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Seven different tomato lines; viz, AL-1-4-1-7, HEL- 21-18, RED-8-2, EUR-

6-1, D-7-4-1, JUM-14-16 and NADY-1- 2, were crossed in 7×7 half diallel 

mating design. The study was conducted in the experimental farm of, Faculty 

of Environmental and Agriculture Science, Arish University, North Sinai, 

Egypt to produce superior hybrids tolerant to Tomato Yellow Leaf Curl Virus 

(TYLCV). For heterotic effect, heterosis over mid-parents, better parent and 

check hybrid were detected in many traits, q.e.; plant height, No. of leaves, 

Fruit set (%) in first three clusters, hardness, T.S.S., total yield/plant and 

average fruit weight. For plant height heterosis, 12 crosses exhibited 

significant positive values ranging from 5.83% in the cross (4x7) to 23.8% in 

the cross (1x5) over the check hybrid. For number of leaves/plant 15 ones 

reflected mid-parents heterosis with significant values ranging from 8.23% 

for 1x6 to 59.4% for 2x6, suggesting dominance toward the high 

number/plant. Hybrids with good hardness were (1x7,2x4,2x7,3x4, and 4x7), 

total yield (1x5, 2x6, 2x7,4x5,4x7,5x6,5x7, and 6x7), and they were also 

found to have tolerance to heat stress and TYLCV under North Sinai 

conditions. 
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INTRODUCTION 

Tomato (Solanum lycopersicum L.) is 

one of the most important popular and 

extensively used vegetable crop (Toor and 

Savage, 2005). It ranks second among 

vegetables, following potato in both acrage 

area and production. Egypt is one of the 

major tomato production countries, 

producing 6751856 ton in 2019 (FAO 

2019).     

Tomato crop is easily affected by several 
biotic stresses including viral diseases 
which are responsible for significant 
production losses of tomato around the 
world. Among the viral diseases, tomato 
yellow leaf curl virus (TYLCV) is one of 
the serious tomato production constraints in 
tropical and subtropical regions of the 
world. In Egypt, TYLCV can dramatically 
reduce tomato yield (Picó et al., 1999). 

Fauquet and Stanley (2005) reported that 
the disease is induced by a number of 
Begomovirus species (Family: Geminiviridae), 
among them, tomato yellow leaf curl virus 
(TYLCV), which is widely spread worldwide 
during the summer and autumn, and can 
cause up to 100% yield lossesin  both the 
field and in protected greenhouses (Picó et 
al., 1996). In nature, TYLCV is transmitted 
exclusively by the sweet potato whitefly 
Bemisia tabaci (Genn.) in a persistent-
circulative manner (Gronenborn, 2007). B. 
tabaci is an invasive pest with global 
importance since more than 175 countries 
officially report the presence of B. tabaci. 
In: Invasive Species Compendium

1
). B. 

tabaci is a complex consisting of at least 24 
distinct species (De Barro et al., 2011). 
The Bemisia Middle East-Asia Minor 1 
(MEAM1/B) and Mediterranean (MED/Q) 
are regarded as the most invasive and 
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damaging species, and these are also the 
species that transmit TYLCV to tomato 
(De Barro et al., 2011; Ning et al., 2015). 

The management of TYLCV in tomato 
is difficult, expensive, and with limited 
options. There is demand for developing 
high yielding cultivars and or hybrids 
worldwide. Hybrids are usually known to 
be characterized by good quality characters 
and high yield. Therefore, tomato hybrids 
were, extensively used in commercial 
production (Shalaby 2012; Solieman et al., 
2013). The use of virus-resistant/tolerant 
tomato cultivars is considered the best way 
to reduce yield losses induced by TYLCV 
inflection.  

Recently hybrids spread were increased 
in all countries, since hybrid seeds are 
better than open- pollinated varieties for 
earliness, yield, fruit quality, TYLCV 
resistance, etc. The breeder’s goal is to 
develop new hybrids characterized by high 
yield with good traits and disease tolerance. 
Heterosis breeding as a tool for genetic 
improvement in tomato has been studied by 
several researchers. Heterosis over better 
parent for plant height, total yield and 
TSS%, was induced by Dev et al., (1994) 
for total fruit number, Kumar et al., 
(1997), as well as, for total yield and TSS% 
Youssef 1997; Salib (1999), for total yield 
(Khalil, 2009). 

Since the discovery of hybrid vigour by 
Shull (1908), a tremendous progress was 
observed in the development of potential 
hybrids in tomato. Heterosis in tomato was 
first observed for higher yield and a greater 
number of fruits. Since then heteroses for 
yield, its components and quality traits were 
extensively studied by Kurian et al. 

(2001), Mondal et al. (2009), Ahmed et al. 
(2011), Shalaby (2012), Kumar et al. 

(2012) and Al-Daej (2018). 

The aim of this stydy was to produce 

promising tolerant hybrids for TYLCV. 

because of the advantages of tomato 

hybrids i.e. uniformity in shape and size, 

increased vigor, early maturity, high yielding 

and resistance to specific pests and pathogens 

(Allard, 1960; Hageman et al. 1967). 

MATERIALS AND METHODS 

Field experiments were carried out at the 
Experimental Farm Fac. Environ. Agric. Sci., 
Arish Univ., North Sinai, Egypt to produce 
superior hybrids tolerant to TYLCV. In the 
first season (2017/2018), crossing among seven 
tomato lines; viz, AL-1-4-1-7, HEL- 21-18, 
RED-8-2, EUR-6-1, D-7-4-1, JUM-14-16 and 
NADY-1- 2, was made in 7X7 a half diallel 
mating design. In the second season (2018/ 
2019), the parents and their resultant F1 
hybrids comperd with commercial F1-hybrid 
448 (Syngenta Company) as check hybrid 
were evaluated in open field for growth, yield 
and fruit quality as well as virus resistance. 
The genetic materials used in the study were 
obtained from Prof. Dr. Ahmed Mahmoud 
Kansouh (Prof. of Vegetable Crops, Self-
Pollinated Vegetables Dept. Hort. Inst. Agric. 
Res. Cent.). 

Seeds of seven parents and 21 hybrids 
were sown in seedling trays on 25

th
 August in 

the second season (2018/2019). The seedlings 
were transplanted 45 days after sowing on 9

th
 

October. The genotypes were distributed in a 
randomized complete block design with three 
replications. The plot area was 18 m

2
 (15m 

long X 1.2m width). Tomato genotypes were 
irrigated using drip irrigation system, the 
distance between two dripper lines was1.2 m 
and 50 cm between plants in the same line. 
The other normal agriculture practice were 
done according to requirements of tomato 
crop production.     

Data Recorded 

Vegetative growth 

After 60 days from transplanting, five 
plants were randomly chosen from each 
plot to determine the following traits: 

1. Plant height (cm) 

2. Number of leaves/ plant 

Fruit set and fruit yield 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6110163/#B22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6110163/#B53


 
El-Morsy, et al.  |  SINAI Journal of Applied Sciences 10 (2) 2021   089-089 91 

1. Fruit set percentage in the first three 
clusters 

2. Total yield (kg/plant) was calculated 
from all harvested fruit; for whole season,  

3. Average fruit weight (g) by dividing total 
fruit weight by total fruit number    

4. Hardness (kg/cm
2
) was measured by 

using a needle type pocket penetrometer. 

5. Total soluble solids (TSS%) using a hand 
refractometer according to AOAC (1990).  

Heterosis was calculated over mid-
parents and better parents according to 
Mather and Jinks (1971), as well as over 
the check hybrid. 

Statistical Analysis 

The obtained data were subjected to 
statistical analysis of variance according to 
Snedecor and Cochran (1980), and means 
separation was done according to Duncan 
(1955). 

RESULTS AND DISCUSSION 

Results in Table 1 show that, 14 crosses 
out of 21 ones significantly surpassed their 
mid-parents for plant height, suggesting 
degrees of dominance toward the high 
parent. On the other hand, the remaining 
crosses (7 ones) showed no dominance, since 
they exhibited insignificant and significant 
negative values of heterosis. For heterosis over 
better parent, 6 crosses showed significant 
positive heterosis values, indicating over 
dominance for the taller parent. The other 
six crosses recorded insignificant positive 
values, indicating complete dominance for 
the high parent and two showed partial 
dominance to low parent, where they 
recorded significant negative values. 

Plant height is an important trait for plant 
reproductive success, which correlated with 
various other traits. As regard to heterosis 
over the check hybrid, 12 crosses exhibited 
significant positive values ranging from 
5.83% in the cross (4x7) to 23.8% in the 
cross (1x5). Similar results were observed 

by Dev et al. (1994), Zanata (1994) and 
Abd Allah (1995) for plant height.  

For number of leaves/ plant, obtained 
results presented in Table 1 show that, six 
F1 hybrids had insignificant heterosis values 
based on mid-parents (M.P), indicating no 
dominance for this trait. However, the 
remaining 15 ones reflected mid-parents 
heterosis with significant values ranging 
from 8.23% for 1x6 to 59.4% for 2x6, 
suggesting dominance toward the high 
number/plant. Estimated heterosis values 
relative to better parent (B.P.) in these 15 
crosses showed over dominance for the high 
number of leaves/plant in ten crosses. Since 
they gave significant positive values ranging 
from 2.92% for (1x2) to 42.6% for (3x6), 
three crosses showed complete dominance 
for the high number of leaves/ plant, however 
2 crosses show partial dominance.  

Heterosis over the check hybrid (C.H.) 
was detected in 9 crosses with significant 
positive values ranging from 4.12% (5x6) to 
47.9% (5x7). These results agreed with 
those of Zanata (2002), Kansouh and 
Masoud (2007) and Kansouh (2013) who 
showed heterosis over mid-parents, better 
parent and commercial hybrid for this trait. 
For fruit set (%), there were 5 crosses 
recorded significant positive values suggesting 
dominance, two of them showed over 
dominance for high parent, on the other 
hand, three crosses showed complete 
dominance and the rest crosses (16 ones) 
reflected no dominance for fruit set%. 
Similar results were obtained by Pradheep 
et al. (2006) of tomato plants. Most obtained 
crosses (16 ones) exhibited heterosis over 
the check hybrid, where they gave significant 
positive values for this trait. 

With regard to total yield/plant, results in 
Table 2 show that 15 crosses recorded 
significant positive values of heterosis over 
mid-parent ranging from 0.32% (4x6) to 
69.58% (6x7) indicating dominance, while 
6 crosses showed no-dominance for this 
trait, since they recorded insignificant 
heterosis values relative to their mid-parents. 
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Table 1. Percentage of heterosis over mid-parent (M.P) better parent (B.P) and check 

hybrid (C.H) for some vegetative traits in F1 generation of tomato plants. 

Crosses Plant height  No. of leaves  Fruit set (%) in first  three clusters 

Heterosis (%)  Heterosis (%)  Heterosis (%) 

M.P. B.P. CH. Dom.type M.P. B.P CH. Dom.type M.P. B.P CH. Dom.type 

P1xP2 20.0** 14.5** 15.4** O.D 23.3** 2.92** 26.8** O.D 0.0 0.0 36.4** N.D 

P1xP3 34.2** 12.2** 13.1** O.D 49.2** 10.5** 36.1** O.D 0.0 0.0 36.4** N.D 

P1xP4 19.2** 17.9** 21.5** O.D 35.7** 17.6** 44.8** O.D 0.0 0.0 36.4** N.D 

P1xP5 9.15** -1.82 23.8** C.D -8.46** -24.2** 42.3** N.D 13.5** 0.0 36.4** C.D 

P1xP6 -2.96 -5.75* 0.77 N.D 8.23** -23.0** -5.15** P.D -9.57** -13.3** 18.2** N.D 

P1xP7 0.0 0.0 0.77 N.D -5.01** -24.7** -7.22** N.D -12.2** -20.0** 9.09* N.D 

P2xP3 32.3** 15.1** 5.38** O.D 17.8** 1.25 -16.5** C.D -4.17 -4.17 30.7** N.D 

P2xP4 8.30** 2.24* 5.38** O.D 11.0** 6.28** -4.12** O.D -30.0** -30.0** -4.55 N.D 

P2xP5 -29.3** -39.0** -23.1** N.D -24.4** -45.6 2.06 N.D -20.5** -30.0** -4.55 N.D 

P2xP6 15.5** 7.19** 14.6** O.D 59.4** 30** 7.21** O.D 4.35 0.0 36.4** N.D 

P2xP7 6.4** 1.55 2.31 C.D 56.7** 46.9 21.1** C.D 9.75** 0.0 36.4** C.D 

P3xP4 16.2** -3.73* 0.77 P.D 30.3** 8** -2.58** O.D -30.0** -30.0** -4.55 N.D 

P3xP5 4.76** -19.5** 1.54 P.D -29.9** -53.9** -13.4** N.D -20.5** -30.0** -4.55 N.D 

P3xP6 24.2** 1.44 8.46** C.D 51.9** 42.6** -15.5** O.D 4.38 0.0 36.4** N.D 

P3xP7 17.8** -1.53 0.77 C.D 45.9** 32.9** -4.12** O.D -12.2** -20.0** 9.09* N.D 

P4xP5 -6.04** -14.6** 7.69** N.D -31.7** -49.5** -5.16** N.D -9.19* -20.0** 9.09* N.D 

P4xP6 -5.49** -7.19** 0.77 N.D 26.1** -0.57 -10.3** C.D -26.9** -30.0** -4.55 N.D 

P4xP7 3.39* 2.24 5.38** C.D 35.9** 22.3** 10.3** O.D 9.75** 0.0 36.4** C.D 

P5xP6 -13.5** -20.1** 0.77 N.D -13.1** -44.5** 4.12** N.D 19.2** 9.09* 36.4** O.D 

P5xP7 -3.05** -12.8** 9.99** N.D 13.9** -21.2** 47.9** P.D 26.3** 21.6** 36.4** O.D 

P6xP7 3.70* 0.72 7.69** C.D 48.5** 27.9** -7.73** O.D -7.99* -12.7** 9.09* N.D 

             

Average 6.14** -16.23** 5.68**  12.5** -42.9** 7.19**  -5.01** -11.79** 20.3*  

LSD             

0.05 1.37 1.58   1.37 1.58   0.06 0.07   

0.01 1.96 2.26   1.95 2.26   0.09 0.10   
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Table 2. Percentage of heterosis over mid-parent (M.P) better parent (B.P) check 

hybrid (C.H) for total yield and average fruit weight in F1 generation of tomato 

plants 

Croses Total yield / plant Average fruit weight 

Heterosis (%) Heterosis (%) 

M.P. B.P CH. Dom. type M.P. B.P CH. Dom. type 

P1xP2 -1.96 -9.09 -6.25 N.D -8.10 -11.42 -8.65 N.D 

P1xP3 21.87** 18.18** 21.87** O.D 3.96** 0.04 11.59** C.D 

P1xP4 17.15** -3.03 0.0 C.D 3.13** -1.74 1.33 C.D 

P1xP5 30.53** 6.06** 9.37** O.D 10.89** 3.34** 6.57** O.D 

P1xP6 20.81** 0.0 3.12** C.D 10.73** 1.33 4.49** C.D 

P1xP7 5.66** -15.15 -12.5 C.D 1.89* -7.88 -5.01 C.D 

P2xP3 4.73** 0.0 -3.13 C.D -2.66 -9.59 0.86 N.D 

P2xP4 -17.7 -27.3 -35.9 N.D -6.36 -7.48 -11.47 N.D 

P2xP5 -12.09 -23.9 -32.9 N.D 0.32 -3.15 -7.33 N.D 

P2xP6 48.50** 31.20** 15.62** O.D 21.17** 14.80** 9.84** O.D 

P2xP7 49.39** 27.67** 12.51** O.D 20.93** 13.13** 8.24** O.D 

P3xP4 -20.17 -32.24 -34.36 N.D -18.86 -25.47 -16.85 N.D 

P3xP5 -12.83 -27.42 -29.69 N.D -11.215 -20.16 -10.94 N.D 

P3xP6 4.50** -11.29 -14.06 C.D 0.38 -11.29 -1.04 N.D 

P3xP7 -11.77 -27.42 -29.69 N.D -8.60 -20.16 -10.94 N.D 

P4xP5 27.79** 24.84** -15.63 O.D 3.36** 0.97 -5.70 C.D 

P4xP6 0.32** 0.33* -32.18 O.D 2.82** -1.45 -7.97 C.D 

P4xP7 44.14** 38.71** -6.25 O.D 15.19** 8.99** 1.79 O.D 

P5xP6 51.45** 47.93** 0.0 O.D 14.48** 12.26** 0.0 O.D 

P5xP7 68.36** 65.80** 6.87* O.D 17.78** 13.98** 1.53 O.D 

P6xP7 69.58** 63.19** 10.31* O.D 21.02** 19.41** 2.24* O.D 

Average 16.73** -11.01 -8.23  3.89** -11.95 -1.78  

LSD         

0.05 3.31 3.82   0.66 0.76   

0.01 4.74 5.47   0.95 1.09   
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 Table 3. Percentage of heterosis over mid-parent (M.P) better parent (B.P) check 

hybrid (C.H) for Hardness and TSS (%) in F1 generation of tomato plants 

Croses 

  

  

Hardness    TSS (%)    

Heterosis (%)   Heterosis    

M.P. B.P CH. Dom. type M.P. B.P CH. Dom. type 

1x2 -7.59** -13.1** -17.1** N.D 22.6** 17.3** 3.39 O.D 

1x3 -14.1** -15.1** -17.1** N.D -10.9** -15.5** -16.9** N.D 

1x4 8.51** -8.93** -13.1** P.D 1.51 -2.88 -14.4** N.D 

1x5 -2.99** -3.57** -7.95** N.D -5.68 -13.6** -8.47 N.D 

1x6 21.1** 2.38** -2.27** O.D -7.85 -12.5* -22.9** N.D 

1x7 35.7** 35.7** 29.5** O.D 14.4** 6.73 -5.93 C.D 

2x3 12.5** 4.65** 2.27** O.D -0.95 -9.91* -11.4** N.D 

2x4 32.8** 17.6** -1.14** O.D 5.79 5.79 -14.8** N.D 

2x5 7.01** 1.20** -4.55** O.D -10.0* -20.8* -16.1** N.D 

2x6 7.57** -4.05 -19.3** P.D 3.98 3.16 -16.9** N.D 

2x7 35.4** 27.4** 21.6** O.D 31.9** 28.4** 3.39 O.D 

3x4 34.3** 11.6** 9.09** O.D 22.3** 11.2* 9.32* O.D 

3x5 13.6** 11.6** 9.09** O.D -17.8** -20.8** -16.1** N.D 

3x6 31.9** 10.5** 7.95** O.D -4.53 -13.8** -15.3** N.D 

3x7 -16.5** -17.4** -19.3** N.D 3.39 -8.19* -9.75* N.D 

4x5 14.3** -3.62** -9.09** P.D -12.7** -23.2** -18.6** N.D 

4x6 23.5** 22.4** -19.3** O.D 5.04 4.21 -16.1** N.D 

4x7 47.5** 23.8** 18.2** O.D 10.3* 7.37 -13.6** C.D 

5x6 9.22** -7.23** -12.5** P.D -3.89 -16.0** -11.0* N.D 

5x7 10.2** 9.52** 4.54** O.D 11.6** -4.01 1.69 P.D 

6x7 4.22** -11.91** -15.9** P.D -17.2** -18.7** -35.6** N.D 

Average 13.9** -0.42** -2.68**   1.48** -16.7** -11.7**   

LSD           

0.05 0.04 0.05    0.53 0.61    

0.01 0.06 0.07     0.76 0.88     
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From 15 crosses showed heterosis over 

mid-parents, 10 ones reflected significant 

positive values of heterosis over better parent, 

suggesting over dominance for high 

productivity, the remaining 5 ones exhibited 

insignificant values, indicating complete 

dominance. 

As for heterosis over the check hybrid 

seven crosses (1X3, 1X5, 1X6, 2X6, 2X7, 

5X7 and 6X7) displayed significant and 

highly significant positive values ranging 

from 3.12 to 21.87%. 

As regard to Average fruit weight, obtained 

results (Table 2) show that most studied 

crosses (13 ones) significantly exceeded their 

respective mid-parent values, suggesting 

dominance toward average fruit weight. 

However, the other crosses (8 ones) exhibited 

no-dominance for this trait. These results 

agreed with the findings of Kansouh (2013). 

Over dominance to high average fruit weight 

was detected in seven crosses where they 

recorded significant positive values over the 

better parent, however six crosses showed 

complete dominance which they gave 

insignificant values. Out of 21 crosses, only 

six ones significantly exceeded the check 

hybrid, since they gave significant positive 

values of heterosis based on check hybrid. 

Out of 21 crosses, 17ones showed 

significant positive values surpass three mid 

parents indicating dominance for hardness, 

only 12 of them showed over dominance 

toward better parent however, eight crosses 

exhibited heterosis over check hybride.  

For TSS% 6 crosses recorded positive 

heterosis values ranging from 10.3% (4x7) 

to 31.9% (2x7) indicating dominance 

(Table 3), 3 of them showed over 

dominance while the remaining crosses 

showed complete dominance (3 crosses). 

Heterosis over mid-parents and better 

parent was also observed by Abd Allah 

(1995) for plant height and TSS%. Only 

one cross (3X4) out of 21 ones recorded 

heterosis over the check hyprid with 9.32%. 

Conclusion  

We can conclude that from this study 

introduce hybrids with good hardness 

(1x7,2x4,2x7,3x4, and 4x7), total yield (1x5, 

2x6, 2x7,4x5,4x7,5x6,5x7, and 6x7), and they 

also are tolerance to TYLCV under north 

Sinai conditions. 
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 الملخض العربي

 مـــاطــالطم أوراق ذـــوتجع رارـــاطف روســـلفی اومةــــمقذة ــذيــم جـــطاـــه طمــــاج هجــــإوت

آية الله السیذ المرسى
1

، محمود ابراهیم محمود
1

، على ابراهیم القظاص
1

، أحمذ محمذ قىظوة
2 

 لسى الإَخبس انُببحي )خضش(، كهيت انعهىو انضساعيت انبيئيت، صبيعت انعشيش، يصش. .1

 يشكض انبحىد انضساعيت، يصش. هميح، يعهذ بحىد انبسبحيٍ،خان لسى بحىد انخضش راحيت  .2

في انًضسعت  7×  7ف ديبنهي ى اصشاء انخضاوس بيٍ سبع سلالاث يخُىعت يٍ انطًبطى في حصًيى حضاوس َصح

انخضشيبيت في كهيت انعهىو انضساعيت انبيئيت، صبيعت انعشيش، شًبل سيُبء، يصش لإَخبس هضٍ يخفىلت يمبويت نفيشوط 

 ظهشث لىة انهضيٍ ببنُسبت نًخىسظ الابىيٍ، الاة الأفضم، وانهضيٍ انًمبسٌ نصفبث،انطًبطى.  أوساق وحضعذ ساصفشا

( في انعُبليذ انزلارت الأونى، انصلابت، انًضًىع انكهي نهُببث، يخىسظ وصٌ %وساق، َسبت انعمذ )اسحفبع انُببث، عذد الأ

، 4×  3، 7×  2، 4×  2، 7×  1ٌ فى صفت انصلابت )انهضيٍ انًمبس ىعه انزًشة. واوضحج انُخبئش اٌ هزِ انهضٍ حفىلج

×  5، 6×  5، 7×  4، 5×  4، 7×  2، 6×  2، 5×  1، واظهشث هزِ انهضٍ حفىق يٍ حيذ انًحصىل انكهى )(7×  4

 ححج ظشوف شًبل سيُبء.  انطًبطى أوساق وحضعذ ، كًب أَهب يمبويت نفيشوط اصفشاس(7×  6، 7

 يخىسظ الابىيٍ. ، لىة انهضيٍ،سلالاثطًبطى،  دية:مات الاسترشاكلال

 

 

 

 ـــــــــــــــــــــــــــ

 المحكمـــــــون:

 أسخبر انخضش انًسبعذ، كهيت انضساعت، صبيعت انضلبصيك، يصش. ذ عريشةــــذ حامـــد. محم -1

 .عيت انبيئيت، صبيعت انعشيش، يصشأسخبر انُببحبث انطبيت وانعطشيت انًسبعذ، كهيت انعهىو انضسا د. هاوي محمذ سامي حسه -2

 


