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ABSTRACT 
 

The aim of the present study was to estimate different types of gene action 
affecting some characteristics of tomato fruit. For this purpose, six tomato cultivars 
were used in this investigation. These cultivars were: (1) Super Marmand (France) (2) 
Peto 86 from France (3) Castel Rock (4) Super strain B, Flora data (5) and Advanced 
(6) from America.  The varieties were crossed by using complete diallel crosses 
mating design, in order to produce 30 different hybrids. These parental varieties and 
their 30 hybrids were evaluated during two seasons for some fruit characteristics. The 
obtained data were subjected to biometrical analysis and the obtained results 
revealed that, the mean squares of entries were highly significant for the studied traits, 
leading to the further partition of genetic variance to its components. The additive 
genetic variances were higher than their corresponding values of dominance genetic 
variances for locules number, fruit firmness, pericarp thickness, total soluble solids, 
ascorbic acid and lycopene content. The combined data over the two seasons 
showed that heritability in broad sense (h²b) were 88.8% for locules number of the 
fruit, 87.3% for fruit firmness, and 78.2% for pericarp thickness, 3.5% for TSS, 95.77% 
for ascorbic acid, 92.5% for lycopene content. However, heritability estimates in 
narrow sense (h²n %) were more less than the corresponding values in most of 
studied traits, indicating that the role of non-additive genetic variance in the genetic 
expression of these traits are non-negligible. Therefore, the suitable breeding program 
for improving these traits is recurrent selection programme.   

 

INTRODUCTION 
 

Tomato is one of the most consumed and widely grown vegetable 
crops in the world including Egypt. It is a popular vegetable/fruit and an 
important source of vitamins and minerals. Fruit quality is one the most 
important traits in a breeding program. Quality involves several traits such as 
fruit firmness (FF), total soluble solids (TSS %), number of locules per-fruit 
(NLF), fruit thickness, ascorbic acid  and lycopene content. In this respect, 
the determination of suitable breeding program for improvement of these 
traits is an important aim in tomato. The presence of a relatively high non-
additive gene action indicates that the production of F1 hybrids should be 
considered as a result of the direct relationship between the non-additive 
gene and heterosis. Choice of parents for use in a plant breeding program is 
one of the most important decisions that a breeder makes (Borem and 
Miranda, 2005). Additive and non-additive genetic effects could be 
determined from the estimates of general combining ability (GCA) and 
specific combining ability (SCA), respectively. In this manner, Dod and Kale 
(1992) found on tomato that the higher magnitude of GCA compared with 
SCA for number of locules and fruit wall thickness indicated a predominant 
role for additive gene action. El-Sharkawy et al. (1997) reported, on tomato, 
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that heritability estimates in broad and narrow sense for T.S.S were ranged 
from (49.04 to 63.97) and (21.92 to 41.82). respectively. On the other hand 
Kumar et al (2013) found highly significant variation due to GCA as well as 
SCA indicated the Importance of the additive as well as the non additive 
variation all the fruit quality character like T.S.S  ascorbic acid content, and 
lycopene content governed by non additive 

Therefore, these estimates were of great values in establishing the 
most promising approach. Thus, the present investigation was aimed to 
obtaining estimates for the different types of gene action in terms of general 
combining ability and specific combining ability by  evaluating the diallel 
crosses mating design. By Determination of heterosis and maternal effect 
were also investigated in this study. 
 

MATERIALS AND METHODS  
 
       The genetic materials used in the present study included six tomato 
varieties. These varieties were: Super Marmand and Peto 86 from France in 
addition to Castel Rock from American, all were a large fruit size, growth 
habit is determinate and maturity is medium. Super strain  B and Flora data 
are American, these two varieties are characterized by a large fruit size, 
growth habit is semi determinate and maturity is late. Advanced is also 
Amirecan and characterized by a small fruit size, growth habit is semi 
determinate and maturity is early and Resistant . to bacterial Speck and 
tolerant of early blight. All six varieties are belonging to the species 
Lycopersicon .  Individual plants from each variety were self pollinated for 
three generations to end up with an inbred line from each variety. This work 
was carried out during three successive generations at the Experimental 
station, Faculty of Agriculture, Mansoura University .   

Selfed seeds from each variety were planted during the summer 
season of 2009 at the Experimental station, Faculty of Agriculture, Mansoura 
University.   At the flowering time, all single crosses including reciprocals 
were made among these varieties according to a complete diallel mating 
design to produce 15F1 hybrids and 15 F1r reciprocal hybrids.  
 Therefore, the genetic materials used in this study were 6 parents, 30 F1 

hybrids (15 F1 & 15 F1r). All 30 entries were evaluated in a field trial at the 
experimental station, faculty of agriculture, Mansoura University, during the 
winter season of 2009 and summer season of 2010. 
             Data were recorded on ten guarded and labeled randomly chosen 
plants per plot for all entries in the two growing seasons .locules number ,fruit 
firmness ,pericarp thickness, T.S.S ,Ascorbic acid content and lycopene 
content were the measured characters . 
     The obtained data for these traits from each season and the 
combined data over both two seasons were subjected to biometrical analysis 
using the procedures described by Griffings Method III (1956) and outlined by 
Sing and Chaudary (1985).  

The covariance of relative was translated into appropriate genetic 
components of variance as outlined by Matzinger and Kempthorne (1956) 
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and Cocherham (1963). Therefore, additive genetic variance was estimated 
as following :- 
(σ²g) =1/2 (σ²A)     or      (σ²A) = 2 σ²g 
σ²D= σ² s  
In addition , the dominance degree ratio as well as the heritabilities were 
determined using the following equations :- 
Dominance degree ratio (Dd) : 

Dd=   
The heritability values were estimated as follows:- 
1. From single season: 
Broad sense heritability :- 

h
2
b =  x100  

Narrow sense heritability :- 

h
2

n =    x 100 
2. From combined data over year: 
Broad sense heritability :- 

h
2
b =  x100  

 
 
Narrow sense heritability :- 

h
2

n =  x 100  
 

RESULTS AND DISCUSSION 
 

    The results of the analysis of combining ability for fruit 
characteristics with respect to each season and their combined data are 
shown in Table 1. The results revealed that the mean squares of entries were 
highly significant for the studied traits, indicating that the further partition of 
genetic variance to its components are valid.  Therefore, the results of (GCA), 
(SCA) and (RE) mean squares were highly significant for locules number and 
pericarp thickness. In addition, the mean squares of GCA were significant in 
the cases of second seasons and the combined data over both seasons and 
non-significant for SCA and RE with respect to fruit firmness. This finding 
indicates  that additive gene action may play the major role in the genetic 
expression of these characteristics. On the other hand, mean squares of the 
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interaction between (GCA), (SCA) and (Res) with seasons were not 
significant for locules number, pericarp thickness and fruit firmness 
characters in most of occasions, indicating that, these parameters are highly 
stable with different environmental  conditions with respect to the studied fruit 
characteristics. In this manner, many investigators reached the same results, 
among them, Dod et al. (1992), Alice et al. (2001) and Sekhar et al. (2010). 

The results of analysis of combining ability for T.S.S , ascorbic acid , 
and lycopene content are presented in Table 2. The results of mean squares 
revealed that mean square of  general combining ability (GCA) was highly 
significant and higher in magnitudes than the corresponding values of SCA 
and reciprocal effect mean squares with respect to the three traits (T.S.S, 
ascorbic acid content and lycopene content),this  indicates to the major role 
of additive genetic variance in the inheritance of these traits. On the other 
hand, the results showed that GCA, SCA and RE interacted significantly with 
seasons in the case of T.S.S, revealing that these parameters are unstable 
on different environmental conditions, but highly stable in the cases of 
ascorbic acid content and lycopene content. Similar results were obtained by 
Abdel Raheem (1989), Seama et al. (2005) and Santosh and Sharma (2011) 
whom found the magnitude of variance due to GCA was greater than the 
variance due to SCA for lycopene content.  
Table1: Analysis of combining ability and mean squares estimates for 

fruit characteristics at each season and the combined data 
over the two seasons 

* and  , ** significant  at  5%  and  1%   levels of probability , respectively .  

 
Table  2 : Analysis of combining ability and mean squares estimates for 

physiological traits 

* and  , ** significant  at  5%  and  1%   levels of probability , respectively .  

          The results of genetic parameters and heritability estimated for fruit 
traits for both seasons and combined data are presented in Table 3. The 
results revealed that the magnitude of additive genetic variances (σ²A) were 

S.V 
DF Locules number Fruit firmness Pericarp thickness  

Single comb S1 S2 Comb S1 S2 comb S1 S2 Comb 

Entries 29 29 4.34** 5.18** 9.372** 0.91** 0.904**` 8.12 ** 0.148** 0.138** 0.276** 

GCA 5 5 6.0204** 6.967 ** 12.956** 1.088 1.1069** 2.14** 0.149 ** 0.0905** 0.227 ** 

SCA 9 9 0.326 ** 0.324 ** 0.613** 0.1789 0.22 0.325 0.024 ** 0.37 ** 0.058 ** 

RE 15 15 0.679 ** 0.806 ** 1.4317* 0.11922 0.186 0.274 0.030 ** 0.032 ** 0.06** 

Entr x S  29    0.158**   7.103**   0.0106** 

GCA x S  5   0.03107
 
   0.052   0.0118** 

SCA x S  9   0.037   0.075   0.004 

RE x S  15   0.054*   0.030   0.0028 

Error 58 116 0.039 0.019 0.029 0.0197 0.0202 0.03 0.0028 0.0032 0.00307 

S.V 
DF T.SS Ascorbic acid % Lycopene  

Single comb S1 S2 Comb S1 S2 Comb S1 S2 Comb 

Entries 29 29 2.77** 2.29** 2.734** 46.5** 28.76** 64.87** 5.04** 6.83** 11.26** 

GCA 5 5 3.97** 0.264 ** 1.85 ** 63.62 ** 41.69 ** 101.5 ** 7.57** 10.705 ** 18.06 ** 

SCA 9 9 0.111** 0.313 ** 0.24 ** 4.4 ** 2.6* 4.2 * 0.211* 0.27 0.31 * 

RE 15 15 0.34** 1.14 ** 0.96 ** 4.34 2.02 3.74 0.505 ** 0.56** 0.932 ** 

Entr x S  29    2.33 **   10.47**   0.594** 

GCA x S  5   2.388 **   3.79   0.214 

SCA x S  9   0.183 **   2.7   0.17 

RE x S  15   0.516 **   2.62   0.141 

Error 58 116 0.0234 0.0105 0.017 3.066 1.34 2.204 0.108 0.156 0.132 
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larger than their corresponding of non -additive genetic variances including 
dominance (σ²D) for all studied traits (locules number, fruit firmness and 
Pericarp thickness). These results could be confirmed by the dominance 
degree ratio, which was less than one for the three studied traits at the first 
season, second season and combined data respectively. Therefore, the 
heritability in broad sense (h²b %) were high and close to heritability in narrow 
sense estimates for these traits and these values were 89.3%, 89.6% and 
88.8% for locules number of the fruit, 90.6%, 85.7% and 87.3%) for fruit 
firmness, and 82.9%, 73.02% and 78.2% for pericarp thickness with respect 
to first season, second season, and combined data, respectively. However, 
heritability estimates in narrow sense (h²n %) were  85.6%, 85.7% and 84.8% 
for locales number of the fruit, 77.1%, 69.8% and 76.8% for fruit firmness and 
70.5%, 44.1% and 58.49% for pericarp thickness with respect to first season, 
second season, and combined data, respectively. This finding indicated the 
predominance of additive genetic variance in fruit characteristic and 
recommended the selection breeding programe for improving these quality 
traits. Also, the results indicate that the interaction between the genotypic 
parameters and seasons (σ²Axs) (σ²Dxs) and (σ²rxs)  were very low for the 
fruit characters traits indicating that these traits were less affected by 
environmental components with different degrees. Similar results obtained by 
Sonone et al. (1986), Dod and Kale (1992) Dodhol et al. (1999) Salib (1999)   
 
Table 3: Estimates of genetic parameters and heritability in broad and 

narrow sense  for fruit characteristics 

 
    Different genetic parameters and heritability were estimated for some 
tomato physiological traits which included T.S.S, ascorbic acid content and 
lycopene content traits for both seasons and combined data, the results are 
presented in Table 4.   The results indicated that the estimates of the additive 
variance (σ²A) were higher than the corresponding non-additive and 
reciprocal effect variance with respect the three studied traits as physiological 
traits. These results were emphasized by dominance degree ratio which were 
less than one in all occasion for T.S.S, ascorbic acid content and lycopene 
content traits. In addition, the heritability in narrow sense estimates were high 
and close to the corresponding values of heritability in broad sense in most of 
occasions with respect to the three traits. This finding insure the 

 
Locules number Fruit firmness. Pericarp thickness 

S1 S2 Comb S1 S2 Comb S1 S2 Comb 

ó²A 2.8   3.32 4.1  0.454 0.44   0.612 0.062  0.026 0.053  

ó²D  0.143  0.1528 0.19 0 .0796  0.1002  0.083  0.011  0.017  0.0179 

ó²r  0.319  0.393  0.46  0.049  0.083  0.0814  0.014 0.0148  0.0194 

D d  0.23  0.21  0.215  0.41  0.47  0.36  0.42  0.81  0.266 

ó²A x s  -  -  0.00  -  -  0.00  -  -  0.0038 

ó²D x s  -  -  0.004  -  -  0.0269  -  -  0.00 

ó²r x s  -  -  0.012  -  -  0.0052  -  - 0.00 

h²b %  89.8  89.6  88.8  90.6  85.7 87.3  82.9  73.02  78.2 

h²n %  85.6 85.7  84.8     77.1  69.8 76.8   70.5 44.1   58.49 
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predominance of additive genetic variance of the physiological traits and the 
selection breeding program is recommended for improvement. Furthermore, 
the variance due to the interaction between additive gene action and seasons 
were negative, which considered equal zero in the cases of T.S.S and fruit 
firmness, and the corresponding magnitudes of non-additive and reciprocal 
effect with seasons variances were positive in the two traits. This finding 
indicated that the additive gene action is more stable with different 
environmental conditions. On the other hand, in the case of lycopene content 
trait, the additive by season interaction was positive, while the non-additive 
and reciprocal effect by seasons interaction variances were negative 
indicating that non-additive and reciprocal effect are more stable than additive 
gene action on different environmental conditions.  In this respect, similar 
results were obtained by Bhutani et al. (1983) Hannan et al (2007 ) and Garg 
et al.  (2008) for T.S.S  ,lycopene content for ascorbic acid 
content,respectively. 

 
Table4:  Estimates of genetic parameters and heritability in broad and 

narrow sense for physiological traits at each season and the 
combined data over two seasons 

In conclusion, due to the previous results, which confirmed the role of 
both additive and non-additive genetic variance in the inheritance of studied 
fruit characteristic and physiological traits with different levels, the suggested 
suitable breeding program for improving these traits is recurrent selection 
programme.   
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 الفعل الجينى ودرجة التوريث لبعض مواصفات ثمار الطماطم 
 مريم سامى صادق **و سيف الدين محمد فريد ** ،ممدوح محمد عبد المقصود*

 مصر  -جامعة المنصورة  -كلية الزراعة  -قسم الوراثة   *
 مصر  -مركز البحوث الزراعية   -معهد بحوث البساتين **
 
حسيتتس يتي تتض ااا تي ااجيرتت  لسرجتتض اا لريتتص اتتت     تت      تت ر اجريت  ذتتال ااسرابتتض ت تتر       

بتلتر   ر  رتس,  -1ااي  يم ,لاهاا اابتب فقس   أب  سم في ذال ااسرابض ب ض أ ر ف    لاض  ن ااي  يم لذ  
اسف ربتتيس و ل تتم  هجتتين ذتتال ا  تتر ف  تتن  -6فللراسيتتس  -5بتتلتر بتت رين تتت   -4ك بتتي رل   -3, 66تي تتل  -2

(  6ذجتين لكبت و  تم  قيتيم ا تت     15ذجتين ل 15 زالج ااسا رى ااك  ي ت ر  ااح تلي للت   لاي رظ م اا
( فتتي اي لتت   ك  لتتض اا  تتلا يض فم لبتت ين    تت ايين, لااتت  ا لا تتا   اا  تت ر لت تت  33لااهجتتن اار  جتتض  

ي يتتض اكتتلا اا تتا   ااابتتيلالجيضو ل تتم  حليتتي ااتي رتت   اا  ح تتي لليهتت   تتن كتتي  لبتتم لكتتاا  ااتي رتت   اا ج 
اا لب ينو ل ن أذم اار   ج اا  ح ي لليه  ذتي أن   لبتي اا رت ت   ال راكيتب االرا يتض ك رت  ل ايتض اا  رليتض 
    ي ير أره  ن اا   ح  قبيم اا ت ين االرا   اا   كلر  هو لااا   م  حليي اا ت ين القسرة لل  اا متلاف الح تلي 

 سرة اا   ض لل  اا لاف ت  ض فض اا  اا ت ين ااراجع الهجن اا كبيضولل   كلر   اا ي ين  ن ااقسرة اا   ض لااق
لكتت ن اا تتت ين اىضتت ف  كتت ن اللتت   تتن اا تتت ين اابتتي سى اكتتي  تتن اا تتا   اا  ايتتض لتتسس اا بتت كن فتت  
اا  رة ,سرجض  لاتض اا  رة, ب   جسار اا  رة, اا لاس اا لتض اااا تتض ,اا ح تلى  تن في ت  ين ج ل قتسار  تت ض 

لالضتح  ااتي رت   اا ج  تض للت   تسار  لبت ين ان سرجتض اا لريتص فت  اا تسى االابتع ك رت  لتين ز ك ت  االيك
تير   ك ر  فت  اا تسى ااضتيق ااتي  تن   يلا هت  فت  اا تس   78.2%,3.5%,77%.92.5%95% (87.3%

ا ا   لتسس اا بت كن فت  اا  ترة ,سرجتض  %76.8,%58.49,%84.8,%0.0,%93.4,%90.14االابع  
ا  رة, ب   جسار اا  رة, اا لاس اا لتض اااا تض ,اا ح لى  ن في ت  ين ج ل قتسار  تت ض االيكتلتين للت   لاتض ا
    ي ير اا  أن ااا ي ااجير  اابي سى اه سلرا في  لريص ذال اا تا   ىيجتب مذ  اتضو لاتاا  ربتتض اات  اا ر يت

 اا ا   ذل ا ر   ب اا  كرر اا كب و  ذال اار   ج ي كن أن يكلن ترر  ج اا رتيض اا اضي ا حبين   ي ذال

 قام بتحكيم البحث
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