( 1976) in a studyofi nher i tance of pericarp 

thickness in 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 36 hybrids from the 

crosses of three testers and 1 2  lines 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 a_l. , 1980).

Combining ability analysis of 15 varieties of tomato from 

a line x tester cross revealed significant sca variances for 

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

Pericarp thickness
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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 F 1 and

F 2 generations.

Sidhu et a l -  (1981) studied combining ability in pear shaped 

tomato involving seven varieties and their hybrids on a diallel 

set and reported that estimate of sea 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 1 0  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 Pati 1, 1988).

Combining ability analysis involving parents and their F ^ 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 F-j hybrids of tomato.

In a line x tester study of tomato involving 10 lines, two 

testers and 20 crosses, Patil and Pa ti1 (1988) recorded high 

heterosis for pericarp thickness in most of the hybrids.

Lo cu1es/fru i t

a. Combining ability and gene action.

Nandpuri and Tyagi (1976) in a study of inheritance of 

locule number in 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 a l . , 1980).
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Combining ability analysis of tomato involving parents, F ^ s  

and f 2 's was carried out by Singh and Singh ( 1980) and they 

observed that gca variances were higher than sca variances in 

the F t and F 2 generations for number of locules per fruit. They 

reported the predominance of additive gene action for this trait.

Combining ability analysis involving eight parents, F t s and 

F 2 's of a diallel set of tomato indicated predominance of non 

additive gene action and partial dominance for locule number per 

fruit in both F t and F 2 generations (Bhutani, 1981).

Govindarasu et al_. (1981) reported from a line 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 

et 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 F ,'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.
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In an estimation of combining ability of nine tomato 

varieties including 36 F ' s derived from a diallel cross, it was 

indicated that additive effects were significant for number of 

carpels per fruit. (Moya et aj_. , 1986).

Younis et aj_. ( 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 

Kalloo (1991) in tomato including 28 Fi's and F 2 s from a diallel 

cross and reported that additive gene action was highly 

significant for this trait.

b. Heterosis

In a study of heterotic effects on parental, F i , F2 , BC-, and 

BC 2 populations of tomato Ahmed and Petrescu (1983) reported 

positive heterosis for 1 o c u 1 es/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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SiJte of fruits

Combining ability analysis with a set of top crosses of male 

sterile lines 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 ( 1 975).

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 aj.. ( 1979) conducted a line x tester analysis in

tomato involving parents and their 2 1  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.

a. Combining ability and gene action
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Singh and Singh (1980) in a combining ability analysis of 

tomato involving parents, F 1 ’s and F 2 ’s of line x tester

crosses reported that gca variances were higher than 

variances in the F, and F 2 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 in the

inheritance of fruit size.

Combining ability analysis conducted on a dial lei set of 

crosses in tomato by Dholaria and Qadri (1983) recorded that the 

gca and sea variances were significant for the character fruit 

volume. They indicated that the character is predominantly 

controlled by additive gene action.

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

7 x 7 half dial lei cross of tomato was carried out by Tarrega 

and Nuez (1983) and they reported that gca and sea variances were 

highly significant for fruit diameter.

m  an estimation of combining ability of nine tomato 

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

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

Combining ability a n a l y s i s  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 aj_. (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 so 1anacearum 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 so 1anacearum 

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

Sunarjono (1980) reported that the breeding lines AVRDC 33, 

AVRDC 15 and CL 32-d-0-1-25 were resistant to Pseudomonas 

so 1 anacearum.

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

resistance to Pseudomonas solanacearum are Hawaii 7997, CRA 6 6  

and PI 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 variety. A resistant line viz. Sakthi has been 

developed in the horticu1tura 1 College, V e 11 anikkara.

Rajan (1985) reported that in Kerala bacterial wilt caused 

by the soil borne pathogen Pseudomonas so 1anacearum EF Smith 

was a handicap which affected the tomato cultivation very 

ser i o u s 1 y .
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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 

i nc i dence.

Narcisco and Rosario (1988) studied bacterial wilt 

resistance of tomato hybrids and reported that hybrids exhibited 

heterosis and heterobe 1 tiosis 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 in 

the stability of resistance.
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MATERIALS AND METHODS



MATER I ALS AMD METHODS

The present study was undertaken in the Division of Plant 

Breedinq and Genetics, Colleqe of Aqriculture, Vellayani durinq 

1993-94 with the objective of estimatinq the combininq ability 

and qene action for yield and bacterial wilt resistance in 

tomato.

MATER IALS

The first part of the experiment consisted of pot culture 

where the selected varieties were grown for hybridization. The 

materials consisted of eiqht varieties of tomato, of which 

three were bacterial wilt resistant ones already identified and 

five were popular hiqh yielders. The hiqh yielders were used as 

testers and resistant ones were used as lines. The details of 

these varieties are qiven 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

L i nes/ 
Testers

Treatment
Number

Name of 
var i ety

Source

Lines L- 1 Arka Abha 1 1 H R , Ba nga1 ore

L 2 Arka Alok 11 H R , Ba nga1 ore

L 3 Sakthi Department of 01ericu1t u r e , 
Horticu1t u r a 1 College,
V e 11 ani kkara.

Tester s T 1 LE 312 Department of 01ericu1tu re, 
Horticu1tura 1 College,
V e 11 an i k k ar a .

T 2 LE 370 t1

t 3 LE 37 3 »«

t4 REH- 1 »»

t 5 PKM- 1 if
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METHODOLOGY

A. Pot culture

All 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 

sett i n g .

Crossing

For hybridization programme the three lines were used as 

female parents and five testers were used as male parents. From 

the lines 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

47



«». - s e r n a s  - l a t e d  flowers were pollinated by pollen c o n e c t e d

t h e ™ ' e P —  t. For collecting pollen grains, the anther 

« n .  were split open with a needle and pollen grains wsr. 

scooped out transferred to the stigmatic surface. After

P o l l u t i o n  flowers were protected with paper bags. Labe,s

Wlth the d0ta11S ° f crossi"9 were attached and kept till 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 f o m e n t a t i o n

in separate containers for one dav anrl ^
aay, and seeds were separated by

washing with water eight to ten ti.es 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 experiment

'n the second part of the programme the evaluation of the 

line 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 sterilisation of each planting pit and

application of higher dose of organic manure.

We,, developed good quality seeds of eight parents and 1 5  

hybrids were sown in nursery and 30 days after sowing the
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seed!ings ware transplanted to the main field Random,sed B]ock

- s i g n  with three replications. a r e p l i c a t . n ,  each t r e a t s
cons of plants p U n t e d  ^  a s p a c .ng ^  ^ ^

culture, and management practices were done as per package of

P act (k a u , 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/P 1 ant

3. Growth habit

a) Determinate (dwarf)

b) Indeterminate

c) Semi determinate.

4. Spread of the plant

5. Period of harvest

6. Individual fruit weight

7. Number of fruits/plant

8 . Fruit yield/plant

9. Number of leaves/plant

10. Pericarp thickness

1 1 . Lo cu 1 es/fru it

1 2 . Size of fruits

13. Observation on pests and diseases.
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O b s e r v a t i o n s  from all the 10 plants w e r e  taken in ea ch plot. 

The d e t a i l s  of o b s e r v a t i o n s  are g i v e n  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

est imatec!.

2. Number of branches/p1 a n t .

Total number of primary, secondary and tertiary branches 

were counted and the mean was estimated.

3. 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 every 

internode unti 1 terminal ones are formed and elongation 

ceases at this point. The main avis terminates with a

fiAwpr c 1u s t e r .
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b) Indeterminate

Inflorescence cluster occurs at every third internode 

and the main axis continues growing indefinitely.

c) Semi determinate

It is intermediate between determinate and indeterminate

o n e .

4. Spread of the plant

Measured between the farthest two opposite leaf buds in the 

side branches in centimeters and average was worked out.

5. Period of harvest

Number of days from first to final fruit harvest and the 

mean was estimated.

6 . Individual fruit weight

Weight of five fruits from each plant was taken and the mean 

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 and 

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

Numberofl eaves 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. Locu 1 es/frui t

From each plant, five random fruits were selected and number 

of locules was counted and mean number of locu 1 es/fruit was

est i m a t e d .

1 2 . Size of fruits

Five random fruits from each plant was taken and t h e m  

volume was measured by the water displacement method using a 

measuring cylinder. The mean volume of fruit/plant was estimated 

in cubic centimeter.
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a) Tomato fruit borer (He 1 i oth i s arm.L9 ®ri<a)

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.

S t a t i s t i c a l  a n a l y s i s

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).

13. O b s e r v a t i o n  on pests and d i s e a s e s
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SST
Contribution of testers = ---  x 100

SSC

SSLT
Contribution of line x testers =   x 100

SSC

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

Heteros i s

The three types of heterosis namely relative heterosis, 

heterobeltiosis, and standard heterosis along with the standard 

error (SE^) were estimated as following:

XF1 - MP
Relative heterosis (RH) = ------------ x 100

MP

SE(-j = j 3 Me 
f 2 r

X F 1 - BP
Heterobeltiosis (HB) = --------------  x 100

BP

SEw = 2 Me 
r
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T a b l e  - 3 A N O V A  for line x t e s t e r  m a t i n g  de s i g n

df MS
Source ---------- ---------

Replication (r- 1 )

Treatments (v- 1 )

Parents (!+t ) - 1

Crosses lt - 1

Parents Vs 1

crosses

Lines 1 - 1 ML 0 ^ 0  + p x o 2sca

Testers t- 1 MT o 2e + r x o-sca

Line x Tester (l- 1 )(t“ 1 ) MLT 0 ^ 0  -I* r X o 2sea

o 2e

Total vr- 1

Where r = number of replications

V = number of genotypes

1 number of 1 i nes

t = number of testers

o^sca = sea variance

o2gca = aca variance

c 2 e = error var i ance

E s t i m a t i o n  of gca and sea e f f e c t s  

gca effects of lines

1 i
gi - mean

-gca

O-gca



G'
Mean = -----

ltr

Where gi = gca effect of i^h line

li = sum total of observations with respect t< 

i *■*"> 1 i n e .

G' = total of observations with respect to all 
hybr i ds

SE (gi-gj) =

gca effects of testers

2 Me

rt

gj = ------ - mean
r 1

Where gj = gca effect of jth tester

tj = sum total of observations with 
respect to jth 
tester

2 Me
SE (gi-gj) =

1

sea effects of line x testers

( 1 1 ) i j 1 i t j
Sij = ------------  -   -   + mean

r rt r 1
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Where Slj = Of i , Jth cross

(,t! 1J = V a , u e  c o r r e s p o n d i n g  to ixjth cross

c-p / 0 . . i 2 Me
SE (SlJ-Sil) r

ccr f „ . . \ 2 Me
SE (Si j-Ski) r

Estimation of qenetir ^
genet components of variance

( 1 +F)
° 2 9ca =    0 2 a

4

( 1 + F ) 2 
° sca = -------  0 2 d

2
W h e n  F = o

o 2gca z 1 / 4  c 2 a

° 2sca = 1 / 4  0 2d

where F - Coefficient of inbreeding

° 2a = additive variance 
2

o d - dominance variance

Proportional contribution of lines test
. ’ testers and line x testers

total variance

Contribution of lines = 1ft x , 0 0

SSC
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Standard heterosis (SH)

SEd

Where XF1 

M P , BP and SC respectively

are the mean of mid parent, better parent and 

standard cultivar 

Me = Mean square for error 

r = number of replications

XF1 - SC 
= ------------ x 100

SC

= 12 Me 
f r

= F1 mean
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RESULTS



R ESULTS

The experiment was conducted using three lines, five testers 

and their resultant fifteen hybrids in RBD with three 

replications. The mean performance, combining ability and gene 

action of the lines, testers and line x tester hybrids 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 

hybrids 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 lowest mean number of branches/p1 ant 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 (3.9) 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 370 (18.56) respectively.
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Table - 4 Mean performance of lines, testers and hybrids for different morphological characters.

Plant Number of Spread Period Individual Number of Fruit Pericarp Nunber of Looules/ Size of
Parents/Hybrids height branches/ of the of fruit fruits/ yield/ thiokness leaves/ fruit fruit

(cm) plant plant harvest weight plant plant (mm) plant (oe)
(cm) (days) (g) (g)

1 2 3 4 5 6 7 8 9 10 11 12

Arka Abha 45.42 7.1 20.83 23.5 54.34 7.5 424.17 4.82 74.71 4.93 51.92

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 34.71

RFH-1 49.42 3.9 18.31 10.67 34.35 4.67 192.95 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



Tabic - 4 Continued

1 2 3 4 5 6 7 8 9 10 11 12

Arka Abha x RFH-1 51.33 5.33 21.0 27.67 43.8 14.33 438.65 4.38 54.0 4.98 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

Arka 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 3.71 217.83 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 15.98 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

F (22,44) 21.81** 6.61** 10.17** 8.62** 65.72** 24.83** 16.01** 5.07** 37.67** 4.01** 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

CD(5*) 10.75 4.90 15.62 5.10 4.03 8.22 167.34 0.84 27.38 0.75 7.17



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 

maximum spread of 24.92 cm. Among testers it was minimum in 

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 in Sakthi to 24.92 days in Arka Abha among lines. But in 

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 in 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 in Sakthi x LE 370 to 71.38 

g in Anka Alok x RFH-1.

Average number of fruits/plant was minimum in Arka Abha 

(7.5) among the lines and in LE 373 (7) among the testers and was 

maximum in Sakthi (35.T7) 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 

hybr ids.

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 in 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 in 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 in a line x tester model and the results are 

presented below.

The general combining ability (gca) effects of parents and 

the specific combining ability (sea) 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 373 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 sea effect was 

shown by hybrids Arka Alok x PKM-1 (14.01), Arka Abha x LE 370
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Table 5 ANOVA of lines, testers and lin« x tastar hybrids

Source df Mean squares

Plant Number of 
height branches/ 

plant

Spread 
of the 
plant

Period
of
harvest

Individual
fruit
weight

Number of
fruits/
plant

Fruit
yield/
plant

Pericarp
thickness

Number of Locules/ 
leaves/ fruit 
plant

Size of 
fruit

Replicat ion 2 267.22** 100.89** 922.76** 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** 394.88** 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** 0.85** 418.53**

Parents vs 
Hybrids

1 3285.58** 2.24 6702.08** 187.16** 994.34** 191.34** 129593.5** 1.41* 13931.56** 0.26 791.04**

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 90.10 9.62 6.01 3.53 8687.137 0.26 276.88 0.20 18.97

* Significant at 5* level
** Significant at 1* level



(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 sea effect. The gca and sea effects for plant height 

are presented in figure 1 .

The gca and sea 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 373

(3.63), and RFH-1 (-5.16) respectively. None of the hybrids 

exhibited significant positive sea effect but only Arka Alok x LE 

370 (-3.67) exhibited significant negative sea effect.

Analysis 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.OS 

respectively. Only LE 312 (12.23) and RFH-1 (-17.05) recorded 

significant gca effect among testers. The sea 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 sea effects for this trait 

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

Parents
Plant
height

Number of 
branches/ 
plant

Spread 
of the 
plant

Period
of
harvest

Individual
fruit
weight

Number of
fruits/
plant

Fruit
yield/
plant

Pericarp
thickness

Number of Locules/ 
leaves/ fruit 
plant

Size of 
fruit

Lines 1 1.54 -0.006 -0.29 1.01 1.36* -1.40* -97.24* 0.11 9.28* 0.17 2.32**

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*

F 0.44 4.70* 2.01 5.87** 11.62** 11.12** 4.27* 0.91 0.17 5.16** 12.1**

SE 1.69 0.77 2.45 0.80 0.63 0.49 24.07 0.13 4.30 0.12 1.13

CO 4.81 2.19 6.99 2.28 1.81 1.38 68.65 0.38 12.26 0.33 3.21

Testers

4 -0.42 1.37 12.23* -2.45* -0.26 -0.58 5.33 -0.27 40.35* 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*

F 4.21** 6.57** 1.63 4.76** 1.56 1.39 0.37 2.04 4.50** 0.45* 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

CO 6.21 2.83 9.03 2.95 2.33 1.79 88.62 0.48 15.82 0.43 4.14



Table - 7 Sea effects of hybrids

Line x tester Plant Number of Spread
hybrids height branohes/ of the

plant plant

Period Individual Number of Fruit
of fruit
harvest weight

fruits/
plant

yield/
plant

Pericarp Number of Loonies/ Size of
thickness leaves/ fruit fruit

plant

L 1T 1 -6.39 0.05 0.27 0.06 -2.71 -0.82 25.54 -0.43 22.53* 0.30 -3.75

oico

1T2

1T3

1T4

1T5

2T 1

2T2

2T3

2T4

2T5

3T1

9.74* 2.38 -0.40

4.11 0.63 20.35*

-5.83 -0.91 -8.92

-1.63 -2.15 -11.30*

-3.30 0.28 -7.05

-13.35* -3.67* -11.51*

-2.04 -1.33 -1.97

4.69 1.73 3.60

L,T.V  ->

14.01* 2.99 16.93*

9.69* -0.32 6.78

3.61 1.29 11.91"

-0.77

0.35

3.57*

-3.21

1.99

-1.33

-2.55

-2.94

4.82*

-2.05

2.10

6.39* -2.40* 140.87*

5.16* -0.93

0.41

5.52* 0.29

-3.68* -0.05

-6.78* -1.08

-2.81

-2.50

0.53

-5.19

-9.26* 1.68 -55.62

2.47* -105.61*

23.50

-69.61

18.86

9.66* -2.81* -82.09

-4.51* 3.65* 109.33*

-49.05

0.38

0.12

32.74* -0.12 5.53*

0.52

2.44* -71.26

-0.32

0.89*

-0.53

-0.09

0.18

21.93* -0.002 4.56

-0.57 -15.35 0.54*

-37.94* -0.35

-0.56 -30.27* 0.27

-9.04 -0.04

2.29 -0.36

-2.48 -0.15

7.58*

0.49 -61.85* -0.72* 1.25

6.85*

3.53

-6.91*

9.13*

75.56* 0.48 -5.54*

15.41 0.06 -3.09

-1.99



■  Arka Abha d A r k a  Alok d s a k t h i  ESlLE 312  O L E  3 7 0  E3l_E 3 7 3  E0RFH-1 O P K M -1

Fig. 1. G C A  and S C A -p la n t he ig h t



■  A r k a  A b h a  \H\ A r k a  A l o k  □  S a k t h i  S L E  3 1 2  □  L E  3 7 0  K 3 L E  3 7 3  S 3  RFH-1 Q  P K M - 1

Fig. 2. G C A  and S C A  - num ber o f b ran ch es /p lan t



■  Arka Abha IZZArka Alok □  S akth i ES3 L E  3 1 2  □  L E  3 7 0  M L E  3 7 3  E R F H - 1  O p K M - 1

Fig. 3 . G C A  and S C A  - spread  o f the  p lant



Fig. 1.QCA and SCA - Plant height

SCA hybrids

1 . Arka Abha X LE 312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH-1

5. Arka Abha X PKM-1

6. Arka Alok X LE 312

7. Arka A 1 ok X LE 370

8. Arka Alok X LE 373

9. Arka A 1 ok X RFH-1

10. Arka Alok X PKM-1

11 . Sakthi x ILE 312

12. Sakthi x ILE 370

13. Sakthi x ILE 373

14. Sakthi x IRFH1-1

15. Sakthi x IPKM1-1



SCA hybrids

^  A r k a  A b h a  x LE 312

2 . A r k a  A b h a  x LE 370 

3> A r k a  A b h a  x LE 373

4. A r k a  A b h a  x RFH-1

5. A r k a  A b h a  >t PKM-1

6. A r k a  A l ok 'k LE 312

7 . A r k a  Alok X LE 370

8. A r k a  Alok X LE 373

9 . A r k a  Alok x RFH-1

10. A r k a  A l ok X PKM-1

11 . Sakthi x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 37 3

14 Sakthi x RFH-1

15 Sakthi x PKM-1



Fig. 3. GCA and SCA - Spread of the plant 

SCA hybrids

1 . Arka Abha X LE 312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH-1

5. Arka Abha X PKM-1

6. Arka Alok X LE 312

7 . Arka Alok X LE 370

8. Arka Alok X LE 373

9. Arka A 1 ok X RFH-1

10. Arka Alok X PKM-1

11 . Sakthi x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFH-1

15. Sakthi x PKM-1



Fia. 4. GftA and SCA - Period of harvest 

SCA hybrids

1 . Arka Abha X LE 312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH-1

5. Arka Abha X PKM-1

6. Arka Alok X LE 312

7 . Arka Alok X LE 370

8. Arka Alok X LE 373

9. Arka Alok X RFH-1

10. Arka Alok X PKM-1

11 . Sakthi x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFH-1

15. Sakthi x PKM-1
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Fig. 4. G C A  and S C A  - period  o f harvest
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Fig. 5. g c a  and s c a  - individual fruit weight



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 373 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 s c a  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 

PKM-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

represented graphically in figure 7.

Pericarp thickness differed significantly among hybrids 

o n 1 y . 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 n e g a t i v e  gca effect (-0.51). Only one hybrid . exhibited
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Fjjg. 6. GCA and SCA - number of fruits/plant 

SCA hybrids

1 . Arka Abha X LE 312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH1-1

5. Arka Abha X PKM -1

6. Arka Alok X LE 312

7. Arka Alok X LE 370

8. Arka A lok X LE 373

9. Arka A 1 ok X RFH -1

10. Arka A 1 ok X PKM -1

11 . Sakth i x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFH -1

15. Sakthi x PKM -1
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Fig. 7. GCA and SCA - fruit yield/plant

SCA hybrids

1 . Arka Abha X LE 312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH-1

5. Arka Abha X PKM-1

6. Arka Alok X LE 312

7. Arka Alok X LE 370

8. Arka A 1 ok X LE 373

9. Arka Al ok X RFH-1

10. Arka Alok X PKM-1

1 1 . Sakthi x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFF1-1

15. Sakthi x PKM-1
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significant positive sea effect. That was Arka Alok x RFH 1 

(0.89). The gca and sea effects are represented graphically in 

f i gure 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

sea 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 sea 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 sea effects are presented in figure 9.

The gca and sea effects for 1o c u 1es/fruit are graphically 

represented in figure 10. Variance due to lines, teoters and

hybrids were significant for 1o c u 1es/fruit. Lines Arka Alok 

(0.34) showed significant positive gca effect and Sakthi (-0.51) 

showed significant negative gca effect. None of the testers

exhibited significant gca effect. Among the hybrids Arka Abha x 

R F H - 1 (0.54) and Arka Abha x PKM-1 (-0.72) expressed significant 

sea 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. 8. GCA and SCA - Pericarp thickness

SCA hybrids

1 . Arka Abha X LE 312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH-1

5. Arka Abha X PKM-1

6. Arka A 1 ok X LE 312

7 . Arka Alok X LE 370

8. Arka A 1 ok X LE 373

9. Arka Alok X RFH-1

10. Arka Alok X PKM-1

11 . Sakthi x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFH-1

15. Sakthi x PKM-1
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Fig. 8. G C A  and S C A  - p ericarp  th ic k n e s s



Fig. 9. GCA and SCA - number of leaves/plant

SCA hybrids

1 . Arka Abha X LE :312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH -1

5. Arka Abha X PKM -1

6. Arka Alok X LE 312

7. Arka Alok X LE 370

8. Arka Alok X LE 373

9. Arka Alok X RFH -1

10. Arka Alok X PKM -1

11 . Sakthi x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFH-1

15. Sakthi x PKM-1
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Fia. 10. GCA and SCA - locu1es/fruit 

SCA hybrids

1. Arka Abha x LE 312

2. Arka Abha x LE 370

3. Arka Abha x LE 373

4. Arka Abha x RFH-1

5. Arka Abha x PKM-1

6. Arka Alok x LE 312

7. Arka Alok x LE 370

8. Arka Alok x LE 373

9. Arka Alok x RFH-1

10. Arka Alok x PKM-1

11. Sakth i x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFH-1

15. Sakthi x PKM-1
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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

n e g a t i v e  effect. O n l y  t h r e e  h y b r i d s  A r k a  A l ok x RFH-1 (9.13).

Arka Abha x LE 370 (5.53), and Arka Alok x LE 312 (6.85) showed 

significant positive sea effects. The gca and sea effects are

r e p r e s e n t e d  graphically in figure 1 1 .

4.c. GENETIC COMPONENTS OF VARIANCE

The genetic components of variance such as additive variance 

(o 2 a) and dominance variance (c^d) were estimated and they are 

presented in table 8 and in figure 1 2 .

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 s p r e a d  o f  the plant (0.04), fruit yield/plant (0.04),

p e r i c a r p  t h i c k n e s s  (0.03), n u m b e r  of l e a v e s / p l a n t  (0.09) and 

l o c u l e s / f r u i t  (0.07). M e d i u m  v a l u e s  w e r e  o b s e r v e d  for plant 

h e i g h t  (0 .1 0 ), p e r i o d  of h a r v e s t  (0.26), i n di vi du al fr ui t w e i g h t  

(0.18), n u m b e r  of f r u i t s / p l a n t  (0.18) an d  s i ze of fruits (0.23).



£ ■ j 9 •— U —! GCA and SCA - size of fruits

SCA hybrids

1 . Arka Abha X LE 312

2. Arka Abha X LE 370

3. Arka Abha X LE 373

4. Arka Abha X RFH -1

5. Arka Abha X PKM -1

6. Arka Alok X LE 312

7. Arka Alok X LE 370

8. Arka Alok X LE 373

9. Arka Alok X RFH -1

10. Arka Alok X PKM -1

11 . Sakthi x LE 312

12. Sakthi x LE 370

13. Sakthi x LE 373

14. Sakthi x RFH -1

15. Sakthi x PKM -1
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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 for number of fruits/plant. In the testers also the

proportional oontribution varied very widely from a minimum of 

8 . 2 1  per cent for fruit yield/plant to a maximum 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, 1 o c u 1 es/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 p 1 ant (21.6 8  %) , pericarp thickness

12%) and number of leaves/plant (1.30%). The contribution of 

lines was medium for number of branches/plant (2 1 .5 3 %) 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 

y i e 1 d/p 1 ant (8.21%) and 1o c u 1es/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 (18.3216), 

size of fruits (19.74*) and period of harvest (20.64*). It 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 yield/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.

SI . 
N o . Characters

Lines

Contributions (%)

Testers Line x tester

1 . P 1 art height 3.44 65.45

2 . Number of branches/plant 21 .53 60 . 15 18 . 32

3. Spread of the plant 2 1  . 6 8 35. 18 43.14

4 . Period of harvest 30 . 27 49 .09 20 . 64

5 . Individual fruit weight 62.05 16.60 2 1  . 35

6 . Number of fruits/plant 62. 1 2 15 . 54 22 . 34

7 . Fruit yield/plant 47 . 37 8 . 2 1 44 . 42

8 . Pericarp thickness 1 0 . 1 2 45 . 38 44 . 50

9 . Number of leaves/plant 1 . 30 6 8 . 32 30 . 38

1 0  . Locu1es/fru i t 51 . 33 8 . 90 39 . 77

1 1 . 59. 76 20.50 19.74

4.e . HETEROSIS

Percentage of relative heterosis, heterobe1tiosis 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 1 0 .
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The h y b n d s  exhibited significant heterosis for plant 

height. 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 v i * . , Ark. A,ok x LE 3,2

(16.91), sakthi x LE 373 (,9.76). Sakthi x RFH_, (24-02)> ^

Abha x LE 373 (26.67), Arka Abha X LE 3,2 (23.46), Sakthi x P K M - 1

(39.21), Sakthi x LE 370 (d 9 io\ « ■ ...
u ^42.18), Arka Abha x LE 370 (5 1.72''

Sakth, x LE 312 (59.11), Arka Abha x PKM-1 (60.94) and Arka Alok

PKM - 1  (70.23). Heterobeltiosis varied from -14.77 to 64 02

among the fifteen hybrids. Significant positive heterosis was 
not in S a k t M  „ LE 370 (15 _#0)( Afaha  ̂ ^  ^

Sakthi x PKM-, (34.31), sakthi x LE 312 (37.02), Arka Abha x

PKM-1 (55.34) and Arka A,ok x PKM-1 (64.02). standard heterosis

was measured using LE 373 as check variety. Hone of the hybrids

exhibited significant positive standard heterosis. The hybrid

Arka A,ok 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 370 (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.

Parents/Hybrids

Plant height Number of branches/plant

Mean
(cm) MP

Heterosis (3) Mean
MP

Heterosis (*>

RH HB SH RH HB SH

Arka Abha 45.42 7 .10
Arka Alok 52.66 6.58
Sakthi 45.38 13.54
LE S12 62.82 16.67
LE 8T0 72.47 15.96
LE 373 105.39 17.93
RFH-l 49.42 8.9
PKM-1 48.82 7.56
Arka Abha X LE 312 69.52 54.12 28.46* 10.67 -34.03* 12.82 11.39 12.62 -18.17 -28.49*

n x LE 370 89.43 58.95 51.72* 23.40* -15.14* 17.41 11.53 50.99* 9.09 -2.88
n x LE 373 96.52 75.41 26.67* -9.37 -9.37 13.67 12.52 9.22 -28.76 -23.76
it x RFH-l 51.33 47.42 8.26 3.88 -51.29* 5.38 5.5 -3.08 -24.88 -70.25*
n x PKM-1 75.83 47.12 60.94* 56.84* -28.05* 7.78 7.33 6.07 2.82 -58.62*

Arka Alok x LE 312 67.50 6T.T4 16.91* 7.46 -36.95* 10.82 11.13 -2.71 -30.92 -39.62*
H x LE 870 61.23 62.67 -2.18 -16.61* -41.90* 9.13 11.27 -19.00 -42.80* -49.07*
n x LE 373 84.26 79.03 6.63 -20.06* -20.05* 9.49 12.26 -22.69 -4T.08* -47.08*
n x RFH-l 56.74 51.04 11.18 7.76 -46.16 5.75 5.24 9.63 -12.71 -67.94*
n x PKM-1 86.37 48.82 70.28* 64.02* -18.05* 10.70 7 .07 51.23 41.43 -40.83*

Sakthi x LE 312 86.08 54 .10 59.11* 37.02* -18.83* 14.69 14.61 0.61 -6.23 -18.06
II x LE 370 83 .78 58.93 42.18* 15.60* -20.61* 18.56 14 .76 25.85 16.2 3.53
" x LE 873 89.83 75.89 19.16* -14.77 -14.77* 15.98 15.74 1.58 -10.86 -10.86
" x RFH-l 58.78 47.4 24.02* 18.96 -44.23* 7.68 8.72 -11.95 -43.29* -67.18*
It x PKM-1 65.56 47.1 39.21* 34.31* -37.79* 11.82 10.56 7.27 -16.40 -36.87*

CD (0.5 9.31 10.75 10.75 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.

S p r e a d  of th e  P l a n t

The mean value of parents and hybrids and heterosis

expressed for spread of the plant are given in table 1 1 .

The hybrids exhibited significant heterosis for spread of 

the plant. Relative heterosis, heterobe1tiosis and standard

heterosis recorded significant value. All the hybrids except one 

showed positive relative heterosis. But only ten hybrids viz., 

Arka Abha x PKM-1 (65.67), Arka Alok x LE 312 (77.28), Arka Abha 

x 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. Heterobe1tiosis 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, heterobe1tiosis and standard

heterosis were maximum in Sakthi x LE 312.
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Period 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 1 1 .

Significant heterosis was recorded by the different hybrids 

for this trait. Relative heterosis was positive and significant

in two hybrids, A r k a  A b h a  x RFH-1 (61.95) and Sakthi x

(80.91) and it was significantly negative in seven hybrids. 

Heterobe11 i os i s was significant and negative in eight hybrids 

vis., Arka Alok x PKM-1 (-25.2T), Arka Abha x LE 370 (-32.G7),

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. Maximum

heterosis was shown b y  A r k a  A l o k  x L E  373 (-74.39). H e r e L E  370

was used as a check variety. 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 1 2 .

Period of harvest
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Table - 11 Mean value of parent* and hybrid* and heterosis percentage for spread of the plant and period of harvest.

Parents/Hybrids

Spread of the plant Period of harvest

Mean
(  c m ) MP

Heterosis (9 s ) Mean
(days) MP

Heterosis (*)

RH HB SH RH HB SH

Arka Abha 20.83 23.50
Arka Alok 24 .92 19.00
Sakthi 23.87 17.88
LE 312 24 .00 19.50
LE 870 34.63 25.25
LE 373 44 .98 21.50
RFH-1 18.31 10.67
PKM-1 23.02 20.82
Arka Abha X LE 312 59.47 21.42 177.67* 147.78* 32.20 14.87 21.5 -30.85* -36.74* -41.12*

" X LE 370 48.39 26.68 81.36* 40.14 7 .58 17.00 24 .38 -30.26* -32.67* -32.67*
n X LE 373 71.28 31.91 123.40* 58.47* 58.47* 14 .28 22.50 -36.65* -39.25* -43.46*
" X RFH-1 21.00 18.57 13.09 11.50 -53.32* 27.67 17 .09 61.95* 17 .73 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 312 43.36 24 .46 77.28* 74.02* -8.61 11.88 19.25 -38.80* -39.09* -52.96*
tt X LE 370 28.5 29.73 -4 .12 -17.47 -36.64* 11.52 22.13 -47.92* -54.36* -54.36*
t» X LE 373 40.17 34.95 14 .98 -10.71 -10.71 6.47 20.25 -68.07* -69.92* -74.89*
n

X RFH-1 24 .72 21.62 14 .40 -0.78 -45.04* 16.25 14 .84 9.55 -14 .47 -35.64*
w

X PKM-1 54 .11 23.97 125.77* 117.16* 20.29 15.56 19.91 -21.86 -25.27* -38.39*
Sakthi X LE 312 75.63 23.94 215.99* 215.11* 68.12* 14.65 18.44 -20.55 -24.87 -41.98*

H
X LE 370 70.36 29.20 140.96* 108.76* 56.41* 21.77 21.32 2.13 -13.80 -13.80

M
X LE 373 42.20 34.43 22.59 -6.19 -6.19 18.02 19.44 -7 .31 -16.20 -28.65*

H
X RFH-1 44 .89 21.09 112.88* 88.09* -0.21 25.37 14 .03 80.91* 45.98* 0.46

ft
X PKM-1 50.00 23.45 118.30* 109.50* 11.15 15.92 19.10 -16.62 -23.51 -36.94*

CD (0.06) 13.62 16.62 16.62 4.42 6.10 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 (9.69),

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 x 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, heterobe 1 tiosis and 

standard heterosis.

N u m b e r  of f r u i t s / p l a n t

The mean value of parents and hybrids and heterosis 

percentage for number of fruits/plant are presented in table 1 2 .

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 parent* and hybrids and heterosis percentage for individual fruit weight and number of
fruits/plant

Parents/Hybrids

Individual fruit weight Number of fruits/plant

Mean
(g) MP

Heterosis (%) Mean
HP

Heterosis <*)

RH HB SH RH HB SH

Arka Abha 54 .34 7.5
Arka Alok 46.65 7 .67
Sakthi 30.59 35.17
LE 812 38.46 11.30
LE STO 22 .02 20.22
LE 373 87.53 7
RFH-1 34 .35 4.67
PKM-1 43.84 13.43
Arka Abha X LE 312 44.77 46.40 -3.50 -17.61* -17 .61* 11.67 9.4 23.05 2.36 -42.80*

M
X LE 370 47.76 38.18 25.10* -12.11* 12.11* 13.42 13.86 -3.20 -33.65* -33.65*

M
X LE 373 49.44 45.94 7.63* -9.02* -9.02 8.83 7 .25 21.84 17.78 -66.31*

H
X RFH-1 43.80 44 .35 -4 .24 -19.40* -19.40* 14.33 6.09 135.62* 91.11* -29.11*

H
X PKM-1 52.92 48.84 8.36* -2.61 -2.61 16.67 10.47 59.24* 24 .07* -17.57*

Arka Alok X LE 312 61.67 42.55 44.93* 32.20* 13.48* 10 9.49 5.45 -11.50 -50.54*
" X LE 370 46.16 34 .34 34.46* -1.04 -15.06* 13.08 13.95 -6.17 -35.30* -35.30*
" X LE 373 46.17 42.09 9.69 -1.03 -15.06* 6 7.34 -18.18 -21.74 -70.33*
’’ X RFH-1 71.38 40.50 76.26* 53.03* 31.36* 7 .17 6.17 16.22 -6.52 -64.56*
n

X PKM-1 66.67 44 .99 25.95* 21.48* 4 .28 15.17 10.55 43.76* 12.90 -24.99*
Sakthi X LE 312 31.92 34 .52 -7.54 -16.99* -41.27* 19.8 13.24 49.62* 80.55* -2.08

tl
X LE 370 26.12 26.31 -0.68 -14.60* -51.93* 25.14 17 .70 42.11* 24.35* 24.86*

*»
X LE 373 33.14 34 .06 -2.70 -11.70* -39.01* 18.67 11.09 68.42* 23.08* -7 .68

" X RFH-1 39.90 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*

CD (0.05) 3.49 4 .03 4 .03 2.68 3.09 3.09



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).

Heterobe11 i os i s 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 (36.26) 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 as 

well as heterobe 1 tiosis.

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 

9 9 . 4 7  in relative heterosis from -50.95 to 74.56 in 

heterobe11 i os i s 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 373

(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

heterosis and heterobe 1 tiosis.

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 in Arka

Alok x LE 312 (33.60) and Arka Alok x RFH-1 (57.43). Three out 

of 15 hybrids recorded significant heterobe11iosis . Only two 

hybrids exhibited positive heterosis. They were Arka Alok x LE 

312 (32.48) and Arka Alok x RFH-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 maximum 

significant relative heterosis, heterobe 1 tiosis and standard

heteros i s .
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Table - 13 Mean value of parenta and hybrids and heterosis percentage for fruit yield/plant and pericarp thickness.

Parents/Hybrids

Frui t Yield/plant Pericarp thickness

Mean
(>) fiF

Heterosis (%) Mean
MP

Heterosis <*)

RH HB SH RH HB SH

Arka Abha 424.17 4.82
Arka Alok 321.01 3.37
Sakthi 1261.33 3.28
LE 312 439.43 3.31
LE 870 445.40 3.02
LE 373 263.T7 4.28
RFH-1 192.96 4 .15
PKM-1 598.50 3.63
Arka Abha X LE 312 617.95 431.80 19.95 17.87 -58.94* 3.45 4.07 -15.16 -28.47* -28.47*

” X LE 370 680.27 562.22 66.46 52.73* -46.07* 4.02 3.92 2.65 -16.59 -16.69
»

X LE 373 435.86 343.97 26.72 2.76 -65.44* 4.21 4.56 -7.54 -12.72 -12.72
" X RFH-1 438.65 308.56 42.16 8.41 -66.22* 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 4.23 10.41 -3.25 -3.25

Arka Alok X LE 312 616.33 380.22 62.10* 40.26* -61.14* 4.46 3.34 33.60* 32.48* -7.53
If

X LE 370 570.22 383.21 48.80* 28.02 -54.79* 3.15 3.20 -1.41 -6.44 -34.69*
If

X LE 373 560.33 292.39 91.64* T4.56* -55.68* 3.83 3.83 0.22 -10.51 -20.63*
ft

X RFH-1 512.60 256.98 99.47* 59.69* -59.86* 5.92 3.76 57.43* 42.67* 22.67*
If

X PKM-1 678.00 459.76 47 .47* 18.28 -46.25* 8.71 3.5 6.05 2.20 -28.08*
Sakthi X LE 312 634.65 850.38 -25.37* -49.68* 49.68 8.88 3.30 2.63 2.22 -29.86*

- X LE 370 659.43 853.37 -22.73* -47.T2* 47.72* 8.41 3.15 8.14 3.86 -29.30*
H

X LE 373 618.67 762.55 -18.87* -50.95* -50.95* 3.89 3.78 2.82 -9.18 -19.35*
" X RFH-1 823.27 727.14 13.22 -34 .78* -34 .T3* 4.21 3.72 13.27 1.45 -12.72
II

X PKM-1 655.80 929.92 -29.48* -48.01* -48.01* 3.81 3.46 10.32 5.05 -20.94*

CD (0.05) 132.80 153.34 153.34 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

t a b l e  14.

Hybr1ds exhibited significant relative heterosis.

heterobelt ios i s and s t a n d a r d  heterosis for this trait. Eight

hybrids, Arka A, ok x LE 31 2 (26 . 94, , Sakth i x LE - 0  , n . „ ,

A r k a  A b h a  x LE 373 ( 4 7 . 6 5 ) ,  Sakthi x PKM-1 (48.20,, A r k a  * h a  x

rr o i  o ( Q 6  7 6 1  A r k a  A b h a  x L E
LE 370 (59.59), Sakthi x LE 312 (96.76),

, ni/M 1 M 1 5  56) r e c o r d e d  s i g n i f i c a n t
(108.42) and Arka Alok x PKM-1 (115.56)

h terosis Oh'y three hybrids r e c o r d e d
■ 4-41 - r e l a t i v e  h e t e r o s i s .p o s i t i v e  r e i a u v c  , ,, 0

i a_ L . u  i n ^ i  s T h e y  w e r e  S a k t h i  x L E  > a.
s i g n i f i c a n t  p o s i t i v e  h e t e r o b e 1 1 1 o s  1 s .

ahha x !E 312 (60.26) and Arka Alok x PKh
(44.76), Arka Abha x

c p l  h v b r i d s  s h o w e d  s i g n i f i c a n t  p o s i t ' ,  v
( 1 0 4 . 2 2 ) .  N o n e  o f  t h e  h y b r i o s

standard heterosis. With regard to number of leaves/plant

hybrid Arka Alok x PKM-1 expressed significant relative hetero.i-

a s  w e l l  a s  h e t e r o b e ! t i o s i s .

L o c u l e s / f r u i t

The mean value of parents and hybrids and percentage of

heterosis for locules/fruit are given in table 14.

The h y b r i d s  e x h i b i t e d  s i g n i f i c a n t  r e l a t i v e  h e t e r o s i o ,

h e t e r  o b e 11 i o s  i s a n d  s t a n d a r d  heterosis. R e l a t i v e  h e t e r o s i s
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Table - 14 Mean value of parent* and hybrids and heterosis percentage for No.of leaves/plant and locules/fruit.

Parents/Hybrids

Number of leaves/plant Locules/fruit

Mean
MP

Heterosis (.%) Mean
MP

Heterosis <*)

RH HB SH RH HB SH

Arka Abha 74 .71 4 .93
Arka Alok 95.44 3.92
Sakthi 65.48 3.74
LE 312 138.90 4 .93
LE 370 200.58 3.68
LE 373 207 .73 4.63
RFH-1 75.4 3.94
PKM-1 106.67 4 .59
Arka Abha X LE 312 222.6 106.81 108.42* 60.26* 7.16 4 .90 4 .93 -0.61 -0.61 -0.61

n
X LE 370 219.67 137.65 59.59* 9.52 5.75 4 .50 4 .31 4.45 -8.86 -8.86

tt
X LE 373 208.51 141.22 47 .65* 0.87 0.37 4.87 4 .78 1.74 -1.85 -1.86

n
X RFH-1 54 150.11 -28.05* -28.38 -T4.01* 4.98 4.44 12.13 0.88 0.88

M
X PKM-1 93.88 90.69 3.47 -12.08 -54 .88* 8.75 4.76 -21.22* -23.99* -23.99*

Arka Alok X LE 312 148.73 117 .17 26.94* 7.08 -28.40* 4 .42 4 .43 -0.19 -10.47 -10.47
11

X LE 370 143.25 148.01 -3.21 -28.58* -31.04* 5.05 3.8 33.10* 29.02* 2.43
" X LE 373 163.53 161.59 7.88 -21.28* -21.28* 4 .99 4 .28 16.88* 7.84 1.28
- X RFH-1 58.28 85.42 -31.88* -38.99* -71.97* 4.24 3.93 7.97 7.61 -13.99
ft

X PKM-1 217.83 101.06 115.56* 104.22* 4 .86 5.11 4 .26 20.19* 11.41 3.68
Sakthi X LE 312 201.07 102.19 96.76* 44.76* -8.21 8.97 4 .34 -8.41 -19.46* -19.46*

ft X LE 370 170.02 133.03 27.81* -15.23* -18.15* 3.78 3.71 1.98 1.07 -23.31*
If

X LE 373 159.87 136.61 17.03 -23.04* -28.04* 4.22 4 .19 0.84 -8.85 -14.39
- X RFH-1 68 70.44 -3 .46 -9.81 -67 .27* 3.57 3 .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 27.38 27.88 0.65 0.75 0.75



s i g n i f i c a n t  i n  f o u r  h y b r i d s .  O u t  o f  t h e s e ,  t h r e e  h y b r i d s  s h o w e d  

p o s i t i v e  v a l u e s .  T h e y  w e r e  A r k a  A l o k  x L E  3 7 3  ( 1 6 . 8 8 ) ,  A r k a  A l o k  

x P K M - 1  ( 2 0 . 1 9 )  a n d  A r k a  A l o k  x L E  3 7 0  ( 3 3 . 1 0 ) .  T h r e e  h y b r i d s  

e x h i b i t e d  s i g n i f i c a n t  h e t e r o b e 1 t i o s i s . A m o n g  t h e s e  o n l y  o n e  A r k a  

A l o k  x L E  3 7 0  ( 2 9 . 0 2 )  e x p r e s s e d  p o s i t i v e  h e t e r o s i s .  N o n e  o f  t h e  

h y b r i d s  e x p r e s s e d  s i g n i f i c a n t  p o s i t i v e  s t a n d a r d  h e t e r o s i s .  T h e  

h y b r i d  A r k a  A l o k  x L E  3 7 0  e x p r e s s e d  m a x i m u m  s i g n i f i c a n t  r e l a t i v e  

h e t e r o s i s  a n d  h e t e r o b e l t i o s i s .

S i z e  o f  f r u i t s

T h e  m e a n  v a l u e  o f  p a r e n t s  a n d  h y b r i d s  a n d  p e r c e n t a g e  o f  

h e t e r o s i s  f o r  s i z e  o f  f r u i t s  a r e  g i v e n  i n  t a b l e  1 5 .

R e l a t i v e  h e t e r o s i s ,  h e t e r o b e 1 t i o s i s  a n d  s t a n d a r d  h e t e r o s i s  

w e r e  s i g n i f i c a n t  i n  t h e  h y b r i d s .  R e l a t i v e  h e t e r o s i s  w a s  

s i g n i f i c a n t  a n d  p o s i t i v e  i n  s i x  h y b r i d s ,  v i z . ,  S a k t h i  x P K M - 1

( 2 0 . 3 2 ) ,  A r k a  A b h a  x L E  3 7 0  ( 2 4 . 4 1 ) ,  A r k a  A l o k  x P K M - 1  ( 2 5 . 2 3 ) ,

A r k a  A l o k  x L E  3 7 0  ( 3 4 . 4 4 ) ,  A r k a  A l o k  x L E  3 1 2  ( 5 0 . 3 3 )  a n d  A r k a

A l o k  x R F H - 1  ( 6 2 . 7 3 ) .  T h r e e  h y b r i d s  v i z . ,  A r k a  A l o k  x P K M - .

( 1 8 . 6 5 ) ,  A r k a  A l o k  x L E  3 1 2  ( 3 5 . 6 7 )  a n d  A r k a  A l o k  x R F H - 1  ( 5 8 . 9 6 )  

e x h i b i t e d  s i g n i f i c a n t  p o s i t i v e  h e t e r o b e 1 t i o s i s . O n l y  t w o  h y b r i d s  

v i z . ,  A r k a  A l o k  x L E  3 1 2  ( 1 4 . 3 3 )  a n d  A r k a  A l o k  x R F H - 1  ( 3 3 . 9 5 )  

s h o w e d  s i g n i f i c a n t  p o s i t i v e  s t a n d a r d  h e t e r o s i s .  H e t e r o s i s  w a s  

m a x i m u m  i n  t h e  h y b r i d  A r k a  A l o k  x R F H - 1 .
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Table - 15 Mean value of parents and hybrids and heterosis percentage
for size of fruits.

Size of fruits

Parents/Hybrids Mean Heterosis (Si)
IOC) MP

RH HB SH

Arka Abha 51.92
Arka Alok 43.75
Sakthi 23.17
LE 312 35.22
LE 370 19.17
LE 373 34.71
RFH-1 41.72
PKM-1 39.16
Arka Abha X LE 312 41.62 43.57 -4.47 -19.83* -19.83*

ft X LE 370 44.22 35.55 24.41* -14.83* -14.83*
it X LE 373 47.68 43.32 10.09 -8.15 -8.15
" X RFH-1 45.69 46.82 -2.41 -11.99 -11.99
rv X PKM-1 51.56 45.54 13.23 -0.69 0.69

Arka Alok X LE 312 59.36 39.49 50.33* 35.67* 14.33*
it X LE 370 42.29 31.46 34.44* -3.33 -18.54*
ft X LE 373 43.35 39.23 10.50 -0.91 -16.50*
tt X RFH-1 69.54 42.74 62.73* 58.96* 33.95*
it X PKM-1 51.91 41.46 25.23* 18.65* -0.01

Sakthi X LE 312 28.18 31.70 -11.07 -19.97 -45.71*
" X LE 370 22.60 23.67 -4.49 -19.75 -56.46*
it X LE 373 31.38 31.44 -0.19 -9.59 -39.56*
tt X RFH-1 37.63 34.95 7.68 -9.81 -27.52*
” X PKM-1 40.5 33.67 20.32* 3.43 -21.99*

CD (0.05) 6.21 7.17 7.17



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 percentaqe of mosaic and leaf curl infected 

plants in the lines, testers and line x tester hybrids is 

presented in the table 16.

(a) Mosaic

In the lines the percentaqe of infected plants ranqed from 

20.67 in Arka Abha to 30 in Arka Alok while in the testers it 

ranqed from 0 in LE 370 to 23.67 in PKM-1. In the hybrids the 

ranqe was from O to 20 per cent. Maximum infection was recorded 

in Arka Alok x PKM-1 (2035) amonq 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 percentaqe of plants infected by leaf curl in the two 

lines Arka Abha and Arka Alok were 20 and 15 respectively. The 

line Sakthi was free from the disease. Amonq the five testers, 

3n 1V RFH-1 and PKM-1 showed symptoms of leaf curl and the 

Dercentaqe of plants showinq infection was 25 and 10 respectively 

in the two varieties. Amonq the 15 hybrids only five hybrids
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A b h a  x L E  3 1 2 ,  A r k a  A b h a  x L E  3 7 0 ,  A r k a  A b h a  x L E  3 7 3 ,  A r k a  A b h a

x r f h - 1, A r k a  A b h a  x P K M - 1 ,  A r k a  Alok. x 3 1 2 ,  S a k t h i  x L E  3 1 2 ,

S a k t h i  >: L E  3 7 0 ,  S a k t h i  x R F H - 1  a n d  S a k t h i  x P K M - 1  w e r e  f r e e  f r o m  

t h i s  d i s e a s e .

Insect pest

T h e  m a j o r  i n s e c t  p e s t  n o t i c e d  w a s  f r u i t  b o r e r .  T h e

p e r c e n t a g e  o f  t o m a t o  f r u i t s  a t t a c k e d  b y  f r u i t  b o r e r  'r, t h e  l i n e s ,

t e s t e r s  a n d  h y b r i d s  i s  p r e s e n t e d  i n  t a b l e  1 6 .



l e a f  c u r l  a n d  p e r c e n t a g e  o f  f r u i t s  a t t a c k e d  b y  f r u i t  
b o r e r .

Ta b l e  16. P e r c e n t a g e  of pl an ts i n f e c t e d  by d i s e a s e s  - m o s a i c  and

P a r e n t s /
H y b r i d s

M o s a i  c 

(*)
. e a f  c u r l f r u i t s  a t t a c k e d  

b y  b o r e r  { % )

A r k a  A b h a  
A r k a  A l o k  
S a k t h i  
L E  3 1 2  
L E  3 7 0  
L E  3 7 3  
R F H -  1 
P K M -  1 
A r k a  A b h a x L E  3 1 2
A r k a  A b h a  x L E  3 7 0  
A r k a  A b h a  x L E  3 7 3  
A r k a  A b h a  x R F H - 1  
A r k a  A b h a  x P K M - 1  
A r k a  A l o k  x L E  3 1 2  
A r k a  A l o k  x L E  3 7 0  
A r k a  A l o k  x L E  3 7 3  
A r k a  A l o k  x R F H - 1  
A r k a  A l o k  x P K M - 1  
S a k t h i  x L E  3 1 2
S a k t h  i 
S a k t h i

L E  3 7 0  
L E  3 7 3

S a k t h i  x R F H - 1  
S a k t h i  x P K M - 1

2 0  . 6 7 20 1 3 . 0 4
3 0 1 5 1 2 . 1 5
2 3 .  3 3 0 0 . 6 3
15 0 3 . 4 6
0 0 0

10 0 3 . 4 5
20 2 5 0
2 3 . 6 7 10 7 . 4 1
10 0 9 . 3 7
0 0 0

10 0 5 . 5 6
0 0 0

10 0 0
1 5 0 3 . 3 5
10 20 6 . 3 8
10 10 4
10 1 6 . 6 7 6 . 9 5
20 20 4 . 3 5
10 0 9 . 8
0 0 6 . 5 1
0 10 0
0 0 7 . 4 6

10 0 4 . 8 5



in t h e  l i n e s  t h e  p e r c e n t a g e  o f  f r u i t s  s h o w i n g  p e s t  a t t a c k  

r a n g e d  f r o m  0 . 6 8  ( S a k t h i )  t o  1 3 . 0 4  ( A r k a  A b h a ) .  I n  t h e  t e s t e r s  

t h e  r a n g e  w a s  f r o m  0 t o  8 . 4 6 .  T e s t e r s  L E  3 7 0  a n d  R F H - 1  w e r e  

f o u n d  t o  b e  f r e e  f r o m  t h e  f r u i t  b o r e r  a t t a c k .  In t h e  h y b r i d s  t h e  

p e r c e n t a g e  o f  f r u i t s  s h o w i n g  t h e  p e s t  a t t a c k  r a n g e d  f r o m  0 t o

3 . 8 7 .  A m o n g  t h e  f i v e  h y b r i d s  i n  w h i c h  A r k a  A b h a  w a s  u s e d  a s  t h e  

f e m a l e  p a r e n t ,  t h r e e  h y b r i d s  r e c o r d e d  n o  i n c i d e n c e  o f  f r u i t  b o r e r  

a t t a c k .  T h e y  w e r e  A r k a  A b h a  x L E  3 7 0 ,  A r k a  A b h a  x R F H - 1  a n d  A r k a  

A b h a  x P K M - 1 .  S a k t h i  x L E  3 7 3  w a s  a l s o  f r e e  f r o m  t h i s

i n f e s t a t  i o n .

Growth habit

G r o w t h  h a b i t  o f  t h e  l i n e s ,  t e s t e r s  a n d  l i n e  x t e s t e r  

h y b r i d s  a r e  g i v e n  i n  t a b l e  1 7 .

A c c o r d i n g  t o  t h e  g r o w t h  h a b i t  t o m a t o e s  w e r e  c l a s s i f i e d  i n t o  

t h r e e  v i z . ,  d e t e r m i n a t e ,  s e m i d e t e r m i n a t e  a n d  i n d e t e r m i n a t e  t y p e s .

A l ]  t h e  t h r e e  l i n e s  A r k a  A l o k ,  A r k a  A b h a  a n d  S a k t h i  w e r e  

h a v i n g  s e m i  d e t e r m i n a t e  g r o w t h .  A m o n g  t h e  f i v e  t e s t e r s  R F H - 1  a n d  

P K M - 1  w e r e  s e m i  d e t e r m i n a t e  t y p e s  w h i l e  L E  3 7 0 ,  L E  3 7 3  a n d  L E  3 1 2  

w e r e  i n d e t e r m i n a t e  t y p e s .  A m o n g  t h e  h y b r i d s  a l l  t h e  t h r e e  l i n e s  

c r o s s e d  t o  t h e  t h r e e  t e s t e r  v a r i e t i e s  L E  3 1 2 ,  L E  3 7 0  a n d  L E  3 7 3  

p r o d u c e d  i n d e t e r m i n a t e  t y p e s  a n d  t h e  t h r e e  l i n e s  c r o s s e d  t o  t h e  

t e s t e r  v a r i e t i e s  R F H - 1  a n d  P K M - 1  p r o d u c e d  e i t h e r  d e t e r m i n a t e  o r  

s e m i d e t e r m i n a t e  t y p e s .
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Table 17. Growth habit of parents and hybrids 

Parents/Hybrids Growth habit

Arka Abha - Semi determi nate

Arka A 1 ok - Semi determi nate

Sakth i - Semi determi nate

LE 312 - 1 ndetermi nate

LE 370 - 1ndetermi nate

LE 373 - 1 ndetermi nate

RFH-1 - Semi determi nate

PKM- 1 - Semi determi nate

Arka Abha X LE 312 - 1 ndetermi nate

Arka Abha X LE 370 - 1 ndetermi nate

Arka Abha X LE 373 - 1ndeterm i nate

Arka Abha X RFH- 1 - Determi nate

Arka Abha X PKM-1 - Determi nate

Arka A 1 ok X LE 312 - 1 ndetermi nate

Arka A 1 ok X LE 370 - 1 ndetermi nate

Arka A 1 ok X LE 373 - 1ndetermi nate

Arka A 1 ok X RFH- 1 - Semi determ i nate

Arka A 1 ok X PKM- 1 - Determi nate

Sakthi x LE 312 - 1 ndetermi nate

Sakthi x LE 370 - 1 ndetermi nate

Sakthi x LE 373 - 1 ndetermi nate

Sakthi x RFHI- 1 - Determi nate

Sakthi x PKM-1 _ Determi nate



DISCUSSION



D I SOU S S I ON

Before launching any hybridization programme it is necessary 

to choose the parents carefully. The common approach of 

selecting the parents on the basis of per se performanoe does not 

necessarily lead to fruitful results. Hence oroper

identification of the genetically superior parents is done on the 

basis of the performance of the hybrids which in turn is 

dependent on the information obtained from the analysis of the 

combining ability, in terms of goa of the parents and sea 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 (sea) of hybrids. 

Combining ability is 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 

lines i n v o 1 v e d .

In almost all major field crops, combining ability analysis 

has been used to estimate gca and sea variances and effects and 

also to assess the nature of gene action involved in the
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expression of various quantitative traits. Higher magnitude of 

gca variances i n d i c a t e d  predominant role of additive gene 

action which is fixable and higher sea variances indicate 

dominance deviation and eoistatic effect.

Line x tester analysis is one of the method<;for evaluating 

the performance of varieties or strains in terms of their

combining ability. It is a modified form of top cross and was 

proposed by Kempthorne (1957). This method has some advantage 

over dial lei analysis in that interaction among males and females 

can be avoided and the number of cross combinations can b 

reduced without affecting the accuracy of the results. Th 

present study w a s  c a r r i e d  out in a 1 ine x tester model using 

eight varieties of tomato to estimate the general combining

ability of t h e  p a r e n t s  a n d  s p e c i f i c  combining a b i l i t y  of t h e

hybrids. The three bacterial wilt resistant varieties were used 

as lines ( f e m a l e  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 square 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 1
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hybrids 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, l o c u W f r u i t  

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 analvsis 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, 1o c u 1es/fruit and size of fruits. This showed the 

importance of both gca and sea for these traits which inturn 

suggest the involvement of both additive and non-additive gene 

action in the inheritance of these characters. Hence these

characters are amenable to selection as well as hybridization. 

However the variance due to line x tester interaction alone was
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significant for spread of the plant and pericarp thickness, 

suggesting the involvement of sea alone for the inheritance of

these characters.

Plant height

For plant height significant variance was recorded by 

testers and 1ine * testers . S o  both gca and sea effects were 

significant for this character, suggesting the involvement of 

both additive and non additive gene action for the e x p r e s s i o n  of 

this trait. B u t t h e  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 gen.

action was reported by Govindarasu et al. (1981), S i d h u e t  al .

(1981), Sonone et a l . (1986) and Brahma et aj. (1991) in tomato. 

Predominance of additive gene action was reported by Singh and 

Singh (1980) and Ghosh and Svmal (1994). However the involvement 

of both additive and non additive effects were also reported by 

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

The estimates of combining ability revealed that, among the 

three 1ines only Arka Alok had significant negative gca effect. 

Among the five testers, LE 373 recorded significant positive gca 

effect while RFH-1 recorded significant negative gca effect. 

Significant positive sea effects were shown by the hybrids. Arka

Abha x LE 370, Arka Alok x PKM-1 and Sakthi x LE 312. But
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maximum sea 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 Abba x LE 370 both

parents bad positive gca effects. The hybrid Sakthi x LE 312 had 

one parent with pesitive 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 sea 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 Arke Alok x PKM-1 recorded significant 

positive heterobeltiosis also exhibiting significant sea effects 

in the combining ability analysis. Positive heterosis for this 

trait was reported earlier by Rema Bai (1975), Babu (1978). Ahmed 

et al. (19B5), Brahma et a j . (1991) and Dod et al . (1992).

Number of branches/plant

For number of branches/p 1 a n t , variance due to lines and 

testers were significant, suggesting the major involvement of 

additive gene action. More over the contribution of testers was 

maximum here. For line x tester interaction the variance was not
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significant which implied that the sea effect— was not 

significant. However crosses should be selected on the basis of 

gca effect of parents, unless sea variance exceeds twice gca 

variance. Here sea 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 Singh

(1980), Lonkar and Borikar (1988) and Ghosh and Svmal (1994) in 

tomato which supoorted the present findings. But contrary to 

this, predominance of non additive gene action was reported by 

Govindarasu et a 1 . (1981) and Sidhu et al... (1981). Involvement

of both additive and non additive gene actions were reported for 

this trait by Ali et a l . (1989).

Among the lines. Arka Alok showed significant negative gca 

effect while Sakthi showed positive gca effect. Among t e s t e r s  

LE 370 alone showed significant positive gca effect. None of the 

hybrids showed significant positive sea effect. But significant 

negative sea 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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The mean souares for line x tester interaction alone was 

significant for the character, soread of the C a n t .  Th,s 

indicated significant sea effect. The proportional contribution

of line X tester hybrids w a s  a l s o  maximum for this character.

The ratio of additive to dominance variance was less than

All these suggested the involvement of non-additive gene action

r a.ud«. trait It is in a g r e e m e n t  with 
alone for the expression of this tral .

the result of Chandrasekhar and Rao (1989) in tomato,

The iines Arka Alok and Sakthi exhibited significant 

negative and positive gca effects respectively for soread of the 

plant. Ampng testers , LE 312 and RFH-1 showed significant

posit....... . negative gca effects respectively. sionific.nt

positive SCa effect was observed in three hybrids v i e .  Arka Abh, 

x LE 373. Arka A,ok 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 A,ok x PKM-1 with negative x negative go,

e f f e c t s .

The heterosis expressed in the hybrids for spread of the

fUef- a verv h i Q h degree u f 
plant was also studied. It was found that a

manifested among the hybrids. Out of the 15heterosis was m a m t e s t e a
A a  nncitive relative heterosis. significanthybrids 14 recorded positive re

Spread of the plant

1 0 2



positive heterosis was recorded by ;ten hybrids over mid parent, 

eight hybrids over better parent and three hybrids over standard 

parent. The maximum heterosis was expressed by Sakthi x LE 312.

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 in the 

expression of this trait. However this trait was found to be 

controlled predominantly by non-additive gene action since the 

additive to dominance variance ratio was less than one. In

agreement to this, non-additive gene action was reported by

Egiyan and Luk'yanenko (1979) and Singh and Singh (1980). But 

predominance of additive gene action was reported by Swamv 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 373 exhibited significant negative gca effect. The 

highest negative sea 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 sea variance is well reflected in the 

hybrids. Significant heterosis was recorded bv the different

hybrids. Positive heterosis was significant in Arka Abha x RFH-1 

and Sakthi x RFH-1 while it was significantly negative and 

maximum in the hybrid Arka Alok x LE 373. Negative heterosis is 

preferable for Deriod of harvest since it gives 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 Qovindarasu et a 1 . ( 1982).

Individual 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 confirmitv with the 

results of Gurdalbir Singh and Nandpuri (1974), Moya et al. 

(1986), Ali et al. (1989) and Szwadiak and Kordus (1992).

Predominance of additive gene action was reported bv Dixit et al.

(1980). Sonone et al. (1986) and Omara et al. (1988) for this

trait. m  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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A H  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. All the 

testers, except LE 312 exhibited significant gca effect. REH-1 

showed maximum gca effect. Nine hybrids exhibited significant 

sea effects. But significant positive sea effect was exoressed 

by five hybrids. Maximum sea effect was observed in Arka Alok x 

RFH-1, where both parents were having significant positive gca 

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 general 

combiners. The hybrid Sakthi x PKM-1 had parents with negative x 

positive general 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 heterobe1tiosis also. The hybrid Arka Alok 

x RFH-1 which had the highest sea effect recorded maximum 

positive heterosis for fruit weight. Similar findings were also 

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

-  h . .  „

s i g n i f i c a n t .  s u g g e s t i n g  + k ■
n o n a d d ' f  ’"volvement of both ,d d U f v .
non-add,tive gene actions.
j . re the r a t ’° of additive to
dom,nance variance was found to be less than
n r o »  0 0 6  1 n d i ^ a t i n q  t h e
Preponderance of non-additive gene action. T h ,s findi

agreement with the results of Govindarasu et , ,
et a, (1981) p „ *  a '' fl981) a"d Sl-hu

(1981). But contrary to thi« u
, Singh and Singh C 1980 i

Omara et al ( 1 gas*i• (1988) and Sonone et al M 9 Rfn -
additivA reported predominant
additive gene action for this trait

Significance of both

and non-additive gene effects were reported by nova et 

* • M9 8 6 ) .  Dha 1 iwa 1 and Nandpuri (1988). a 1 i et al. f 1989) and

Szwadiak and Kordus f1992).

All the lines recorded significant gca effect Two , ■
Arka Abha and Arka 1 1 lines

effect a ° ^  ■ 1 » " 1 ' 1 « " t  negative gca

‘ Am°nS teSt^ S "  3 7 0  —  exhibited significant
positive gca effect uk- a errect, whereas IE 1 7 0  ^ ,

exhibited significant

observed T  • «  • " . < *  was

three with T -  h V b r ’dS _ thPee " ith t’° Slt1Ve sca affeot and 
ree with negative sca effect. High sca effect

the h.u v ffect was observed in
rids Arka Alok x PKM - 1  Arka Ahha

370 p . , • Arka Abha X p kM-l and sakthi X ,F
■*10. Hybrids Arka Alok v pkm 1

and Arka Abha x pkm - 1  had parent.
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effect w h i l e  S a k t h i  x LE 370 h a d
,1th negative x Positive gca effect

positive v positive gca effec

. expressed by the h y b r i d s  supports the
Positive heterosis expressed d y

effect. O u t  of 15, 12 h v b r i d ,  showed

p r e d o m i n a n c e  o se a  p o s i t i v e  in seven
so w o t e r o s  i s wa s  s i g n i f i c a n t l y  

p o s i t i v e  h e t e r o s i  F H .,. A rk >  A b ha x
4- v/ it Arka Abha x 

hybrids over mid pare •• LE ,70l Sakthi
u . ,F 312 Sakthi x LE 373. Sakthi x LE _/u, 

pKM-1, Sakthi x L • shoWed sicnificant
. M o W  x PKM-1. T h e s e  hybrids showed

* RFH-1 and Arka Alo exhibited
heterobe 1 1  i os i s also. T h e  hybrid Sakthi x -T

significant standard heterosis for this trait.

. f _ r t h i s  t r a i t  w a s  r e o o r t e d  e a r l i e r  by 
P r o n o u n c e d  h e t e r o s i

4- (1982) • B r a h m a  et a .
4- (1981). Govindarasu et a *

S o n o n e  et al.. reoorted bv
^ 4. al ( 1992). H e t e r o b e !  t i cs is wa s  

(1991 ) and Do d  et al . 1 '

Ahmed et al.. ( 1988).

Fruit yield / plant

■ r e v g a 1ed from the anal vs is

due to
. ce for f r u i t  v i el d/bi a c t ; as th e  - a n  s o u a r e s  due

Of v a r i a n c e  for rru . .f .r a pt This
an d  X t e s t e r  i r t e r a c t i o n s  w e r e  s i o n n f  .

t r o „ . d  by both additive and non-additive 
trait IS therefore con dominance variance

£ m.Ari ■; +• i vp> to aoffl'naiivc
actions. But the ratio of addntive 

: : .  »  » —

p r e d o m i n a n t l y  i n v o l v e d  in the expr n q 8 n .

i n  a c c o r d a n c e  w i t h  t h e  f i n d i n g s  o f  — d a r a s u  e t  a, . -
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S 7dhu et al. (1981). Sonone et al. ( 1986) and Kryuchkov et al,

(1992). But Dredominance of additive qene effects were

reported by Dholaria and Qadri (1983). Lonkar and Borikar (1988) 

and Omara et al. (1988).

The gca effect was positively significant only  in one l i ne

ie. Sakthi where as it was insignificant among testers. The sea

effect was significant in four hybrids. Maximum p o s i t i v e  sea

effect was shown by Arka Abha x LE 370 obtained from parents wi th

negative x positive gca effect. It was fo l l owed by Sakthi v

RFH-1. where both parents were having positive gca e f f e c t s ,  m

the hybrid Arka Alok x PKM-1, the sea effect was significant and

positive; while the parents were having positive x negative gca

effects. m  the hvbrid Arka Abha x PK M - 1 . sea e f f e c t  was

significant and negative; where both parents were negat ive 
general combiners.

The expression of heterosis in the hybrids was estimated and

it was found that out of 15, five hybrids showed significant

positive heterosis over mid parent and four hybrids over be t te r

parent. The hybrids Arka Alok x RFH-1 and Arka Alok x LF 373

exhibited high significant positive r e l a t i v e  he te ros is  arc

heterobeltiosis. Earlier reports by Avdeev (1974). Ahmed et  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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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 less 

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 

a] (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 line Arka Alok showed maximum positive gca effect and 

Sakthi showed significant negative gca effect. But significant 

positive gca effect was observed in the tester RFH-1 alone. 

Significant positive sea effect was found in the hybrid Arka Alok 

x RFH-1, where both parents were having maximum gca effect. 

Eight hybrids had significant positive sea effect. Of these 

three hybrids were having parents with positive x negative gca 

effects, two hybrids were having parents with positive x positive 

gca effects. two hybrids were having parents with negative x 

negative gca effects and one hybrid was having parents with 

negative x positive gca effect.

Pericarp thickness
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i. • offprts The maximum seaexhibited significant negative sea effect .

i a i L- v pi^M-1 where both the parents 
effect was expressed by Arka Alok

were having negative gca effects. In the three hybrids Arka Abha 

* LE 370. Arka Abha * LE 312 and Arka Abha X LE 373; all the 

parents were having positive gca effe-ts.

Si nc e the c h a r a c t e r  is c r e d c m i r a n t  1y u n d e r  t h e  control of 

n o n - a d d i t i v e  g e ne a c t i o n  the h e t e r o s i s  a l so wa s  s i g n i f i c a n t  in 

th e  hybrids. S i g n i f i c a n t  p o s i t i v e  h e t e r o s i s  wa s  o b s e r v e d  in 

ei gh t h y b r i d s  over m i d  p a r e n t  and t h r e e  h y b r i d s  o v er be t t e r  

parent. M a x i m u m  p o s i t i v e  h e t e r o s i s  was r e c o r d e d  by th e  hybrid, 

A r k a  Alok x PKM-1 w h i c h  s h o w e d  h i gh sea e f f e c t  in th e  c o m b i n i n g

ability analysis.

Locules/fruit

Significant mean sum of squares due to lines and line X 

tester interactions were recorded for 1 o c u 1 es/fruit. This

indicated significant gca and sea effects and the involvement 

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 (1381) and Sidhu ej; al (1981) in tomato. .Predominance 

o, additive gene effects were reported by Singh and Singh (1980), 

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

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 Nandouri and Tyagi ( 1976), Pat.il and Patil ( 1988) and 

Ghosh and Symal (1994) in tomato.

The line Arka Alok showed maximum oositive gca effect and

Sakthi showed significant negative gca effect. But 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. of these

three hybrids were having parents with positive x negative gca

effects, two hybrids were having parents with positive x oositive 

gca effects, two hybrids were having parents with negative x 

negative gca effects and one hybrid was having parents with 

negative x positive gca effect.

Pericarp thickness
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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. All 

the three tvpes of heterosis were significant in Arka Alok x 

RFH-1 which had shown maximum sea effect, in the c o m b i n i n g  

a b i 1 ity analysis.

Number of leaves/piant

Analysis of variance for number of leaves/plant. showed 

significant variance for testers and line x tester hybrids. 

Hence gca and sea 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, suggesting the 

predominant role of non-additive gene action. Predominance of 

non-additive gene action was reported earlier bv Konstantinova 

et a 1. ( 1990).

The line Arka Abha alone showed significant positive 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. Out of seven

hybrids four exhibited significant positive sea 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 sea effect was recorded only in one 

hybrid ie Arka Abha x RFH-1 which had parents with positive x 

negative gca 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 significant 

heterosis for 1 o c u 1 es/fruit in tomato.

Size of fruits

In the analysis of variance for size of fruits significant 

sum of squares was recorded for lines and line x t e s t e r  hybrids. 

This indicated the importance of both gca and sea 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 

Nandpuri et a]. (1975), Tarrega and Nuez (1983) and Moya et a). 

(1986).

Combining ability analysis revealed that all the lines 

showed significant gca effect. Lines Arka Abha and Arka Alok 

exhibited significant positive gca effect whereas Sakthi 

exhibited negative gca effect. Maximum gca effect was exhibited 

by Arka Alok. All 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 bv 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 oositive heterosis over better parent. Two 

hybrids showed significant positive standard heterosis. Maximum
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w h i c h  had
heterosis was recorded by th. hvbr1d Arka 4)ok  ̂ ^  ^

• own maximum soa ,ff.ct 1n ^  comb^ ns

Significant heterosis for size ~f *

e a r l i e r  h ' r u i t s  was s n o r t e d
bv Alvarez (,985) and Sonone et a,. (1981).

in genera, the specific combination of Arka Abha x ,r ,70 „

; M *  sea as w . U  as heterosis for , K . ^ ,J

ributes such as fruit vie,d/p,ant. individua, fruit „r,qbt

; ; ; ; of f:uitand—  —  - : nd
number of leaves/nlsnt t k •
hetero • , "  combination showed significant

e t e r o s i s  f o r  b r a n c h e s / p , ant a l s o .  O b s e r v a t i o n s
reservations on pests and

a t t a c k 6S ^  ^  HVbMd —  —  bore r

indet 9,1 d ’SeaSeS ''ke m°Sa1C ^  'eaf CUrl' 14 «bibit.dindeterminate growth habit.

The specific combination Arka A,ok x PKM-, is a,so sh • 

sisnifleant,y high sea as we,, as h r
fruit / , beterosi, for number Qf

T b . . D frU,t Vle'd/D,ant' »'ant height and ,eaves/p,ant
is showed determinate growth habit.

The two hybrids Arka A,ok * LE 3 , 2  and Arka A,ok * rfh - 1  are 

- w , n g  high sea and heterosis for individua, fru,t weight. s,ze 

TU, S and pericarp thickness. For fruit vie,d,Cant tbe 

ove two combination are showing significant heterosis. The,.'

howed indeterminate and semi d«t
resn.cti i determinate growth habits
respectively.
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Sakth’ X R F H _ ’ 1 3  3  SDSCific « ™ b i n a t i 0n which showed high 
«  for fruit V1, ld/p1ant. T h u  comMnatjon ^

icant heterosis for individual fruit weiqht and
fruits/olant. This comh t • » < ^ t  and number of

ls combination exh-ih-if &ri ^ 
habit exhibited determinate growth

and

viz.

that n  h a b i m V  ana’VS,S ^  15
are ‘ ‘ thr"  V i 2 '- ArkS A b h a ' A 1 ok and Sakthi

good genera, oombiners with resoect to vield and vield

a r, utes. The testers are good genera, combiners for the 

different vegetative characters.

-n the soecifio combining ahilitv analvsis of the 15 line x 

aster hvbrids. oronounced specific combining a b i H t v  

significant heterosis were observed in the five hvbrids _  

- a  Abha X L E 3 10. A r k a A , o k x PK M - , . A r k a 4 1 o k ) < L E 3 I 2  ^

* RFH 1 and Sakthi x RFH- 1 ; for the riff
Tor the different yield

Amonp these the hybrid ^ ^  ^  ^

-  be free from diseases like mosaic and leaf curl and

from the fruit borer attack.

fruits of Arka Abha x LE 370 A r k a  ai l.
’ Arka Alok * PKM-1 and sakthi x 

are given in plates 1 . 2 and 3 .

Good general combiners and specific ^ •
. specific combiners based on their

combining a b i H t v  are presented in table and ,9 .
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Table - 18 Lines and testers with high general combining ability

Significance for variance Qood linesCharacters

Plant height

No. of branches/plant

Spread of the plant

Period of harvest

Individual fruit weight 

Nunber of fruits/plant 

Fruit yield/plant 

Pericarp thickness 

Number of leaves/plant 

Locules/fruit 

Size of fruit

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

Sakthi 

Arka Alok

Arka Abha, Arka Alok

Sakthi

Sakthi

Arka Alok 

Arka Abha, Arka Alok

Qood testers 

LE 373 

LE 370

LE 312, LE 373

LE 312, LE 370 tt LE 373



Table - 19 Qood line x tester combinations for different characters

Lines\Testers LE 312 LE 370 LE 373 RFH-1 PKM-1

Arka Abha No. of leaves/plant* Plant height* Spread of the plant* Looules/fruit No.of fruits/ 
plant*

Individual fruit weight* Individual fruit Size of fruits Period of harvest*

Fruit yield/plant weight*

No.of leaves/plant* No. of leaves/plant*

Size of fruit*

Arka Alok Individual fruit weight* 

Size of fruit

Individual fruit 
weight*

Perioarp thickness* 

Size of fruit*

Plant height*
Spread of the plant*

No. of fruits/plant*

Fruit yield/plant*

No.of leaves/plant*

Sakthi Plant height* Spread of the plant* 

No. of fruits/plant*

Fruit yield/plant Individual fruit weigi

* significant heterosis









d of the plant and pericarp thickness. Bo 
si qni f icant for «»;“  ^  ^  remain,n9 characters such as

9ca and sca were s i q m  individual fruit weiqht. fruits/

p l a n t  h e i q h t ,  p e r i o d  o f  h a  t o c u 1e s / f r u i t  a n d  s i z e

D ,ant. fruit field/ , « •  r.t<e indicated a
SHitive to dominance variance r 

of fruit. The add the abc,ve
a for non additive qene actio

preponderance

c h a r ac ters.
U t h a t  a n  t h e  t h r e e  lines

• • a h i 1 ity a n a l y s i s  s h o w e d
C o m b i n i n q  a a e ne ra l c o m b i n e r s

f 1 Sa kt hi w e r e  q o o d  ae ne r
.* A^-ka Alok and aa ni n

viz., A r k a  Abha, a t t r i b u t e s  w h e r e a s
„ith nespect to fruit field and other vie d

a nonpral combiners,
t h e  t e s t e r s  w e r e  b o o  ~ ^  ^  ^

. e q e t a t i v e  c h a r a c  e r s ^  s i 3 n if ic ant soa and

plant. Amonq th Abha y LE
L . p r V ed in th e  h y b r i d s  s u ch as 

h e t e r o s i s  w e r e  o & r U  Alok x RFH-1 and

3 7 0 , A r k a  Alok x PKM-1, A r k a  A ^ l£ 37Q s h o w e d
4-Kc>dif» h y b r i d s ,  A r K a  n y c . i  A m o n q  t h e s e  y 

C a k t h i  x R H F - 1 -  ” . LL s i z e  of
tor fruit yield, individual fruit weiqht,

. , s/p 1 a n t , branches/plant and also showed
fr ui t, p l a n t  heiflht. e a ve H y d r i d

, m o s a i c  leaf curl and f r u i t  borer.

reSiStSnCe ° . te qrowth habit. The hybrid Arka Alok *
exhibited indetermina ^  ^  f . fru1t yield/olant,

p K„-, s h o w e d  s i q m  lean ^  c o m b in a t i o n s  A r k a  Alok x LE

p ,ant H e i q h t  and l e a v e s / P  ^ H e t e r o s i s  for

312 and A r ka Alok v RF H- 1 s h o w e d  h i q h



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.

T h e  o b s e r v a t i o n s  w e r e  r e c o r d e d  o n  p l a n t  h e i g h t ,  n u m b e r  of 

b r a n c h e s / p l a n t ,  g r o w t h  h a b i t ,  s p r e a d  o f  t h e  p l a n t ,  D e r i o d  of 

h a r v e s t ,  i n d i v i d u a l  f r u i t  w e i g h t ,  n u m b e r  of f r u i t s / p l a n t ,  f r u i t
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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 sea 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 lines 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 locu 1 es/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 

r F H -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 b o re r. This 

also showed indeterminate growth habit. The hybrid Arka Alok x 

PKM-1 exhibited significantly high sea 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 sea 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 respective 1 y .

S^lhi x RFH-l <2xbfbihzd f)011

ctrjdi b'<noi-it'oa o b  caocl p o ^ i j - j v e  lye, hi Hi os i 5



fruits/plant and individual fruit weight. This hybrid

showed resistance to the diseases such as leaf curl and mo-

This showed determinate growth habit.

The above promising hybrids can be directly popularised 

hybrid varieties or can be carried forward to evolve

yielding bacterial wilt resistant varities.

a 1 so 

a i c .

as 

h i ah
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An experiment in tomato (Lycopersicon esculentum Mill.) was 

carried out at the Department of Plant Breedinq and Genetics, 

Colleqe of Aqriculture, Vellayani durinq 1993-94, with the 

ob.iective of estimatinq the combininq ability of parents and qene 

action, involved in the inheritance of different yield 

attributes. The study was conducted in a line x tester model, 

usinq 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 

eiaht parental varieties and 15 hybrids were planted in the field 

in R B D , with three replications. Observations recorded were 

plant heiaht, number of branches/plant, qrowth habit, spread of 

the plant, period of harvest, individual fruit weiqht, number of 

fruits/plant, fruit yield/plant, number of leaves/plant, pericarp 

thickness, locules/fruit, size of fruit and pest and disease 

i nc i dence.

Analysis of variance revealed hiqhly siqnificant differences 

amonq the qenotypes for all the characters. Gca alone was 

siqnificant for number of branches/plant while sea alone was



significant for spread of the plant and pericarp thickness. Both

sea and sea were significant for the remaining characters such as

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

Plant, fruit vield/ plant, 1eaves/p1 a n t , 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 yield and other yield attributes whereas 

the testers were good general combiners, for the different 

vegetat i ve characters such as plant height, branches and leaves/ 

Plant. Among the IS hybrid combinations, significant sea and 

heterosis were observed in the hybrids such as Arka Abha x LE

3 7 0 ,  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 L E  3 7 0  showed

significance for fruit yield, individual fruit weight, size of

fruit, plant height, leaves/plant, branches/p 1 ant and also showed 

resistance to mosaic, leaf curl and fruit borer. This hydrid 

exhibited indeterminate growth habit. The hybrid Ark, Alok x 

PKM-1 showed significance for fruits/plant, fruit yield/plant. 

Plant height and leaves/plant. The combinations Arka Alok x L E  

3 1 2  and Arka Alok x RFH-1 showed high sea and heterosis for
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