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Abstract 
The zingiberene is a sesquiterpene that is present in tomato leaves. This compound is known to promote 
resistance to pests and diseases. The Brazil has a germplasm bank of vegetable at Universidade Federal de 
Viçosa (HGB-UFV) crops with over 8 million accesses. One technique that helps in the choice of progenitors 
with favorable concentrations of zingiberene is the diallel crosses. The diallel crosses allow the estimation of 
general combining ability (GCA) and specific combining ability (SCA). Thus, the aim of this study was to find 
out tomato hybrids with high zingiberene concentrations. The genitors were divided into two contrasting groups 
for resistance to pests. The characterization and quantification spectrophotometric of zingiberene was performed, 
obtaining absorbance values at 270 nm. To determine the content of zingiberene in hybrids those were coming 
from the diallel cross.  The analysis from the spectrophotometric method was performed. The estimates of GCA 
and SCA of these hybrids at combinations HGB 2119 x LA716, HGB 2119 x PI 12786, HGB 2214 x HGB 674, 
HGB 2064 x HGB 674, HGB 2214 x PI 127826, HGB 985 x LA 716 and Santa Clara x HGB 674 have high 
potential in tomato plant breeding aiming of resistance to pests and diseases. 
Keywords: tomato, diallel crosses, spectrophotometric 
1. Introduction 
The tomato plants (Solanum lycopersicum Mill.) is one of the vegetables grown worldwide (Filgueira, 2008). 
Among the main factors affecting the production of tomato, are pests and diseases, so the search for resistant 
cultivars is necessary.The attainment of cultivars resistant to pests and diseases is of fundamental importance to 
study the causes of resistance. Among the causes of resistance, has been to highlight the secondary metabolites 
that can be stored within cells, epidermal glands or trichomes of plants (Panda & Khush, 1995). Thus, one of the 
outstanding secondary metabolites in tomato is zingiberene which is a sesquiterpene that is present in leaflets of 
Solanum habrochaites var. hirsutum (Gianfagna, Carter, & Sacalis, 1992). The effect of this metabolite has been 
reported in some arthropod pests of tomato as Tetranychus urticae (Acari: Tetranychidae), T. evansi (Acari: 
Tetranychidae), Spodoptera exigua (Lepidoptera: Noctuidae), Tuta absoluta (Lepidoptera: Gelechiidae), Bemisia 
tabaci (Hemiptera: Aleyrodidae), among others (Freitas et al., 1998; Weston, Johnson, Burton, & Snyder, 1989; 
Campos, 1999; Eigenbrode, Trumble, Millar, & White, 1994; Azevedo et al., 1999; Freitas, 1999).  
The study of the variation of zingiberene concentrations in tomato hybrids can be estimated using breeding tools 
known as diallel crosses, among them partial diallel which is a statistical genetic design where many genitors are 
crossed pairs, and allow to estimate the general combining ability (GCA) and specific combining ability (SCA). 
Using these estimates are selected the best genitors and the best hybrids for use in breeding programs (Ramalho, 
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Santos, & Zimmermann, 1993; Cruz & Regazzi, 2001; Pádua et al., 2010). Thus, the aim of this study was to 
select tomato hybrids with zingiberene concentrations favorable to breeding programs. 
2. Materials and Methods 
2.1 General Characteristics  
The tomato experiments were conducted at the Universidade Federal de Viçosa, Campus Rio Paranaíba, Brazil. 
Eleven tomato accessions that were crossed in a partial diallel mating scheme were used (Table 1). In group I, the 
cultivar ' Santa Clara ' (S. lycopersicum L.) produces oblong fruits with two or three loculus for fresh consumption. 
The access BGH -985 (S. lycopersicum L.) the fruits show red external color and rounded shape. The access BGH 
-2119 (S. lycopersicum L.) the fruit has slightly flattened shape and soluble solids content about 3.76 º Brix. The 
access BGH -2214 (S. lycopersicum L.) has soluble solids content about 3.57 º Brix. The access BGH 2064 (S. 
lycopersicum L.) has red external color when the fruit is ripe. Meanwhile, the group II was composed by access 
BGH-1497 (S. lycopersicum L.) rounded, slightly flattened fruits and red coloring.  In addition, the access 
BGH-4309 (S. lycopersicum L.) has red color and resistance to T. absoluta and the access BGH-674             
(S. lycopersicum L.) also has red color and resistance to T. absoluta. The access LA 716 (Solanum pennellii = L. 
pennellii) has the ester acylsugar, whileaccess PI127826 (Solanum habrochaites = Lycopersicon hirsutum var. 
hirsutum) produces zingiberene and the access PI 134417 (S. habrochaites = L. hirsutum var. glabratum ) produces 
tridecanone (Silva et al, 2009; www.ufv.br/bgh).  
 
Table 1. Scheme of diallel resulting of crossing between five genitors from group I and six genitors from group 
II 

Group I/Group II 1-HGB 1497 2-HGB 4309 3-HGB 674 4-LA 716 5-PI 127826 6-PI 134417

1-985 Y11 Y12 Y13 Y14 Y15 Y16 
2-2064 Y21 Y22 Y23 Y24 Y25 Y26 
3-2214 Y31 Y32 Y33 Y34 Y35 Y36 
4-2119 Y41 Y42 Y43 Y44 Y45 Y46 
5-’Santa Clara’ Y51 Y52 Y53 Y54 Y55 Y56 

 
The genitors were divided into two contrasting groups for resistance to pests. The first group was composed of 
five tomato accessions with desirable agronomic traits and the second group with six tomato accessions with 
traits of resistance to pests (Leite, Picanço, Guedes, & Gusmão, 1998; Marim et al., 2004; Resende et al., 2008; 
Oliveira et al., 2009; Antônio, Silva, Picanço, Santos, & Fernandes, 2011).  
The sowing of hybrids was performed in polystyrene trays (68 cm x 34 cm) of 128 cells (BP 128/60). The 
substrate used was burnt pine bark plus vermiculite (Bioplant ®). In each cell were added three to four tomato 
seeds. The seedlings were grown in a greenhouse (temperature 25 ± 5ºC and relative humidity of 75%) until 35 
days after germination when they were transplanted to plastic pots 5L containing slope bank + cattle manure (2:1) 
with six expanded leaves. The pots were spaced 60 x 60 cm in a greenhouse. The fertilization of plants, as well 
as cultural practices was performed according to Fontes and Silva (2005). 
2.2 Quantification of Zingiberene 
Spectrophotometric quantitation of zingiberene was performed, obtaining absorbance values at 270 nm. To 
determine the content of zingiberene in hybrids that were from the diallel cross, the analysis of the 
spectrophotometric method proposed by Freitas, Maluf, Cardoso & Benites (2000) was performed. Six leaf discs 
from the young leaves expanded of the upper third of plants were removed, a total of 4.21 cm2 of leaf area. Three 
replicates were collected for each treatment. The leaflets were placed in test tubes identified according to the 
treatment. After collecting the material was added 2 mL of hexane to each tube, then homogenizing it in a tube 
shaker (model AP56 Phoenix® vortex-type) for 40 seconds, to promote the extraction of zingiberene. After 
stirring, the leaf disks were removed and the extracts were subjected to reading absorbance at UV-visible 
spectrophotometer device (Evolution 300, Thermo Scientific) at a wavelength of 270 nm (Silverstein, Bassler, & 
Morrill, 1994; Maluf, Campos, & Cardoso, 2001). 
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2.3 Statistical Analysis  
The data of concentrations were submitted to Cochran and Lilliefors tests to verify if the data obeyed 
presuppositions of homogeneity variance and error normality (Cochran, 1947; Eisenhart, 1947). Subsequently, 
these data were subjected to variance analysis and the means were compared by the Scott Knott test (p < 0.05).  
The mean of parental lines and F1's plants were analyzed according to the partial diallel model proposed by 
Geraldi and Miranda Filho (1988), adapted from proposed model by Griffing (1956). Statistical procedures were 
carried out using the program Genes (Cruz, 2006). 
3. Results 
Detect significant differences between the concentrations of zingiberene (F(30,62) = 13.94, p <0.0001), hybrids 
with higher concentrations were HGB 2064 x HGB1497, SC x HGB 674, averaging 1.34 ± 0.22 and 2.61 ± 0.05 
respectively (Table 2). 
We detected a significant difference (p <0.05) the effects of general combining ability of the genitors in group I 
(GCA I) (F(4,62) = 12.43, p <0.001), group II (GCA II) (F(5,62) = 11.30, p < 0.001) and specific combining ability 
to the character of zingiberene (SCA I x II) (F(20,62) = 15.58, p<0.001). For the content of zingiberene the highest 
value was observed in group I stood out the cultivar 'Santa Clara' and the group II access PI 127826 stood out 
among the other accesses (Table 3). It was detected that for the concentration of zingiberene combining 
outstanding among the other was 'Santa Clara' x HGB 674 (Table 4). 
 
Table 2. Average ± standard error of zingiberene absorbance at 270 nm in the cultivar 'Santa Clara' and (F1) 30 
tomato hybrids 

Treatments Zingibereno (nm)1

HGB 2064 x HGB 1497 1.34 ± 0.22a 
HGB 2064 x HGB 4309 0.88 ± 0.16c 
HGB 2064 x HGB 674 0.81 ± 0.05c 
HGB 2064 x LA 716 1.01 ± 0.06c 

HGB 2064 x PI 127826 1.42 ± 0.17b 
HGB 2064 x PI 134417 1.42 ± 0.24b 
HGB 2119 x HGB 1497 0.01 ± 0.00e 
HGB 2119 X HGB 4309 1.40 ± 0.28b 
HGB 2119 x HGB 674 0.96 ± 0.11c 
HGB 2119 x LA 716 1.18 ± 0.30b 

HGB 2119 x PI 127826 1.16 ± 0.14b 
HGB 2119 x PI 134417 0.05 ± 0.00e 
HGB 2214 x HGB 1497 0.71 ± 0.12c 
HGB 2214 x HGB 4309 0.43 ± 0.01d 
HGB 2214 x HGB 674 0.42 ± 0.02d 
HGB 2214 x LA 716 1.21 ± 0.08b 

HGB 2214 x PI 127826 0.81 ± 0.02c 
HGB 2214 x PI 134417 0.69 ± 0.09c 
HGB 985 x HGB 1497 0.97 ± 0.11c 
HGB 985 x HGB 4309 0.03 ± 0.00e 
HGB 985 x HGB 674 1.51 ± 0.53b 

HGB 985 x LA716 1.19 ± 0.08b 
BG 985 x PI 127826 0.92 ± 0.07c 

HGB 985 x PI 134417 0.04 ± 0.00e 
SC x HGB 1497 1.47 ± 0.13b 
SC x HGB 4309 1.36 ± 0.19b 
SC x HGB 674 2.61 ± 0.05a 
SC x LA 716 0.02 ± 0.00e 

SC x PI 127826 0.80 ± 0.17c 
SC x PI 134417 0.72 ± 0.01c 

‘Santa Clara’ 0.15 ± 0.03e 
1 Means followed by the same letter in the column belong to the same group by Scott-Knott test at p<0.05. 
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Table 3. Estimates (Z) of the GCA effects of genitors Group I (GCA I) and II (GCA II) for zingiberene in the 
tested accessions 

Group I GCA I (Z) Group II GCA II (Z) 
HGB 985 0.23 HGB 1497 -0.01 
HGB 2064 -0.13 HGB 4309 -0.09 
HGB 2214 -0.20 HGB 674 0.34 
HGB 2119 -0.14 LA 716 0.00 

‘Santa Clara’ 0.24 PI 127826 0.34 
GCA= General Combining Ability. 
 
Table 4. Estimates (Z) of the SCA effects among progenitors of groups I and II for the content zingiberene between 
tomato hybrids 

Treatments Z Treatments Z 
HGB 2064 x HGB 1497 0.20 HGB 2214 x LA 716 0.49 
HGB 2064 x HGB 4309 -0.16 HGB 2214 x PI 127826 -0.01 
HGB 2064 x HGB 674 -0.68 HGB 2214 x PI 134417 0.32 
HGB 2064 x LA 716 -0.14 HGB 985 x HGB 1497 0.22 

HGB 2064 x PI 127826 0.16 HGB 985 x HGB4309 -0.66 
HGB 2064 x PI 134417 0.62 HGB 985 x HGB 674 0.39 
HGB 2119 x HGB 1497 -0.76 HGB 985 x LA 716 0.42 
HGB 2119 x HGB 4309 0.71 HGB 985 x PI 127826 0.04 
HGB 2119x HGB 674 -0.17 HGB 985 x PI 134417 -0.41 
HGB 2119 x LA 716 0.39 SC x HGB 1497 0.32 

HGB 2119 x PI 127826 0.26 SC x HGB 4309 0.29 
HGB 2119 x PI 134417 -0.43 SC x HGB 674 1.10 
HGB 2214 x HGB 1497 0.01 SC x LA 716 -1.16 
HGB 2214 x HGB 4309 -0.18 SC x PI 127826 -0.46 
HGB 2214 x HGB 674 -0.64 SC x PI 134417 -0.09 

 
4. Discussion 
It was observed that the variation of hybrids resulted in differentiation in zingiberene concentrations between 
treatments. This significance indicates the existence of genetic variability among the tested genitors, a fact of 
importance in determining the estimates of the genetic control of these traits. Considering this, there are many 
studies reporting the effect of zingiberene on oviposition, preference and even the survival of arthropod pests 
(Ecole, Picanço, Moreira, & Magalhães, 2000; Maluf et al., 2001; Azevedo, Faria, Maluf, Oliveira, & Freitas, 
2003; Gonçalves et al., 2006; Silva et al., 2009).  
Estimates of general combining ability (GCA) and specific combining ability (SCA) was significant for the 
content of zingiberene. The significance for the GCA and SCA indicates the existence of variability among GCA 
effects associated with additive genetic effects, and between SCA effects, associated with the non-additive. 
Another important factor that should be noted is the magnitude of the sums of squares of GCA and SCA. 
Considering the magnitudes and signs of the estimates of general combining ability, the HGB 985, 2064, 2214, 
2119 and “Santa Clara” accessions belonging to the group I they are the genitors most recommended to be 
included in tomato breeding programs aimed at increasing resistance to T. absoluta. With reference to the 
genitors of the group II, PI 127826, HGB 674 and LA 716 accessions are the most recommended programs 
aiming to improve resistance to pests, these accessions were chosen therefore have negative contributions. Thus, 
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according to Cruz and Regazzi (1997) and Cruz, Regazzi and Carneiro (2004), the effect of the GCA is an 
indicator of the superiority of the genitor and its relative divergence among the rest. 
Regarding the estimates of SCA, Cruz and Vencovsky (1989) reported that these values, the additive-dominant 
models correspond to the extent of genetic divergence between a genitor and others present in diallel (Griffing, 
1956; Cruz & Regazzi, 1994; Bastos et al., 2003).  
Thus, based on estimates of general and specific combining ability of these hybrids at the combinations HGB 
2119 x LA 716, HGB 2119 x PI 12786, HGB 2214 x HGB 674, HGB 2064 x HGB 674, HGB 2214 x PI 127826, 
HGB 985 x LA 716 and Santa Clara x HGB 674 have high potential in tomato breeding aimed at resistance to 
pests, for having at least one genitor with high GCA and SCA. Among the pests has been highlighted for T. 
urticae, T. evansi, S. exigua and T. absoluta (Freitas et al., 1998; Eigenbrode, Trumble, Millar, & White, 1994; 
Azevedo et al., 1999; Freitas, 1999). 
5. Conclusion 
We conclude that the HGB 2119 x LA 716, BH 2119 x PI 127826, HGB 2214 x PI 127826, HGB 985 x LA 716 
and SC x HGB 674 showed higher trocar levels por concentrations of zingiberene and higher estimates of GCA 
and SCA and these are potential hybrids  for use in tomato breeding programs. 
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