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Abstract: 

Eight diverse lines of tomato were crossed with three 

testers in line x tester mating fashion to study 

combining ability effects and gene action for yield 

and yield contributing traits. The analysis of variance 

revealed that the variance due to line x tester effects 

were highly significant for all the traits under study. 

The magnitude of sca variance was greater than gca 

variance suggesting the predominance of non 

additive gene acton for number of fruits per cluster 

and yield per plant. Based on gca effects of parents, 

the line LE-53, LE-64 and the tester Arka Alok were 

found to be good general combiners for most of the 

traits. The crosses EC-157568 x Arka Vikas, EC-

163611 x Arka Alok, LE- 62 x Arka Alok and LE-64 

x Arka Vikas were found to be superior specific 

combinations on the basis of yield per plant 

performance. 
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Introduction: 

Tomato (Solanum lycopersicum L.) is one of the most 

important vegetable crops grown throughout the 

world because of its wider adaptability, high yielding 

potential and suitability for variety of uses in fresh as 

well as processed food industries. Combining ability 

has a prime importance in plant breeding since it 

provides information for the selection of parents and 

also provides information regarding nature of gene 

action. The knowledge of genetic structure and mode 

of inheritance of different characters helps breeders 

to employ suitable breeding methodology for their 

improvement [1](Kiani et al., 2007). The concept of 

combining ability was introduced by Sprague and 

Tatum (1947)[2].  

In present study efforts were made to gain 

information on the mode of inheritance of desirable 

traits and to identify suitable parents for developing 

tomato hybrids or selection of suitable genotypes in 

segregating genotypes. 

Materials and Methods: 
The present study was conducted at vegetable 

Research Station, Hyderabad, Dr. Y.S.R. 

Horticultural University during 2009-10 (Rabi and 

Kharif). Eight genetically diverse lines (EC-165749, 

EC-157568, EC-164838, EC-163611, LE-53, LE-56, 

LE-62 and LE-64) were crossed with three testers 

(Arka Alok, Arka Meghali and Arka Vikas) in Line x 

Tester mating design during rabi 2009.  The resultant 

24 F1’s were evaluated along with their parents and 

two standard checks (Lakshmi and US-618) were 

during Kharif 2010 in randomized block design 

which was replicated thrice. Each entry was grown in 

one row of 10 plants in each by adopting inter row 

spacing of 60 cm and intra row spacing of 45 cm. 

The observations were recorded on five randomly 

selected plants for viz., plant height (cm), number of 

flowers per cluster, fruit length (cm), fruit width 

(cm), average fruit weight (g) and fruit yield per plant 

(kg/plant). The data were subjected to combining 

ability analysis following Kempthorne (1957)[3]. 
 

Results and discussion: 

Analysis of variance (Table 1) for combining ability 

revealed that the variance due to lines effect was 

highly significant (@P ≤ 0.01) for all characters 

studied except number of fruits per cluster. Mean 

squares due to testers were significant for plant 

height(cm), days to 50% flowering, fruit length (cm) 

fruit width (cm) and average fruit weight (g), which 

indicated the existence of substantial genetic 

diversity in the parents. While the variance due to 

line x tester effects were highly significant (@P ≤ 

0.01) for all traits under study, representing specific 

combining ability and suggested manifestation of 

parental genetic variability in their crosses or 

possibility of better selection of cross combinations 

among 24 F1 hybrids for these traits. 
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Table 1: ANOVA for combining ability of yield and contributing traits in tomato 

Significant at 5% level, ** Significant at 1% level 
 

 
 

Table 2:  Estimates of gca effects for lines and testers for yield and yield contributing characters in tomato 

Significant at 5% level, ** Significant at 1% level 
 

General combining ability:  

The estimates of gca effect provides a measure of 

general combining ability of each genotype, thus aids 

in selection of superior ones as parents for breeding 

programmes. The estimated effects for general 

combining ability (gca) of eight lines and three 

testers have been presented in table 2. The present 

study revealed that none of the parent was good 

general combiner for all the traits as combining 

ability effects were not consistent for yield and its 

components. Among the female parents, the line LE-

53 registered significant highest gca effects for 

number of flowers per cluster, fruit length and yield 

per plant. While highest positive gca effects for 

number of primary branches per plant and significant  

 

highest negative gca effect (desirable) for days to 

50% flowering were exhibited by LE- 62. The lines 

viz., EC-164838, LE-64 and LE-54 were proved to be 

good combiners for number of fruits per cluster, fruit 

width and average fruit weight, respectively. 

Among testers, Arka Alok exhibited significant 

highest gca effects for number of fruits per cluster, 

number of flowers per cluster, fruit length, fruit width 

and average fruit weight. Whereas, Arka Meghali and 

Arka Vikas exhibited significant highest gca effects 

for yield per plant and number of primary branches 

per plant, respectively. Comprehensive assessment of 

parents by considering gca effects for nine traits 

studied has proved to be the lines LE-53 and LE-64 

are good general combiners for overall traits. Among 
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testers, Arka Alok was identified as good general 

combiner for overall traits. Hence, these can be 

utilized in commercial breeding programmes as good 

donors for yield and yield contributing traits. The gca 

effects are mainly attributable to additive and 

additive x additive interactions, which are fixable. 

Therefore, the lines viz., LE-53 and EC-164838 

exhibited higher per se performance along with 

highest gca effects for fruit length and number of 

primary branches per plant, respectively suggesting 

that these lines may be utilized in genetic 

improvement of tomato through varietal breeding of 

these characters.  

Specific combining ability: 
The specific combining ability reveals the best cross 

combination among the genotypes which can be 

useful for developing hybrids with high vigour for 

the traits. Consideration of the sca effects for fruit 

yield and sca effects for other yield components 

revealed that no cross combination was consistently 

good for all the traits. However, some of the crosses 

exhibited significant sca effects for more than one 

character. 

 

Table 3: Overall performance of superior crosses based on per se performance and sca effects for yield and 

yield contributing traits in tomato 

 
 

An assessment of the relationship between the per se 

performance of hybrids and specific combining 

ability revealed that only in few crosses there was an 

agreement in the ranking based on per se 

performance and specific combining ability (Table 

3). Kalloo et al., (1974)[4] also reported that the sca 

effects of the hybrids did not always coincide with 

the per cent of hybrid vigour. The high expression of 

yield and yield component in the crosses may be due 

to complementation by which one parent 

compensates for the deficiencies in other. Among 

crosses, LE-53 x Arka Meghali and EC-16311 x Arka 

Alok showed significant heighest sca effects for plant 

height and number of primary branches per plant, 

respectively. The hybrid EC-165749 x Arka Alok 

was found to be the best specific cross combination 

for days to 50 % flowering and average fruit weight. 

Higher fruit yield per plant is one of the major 
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objectives of all breeding programmes. Hence among 

24 hybrids, eight viz., EC-157568 x Arka Vikas (L x 

L), EC-163611 x Arka Alok (L x H), LE-62 x Arka 

Alok (H x T),  LE-64 x Arka Vikas (H x L), EC-

165749 x Arka Alok (L x H), EC-164838 x Arka 

Vikas (L x L) and LE-53 x Arka Alok (H x H) 

exhibited superior significant sca effects and  high 

per se performance for yield per plant. The gene 

action involved in these crosses which recorded 

significant sca effects is dominant or epistatic in 

nature, which is non-fixable. Hence, heterosis 

breeding is recommended. However, the crosses LE-

53 x Arka Alok, LE-64 x Arka Meghali which 

showed non significant sca effects having high x high 

gca parental combinations are recommended for 

recombination breeding for yield improvement 

because of absence of dominance. 

 

Table 4. Estimates of variance components and degree of dominance for yield, yield contributing and quality   

characters in tomato 

 

Some of the hybrids showed significant sca effects in 

desired direction for other traits along with yield per 

plant, such as EC-157568 x Arka Vikas for plant 

height, average fruit weight, yield per plant, EC-

163611 x Arka Alok for number of primary branches 

per plant, number of fruits per cluster and EC-165749 

x Arka Alok for days to 50% flowering and average 

fruit weight. None of the cross showed significant sca 

effect for number of flowers per cluster in this study. 

In general, the hybrids with significant sca effects in 

the desired direction involved parents have either 

high x high or high x low or low x low gca effects. 

The low x low crosses giving high sca values may be 

due to the genetic diversity of the parents and non 

allelic interaction [5]. High sca effect manifestations 

of crosses by which involving both the parents have 

high gca effects might be attributed to sizable 

additive x additive gene action. The high x low 

combinations, besides expressing the favourable 

additive effect of the high parent, manifested some 

complementary gene interaction effects with a higher 

sca.Majority of cross combinations exhibiting 

desirable sca effects had at least one of the parents as 

good general combiner [6]. The results such as high x 

high, high x low and low x low gca cross 

combinations which exhibited significant SCA for 

various traits were also reported by [7] and [8].  

Gene action: 

The variance due to gca and sca were found to be 

significant for all the characters revealing the 

presence of both additive and non-additive type of 

gene action for the inheritance of yield and its 

components (table 4).  
 

The additive variance was larger than its counter part 

non-additive variance for plant height, number of 

primary branches per plant, days to 50 % flowering, 

number of flowers per cluster, fruit length, fruit width 

and average fruit weight. The estimates of degree of 

dominance (less than unity) had also confirmed the 

additivness of genes for these characters. The role of 

additive gene action governing for these traits viz., 

plant height [5], number of primary branches per 

plant [6], days to 50 % flowering [9], fruit length and 

fruit width [10], number of flowers per cluster and 

average fruit weight [11] were reported. Hence, 

significant advancement could be achieved in the 

segregating generations using simple selection 

procedures or conventional breeding methods such as 

pedigree and bulk selection, which are useful for 

accumulation of desirable genes for these traits.  

Non additive genetic variance had greater estimates 

than additive genetic variance and the ratio of 

additive variance and non additive genetic variance is 

less than unity, establishing the predominance of non 

S.No. Character σ2gca σ2sca 
σ2gca / 

σ2sca 
σ2A σ2 D σ2A / σ2 D 

Degree of 

Dominance 

1 Plant height (cm) 184.02** 90.61** 1.99 368.05 90.61 4.06 0.50 

2 

No. of primary branches/ 

plant 0.27** 0.26** 

1.04 

0.54 0.26 2.04 0.70 

3 Days to 50% flowering 1.31** 0.97** 1.35 2.62 0.97 2.71 0.61 

4 No. of flowers / cluster 0.05** 0.04* 1.25 0.10 0.04 2.18 0.68 

5 No. of fruits / cluster 0.06** 0.11** 0.55 0.12 0.11 1.17 0.93 

6 Fruit length (cm) 0.14** 0.04** 3.50 0.29 0.04 6.48 0.39 

7 Fruit width (cm) 0.15** 0.08** 1.88 0.30 0.08 3.69 0.52 

8 Avg. fruit Wt. (gm) 175.84** 13.99** 12.57 351.67 13.99 25.14 0.20 

9 Yield / plant (kg) 0.08* 0.29** 0.28 0.17 0.29 0.59 1.30 
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additive gene action in the inheritance of the yield per 

plant [12]. The presence of non-additive gene action 

for yield per plant requires maintenance of 

heterozygosity in the population.  
 

Hence, it is necessary to follow modified breeding 

methods such as bi-parental cross or triple test cross 

design or any other form of recurrent selection 

method in early generations, which is more useful for 

exploitation of non-additive gene action in order to 

recover transgressive segregates by breaking 

linkages, releasing concealed variability, improving 

the concentration of favourable genes and changing 

linkage equilibrium or heterosis breeding would be a 

mean  breeding method in improvement of yield per 

plant while, the greater values of additive variance 

than non-additive variance and greater sca variance 

than gca variance revealed the involvement of both 

additive and non additive gene action in the 

inheritance of number of fruits per cluster [13]. There 

is a possibility of deriving high performing pure lines 

for number of fruits per cluster traits because longer 

proportion of non-additive effects in self pollinated 

crops seems to be due to additive x additive epistatic 

effect. Hence, reciprocal recurrent selection or bi 

parental mating is useful for improvement of number 

of fruits per cluster since, it exploits both the 

components of genetic variance. 
 

 

Conclusion:  

Considering higher per se performance, significant 

sca effects and non additive gene action for yield per 

plant, the crosses viz., LE-64 x Arka Vikas, LE-53 x 

Arka Alok and LE-62 x Arka Alok, which can be 

further exploited 
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