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SUMMARY
Demand for tomatoes in Indonesia continues to rise but National consumption can’t be fulfilled 
from national production. Improvement of the quality and quantity of tomatoes should also 
continue to be made to meet consumer demand. Varieties based on local germplasm is a way 
to answer these problems. The research aims to study specific combining ability (SCA), general 
combining ability (GCA), heterosis and heterobeltiosis F1 populations in a half diallel cross of 
local tomatoes. The experiment was conducted in July to December 2014 at the experimental 
field Leuwikopo, IPB, using Randomized Complete Block Design Group with three replications. 
Genetic material consisted of 5 local tomato genotypes as parents and 10 F1 crosses half diallel 
results. Genetic parameters observed were SCA, GCA, heterosis, and heterobeltiosis. GCA value 
and SCA were analyzed by Griffing’s method II. Heterosis is calculated based on the average 
value of both parents and heterobeltiosis calculated based on the average value of the highest 
parents. Kudamati 1 is the best combiner for the characterof number of fruits per plant, Aceh 
5 and Gondol for fruit size, and Lombok 4 is the best combiner for the character of weight per 
fruit. Hybrid Lombok 4 x Gondol has the highest and most positive value of  SCA, heterosis, 
and heterobeltiosis for all the characters that are directed to hybrid varieties.

Keywords: genotype, heterobeltiosis, hybrid, genetic parameter, GCA, SCA

INTRODUCTION
Tomatoes are one of the high-value commodities that can be consumed fresh or processed 

first. Tomatoes also contain several important nutrients for health, namely, potassium, folic acid, 
vitamin C, vitamin E, lycopene and β-carotene (Willcox et al., 2003). The lycopene content in 
tomatoes serves as an antioxidant and have a favorable effect in lowering the risk of various 
chronic diseases including cancer (Agarwal and Rao, 2000; Kailaku et al. 2007)

According to Pusdatin (2014), consumption of tomatoes in Indonesia at 1:55 kg capita-1 
year-1 in 2002 and in 2013 increased to 1.76 kg capita-1 year-1 with an average growth of 3.66% 
per year. Tomatoes harvested area in Indonesia during the period 1990–2013 also tended to 
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increase with average growth of 1.91% per year and was followed by an increase in production 
by 6:27% per year. Despite the increase in production, Indonesia’s still importing tomatoes to 
meet domestic demand. In 2012, Indonesia imported tomatoes for 12 157 tonnes (Deptan, 
2013) and increased to 12 613 tonnes in 2013 (Deptan, 2014).

The problems faced by tomato plants in the tropics, namely the plants are susceptible 
to pests and diseases, high rainfall, high temperatures and low fruit quality (Villareal, 1979). 
Cultivation of tomato plants in Indonesia is still widely practiced in the highlands and must 
compete with other horticultural crops so it is necessary to expand the planting area to the 
middle and lower plains. Therefore, tomatoes commodity in Indonesia still requires serious 
attention in terms of increased yield and fruit quality in the lowlands.

Indonesia has a diverse germplasm potential as a source of diversity that can be used as 
initial capital for the varieties. Assembly of hybrid varieties is one way that can be done to obtain 
tomato varieties with superior characters. Hybrid varieties are F1 generation of a pair or more 
parents who have superior properties. The excellence of hybrid varieties iscaused by the events of 
heterosis (Poespodarsono, 1988). Heterosis is a situation which shows that F1 has a better value 
than the parents. The circumstances can be an increase in size, vigor, or productivity. There are 
three theories on heterosis, which is the dominant theory, over-dominant, and epistasis. The 
dominant theory assumed a dominant gene has a much better value than the recessive genes so 
heterosis occurs because the dominant gene cover the effect of a recessive gene on a character. 
Over-dominant theory suspect that heterosis is caused by heterozygous genes at a locus has a 
better value than the locus with homozygous genes. Epistasis theory suspect that heterosis is 
caused by an interaction between alleles in different locus. (Poespodarsono, 1988; Syukur et al., 
2012)

Additional information that’s needed for the formation of hybrid varieties is the parents 
combining ability. The information can be used to obtain potential parents. Combining ability 
consist of general combining ability (GCA) and specific combining ability (SCA). GCA can be 
interpreted as a measure of the average appearance of the parents. SCA is a picture of a cross 
combinations which have the best performance compared to he average cross (Sprague and 
Tatum, 1942). The purpose of this study was to estimate the combining ability and heterosis 
from half-diallel crosses in the lowlands. 

MATERIALS AND METHODS
The research was conducted from July to December 2014 in Leuwikopo, IPB, Bogor with 

altitude ± 230 m above sea level. The planting materials are 5 local tomato genotypes as parents 
and 10 F1 half-diallel cross. The 5 genotypes consist of Kudamati 1 (K1), Ranti (R), Aceh 5 
(A5), Lombok 4 (L4), and Gondol (GL). 

The experimental design used was randomized complete block design (RCBD) with three 
replications. Each replication consisted of 15 genotypes so there were 45 experimental units. The 
number of individuals in each experimental units was 20 plants. Each experimental unit wasthe 
beds measured 5mx1m which was covered in black-silver plastic mulch. Seedling was transfered 
to the field at ± 4 weeks old. Maintenance consisted of fertilizing, replanting, watering, plant 
pest and disease controlling, stakes installing, pruning,  weeding, and binding. 
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Fertilizer used was NPK Mutiara (16:16:16) at a dose of 10 g/l. Fertilizer was given in 
a solution form and each plant was given 250 ml. Plant pest and disease control was done 
chemically once a week using gfungicides and insecticides. Stakes installation was carried out 
shortly after planting. Watering was done in the morning or evening when it was not raining. 
Weeding was done manually. Harvesting was done when the fruit was yellow-reddish and done 
twice a week up to 8 times. 

Observationn was madeon 10 plants sample. The characters observed including weight per 
fruit, fruit size, fruit weight per plant, and number of fruits per plant. Weight per fruit and fruit 
size were observed on the same fruit that was harvested at the second up to fourth harvest time. 
The prediction of general combining ability (GCA) and sepcific combining ability (SCA) was 
based on Griffing’s method II (Singh and chaudhary, 1979). Heterosis prediction value was seen 
by the median of two parents (mid-parent), while heterobeltiosis value was seen by best parent. 

Heterobeltiosis =
(F1 – BP)

× 100
BP

Heterosis =
(F1 – MP)

× 100
MP

Keterangan:

F1 	 = Mean of  F1

MP 	 = Mean of parents 

BP 	 = Mean of best parents 

RESULT

General Combing Ability and Special Combining Ability
The result of variance analysis shows that genotype effects on all the characters observed 

(Table 1). GCA doesn’t significally effect all characters, while SCA has a very significant effect 
on weight per fruit, number of fruits per plant, and fruit weight per plant (Table 2).

The result of analysis of SCA and GCA estimation are presented in Table 3. The crosses 
that have a positive SCA for the character of weight per fruit are Kudamati 1 X Ranti, Aceh 5 X 
Lombok 4, Aceh 5 X Gondol, Lombok 4 X Gondol. Fruit size is  calculated by the length and 
diameter of the fruit. Kudamati 1 X Ranti, Kudamati 1 X Gondol, Ranti X Lombok 4, Aceh 
5 X Lombok 4, Aceh 5 X Gondol, Lombok 4 X Gondol are crosses that have positive SCA for 
fruit size. Crosses that have positive SCA for the characters of fruit weight per plant and fruit 
number per plant are Kudamati 1 X Ranti, Ranti X Lombok 4, Aceh 5 X Gondol, and Lombok 
4 X Gondol. Cross of Ranti X Gondol also has a positive SCA for numbers of fruit per plant. 
Among the crosses that have a positive SCA value, Lombok 4 x Gondol has the highest SCA 
and is positive for all characters. 
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Table 1. Analysis of varience of tomato yield components

Source of variance df
Means Square

WpF FZ FWpP NFpP
Replication 2 20.281 43.861 93.177 39956.936
Genotype 14 35.295** 23.251** 59.359** 21482.711*
Error 24 228.672 172.497 410.772 184033.903
CV (%)   19.388 9.107 20.791 12.005

WpF: Weight per fruit, FZ: fruit size, FWpP: fruit weight per plant, NFpP: number of fruits per plant, *: significant 
at 5% level probability, **: significant at 1% level probability

Table 2. Analysis of variance of combining ability in half diallel

Source of variance df
Means Square

WpF FZ FWpP NFpP
GCA 4 14.648ns 28.649ns 16.712ns 1586.814ns
SCA 10 24.335** 31.293ns 26.391** 11385.558**
Error 28 7.517 16.872 8.022 2748.546

WpF: Weight per fruit, FZ: fruit size, FWpP: fruit weight per plant, NFpP: number of fruits per plant, *: significant 
at 5% level probability, **: significant at 1% level probability, ns: not significant

Table 3. General combing ability and special combining ability 

Genotype WpF FZ FWpP NFpP
GCA

Kudamati 1 -0.98 -0.61 22.07 1.99
Ranti -1.40 -2.34 0.11 0.60
Aceh 5 -1.48 1.79 -10.55 0.34
Lomok 4 0.68 -1.24 -16.79 -2.11
Gondol 2.18 2.40 5.15 -0.81

SCA
Kudamati 1 X Ranti 2.38 2.86 1.05 0.21
Kudamati 1 X Aceh 5 -0.23 -0.25 -63.32 -3.25
Kudamati 1 X Lombok 4 -5.19 -7.60 -73.92 -3.19
Kudamati 1 X Gondol -4.60 1.40 -28.41 -1.33
Ranti X Aceh 5 -5.18 -8.44 -120.26 -7.25
Ranti X Lombok 4 -0.56 3.10 8.30 3.31
Ranti X Gondol -6.40 -8.21 -38.39 0.23
Aceh 5 X Lombok 4 5.46 2.54 -6.12 -2.76
Aceh 5 X Gondol 0.95 0.25 104.92 5.91
Lombok 4 X Gondol 6.30 6.66 206.90 7.68

WpF: Weight per fruit, FZ: fruit size, FWpP: fruit weight per plant, NFpP: number of fruits per plant
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Table 4. Estimate heterosis over MP and BP for weight per fruit

Genotype
Mean Percent heterosis

P1 P2 F1 MP BP
Kudamati 1 X Ranti 16.313 16.525 14.453 -11.971 -12.537
Kudamati 1 X Aceh 5 16.313 13.002 12.773 -12.857 -21.698
Kudamati 1 X Lombok 4 16.313 19.218 13.457 -24.252 -29.978
Kudamati 1 X Gondol 16.313 20.692 16.579 -10.392 -19.874
Ranti X Aceh 5 16.525 13.002 11.096 -24.843 -32.854
Ranti X Lombok 4 16.525 19.218 13.168 -26.319 -31.480
Ranti X Gondol 16.525 20.692 13.252 -28.784 -35.954
Aceh 5 X Lombok 4 13.002 19.218 20.122 24.897 4.700
Aceh 5 X Gondol 13.002 20.692 17.108 1.546 -17.321
Lombok 4 X Gondol 19.218 20.692 23.610 18.317 14.103

Table 5. Estimate heterosis over MP and BP for fruit size

Genotype
Mean Percent heterosis

P1 P2 F1 MP BP
Kudamati 1 X Ranti 27.393 27.471 26.729 -2.562 -2.700
Kudamati 1 X Aceh 5 27.393 33.354 27.751 -8.634 -16.798
Kudamati 1 X Lombok 4 27.393 32.982 26.057 -13.683 -20.996
Kudamati 1 X Gondol 27.393 31.565 30.006 1.788 -4.938
Ranti X Aceh 5 27.471 33.354 26.748 -12.048 -19.805
Ranti X Lombok 4 27.471 32.982 26.339 -12.860 -20.140
Ranti X Gondol 27.471 31.565 27.998 -5.150 -11.301
Aceh 5 X Lombok 4 33.354 32.982 29.915 -9.806 -10.310
Aceh 5 X Gondol 33.354 31.565 31.263 -3.685 -6.268
Lombok 4 X Gondol 32.982 31.565 34.634 7.314 5.010

Table 6. Estimate heterosis over MP and BP for fruit weight per plant

Genotype
Mean Percent heterosis

P1 P2 F1 MP BP
Kudamati 1 X Ranti 307.236 255.659 204.023 -27.509 -33.594
Kudamati 1 X Aceh 5 307.236 202.092 129.003 -49.343 -58.011
Kudamati 1 X Lombok 4 307.236 119.470 168.240 -21.144 -45.240
Kudamati 1 X Gondol 307.236 68.600 269.412 43.367 -12.310
Ranti X Aceh 5 255.659 202.092 75.135 -67.171 -70.610
Ranti X Lombok 4 255.659 119.470 172.412 -8.078 -32.561
Ranti X Gondol 255.659 68.600 221.490 36.613 -13.364
Aceh 5 X Lombok 4 202.092 119.470 147.337 -8.361 -27.093
Aceh 5 X Gondol 202.092 68.600 280.319 107.113 38.708
Lombok 4 X Gondol 119.470 68.600 376.059 299.913 214.771
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Table 7. Estimate heterosis over MP and BP for number of fruit per plant

Genotype
Mean Percent heterosis

P1 P2 F1 MP BP
Kudamati 1 X Ranti 18.746 13.937 13.779 -15.679 -26.494
Kudamati 1 X Aceh 5 18.746 15.333 10.055 -40.987 -46.359
Kudamati 1 X Lombok 4 18.746 6.366 11.500 -8.412 -38.653
Kudamati 1 X Gondol 18.746 3.111 16.239 48.594 -13.372
Ranti X Aceh 5 13.937 15.333 7.000 -52.170 -49.775
Ranti X Lombok 4 13.937 6.366 12.777 25.864 -8.319
Ranti X Gondol 13.937 3.111 16.500 93.566 18.387
Aceh 5 X Lombok 4 15.333 6.366 6.444 -40.604 -57.971
Aceh 5 X Gondol 15.333 3.111 16.408 77.929 7.013
Lombok 4 X Gondol 6.366 3.111 15.738 232.121 147.207

Heterosis
Heterosis value is calculated based on mid-parent (heterosis) and best parent 

(heterobeltiosis). Heterosis for the characters of weight per fruit ranges from  
-10.392% - 24.897% while heterobeltiosis ranges from -32.854% - 14.103% (Table 4). 
The character of fruit size has a heterosis -12.860% - 7.314% and range of heterobeltiosis is 
-20.996% - 5.010% (Table 5). The value of heterosis for the characters of fruit weight per plant 
ranges from -49.343% - 299.913% and heterobeltiosis ranges from -70.610% - 214.771% 
(Table 6). Character of fruit number per plant has a heterosis values -40.987% - 232.121% 
and heterobeltiosis range from -52.170% - 147.207% (Table 7). Cross of Aceh 5 x Lombok has 
the highest value of heterosis, but Lombok 4 x Gondol has the highest heterobeltiosis for the 
character of weight per fruit (Table 4). Cross of Lombok 4 x Gondol is a hybrid that has the 
highest heterosis and heterobeltiosis value for the character of fruit size, fruit weight per plant, 
and fruit number per plant (Table 5 -7).

DISCUSSION

General Combing Ability and Special Combining Ability
Estimation of combining ability can be done if the genotypes central square was highly 

significant or tangible (Singh and Chaudhary, 1979). Hafsah et al. (2007) stated that the 
character which has a real effect GCA indicates that the observed character was controlled by 
additive genes, while the character that has a real effect SCA was controlled by non-additive 
genes action. Based on this fact, it can be seen that the weight per fruit, fruit number per plant, 
and fruit weight per plant in this genotype is controlled by non-additive gene. 

According to Rustikawati et al. (2012) an parent who has a high general combining ability 
indicating that the parents have the ability to combine well with other parents in producing 
hybrids. Kudamati 1 is the best combiner for the character of fruits per plant, Aceh 5 and 
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Gondol for the fruit size, and Lombok 4 is the best combiner for the character of fruit weight. 
This happends because the parents are having a positive GCA values (Table 3).

High SCA value is generally derived from the parents with high GCA (Sujiprihati et al., 
2007, Iriany et al., 2011). The results shows a cross between parents which have positive GCU 
with parents which have negative GCA produces high and positive SCA. This occurs at the cross 
of Aceh 5 x Gondol and Lombok 4 x Gondol towards the character of fruit weight per plant 
(Table 3). The genotypes that have positive and negative GCA generally produces high SCA 
effect because the genes that are profitable can cover the adverse genes and are able to join well 
(Iriany et al., 2011). 

Heterosis 
The hybrid that has a positive heterosis and heterobeltiosis value is a hybrid which is 

expected for the characters that affect production. If a descendant decrease the desired character, 
then the heterosis is negative. According to Shankar et al., (2014), F1 which exceeds the average 
parent (heterosis) would be useless if it wasn’t better than the best parents, so heterosis estimation 
which is based on the best elders (heterobeltiosis) needs to be done. Lombok 4 x Gondol is a 
cross which can be recommended for further development into hybrid varieties. The cross has a 
positive and high heterosis and heterobeltiosis values for all the result components (Table 4, 5, 
6, and 7).

Hybrid of Aceh 5 x Gondol also can be developed into a hybrid variety. The genotype also 
has a high heterosis and heterobeltiosis value for the character of weight and fruits number per 
plant but still lower when compared to Lombok 4 x Gondol (Table 6 and 7). A positive heterosis 
and heterobeltiosis value indicate that the cross combinations have better value than the median 
of two parents and median of best parents. According to Iriany et al. (2011) a high heterosis 
and heterobeltiosis value of the observed characters is caused by the parents that are used in the 
crosses have a distance genetic. 

The character of fruit weight per plant in Lombok 4 x Gondol has a high heterosis 
(299.913%). The result of research by Hannan et al. (2007), Sekhar et al. (2010), Ahmad et 
al. (2011), Farzane et al. (2012), and Souza et al. (2012) also shows that the character of fruit 
weight per plant has a high heterosis range from -39.19% - 211.00%. High heterosis reflect 
the differences in the frequency of alleles which are owned by the parents is very huge and the 
parents have genes which are benefical and also have positive interactions if combined (Falconer, 
1981; Wricke and Weber, 1986).

CONCLUSION
Hybrid Lombok 4 X Gondol has the best specific combining ability for all character. There 

are differences in the level of heterosis and heterobeltiosis among 10 tested hybrid. Hybrid of 
Lombok 4 x Gondol is a hybrid that has a high and positive heterosis and heterobeltiosis for all 
yield components. Lombok 4 X Gondol also can be recommended to be developed further to 
become a high yielding hybrid varieties in the lowlands. 
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