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ABSTRACT 

 This study was aimed to study the heterosis, degree of dominance and 

minimum number of effective factors for yield components (Panicle 

length, Panicle weight and Grain yield/plant) and some grain quality 

traits in rice (Hulling percentage, Milling percentage and Head rice 

percentage) under normal conditions. The materials for this study 

consisted of six rice genotypes namely; Sakha101, Sakha102, Egyptian 

Yasmin, GZ1368s-5-4, IET1444 and IR78875-176-B2-B, These genotypes 

have a wide range of variation due to their different genetic background. 

The six rice parents were crossed to produce F1 hybrid seeds of three 

crosses, namely, Sakha101 x GZ1368s-5-4(I), Sakha102 x IET1444(II) 

and Egyptian Yasmin x IR78875-176-B2B(III). The six populations, P1, 

P2, F1, F2, BC1 and BC2 for each cross were utilized to determine the 

genetic parameters of the studied characters.  

The results revealed that heterosis better parent values were highly 

significant in positive direction for all traits in all crosses in agronomy 

characters except for the cross III in panicle length character were 

negative direction. The mid parent values were highly significant in 

positive direction for all traits in all crosses in agronomy characters 

except for the cross I for panicle weight and cross III for panicle length 

character. Degree of dominance values were less than unity in the 

positive direction for the crosses I, II and III, for all agronomic traits 

except for cross II in traits panicle weight and grain yield\ plant and the 

cross III in Grain yield\ plan trait were negative direction, indicating the 

importance of partial dominance in the inheritance of this trait in these 

crosses, Moreover, the Castle-Wright formula revealed that the estimated 

values of minimum number of gene in Panicle length trait in the crosses I 

and II is simple trait governed by one or two pairs of genes while the 

cross III governed by large number of genes (-12.63). Panicle weight trait 

was controlled by less than two pairs of genes suggested that trait is 

qualitative character in the crosses I and III while the crosses II governed 

by large number of pair of genes more than 9 pair of genes. Meanwhile, 
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the Grain yield\ plant trait governed by large number of genes in the 

three crosses suggested that trait is quantitative character.  

On the other hand, the heterosis of quality traits revealed the 

hulling trait in mid parents and better parent were no significant except 

the cross II in mid parent while milling and head rice traits were highly 

significant in negative direction except the cross III in better parent to 

two traits. Obviously. degree of dominance values were less than unity in 

the negative direction for all crosses of hulling and milling traits for each 

crosses except the cross III were positive direction  to two traits while the 

head rice trait was less than unity in all crosses in the positive direction 

except the cross I was negative. 

 These results indicating the importance of partial dominance in the 

inheritance of this trait in these crosses. The Castle-Wright formula 

revealed that the estimated values of minimum number of gene in 

hulling% trait in the crosses I and III is simple trait governed by one or 

two pairs of genes while cross II governed by large number of genes 

(7.180),milling% trait was controlled by (2.160, 4.100 and0.890) pairs of 

genes in the three studied crosses respectively. The head rice% was 

governed by(2.470, -21.26 and 2.30) suggested that trait governed by 

large number of genes in crosses II. 

Key words: Rice, breeding, heterosis, Yield components and Grain 

quality traits. 

 

INTRODUCTION   

Rice has always been one of the most important food crops in the world. 

It is estimated that 40 per cent of the world's population take rice as their major 

source of food. The advent of higher yielding semi dwarf varieties has been 

instrumental in achieving consistent progress in rice production in the past three 

decades and attaining self-sufficiency. 

Rice is a highly self-fertilized plant, which means that pollen from the 

same flower or from another flower on the same plant will pollinate itself. 

Pollen is shed from the stamens and lands on the pistil of either the same flower 

or another flower of the same plant over 95% of the time.  

In Egypt, rice is considered as one of the most important field crops, since 

it contributes about 20% of the total cereal consumption. Annually, more than 

one and half million feddans is cultivated with rice (one feddan = 4200 m2) 

producing about 6.5 million tons of rice, with an average of 4.6 ton/fed. (10.9 

ton/ha) (RRTC, 2013). 

Success in crop improvement generally depends on the magnitude of 

genetic variability and the extent to which the desirable characters are heritable. 
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Development of high-yielding varieties requires a thorough knowledge of the 

existing genetic variation for yield and its components and grain quality traits. 

The observed variability is a combined estimate of genetic and environmental 

causes, of which only the former one is heritable. However, estimates of 

heritability alone do not provide an idea about the expected gain in the next 

generation, but have to be considered in conjunction with estimates of genetic 

advance. Grain yield character in rice is quantitative trait in nature and is 

polygenically controlled. Selection on the basis of grain yield character alone is 

usually not very effective and efficient. However, selection based on its 

component characters could be more efficient and reliable. Quality is defined as 

a major factor which decides market values of agricultural products and foods 

in each phase from production through consumption. Rice grain quality has 

always been an important consideration in rice variety selection and 

development, it is second only to yield as a major breeding and thus relates to a 

number of factors, while the cooking and eating quality is a part of the factors 

in assessing the grain quality of rice. 

 In the future, grain quality will be even more important once, the very 

poor-many of whom depend largely on rice for their staple food become better 

off and begin to demand higher quality rice. 
 

MATERIALS AND METHODS 

The present study was laid out at the Experimental Farm of Rice 

Research and Training Center (RRTC), Sakha, Kafer EL-Shiekh, Egypt, during 

three successive rice growing seasons, 2010, 2011 and 2012 to study the 

heterosis, degree of dominance and minimum number of effective factor of 

som grain yield, its components and some grain quality traits in rice under 

normal conditions. The materials for this study consisted of six rice genotypes 

namely; Sakha101, Sakha102, Egyptian Yasmin, GZ1368s-5-4, IET1444 and 

IR78875-176-2B, it was chosen as parents based on previous studies. These 

genotypes have a wide range of variation due to their different genetic 

background. 

The six rice parents were crossed to produce F1 hybrid seeds of three 

crosses. These three crosses were: Sakha101 x GZ1368s-5-4, Sakha102 x 

IET1444 and Egyptian Yasmin x IR78875-176-2B. The six populations, P1, P2, 

F1, F2, BC1 and BC2 for each cross were utilized to determine the genetic 

parameter of the studied characters. 
 

1-Experimental field procedures: 
 In 2010 season, the parental genotypes were grown at RRTC farm in 

three planting dates with ten days interval in order to overcome the differences 

in flowering time between parents. Thirty days old seedling of each parent was 
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individually transplanted in the field in 10 rows. Each row was 5m long and 

included 25 hills. At flowering time, hybridization between parents was carried 

out following the technique proposed by Jodon (1938) and modified by 

Botany(1961) and the aforementioned three crosses were produced.  

  In 2011 season, parents and F1 hybrid seeds of the three crosses 

together with their parental lines were planted under normal conditions. 

At heading, parents were crossed again to produce the F1 hybrid seeds 

of three crosses following the same technique. Moreover, some of F1 plants 

were left to be self pollinated in order to produce F2 seeds, while some other 

plants were crossed with their own parents as a male to produce BC1 and BC2 

seeds. At harvest, seeds of different generations were individually harvested to 

be grown in the next season. 

Subsequently, in 2012, summer season, seeds of the P1, P2, F1, BC1, BC2 and F2 

of each cross were sown in normal conditions to estimate the genetic 

parameters of the three rice agronomic characters (Panicle length, Panicle 

weight and Grain yield/plant) and three rice quality characters (Hulling 

percentage, Milling percentage and Head rice percentage). Eighteen entries 

belongs to different generations (6 parents, 3F1's, 3F2's, 3BC1, 3BC2) were 

cultivated in a randomized complete block design experiment with four 

replication. Each replicate contained 10 rows of each P1, P2, 5 rows of each of 

F1, BC1 and BC2 and 15 rows of F2 generations.  

 
2-Studied characters  

a-Agronomic and yield traits 
1-Panicle length (cm): The main panicle of each plant was measured from 

the base of panicle to its tip, excluding awns, at complete maturity stage. 

2-Panicle weight (g): The weight in grams of main panicle was estimated at 

complete maturity stage. 

3-Grain yield/plant (g): It was recorded as the weight in grams of the 

individual plant grain yield and adjusted to 14% moisture content. 

b-Grain quality traits: 

1-Hulling percentage: duplicate ten grams of rough rice from each individual 

plant were used for hulling percentage determination. Hulling percentage 

was calculated according to Khush et al. (1979) as follows: 

       Brown rice weight (g) 

Hulling % = --------------------------  x 100 

       Total rough rice weight (g) 

2-Milling percentage: the objective of rice milling is the removal of bran and 

germ with the minimum breakage of the endosperm. Milling percentage 

was determined according to Ghosh et al. (1971) as follows:  
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     Total milled rice weight (g) 

Milling % = ------------------------------------ x 100. 

     Total rough rice weight (g) 

3-Head rice percentage: the whole grains (head rice grains)/panicle were 

separated according to the broken size (less than ¼th of grain length) with 

rice-sizing device and then weighted. Head rice percentage was determined 

as follows:          

           Weight of head rice (g) 

Head rice % = ------------------------------ x 100. 

          Milled rice weight (g) 

In all growing seasons of the study, all cultural practices such as field 

preparation, sowing method, transplanting and fertilizers, weed control were 

applied as recommended. 
 

3-Statistical and genetic analysis: 

I- Estimation of heterosis: 

Heterosis relative to mid parent or better parent average values were 

estimated according to Mather (1949) and Mather and Jinks (1971):                        

    F1 - M.P. 

 Heterosis over the mid parent (%) = ------------ x100 

            M.P. 

                     F1 - B.P. 

          Heterosis over the better parent (%) = ------------- x100 

                        B.P. 

Where: F1 = Mean value of the first generation, M.P = Mean value of mid 

parent calculated by using average mean of the tow parents and 

B.P = Mean value of the better parent.  

II-Estimation of  the nature of dominance and its directions:  

The relative of potency ratio (P) was used to determined the degree of 

dominance and its directions according to the formula given by Mather and 

Jinks (1971) as follows: 

                                 F1- M.P 

Potency ratio (P) = --------------- 

                                                 ½ (P2 - P1) 

Where: F1 = the mean of the first generation, P1 = the mean of the low Parent, 

P2 = the mean of the high Parent and .P. = the value of mid parent.  

- Absence of dominance, is indicated when dominance ratio is equal to zero, 

- Partial dominance is considered when ratio is between 1.0, and -1.0, 

- Complete dominance is assumed when the ratio equals either ±1.0, and 

- Over dominance is indicated when the ratio exceeds either ±1.0. 
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III-Estimation of the minimum number of effective factors controlling 

characters: 
The number of gene pairs responsible for the parental difference for 

each character is determined by the following methods according to Castle-

Wright-formula (1921) 

( P1 - P2) ² 

N = ---------------------------------------- 

8 (VF2 - 3√ (VP1.VP2.VF1 ) 

Where: N = Minimum number of genes controlling trait, P1- P2 = Difference 

between the parental means, VF2 = Variance of F2 generation and 

VP1, VP2 and VF1= Variance of the first parent, Second parent and 

F1 generation, responsively. 

The formula assumes the following :  
a)  Equal effect of genes involved, b) Additive gene action, c) Absence of 

dominance, d) Maximum range exists between parents, e) One parent 

contributes only genes with plus effects and the other parent contributes 

only genes with minus effects. 

RESULTS AND DISCUSSION 

The percentage of heterosis as deviation from mid parent (MP) and better 

parent (BP), degree of dominance and the minimum number of effective factors 

controlling panicles and yield characters (Panicle length, Panicle weight and 

Grain yield/plant) are presented in Table (1) and quality characters (Hulling 

percentage, Milling percentage and Head rice percentage) are presented in 

Table 2. 
 

a- Agronomic and yield traits: 

The percentage of heterosis as deviation from mid parent (MP) and better 

parent (BP), degree of dominance and the minimum number of effective factors 

controlling agronomic characters are presented in Table 1. 

1-Panicle length 
Table (1) reveals that highly significant and positive estimates of heterosis 

were recorded for panicle length (13.96 and 5.58) in crosses I and II, respectively, 

when it was measured as a deviation from better parent as well as in cross II, 

(5.58), when it was measured as a deviation from mid-parent. On the contrary, 

highly significant and negative estimates of heterosis were obtained in cross III, 

when it was measured as a deviation from mid an d better parent, (-10.18 and -

10.89), respectively. The results suggested that heterosis played important role in 

the inheritance of panicle length in cross II. These results were in harmony with  
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Table 1:  Estimates of heterosis as a deviation from mid-parent (MP) and better 

parent (BP), degree of dominance and minimum number of genes for 

agronomic characters, panicle length (cm), panicle weight (gm) and 

Grain yield\ plant (gm) in the three studies crosses. 

Character Cross 

Heterosis 
Degree of 

dominance 

No. of 

minimum 

genes 
BP MP 

 

Panicle 

length (cm) 

I 

II 

III 

8.44** 

13.96** 

-10.18** 

2.26 

5.58** 

-10.89** 

0.01 

0.03 

0.06 

1.40 

1.76 

-12.63 

 

Panicle 

weight (g) 

I 

II 

III 

1.15** 

20.22** 

9.93** 

-2.98** 

17.79** 

2.34** 

0.02 

-0.53 

0.03 

0.27 

-9.81 

-1.43 

 

Grain yield/ 

plant (gm) 

I 

II 

III 

34.54 ** 

62.48** 

52.21** 

18.93 ** 

68.19** 

35.6** 

0.017 

-0.19 

-0.05 

-2.63 

-18.4 

-4.26 

Where: Crosses I, II and III were Sakha 101 x GZ1368s-5-4, Sakha 102 x IET1444 

and Egyptian Yasmin x IR78875-176-B2-B, respectively. 

   *and **:  Significant at 0.05, 0.01 probability levels, respectively. 
 

finding reported by Kole and Hasib (2005), Rosamma and Vijayakumar (2005), 

Chitra et al. (2006) and Senguttuvel et al. (2006). 

Degree of dominance values were less than unity (0.01, 0.03 and 0.06) for 

crosses I, II and III, respectively, indicating the importance of partial dominance 

in the inheritance of this trait in these crosses. The tallest panicle was partially 

dominant over the shortest panicle in all crosses. The same results were obtained 

by Chitra et al. (2006), Senguttuvel et al. (2006), El-Naem (2010). Rahimi et al. 

(2010).  Varpe et al. (2011). Abd El-Lattef et al. (2012).  Nevame et al. (2012), 

Parimala and Cheralu (2012) and Anil Kumar and Mani (2013). 

Results in Table (1) show that the minimum number of genes controlled 

this trait were (1.4, 1.76 and -12.63) in all studied crosses, respectively. These 

findings indicating that almost two to thirteen pairs of genes were governed 

such traits. Similar results were reported by El-Abd (1999), Abd El-Aty et al. 

(2002), Abd El-Lattef et al. (2008) and Abd El-Lattef et al. (2012).  
 

2- Panicle weight  
  Results in Table (1) show that highly significant and positive estimates 

of heterosis were detected in all crosses, when it was measured as a deviation 

from mid and better parent, except that of recorded for mid parent in cross I, 

which found to be in negative direction (-2.98). The highest positive estimated 

values were recorded in cross II, (20.22 and 17.79), when it was measured as a 
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deviation from better and mid parent, respectively. These findings were 

supported by those reported by Agrawal (2003), Kole and Hasib (2005) and 

Sonika et al. (2009). 

Results in Table (1) Show that the degree of dominance was lower than 

unity (0.02, -0.53 and 0.03) in the crosses I, II and III, respectively, suggesting 

the importance of partial dominance in the inheritance of this trait in these 

crosses. The heaviest panicle was partially dominant over the lightest panicle in 

the crosses I and III. On the other hand, the lightest panicle was partially 

dominant over heaviest panicle in the cross II. Similar results were reported by 

Lakshmana et al. (2007) and Sonika et al. (2009).            

Meanwhile, the minimum number of effective factors controlling panicle 

weight trait were (0.27, -9.81 and -1.43) in the three studied crosses, Sakha 101 

x GZ1368s-5-4, Sakha 102 x IET1444 and Egyptian Yasmin x IR78875-176-

B2-B, respectively, indicated that this trait was controlled by one to two genes 

in the crosses I and III, respectively, while it was governed by large numbers of 

pairs of genes in cross II. Same results were reported by Abd El-Aty et al. 

(2002), Agrawal (2003) and Kole and Hasib (2005). 
 

3- Grain yield/plant 

It is evident in Table (1) that heterosis percentage as a deviation from better 

parent and mid parent was highly significant and positive. The highest estimated 

values were reported in cross II, followed by the cross III and cross I, when it was 

measured as a deviation from better parent, respectively. However, the highest 

estimates values of  mid parent heterosis were recorded for grain yield /plant in 

the same crosses with the same ranking, their estimated values were (68.19, 35.6 

and 18.93), respectively. These results were similarly with these reported by El-

Rewainy et al. (2011), Chougule et al. (2012), Hussain and Sanghera (2012), 

Nevame et al. (2012), Reddy et al. (2012), and El-Naem (2014). 

Data of degree of dominance values shown in Table (1) indicate that there 

were fewer than unity in all the studied crosses, suggesting that partial 

dominance was involved the controlling of such character in all the studied 

crosses. Their estimated values were (0.017, -0.19 and -0.05) in crosses, I, II 

and III, respectively, indicating that high yielding ability was partially dominant 

over low yielding ability in the first cross, while, low yielding ability was 

partially dominant over high yielding ability in the other two crosses. These 

results were agree with Hammoud (2005), Abd El- Lattef et al. (2008)and Abd 

El- Lattef et al. (2012). 

 The Castle-Wright formula revealed that the estimated values of 

minimum number of gene were (-2.63, -18.4 and -4.26) in the three studied 

crosses, Sakha 101 x GZ1368s-5-4, Sakha 102 x IET1444 and Egyptian 

Yasmin x IR78875-176-B2-B, respectively. suggesting the cross I, was 
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controlled by almost three pairs of gene, cross II was controlled by large 

numbers of pairs of  genes more than eighteen pairs of  gene and the cross III  

was controlled by almost five pairs of gene, Similar results were recorded 

previously by El-Abd (1999), Abd El-Aty et al. (2002) and Parimala and 

Cheralu (2012). 

b- Grain quality characters 

1-Hulling percentage                    

It clear from Table (2) that hulling percentage exhibited undesirable 

highly significant and negative estimates (-2.52) of heterosis as a deviation 

from mid-parent in the cross II, while, heterosis estimates were not significant 

in the other two crosses, I and III, when it was measured as a deviation from 

mid and better parent. Moreover, no significant and negative estimates of 

heterosis were found as a deviation from better parent in the cross II. The 

present conclusion was confirmed with the results obtained by Raju et al. 

(2003), El-Abd and Abd-Allah (2004) and El-Mouhamady et al. (2013). 

In the present investigation, as shown in Table (2), the degree of 

dominance (-0.006, -0.02) in the crosses I and II, respectively were lower than 

unity in negative direction, suggesting that low hulling % was controlled by 

partial dominance or incomplete dominance, in addition, low hulling % was 

dominant over high hulling % in these two crosses. On the other hand,, the 

degree of dominance (0.103) was also lower than unity  in the cross III, but it 

was in positive direction, indicating partial or incomplete dominance was 

involved in controlling hulling percentage, and high hulling % was dominant 

over low hulling %  in this cross. Thus it could be concluded that the estimates 

of dominance genetic variances were differ according to the cross itself. These 

results were agreement with those obtained by Khedikar et al. (2003), El-Abd 

et al. (2009) and El-Refaee and Abdulmajid (2011).  
Castle -Wright formula gave an estimates of (-0.057) pairs of genes in the 

first cross, (7.180) pairs of genes in the second cross and (-1.470) pairs of genes 

in the last cross, Table (2). These estimations suggested that the minimum 

number of genes were differed depended on the cross itself, the mean 

difference for hulling percentage in the three studied crosses may have been 

governed by one, eight and two pairs  of genes in the cross I, II and III, 

respectively, indicating that hulling % was found to be simple trait, it was 

controlled by few number of genes. The present conclusion were confirmed the 

results obtained by El-Hissewy et al. (1988), Hsieh and Wang (1988) and El-

Abd (1999). 
 

2-Milling percentage 

Obviously, Table (2) shows that undesirable highly significant in negative 

direction heterosis estimates were found in the two crosses namely, Sakha 101  
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Table (2): Estimates of heterosis as a deviation from mid-parent (MP) and 

better parent (BP), degree of dominance and minimum number of 

genes for quality characters, Hulling% Milling% and Head rice% in 

the three studies crosses. 

Character Cross Heterosis Degree of 

dominance 

Minimum 

genes BP MP 

 

Hulling% 
I 

II 

III 

-0.030 

-0.660 

1.610 

-0.490 

-2.52** 

0.510 

-0.006 

-0.020 

0.103 

-0.057 

7.180 

-1.470 

 

Milling% 
I 

II 

III 

-4.85** 

-8.82 ** 

-1.620 

-6.93** 

-10.74** 

-3.39 ** 

-0.060 

-0.009 

0.011 

2.160 

4.100 

0.890 

 

Head 

rice% 

I 

II 

III 

-6.43 ** 

-22.07 ** 

-4.450 

-8.85 ** 

-23.9 ** 

-6.27 ** 

-0.055 

0.011 

0.051 

2.470 

-21.26 

2.300 

Where: Crosses I, II and III were Sakha 101 x GZ1368s-5-4, Sakha 102 x IET1444 

and Egyptian Yasmin x IR78875-176-B2-B, respectively. 

*and **:  Significant at 0.05, 0.01 probability levels, respectively. 
 

x GZ1368s-5-4 and Sakha 102 x IET1444, when it was measured as a deviation 

from better parent and mid parent, their estimated values were (-4.85 and -8.82) 

and (-6.93 and -10.74), respectively. Either insignificant negative or highly 

significant negative estimates of heterosis (-1.62 and -3.39) were measured as a 

deviation from better parent and mid parent in Egyptian Yasmin x IR78875-

176-B2-B rice cross, this in turn suggested that heterotic effect played an 

important role in the inheritance of milling % in undesirable negative direction. 

Significant and positive heterosis over mid parent values and significant or 

insignificant negative heterosis estimates were found and differed from cross to 

cross by El-Naem (2010). 

It is clear from Table (2) that the values of degree of dominance were (-

0.060, -0.009 and 0.011) for all the studied crosses, I, II and III, respectively, it 

were lower than unity (-1 < P > +1) suggested that partial dominance was 

involved in the control such character in all the studied crosses. High milling 

return was partially dominant over low milling return in cross, III. On the 

contrary, low milling return was partially dominant over high milling return in 

crosses, I and II. Similar findings were obtained previously by Sultan et al. 

(2010), Hassan et al. (2011) and El-Naem (2014). 

Table (2) show that the Castle and Wright formula exhibited the 

minimum number of effective factors controlling milling % in the three studied 

crosses. Their estimates were (2.16, 4.10 and 0.89) in the three studied crosses 
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I, II and III, respectively, suggested some difference between the genes for such 

trait in parental used. Milling trait was governed by three, five and one pair of 

major genes in these studied crosses, respectively. These findings were agreed 

with those obtained by Hsieh and Wang (1988) and El-Abd (1999). 
 

3-Head rice percentage: 

It is evident in Table (2) that heterosis percentage as a deviation from mid-

parent were highly significant and negative in the three studied crosses, their 

estimated values were (-8.85, -23.9 and -6.27), respectively. On the other hand, 

highly significant and negative estimates of heterosis were recorded in the 

crosses, I and II, when it was measured from better parent, while, such estimates 

were no significant in negative direction in the cross, III. This in turn suggested 

that undesirable heterotic effect played an important role in the inheritance of 

head rice percentage, which is upon the cross itself. Similar results were obtained 

by El-Naem (2010), Sultan et al. (2010) and Hassan et al. (2011). 

Furthermore, the degree of dominance were (-0.055,-0.011 and -0.051) in 

the crosses, I, II and III respectively. As shown in Table (2) the potence ratio 

was lower than unity, suggested the importance of partial dominance in these 

three crosses, unbroken rice grains were partial dominant over broken rice 

grains in crosses, II and III. On the contrary, broken rice grains were partial 

dominant over unbroken rice grains in cross, I. The same results were obtained 

by El-Abd et al. (2008), Sultan et al. (2010) and Hassan et al. (2011). 

The Castle-Wright formula gave an estimate of (2.47, -21.26 and 2.3) 

pairs of genes in the three studied crosses, respectively. this formula indicated 

that almost three pairs of genes were controlled head rice percentage in the 

crosses I and III, while, large number of  pairs of genes (more than twenty) 

were played a remarkable role in the controlling of head rice percentage in 

cross II. These results were agreed with the results obtained by Hsieh and 

Wang (1988), El-Abd (1999), Kheduikar et al. (2003) and Raju et al. (2003). 
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اث جودة ـت وصفـليوـصحماث الـض الصفـت بعـلى تربيـاث عـدراس

 وب فى الأرزـالحب

  –عبد المعطى بسيونى العبد  -يس محمد يس  -خالد فتحى سالم 

 د ــوب محمــر أيــأبو بك

يعٓذ تحٕز انُٓذسح انٕساثيح ٔانركُٕنٕخيا  -خيا انُثاذيحٕى انثيٕذكُٕنـ*قس

 يصش. -خايعح يذيُح انساداخ  -انحيٕيح

ض ـشكـي -حـهيـم انحقـاصيـٕز انًحـذ تحـيعٓ -الأسص ٕزـى تحـ** قس

 ش. ـضج يصـاندي -حـٕز انضساعيـانثح

   

ذد يٍ ـم عـادج ٔأقـح انسيـٍ ٔدسخـيـٕج انٓدـح قـدساسذف ـح تٓـذساسشيد ْزِ انـأخ

ٔصٌ هح ٔـٕل انسُثـ)طٕل ـَٕاخ انًحصـاخ يكـض صفـح فٗ تعـاخ انًرحكًـانديُ

يش ٔ ـح انرقشـ)َسثٗ الأسصـثٕب فـٕدج انحـٔخ( شدٖـاخ انفـٕل انُثـهح ٔيحصـُثانس

ادج ْزِ ـح ٔكاَد ييـعـشٔف انطثيـد انظـذح ح(ـذسيـح انرـض َٔسثـيـح انرثيـَسث

 102ا ـٔسخ 101ا ـٍ الأسص ْٗ سخـح يـية ٔساثيـشاكـد ذـٍ سـاسج عـح عثـذساسـان

 IET1444 ٔ GZ1368s-5-4 ٔIR78875-176-B2-Bشٖ ٔ ـيٍ انًصـاسًـٔاني

د ـذيــخـرـايٍ ٔاسـع يٍ انرثـذٖ ٔاسـح راخ يـح ٔساثيـفيـا خهـة نٓـد ذشاكيـْٔزِ انس

 ا ـٔسخGZ1368s-5-4 X (1 ) 101ا ـٍ ْٗ سخـاج ثلاز ْدـاء لإَرـآتـْزِ ك

102 IET1444 X(2) شٖـيٍ انًصـاسًـٔاني IR78875-176-B2-B X (3 )

 م الأٔلـٔانديP2) اَٗ )ـ( ٔالأب انثP1ٗ الأب الأٔل )ائش ْـد عشـاَد انسـٔك

(F1)  ـيم انثـٔاند( َٗا F2ٔانٓدي )الأٔل )ـٍ انشخعـ ٗ( BC1 عٗ ـٍ انشخـٔانٓدي

ح ـذسٔسـاخ انًـح نهصفـٕساثيـاخ انـاسـذ انقيـذيـٍ نرحـنكم ْدي(BC2)  اَٗ ـانث

ذاً فٗ ـح خـُٕيـد يعـتاء كاَم الآـح لأفضـٍ تانُسثـٕج انٓديــح أٌ قـائــشخ انُرـٔأظٓ

هح ـٕل انسُثـح طـذا صفـٍ ياعـح فٗ كم انٓدـهيـاخ انحقـة نكم انصفـٕخـاِ انًـالإذد

اء كاَد ـظ الآتـٕسـيٍ تانُسثح نًرـٕج انٓدـح قـح, ٔقيًـانثـاَد سـفك 3سقـىٍ ـفٗ انٓدي

ح ـذا صفـٍ ياعـح فٗ كم انٓدـاخ انحقهيـة نكم انصفـٕخـاِ انًـذاً فٗ الإذدـٕيح خـيعُ

ح ـ, قي3ً سقـى ٍـيـهح فٗ انٓدـٕل انسُثـح طـٔ صف 1سقـى  ٍـهح فٗ انٓديـٔصٌ انسُث

ح فٗ ـاخ انحقهيـٕخة نكم انصفـاِ انًـالإذد ذ فٗـم يٍ انٕاحـادج كاَد أقـح انسيـٔدسخ

فٗ حيٍ أٌ  2سقـى  يٍـهح فٗ انٓدـح ٔصٌ انسُثـياعذا صف 1ٔ2ٔ3 أسقــاو ٍـانٓد

ح ـائـْٔزِ انُر 3ٔ 2سقــى  ٍـح فٗ انٓديـانثـاخ كاَد سـٕب نهُثـٕل انحثـيحص حــصف

ٍ. صد عهي رنك ـاخ نٓزِ انٓدـح فٗ ٔساثح ْزِ انصفـادج اندضئيـح انسيـيش إنٗ أًْيـذش

هح ـٕل انسُثـح طـح فٗ صفـذد انديُاخ انًرحكًـيٍ أٌ عـم ٔسايد ذثـادنح كاسـكاَد يع

ح ـا صفـح ٔأَٓـٕايم انٕساثيـيٍ يٍ أصٔاج انعـاثُٔاحذ أٔ  1ٔ2 سقــى ٍـفٗ ْدي

ذد كثيش يٍ أصٔاج ـٕيح تعـح يحكـح كًيـفٓٗ صف 3 سقــى ٍـا فٗ انٓديـح تيًُـتسيط

ٔيٕحٗ تؤَٓا  2ذد أقم يٍـح تعـهح يحكٕيـ( ٔٔصٌ انسُث12,23ح )ـٕايم انٕساثيـانع
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ذد كثيش ـٕيح تعـحكي  2سقى  تيًُا ْٗ فٗ ْديٍ 1ٔ3 سقــى ٍـح فٗ انٓديـح تسيطـصف

ٕل انُثاخ ـح يحصـّ صفـٔفٗ انٕقد َفسح , ـٕساثيـٕايم انـأصٔاج يٍ انع 9أكثش يٍ 

ٍ انثلاز ـح فٗ انٓدـٕايم انٕساثيـذد كثيشيٍ أصٔاج يٍ انعـٕيح تعـثٕب يحكـيٍ انح

   ح. ـح كًيـٔأَٓا صف

ح ـح َسثـنصف ٍـفإٌ قٕج انٓديانحثٕب ٕدج ـاخ خـح نصفـش تانُسثـاَة الآخـٔعهٗ اند

 يٍـذا انٓدـٕيح يا عـظ الآتاء ٔأفضم الآتاء كاَد غيش يعُـٕسـٕتح نًرـيش يُسـانرقش

شذا ـح أظٓـذسيـح انرـيض َٔسثـح انرثيـظ الآتاء فٗ حيٍ أٌ َسثـح نًرٕسـتانُسث 2 سقى

ٕسظ الآتاء ـم الآتاء ٔيرـح لأفضـٍ تانُسثـانة نكم انٓدـاِ انسـح فٗ الإذدـٕيح عانيـيعُ

ادج ـح انسيـح دسخـٍ, قيًـريـم الآتاء نهصفـح لأفضـتانُسث 3سقــى  يٍـذا انٓدـيا ع

ش ـح انرقشيـرٗ َسثـانة فٗ صفـاِ انسـح فٗ الإذدـذ انصحيـح أَٓا أقم يٍ انٕاحـيرض

ريٍ ـح فٗ انصفـاَد يٕخثـفك  3سقـى  يٍـٍ يا عذا انٓدـيض فٗ كم انٓدـح انرثيـَسث

اِ ـٍ فٗ الإذدـح فٗ كم انٓديـذ انصحيـم يٍ انٕاحـكاَد أقح ـذسيـح انرـتيًُا َسث

ح ـادج اندضئيـًيح انسيـش إنٗ أْـانثاً, ٔرنك يشيـكاٌ س 1سقـى  ٍـة يا عذا انٓديـٕخـانً

ٕايم ـذد أصٔاج انعـم ٔسايد نعـح نًعادنح كاسـاخ, ٔتانُسثـفٗ ٔساثح ْزِ انصف

طح ـح تسيـصف 1ٔ3 أسقــاو ُيٍـدييش فٗ انٓـح انرقشـح َسثـانٕساثيح ذٕحٗ تؤٌ صف

ٕيح ـيحك 2 سقــى ٕايم انٕساثيح أيا فٗ انٓديٍـٕيح تٕاحذ أٔ اثُيٍ يٍ أصٔاج انعـيحك

 2,12ذد )ـٕيح تعـيض يحكـح انرثيـ( صٔج يٍ انديُاخ , صفح َسث8,17ذد )ـتع

ح ـح تانرشذية, َٔسثـذسٔسـٍ انًـلاز ْديـاخ فٗ انثـ( صٔج يٍ اندي0,79ُٔ 4,10ٔ

 .(2,3ٔ 21,22ٔ 2,48ذد )ـٕيح تعـذسيح  يحكـران

ٍ أصٔاج ـــش يـــذد كثيـٕيح تعـيحك 2 سقــى ٍـح فٗ انٓديـانصفْزِ ٍ أٌ ـٔيٍ ْزا يرثي

  ح.  ـــٕساثيـم انـٕايـــانع


