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This study was conducted to estimate heterosis and combining ability for yield 
and some economic-related characteristics in tomato. For this purpose,  six 
tomato lines with their 15 direct hybrids resulted from half-diallel mating were 
cultivated during the 2017 and 2018 seasons in Al-Jamasah station, Tartous 
agricultural research center, Syria. Results showed that most of the hybrids 
were characterized by significant desirable heterosis compared to mid-parents 
and the best-parent for most of the studied traits. Heterosis reached 49.03 and 
33.4% for single plant yield, -31.2 and -29.27 for the number of days to the 
beginning of flowering, 89.73 and 61.77% for the number of fruits per cluster, 
15.72 and 9.30% for fruit height, 27.29 and 24.18% for fruit diameter, 32.55 
and 24.18% for the number of locales per fruit comparing to mid-parents and 
best-parent, respectively. The hybrids T2×T6, T2×T8, and T8×T16 were 
significantly superior and could be promising hybrids for improving yield 
potential. Variations related to general and specific combining ability were 
highly significant, indicating the role of additive and non-additive gene action in 
the inheritance of the studied traits. Furthermore, the ratio (σ2GCA/σ2SCA) 
showed the control of additive gene action in the inheritance of fruit weight, 
fruit height, fruit diameter, and the number of fruits per cluster, while non-
additive gene action controlled the inheritance of single plant yield, the number 
of days to flowering and the number of locales per fruit.   
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1. Introduction 

Tomato is one of the most important vegetable crops widespread all over the world. The global area planted with 
tomatoes reached 5.03 million hectares, and the total production reached 180.8 million tonnes [1]. In Syria, tomato is 
produced under protected as well as non-protected conditions. In 2018, the total cultivated area of this crop was 3878 
ha, and the total production was 581754 tons [2]. Tomato is characterized by high nutritional value and multiple 
industrial usages [3]. 

Genetic improvement of tomato aimed to produce hybrids characterized by high yield potential and enhanced fruit 
quality. Heterosis evaluation is a crucial step in genetic improvement programs, which depends on choosing the 
suitable parents for hybridization to guarantee the production of promising hybrids characterized by superior traits 
[4]. Several authors mentioned the importance of information related to the type of gene action that controlled the 
economic traits and combining ability in the success of genetic improvement of tomato. This information helps 
breeders to select suitable parents and consequently the most effective breeding strategy [5].  

Previously, high significant variation in general and specific combining ability was reported in tomatoes [6]. This 
finding indicated the role of additive and non-additive gene action in the inheritance of the studied traits. Additionally, 
the ratio σ2GCA/σ2SCA highlighted the additive gene control action in the inheritance of fruit weight, the number of 
locales per fruit, and plant yield. Combining ability and gene action of yield and other related traits such as fruit 
weight, number of days until the start of flowering, number of locules per fruit, number of fruit per plant, total sugars, 
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titrable acidity, and total soluble solids was previously studied [7]. The results showed highly significant variation in 
general and specific combining ability for most studied traits, which indicated the role of additive and non-additive 
gene action in the inheritance of the studied traits. Furthermore, the σ2GCA/σ2SCA ratio referred to the non-additive 
gene action in the inheritance of all traits. Relatively low to medium mid-parents and best-parent heterosis were 
reported for yield and other related traits [8], while slightly higher heterosis results were observed for the same traits 
in [9]. 

The present study aimed to analyze the genetic behavior of yield and fruit traits using heterosis, general and specific 
combining ability of some local tomato inbred lines. The obtained results could determine the superior hybrids with 
commercial potential or be used in future tomato breeding programs. 

2. Materials and Methods 

2.1. Study site 

The study was conducted in Tartous center for scientific agricultural research - Al-Jamaseh station. 

2.2. Plant material 

Six lines of tomato bred in the general commission for scientific agricultural research have been used in this study. 
Those lines are characterized by high variation in growth habits, earliness, and fruit traits (Table 1). Seeds were 
planted in trays and then transplanted after 21 days. Half-Diallel (excluding reciprocal) hybridization between the 
lines was carried out in the season of 2017. The seeds of the 15 hybrids and the parental lines were planted in the 
greenhouse in 2018 season in a completely randomized block design (RCBD) with three replications. The planting 
distance was 90 cm between rows and 40 cm between the plants in the same row. All agricultural practices were done 
according to GCSAR recommendations for greenhouse tomatoes. 

Table 1. Origin, growth habit, and fruit characteristics of the lines used in the study. 
Lines Origin Growth habit Fruit characteristics 

T2 local Unlimited growth Large, circular, and red 
T6 local Unlimited growth Medium-sized, circular and red 
T8 local Unlimited growth Large, circular, and red 

T11 local Unlimited growth Cherry, circular and red 
T12 local Unlimited growth Medium-sized, cylindrical, and red 
T16 local Limited growth Medium-sized, circular, and red 

 

2.3. Studied traits 

Single plant yield, days from transplanting to the start of flowering, average fruit weight, number of fruits per cluster, 
number of locules per fruit, fruit diameter, and fruit height were taken from eight surrounded plants in each 
experimental plot. 

2.4. Data analysis 

GenStat 10 was used for statistical analysis. The significance of heterosis compared to the mid and best parent was 
estimated using the t-student test [10]. General combining ability (GCA) and specific combining ability (SCA) were 
estimated using the second method and the first model of Griffing [11]. 

3. Results and Discussion 

3.1. Variations in lines and hybrids 

The parental lines had a highly significant variation for all the studied traits, indicating genetic distance among the 
parental lines for the studied traits (Table 2).  
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Regarding single plant yield (kg/plant), T8 had the highest single plant yield (3.42 kg/plant), while T16 had the lowest 
(1.81 kg/plant). A significant variation in the number of days until the start of flowering among the studied lines was 
found, with T12 being the earliest line (22.56 days), while T2 was the latest (35.68 days). The studied lines showed 
significant differences in the number of fruits per cluster, ranging from 3.14 to 22.31 fruit per cluster in T8 and T11, 
respectively.  

Average fruit weight ranged between 186.80 g (T8) and 24.77 g (T11). Significant differences were found among the 
lines in terms of fruit height and diameter. The highest fruit height was observed in line T12 (7.33 cm), and T2 
recorded the highest fruit diameter (7.00 cm), while line T11 scored the lowest fruit height and diameter with 3.20 cm 
and 3.15 cm, respectively. Significant differences in the number of locules per fruit were also found, ranging between 2 
and 3 locales per fruit (Table 3).  

The hybrids had significant variation in their characteristics, confirming the genetic distance of the parental lines used 
in hybridization. For single plant yield, the means of the hybrids varied between 2.71-4.56 kg/plant. The highest yield 
was recorded in the hybrid (T2×T8), and the lowest was for (T11×T12). The hybrids differed in the number of days 
until flowering; the hybrid (T11×T16) was the earliest (22.19 days), while the (T2×T16) was the latest (26.77 days). 
Significant differences in the number of fruits per cluster were found among the hybrids. (T11×T16) had the highest 
number of fruits per cluster (14.59 fruit/cluster), while (T6×T8) had the lowest (5.92 fruit/cluster). As for average 
fruit weight (g), (T2×T8) gave the fruit with the highest weight (170.93 g), while (T11×T12) gave the lowest (52.79 g).  

The hybrids showed significant differences in fruit height (cm), which ranged between 7.41 cm (T8×T12) and 3.96 cm 
(T6×T11). For fruit diameter (cm), the hybrid (T2×T8) gave the highest fruit diameter (7.10 cm), while the hybrid 
(T6×T11) gave the lowest (4.60 cm). The number of locales per fruit ranged between 2.10 locales per fruit for the 
hybrid (T11×T12) and 3.30 for the hybrid (T2×T6) (Table 2). These results are similar to [12], where significant 
variations among 30 genotypes in the number of flowers per cluster, number of fruits per cluster, fruit weight, and 
single plant yield were reported. Additionally, [5] showed significant variation among half-diallel hybrids and their 
parents in terms of yield, fruit weight, and the number of locules per fruit.    

 

 

 

Table 2. Analysis of variance for the lines and hybrids and the components of variance for the traits: 
single plant yield, fruit weight, fruit height, fruit diameter, number of locales per fruit*. 

NLF FD FH AWF NFRC DFF YIE Source of variance 
0.009 0.02 0 21 0.1 0.94 0.003 Replications 
0.534** 3.017** 3.89** 7186** 60.92** 43.99** 1.56** parents and hybrids 
1.378** 9.685** 14.55** 23921** 218.98** 48.62** 3.96** GCA 
0.253** 0.794** 0.33** 1608** 8.24** 42.44** 0.85** SCA 
0.019 0.05 0.5 43 0.48 9.23 0.119 Experimental error 
5.5 3.5 4 5.4 8.3 11.8 10.2 CV% 
0.05 0.37 0.59 929.7 8.8 0.26 0.118 σ2GCA 
0.08 0.25 0.09 521.5 2.6 11.07 0.245 σ2SCA 
0.625 1.480 6.556 1.783 3.385 0.023 0.48 σ2GCA/σ2SCA 
0.10 0.74 1.18 1859.40 17.60 0.52 0.24 Additive 
0.08 0.25 0.09 521.50 2.60 11.07 0.25 Dominance 
1.26 0.82 0.39 0.75 0.54 6.53 1.44 A 

*YIE: single plant yield, DFF: Days until start of flowering, AWF: fruit weight, NFRC: number of fruits per cluster, 
NLF: number of locales per fruit, FD: fruit diameter, FH: fruit height, GCA: general combining ability, SCA: specific 
combining ability, A: degree of dominance i.e., A=√(V_D/V_A). *,**: Significant at P<0.05 and P<0.01, respectively. 
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Table 3. the means of single plant yield (kg/plant), number of days until the start of flowering (days), number of 
fruits per cluster, fruit weight (g), fruit height (cm), fruit diameter (cm), number of locales per fruit for the studied 
lines and their hybrids. 

NLF FD FH AWF NFRC DFF YIE Genotype 
3.00 bcd 7.00 ab 5.38 de 130.60 f 6.27 hijk 35.68 a 3.32 efghi T2 
2.00 h 5.20 g 5.22 e 122.83 fg 5.08 k 33.48 a 3.11 fghi T6 

2.80 def 5.50 efg 5.88 c 186.80 a 3.14 l 31.68 ab 3.42 efgh T8 
2.00 h 3.15 i 3.20 h 24.77 k 22.31 a 25.69 cd 2.18 jk T11 
2.00 h 4.46 h 7.33 a 105.50 h 5.24 jk 22.56 d 3.09 fghi T12 

2.83 cde 5.43 fg 5.40 de 116.57 g 3.42 l 30.50 abc 1.81 k T16 
2.62 ef 7.00 ab 5.67 cd 142.23 e 7.58 fg 23.68 d 4.42 ab T2×T6* 
2.13 gh 7.10 a 5.93 c 170.93 bcd 6.65 ghi 23.47 d 4.56 a T2×T8 
2.31 g 5.70 ef 4.66 f 69.43 i 14.05 bc 23.84 d 2.93 ghi T2×T11 
2.66 ef 6.50 cd 7.20 a 164.70 cd 8.33 ef 22.74 d 4.09 abcd T2×T12 
3.30 a 6.70 bc 5.77 cd 149.77 e 6.34 ghijk 26.77 bcd 3.56 defg T2*T16 

2.87 cde 6.50 cd 5.65 cd 162.33 cd 5.92 ijk 25.78 cd 4.22 abc T6×T8 
2.13 gh 4.60 h 3.96 g 56.10 j 13.20 c 23.82 d 2.81 hi T6×T11 
2.23 gh 5.40 fg 6.51 b 124.93 fg 6.35 ghijk 25.48 cd 3.76 cde T6×T12 
3.20 ab 6.34 d 5.59 cde 129.63 f 6.22 hijk 23.58 d 3.66 cdef T6×T16 
2.30 g 5.50 efg 4.65 f 68.47 i 11.12 d 23.55 d 2.82 hi T8×T11 
2.17 gh 5.80 e 7.41 a 177.63 ab 6.41 ghij 23.21 d 3.85 bcde T8×T12 
3.07 abc 6.83 abc 6.43 b 173.43 bc 6.22 hijk 24.88 cd 4.13 abcd T8×T16 
2.10 gh 4.70 h 5.41 de 52.79 j 9.45 e 23.64 d 2.71 ij T11×T12 
2.30 g 5.20 g 4.26 g 53.80 j 14.59 b 22.19 d 2.82 hi T11×T16 
2.57 f 6.21 d 7.36 a 161.40 d 7.42 fgh 23.39 d 3.49 defg T12×T16 
0.23 0.33 0.38 10.75 1.14 5.01 0.57 LSD (0.05) 

*Maternal parents are always on the left side of the crosses. Genotypes that share the same letters in each trait are not 
significantly different. 

 

3.2. Heterosis 

Most hybrids showed significant positive heterosis for single plant yield (Table 4). Heterosis values ranged between 
18.28-49.03% and between 21.01-33.40% compared to the mid-parents and the best-parent, respectively.  

In terms of the number of fruits per cluster, eleven hybrids showed significant positive desirable heterosis compared 
to the mid-parents ranging between 13.41-89.73%. Also, six hybrids showed significant positive desirable heterosis 
compared to the best parent, and the highest heterobeltiosis was recorded in the hybrid (T8×T16) (81.77%) (Table 4).  

For the number of days until flowering, eleven hybrids showed desirable significant negative heterosis ranging 
between -17.91 and -31.52% compared to the mid-parents, while five hybrids showed desirable significant negative 
heterobeltiosis. The most negative values for both heterosis indicators were noted in the hybrid (T2×T6) with -31.52 
and -29.27 compared to the mid-parents and best parent, respectively (Table 4). 
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Table 4. Heterosis (%) values compared to the mid-parents (HMP) and the 
best-parent (HBP) for the traits: single plant yield (YIE), the number of fruits 
per cluster (NFRC), and days from transplanting to start of flowering (DFF). 

DFF NFRC YIE 
Hybrids 

HMP % HBP % HMP % HBP % HMP % HBP % 

-31.52 ** -29.27 ** 33.55 ** 20.84 * 37.58** 33.17** T2×T6 
-30.33 ** -25.93 ** 41.32 ** 6.01 35.30** 33.40** T2×T8 
-22.32 ** -7.21 -1.71 -37.05 ** 6.74 -11.63 T2×T11 
-21.91 ** 0.81 44.69 ** 32.80 ** 27.51** 23.17** T2×T12 
-19.09 ** -12.22 30.90 ** 1.12 38.63** 7.12 T2*T16 
-20.87 ** -18.62 * 44.07 ** 16.55 29.23** 23.37** T6×T8 
-19.50 * -7.29 -3.61 -40.83 ** 6.18 -9.81 T6×T11 

-9.06 12.96 23.17 * 21.25 21.40** 21.01* T6×T12 
-26.28 ** -22.68 ** 46.47 ** 22.44 * 49.03** 17.80 T6×T16 
-17.91 * -8.33 -12.61 ** -50.16 ** 0.86 -17.43* T8×T11 
-14.41 2.91 52.96 ** 22.26 * 18.28* 12.69 T8×T12 

-19.99 ** -18.44 * 89.73 ** 81.77 ** 57.76** 20.70* T8×T16 
-1.99 4.82 -31.43 ** -57.66 ** 2.85 -12.30 T11×T12 

-21.02 ** -13.62 13.41 ** -34.60 ** 41.40** 29.30* T11×T16 
-11.83 3.69 71.51 ** 41.67 ** 42.43** 13.01 T12×T16 

*,**: Significant at P<0.05 and P<0.01, respectively. 
 

As for average fruit weight, nine hybrids showed significant positive desirable heterosis compared to the mid-parents, 
ranging between 8.30-45.36%. The highest heterosis was recorded in the hybrid (T12×T16). Four hybrids showed 
significant positive desirable heterosis compared to the best parent. The highest heterobeltiosis value was for the 
hybrid (T12×T16) (38.46%) followed by (T2×T12) (26.11%) (Table 4). 

Regarding fruit height, seven hybrids showed significant positive heterosis compared to the mid-parents. The highest 
heterobeltiosis was for the hybrid (T12×T16) (15.72%) (Table 5). All studied hybrids possessed significant positive 
heterosis in terms of fruit diameter compared to the mid-parents. The highest heterosis value was for the hybrid 
(T8×T11) (27.29%). 

Five hybrids showed significant positive desirable heterosis compared to the mid-parents for the number of locules 
per fruit. The highest heterosis was for the hybrid (T6×T16) (32.55%). Three hybrids showed significant positive 
heterosis compared to the best parent with the highest value (13.19%) recorded in the hybrid (T6×T16) (Table 5). 
Similar results were obtained by [9], who reported significant heterosis reaching 62.5% for single plant yield, -25% 
for the number of days until the flowering of 50% of the flowers, and 41.2% for fruit weight. In another study, 
heterosis values of 14.2, 12.26% for the number of fruits per cluster, 13.75, 11.47 for fruit height, 21.49, 10.24 for fruit 
diameter, 29.65, 26.7 for fruit weight, and 34.73, 31.82 for single plant yield compared to mid-parents and best-
parent, respectively [13]. Similarly, [14] reported significant heterosis for the number of days to flowering (-14.64%) 
and fruit weight (15.8%) compared to the best parent. 

 

 

 

 



DYSONA – Applied Science 3 (2022) 15-23  Izzo et al. 

 20  
 

Table 5. Heterosis (%) for the hybrids compared to the mid-parents (HMP) and the best-parent (HBP) for the traits: 
average fruit weight (AWF), fruit height (FH), fruit diameter (FD), and the number of locales per fruit (NLF). 

NLF FD FH AWF 
Hybrid 

 %HMP  %HBP  %HMP  %HBP  %HMP  %HBP  %HMP  %HBP 
4.67 -12.78 ** 14.75 ** 0.00 7.01* 5.39 12.25** 8.91* T2×T6 

-26.44 ** -28.89 ** 13.66 ** 1.43 5.30 0.79 7.71* -8.49** T2×T8 
-7.60 -23.00 ** 12.35 ** -18.57 ** 8.62* -13.38** -10.62 -46.84** T2×T11 
6.53 -11.22 ** 13.56 ** -7.10 * 13.33** -1.77 39.52** 26.11** T2×T12 

13.14 ** 10.00 * 7.86 ** -4.24 7.18* 6.91 21.19** 14.68** T2*T16 
19.44 ** 2.38 21.56 ** 18.24 ** 1.74 -3.97 4.86 -13.10** T6×T8 

6.67 6.67 10.22 * -11.47 ** -5.90 -24.07** -23.98** -54.33** T6×T11 
11.67 * 11.67 * 11.87 ** 3.91 3.80 -11.14** 9.43* 1.71 T6×T12 
32.55 ** 13.19 ** 19.27 ** 21.99 ** 5.37 3.58 8.30* 5.54 T6×T16 

-4.03 -17.74 ** 27.29 ** 0.06 2.31 -20.98** -35.28** -63.35** T8×T11 
-9.72 * -22.62 ** 16.61 ** 5.52 12.24** 1.14 21.54** -4.91 T8×T12 
8.88 * 8.36 24.98 ** 24.18 ** 13.98** 9.30** 14.34** -7.16* T8×T16 
5.00 5.00 23.66 ** 5.46 2.78 -26.15** -18.96* -49.97** T11×T12 
-4.69 -18.61 ** 21.17 ** -4.24 -1.01 -21.17** -23.87** -53.85** T11×T16 
6.21 -9.31 * 25.51 ** 14.30 ** 15.72** 0.45 45.36** 38.46** T12×T16 

*,**: Significant at P<0.05 and P<0.01, respectively. 
 

3.3. Combining ability 

Significant general and specific combining ability values were observed in all studied traits (Table 2). This indicates 
the role of additive and non-additive gene action in the inheritance of those traits. A σ2GCA/σ2SCA ratio of 0.48 was 
recorded in single plant yield, which indicates the importance of non-additive gene action in the inheritance of this 
trait. Furthermore, the degree of dominance (a=1.44) confirmed this gene behavior. These results are in accordance 
with [15-21]. The ratio (σ2GCA/σ2SCA=0.023) and the degree of dominance (a=6.53) showed the important role of non-
additive gene action in the inheritance of days to flowering. This finding was in accordance with the results of [7][22]. 

In the number of fruits per cluster, additive gene action had the highest role in the inheritance of this trait since high 
σ2GCA/σ2SCA ratio (3.385) and low dominance (0.54) values were observed, which meets the results of [22][23]. 
Similarly, fruit weight, height, and diameter seem to be controlled by additive gene action since these traits scored 
σ2GCA/σ2SCA ratios of 1.783, 6.556, and 1.480 and dominance values of 0.75, 0.39, and 0.82, respectively. These results 
are in accordance with [23-25]. This genetic control of additive nature can be utilized in improving those traits by 
selection in the later filial generations [17]. 

Conversely, non-additive gene action controlled the inheritance of the number of locales per fruit since a low 
σ2GCA/σ2SCA ratio (0.625) and high dominance (1.26) were observed. This was in accordance with 
[6][7][14][16][17][24]. Therefore, the non-additive gene action controlled the inheritance of single plant yield, 
number of days until the start of flowering, and number of locales per fruit. Thus, heterosis could be desirable in 
improving those traits [15][20].  

Single plant yield GCA effects in T8 (0.36), T6 (0.19), T2 (0.33) were significantly positive. Therefore, those lines could 
be used as a donor of this trait (Table 6). Regarding the number of days until the start of flowering, which is an index 
of earliness, T11 and T12 scored the highest significant negative effects (-1.43 and -2.03). Thus, these two lines could 
be used in producing early maturing hybrids [7][22]. As for the number of fruits per cluster, T11 scored a significant 
positive GCA, while other lines had significant negative GCAs. Based on these results, T11 could be helpful in 
improving the number of fruits per cluster. T8 scored the highest significant positive GCA effects for average fruit 
weight, followed by T12 and T2. In fact, T8 can be suggested in breeding programs to introduce fruits with higher 
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weights, heights, and diameters (higher volume), while T2 is suggested to produce types with higher fruit weight and 
wider diameter [5][22][25].  

Table 6. Effects of general combining ability on the studied traits, i.e. single 
plant yield (YIE), Days until start of flowering (DFF), number of fruits per 
cluster (NFRC), average fruit weight (AWF), fruit height (FH), fruit diameter 
(FD) and the number of locales per fruit (NLF). 

NLF FD FH AWF NFRC DFF YIE Line 
0.19** 0.85** 0.04 7.05** -0.37** 1.49* 0.33** T2 
-0.06 -0.03 -0.22** -5.12** -1.13** 1.17* 0.19** T6 
0.08* 0.28** 0.27** 41.19** -1.98** 0.55 0.36** T8 

-0.30** -1.02** -1.28** -55.32** 6.08** -1.43* -0.64** T11 
-0.23** -0.33** 1.12** 12.28** -1.25** -2.03** 0.06 T12 
0.32** 0.25** 0.07 -0.08 -1.35** 0.25 -0.29** T16 

*,**: Significant at P<0.05 and P<0.01, respectively. 
 

Five hybrids showed significant positive desirable specific combining ability on single plant yield, mainly the hybrids 
(Table 7). T2×T6 and T2×T8 recorded the most negative SCA values in term of earliness of flowering. For the number 
of fruits per cluster, six hybrids showed significant positive desirable combining ability. T8×T16 scored significant 
positive SCAs for fruit weight, hight, and diameter. Those hybrids could be used in improving the studied traits [26]. 

Table 7. Effects of specific combining ability on the studied traits, i.e. single plant yield (YIE), 
Days until start of flowering (DFF), number of fruits per cluster (NFRC), average fruit weight 
(AWF), fruit height (FH), fruit diameter (FD) and the number of locales per fruit (NLF). 

NLF FD FH AWF NFRC DFF YIE Hybrid 
-0.01 0.44** 0.19 11.46** 0.72* -4.77** 0.54** T2×T6 

-0.63** 0.23 -0.05 -6.15 0.65 -4.27** 0.51** T2×T8 
-0.08 0.13 0.24* -11.14** -0.01 -1.92 -0.12 T2×T11 

0.20** 0.24 0.38** 16.54** 1.60** -2.41 0.33 T2×T12 
0.29** -0.14 0.00 13.97** -0.29 -0.66 0.15 T2*T16 
0.35** 0.18 -0.06 -2.57 0.68 -1.63 0.31 T6×T8 
-0.01 -0.08 -0.19 -12.30** -0.10 -1.62 -0.11 T6×T11 
0.01 0.02 -0.04 -11.06** 0.38 0.65 0.14 T6×T12 

0.44** 0.39** 0.08 6.00 0.35 -3.53* 0.40* T6×T16 
0.02 0.51** 0.00 62.93** -1.32** -1.27 -0.26 T8×T11 

-0.19* 0.12 0.36** -8.87* 1.29** -1.00 0.07 T8×T12 
0.16* 0.57** 0.42** 3.49 1.20** -1.61 0.69** T8×T16 
0.12 0.31** -0.08 -33.00** -3.73** 1.41 -0.08 T11×T12 

-0.23** 0.23* -0.19 -19.63** 1.52** -2.32 0.38* T11×T16 
-0.03 0.55** 0.51** 20.37** 1.68** -0.51 0.35 T12×T16 

*,**: Significant at P<0.05 and P<0.01, respectively. 

 

4. Conclusions 

The studied lines differed in their characteristics and general combining ability; many of them could be used to 
improve one or more of the studied traits. High heterosis was achieved in most of the studied traits. Additive gene 
action controlled the inheritance of average fruit weight, fruit height, fruit diameter, and the number of fruits per 
cluster. Therefore, it is recommended to select in the mid and later generations for improving those traits. On the 
other hand, non-additive gene action controlled the inheritance of single plant yield, number of days until flowering, 
and the number of locales per fruit; thus, selection could be made in early generations to improve those traits. T2 and 
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T8 could be introduced in breeding programs since they possess a desirable general combining ability for most 
studied traits. Additionally, the hybrids T2×T6, T2×T8, and T8×T16 are promising in improving fruit yield for their 
high SCA and heterosis in this trait. 
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