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ABSTRACT 
 

The aim of this investigation was to study combining ability, gene action and heterobeltiosis for some traits and 

determination of aflatoxin contamination in peanut. A diallel cross, without reciprocals, among five parents was done in 2013. 

Data revealed that the mean squares of genotypes, parents and crosses were significant for all studied traits in both of F1 and F2 

generations. The analysis of variance for combining ability showed that mean squares due to general (GCA) and specific (SCA) 

combining ability were generally significant for all studied traits reflecting the importance of both additive and non- additive 

gene effects in the inheritance of these traits. The lines A1and 623 were good combiners for 100-pod weight, shelling percentage 

and pod yield feddan-1 in the two seasons (one ardab=75kg and one feddan=4200m2). Genotypes 10A and 2A were good 

combiners for number of pods plant-1, pod weight plant-1, number of seeds plant-1 and seed weight plant-1 in the second season. 

Regression line intersects the Wr axis below the origin in shelling percentage in F1 and F2 generations and pod yield feddan-1 in 

F2 generation, reflecting over- dominance. On the other hand, pod yield feddan-1 was controlled by partial dominance. Among 

these gene action partial dominance could easily be exploited through conventional breeding. Positive or negative heterosis over 

the better parent, i.e. heterobeltiosis was detected for all studied traits. Determination of aflatoxin contamination under normal 

storage conditions showed that the two crosses (P3X P4 and P3X P5) had total aflatoxins of 10.6, 20.1ppb, respectively. 

Meanwhile, total aflatoxins were not detected in parents and other F2 crosses.  
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INTRODACTION 
 

Groundnut or peanut (Arachis hypogaea L.), is an 

annual legume. It is one of the world
'
s most important 

oilseed crops, (Dwivedi et al., 2003).  Peanut ranks the 

13
th

 among the most important food crops and the 4
th

 

among the most important oilseed crops in the world 

(Surendranatha et al., 2011). Seeds contain 45-60% oil, 

25-30% protein and 20% carbohydrate (Singh and 

Singh, 1991). Aflatoxin contamination is one of the 

most obstacles facing peanut producers for exportation 

to the world market (Xue et al., 2003). Combining 

ability analysis is considered the quickest method of 

understanding the genetic nature of quantitatively 

inherited traits, and gives essential information about 

the selection of parents which in turn throw better 

segregants. The knowledge of the type of gene action 

involved in the expression of yield and yield 

components is essential to choose an appropriate 

breeding strategy to isolate desirable segregants in the 

later generations, John and Reddy (2015). 

Several investigators studied combining ability and 

gene action in peanut. Shabana et al. (992) in Egypt, 

studied yield and its contributing traits. They applied the 

graphical approach suggested by Hayman (1954). In 

Pakistan Naazar et al. (1995) and Naazar et al. (2001) 

reported that estimates of general combining ability were 

significant for 100-pod weight, pod length and shelling 

percentage in F1. Meanwhile, estimates for specific 

combining ability were significant for 100-seed weight in 

F2 generation. Sanun et al. (2005) showed that estimates of 

both general and specific combining ability were 

significant for number of pods, pods kg
-1
 and 100-seed 

weight, whereas estimates of GCA were greater than SCA 

estimates. In Egypt, Abd El-Aal (2008) and Abd El-Aal et 

al. (2013) found that pod and seed traits were largely 

controlled by additive gene action, while pod number plant
-

1
 and pod weight plant

-1
 were controlled by non-additive 

genetic effect. Both genetic effects were equally important 

for shelling percentage. Alam et al. (2013) reported that the 

analysis of combining ability suggested that both additive 

and non-additive gene actions were involved in genetic 

system. The number of pods plant
-1
, plant height, 100-pod 

weight and pod yield plot
-1
 were preponderant by additive 

gene action. Meanwhile, primary branches plant
-1
 and 100-

seed weight were preponderant by non- additive gene 

action. Vaithiyalingan (2016) observed that additive gene 

action was predominant for all studied traits, except harvest 

index and single plant yield.  

Information on variation, heritability and nature of 

gene action controlling the various agronomic and 

physiological traits in crop plants is of crucial importance 

to breeders in elaborating a suitable breeding program for 

crop improvement.  

The present study was undertaken to detected the 

magnitude of both general and specific combining ability 

(GCA and SCA), heritability, gene action and heterosis for 

pod yield and some traits in F1 and F2 progenies of a five 

parent diallel cross (excluding reciprocals) of peanut 

genotypes. Aflatoxin contamination rate under storage 

conditions was also determined.  
 

MATERIALS AND METHODS 
 

The present study was carried out at Ismailia 

Research Station, ARC, Egypt during 2013, 2014 and 

2015.  Five peanut genotypes out of around 600 

germblasm accessions were used in this study viz; line 

329(P1), line 10A (P2), line 2A (P3), line 1A (P4) and line 

623(P5). These parents were randomly chosen, 

representing a wide range of variability in most traits 

(Table 1). 
 

Table 1. Parents used and their origin 

Seed color Origin Name Parent 

Purple China Line 329 1 

white Egypt Line 10A 2 

Red Egypt Line 2A 3 

pink Egypt Line 1A 4 

pink U.S.A Line 623 5 
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A diallel - mating excluding reciprocals was 

carried out among the five peanut genotypes in 

2013season. In 2014, the parental genotypes were 

planted again then re-hybridized to secure more F1 

hybrid seeds and the F2 seeds were obtained from the F1 

plants. In 2015, an experiment was conducted in open 

field that included five parents, 10 F1's and 10 F2's. A 

randomized complete block design with three 

replications was used. Each entry was represented by 

one row in parents and F1's and four rows in F2's. Seeds 

were planted in rows 3 m long 60 cm apart in single 

seeded hills spaced 20 cm apart. Cultural practices were 

applied as recommended. At harvest ten guarded plants 

were taken at random from each experimental plot in 

parents and F1's and 30plants in F2's. The data recorded 

were plant height (cm), number of branches plant
-1

, 

number of pods plant
-1

, pod weight plant
-1

 (g), number 

of seeds plant
-1

, seed weight plant
-1

 (g), 100-pod weight 

(g) , 100-seed weight (g), shelling percentage (%) and 

pod yield ardab feddan
-1

 (one ardab of pods= 75kg and 

one feddan= 4200m
2
). 

Data were analyzed according to Griffing (1956), 

model 1, method 2. In this approach, the combining ability 

variances and effects were estimated. Partitioning of 

genetic variance was calculated according to the procedure 

outlined by Hayman (1954). Heterobeltiosis percentage 

was determined for individual cross deviation from better 

parents according to Bhatt (1971). 

Aflatoxins were determined according to Roos et 

al. (1997) and A.O.A.C (2006) using monoclonal 

antibody columns for total aflatoxins (VCAM Science 

Technology, Water Town, MA, USA). Aflatoxin 

identification was preformed by a modified HPLC. 

AFLATEST procedure Agillent 1200 series USA. 

HPLC equipment with two pumps, column (18, 

Lichiospher 100RP-18, 5umX25cm) was used. The 

mobile phase consisted of water, methanol a cetonitrile 

(54:29:17, V/V/V), at flow rate 1ml/min. The excitation 

and emission lengths for all aflatoxins were 362 and 

460nm (Fluorescence detector), respectively.     
 

RESULTS AND DISCUSSION 
 

Analysis of variance 

The analysis of variance for plant height, number 

of branches pl
-1

, number of pods pl
-1

, pod weight, 

number of seeds pl
-1

, seed weight pl
-1

 ,100- pod weight, 

100-seed weight, shelling percentage and pod yield 

feddan
-1

are presented in Table (2). The results reflected 

significant differences among genotypes mean squares 

for all the above mentioned traits in F1 and F2 

generations. Moreover, mean squares due to parents as 

well as differences among crosses were significant for 

studied traits. These data suggested that the parental 

genotypes were mostly different in their mean 

performance. The analysis of combining ability revealed 

that variance associated with general and specific 

combining ability reached the level of significance for 

all studied traits in both F1 and F2 (Table 2). The 

significant variances due to both general and specific 

combining abilities reflect the importance of additive 

and non-additive types of gene actions. However, 

general combining ability effects which were extremely 

of high magnitude for number of branches plant
-1

, 

number of pods plant
-1

, pod weight plant
-1

 and number 

of seeds plant
-1

 in F2 generations suggested the 

predominant role of additive gene action. This result 

supported by the over unity of GCA and SCA values, 

indicating that additively play a considerable role in the 

inheritance of these characters. Therefore, selection in 

the early generation could be successfully practiced to 

improve these traits. The importance of  additive and 

non-additive gene action for such traits are also reported 

by Shabana et al. (1992), Ruraswamy et al. (2001), El-

Sawy (2006) and Abd-El-Aal et al. (2013). 

 

Table 2.  Mean squares of five peanut parents and their crosses for 10 traits. 

No. of seeds pl-1 Pod weight pl-1 (g) No. of pods pl-1 No. of branches pl-1 Plant height (cm)  

d.f 
S.O.V 

F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 

1.5 4.7 8.1 6.3 1.8 0.3 0.08 0.016 0.42 5.45 2 Rep. 

1275.7** 11.1** 1697,5** 995.6** 329.7** 114.8** 24.42* 2.2** 85.36** 2.87** 14 Genotypes 

243.5** 22.2** 303.0** 855.7** 111.0** 10.9** 54.43* 2.4** 66.0** 10.1** 4 Parents 

1327.2** 1.6 1809.6** 1168.2** 303.9** 796.9** 3.62* 2.2** 90.1** 0.3** 9 Crosses 

4940.2** 65.6** 6266.6** 0.8 1436.8** 75.2** 91.53* 1.4** 119.0** 19.1** 1 P vs crosses 

1.1 2.7 14.6 6.3 0.8 0.4 0.16 0.056 0.3 1.8 28 Error 

450.7** 36.2 583.5** 12.4** 123.08** 5.41** 38.68 0.95 16.3** 20.7** 4 GCA 

415.1** 275.8** 558.7** 459.6** 104.64** 52.4** 26.87** 0.64** 33.2** 54.3** 10 SCA 

1.08 0.13 1.04 0.02 1.17 0.10 1.43 1.48 0.49 0.38 GCA/SCA 

Pod yield ardab feddan
-1
 Shelling percentage (%) 100-seed weight (g) 100-pod weight (g) Seed weight pl-1 (g) 

 

d.f 
S.O.V 

F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 

0.7 0.21 3.12 4.53 1.5 7.2 13.3 56.26 2.4 5.5 2 Rep. 

45.6** 67.57** 198.87** 186.03** 1446.7** 78.6 5424.0** 1270.53** 1266.1** 739.0** 14 Genotypes 

16.8** 56.98** 154.05** 162.72** 530.8 22.20 1842.0** 385.25** 128.9** 623.0** 4 Parents 

35.3** 53.80** 117.13** 118.82** 1873.4** 112.3** 7569.3** 1642.51** 1199.6** 816.4** 9 Crosses 

253.8** 233.9** 1113.73** 884.23** 1270.9** 1.08 444.9** 1464.1** 6412.7 506.0** 1 P vs crosses 

0.3 3.4 8.81 5.94 5.9 11.3** 31.0 19.37 16.8 4.9 28 Error 

7.11** 18.09** 33.65** 68.83** 568.13** 15.68** 888.53** 245.70** 245.40** 50.20** 4 GCA 

18.44** 24.30** 79.34** 59.28** 447.89** 30.42** 2175.80** 494.64** 492.67** 324.77** 10 SCA 

0.38 0.74 0.42 1.16 1.26 0.52 0.40 0.49 0.49 0.15 GCA/SCA 
*,** significant at 0.05 and 0.01 levels of probability, respectively.  
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Mean performance  

The results of means for pod yield clearly 

indicated the differences among parents, F1’s and F2’s 

(Table 3). Significant differences between parents and 

F1’s and parent and F2’s were found for all traits, except 

for number of pods plant
-1

 among parents, F1’s and F2’s, 

revealed the existence of genetic variability in the 

materials and the possibility of estimating combining 

ability effects. Results indicated that parents P1, P2 and 

P5 and crosses (P2 x P4), (P3 x P4) and (P4 x P5) showed 

higher mean performance in most traits in both of F1 

and F2 generations. The crosses showed higher means in 

most cases compared to its parent.  

 

Table 3.  Mean performance of five peanut parents and their crosses. 
No. of seeds pl-1 Pod weight pl-1 (g) No. of pods pl-1 No. of branches pl-1 Plant height (cm) 

Genotype 
F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 

50.20 50.27 55.6 85.83 26.07 31.23 4.27 4.0 22.93 25.03 P1 
41.27 38.80 60.4 73.33 33.20 23.23 3.47 4.0 28.60 25.27 P2 
49.67 32.30 66.7 56.33 26.13 20.43 5.20 5.8 18.57 16.20 P3 
33.20 44.93 42.2 67.37 20.40 27.40 6.17 5.6 26.43 22.30 P4 
30.80 68.10 46.3 100.03 17.40 34.73 4.60 5.5 17.97 16.30 P5 
83.60 42.77 96.6 62.93 47.53 22.73 5.37 4.8 30.27 32.3 P1XP2 
87.20 77.57 109.0 109.83 48.00 38.40 3.70 4.4 20.93 19.2 P1XP3 
29.60 48.97 40.1 68.80 21.00 25.67 6.07 6.0 23.63 23.1 P1XP4 
40.73 28.53 57.6 48.63 23.20 17.87 6.80 6.3 25.80 29.4 P1XP5 
85.13 42.73 100.2 65.83 46.80 26.87 4.87 5.0 28.60 13.7 P2XP3 
59.27 75.27 65.9 110.60 30.67 39.13 3.27 3.9 17.23 24.9 P2XP4 
57.73 50.47 113.7 68.07 32.80 26.07 5.73 6.6 23.53 26.5 P2XP5 
86.07 57.33 78.0 76.63 45.60 32.47 4.47 5.2 24.60 35.9 P3XP4 
47.27 60.80 59.5 79.33 34.47 31.77 5.93 5.9 18.57 29.1 P3XP5 
55.93 50.40 72.3 72.20 36.20 26.07 4.77 5.3 33.17 34.5 P4XP5 
1.78 4.10 6.4 2.64 - - 0.64 0.67 0.99 0.92 L.S.D at 0.05 

Pod yield ardab feddan-1 Shelling percentage (%) 100-seed weight (g) 100-pod weight (g) Seed weight pl-1 (g) 
Genotype 

F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 

12.93 14.83 70.50 56.83 77.40 97.20 213.60 269.13 39.20 48.83 P1 
15.17 12.90 54.03 52.37 75.83 101.53 185.23 298.37 32.73 38.40 P2 
16.67 17.53 68.13 54.63 94.97 95.30 252.03 275.80 45.50 30.83 P3 
14.11 19.40 67.97 66.20 86.37 99.41 200.60 273.53 28.70 44.63 P4 
19.03 24.17 71.90 69.03 107.93 101.47 215.90 277.93 33.27 69.10 P5 
22.20 26.73 82.67 60.73 97.23 89.27 203.33 263.27 79.90 38.17 P1XP2 
18.83 18.03 81.43 73.37 101.83 103.90 233.83 293.30 88.83 80.63 P1XP3 
20.83 23.53 77.47 73.73 107.10 103.70 199.77 265.10 31.13 50.77 P1XP4 
15.87 15.17 73.60 56.00 109.03 95.60 245.13 301.37 42.43 27.23 P1XP5 
18.53 18.67 68.80 67.97 72.93 104.77 201.87 238.57 69.43 44.77 P2XP3 
24.23 26.60 84.03 70.93 93.37 104.17 205.50 276.43 55.33 78.43 P2XP4 
19.57 23.97 78.43 68.47 154.43 91.40 346.47 265.97 89.20 46.60 P2XP5 
16.20 20.60 64.87 75.83 58.73 101.50 170.93 233.43 50.60 58.17 P3XP4 
25.87 27.27 77.67 71.90 97.63 93.87 172.53 243.10 46.17 57.07 P3XP5 
24.07 25.47 81.63 73.23 105.43 104.93 222.07 288.00 59.00 52.90 P4XP5 
0.86 0.67 4.96 4.96 4.08 3.51 9.31 4.80 6.85 2.34 L.S.D at 0.05 

 

General combining ability effects 

The combining ability analysis gives useful 

information regarding the nature and magnitude of gene 

action involved in the expression of quantitative traits 

(Dhillon, 1975) which helps in selecting appropriate 

breeding method for crop improvement. The estimates 

of GCA for five parents are presented in Table (4). High 

positive and significant values were recorded for p4 and 

P5 for100-pod weight (g), shelling percentage and pod 

yield feddan
-1

 in both seasons, revealing the importance 

of these parents as donors for favorable alleles for these 

agronomic traits. Also P2 and P3 had positive and 

significant GCA for number of pods plant
-1

, pod weight 

plant
-1

, number of pods plant
-1

and seed weight plant
-1

 in 

second season. It could be observed that the pervious 

conclusion was in harmony with the mean performance 

of parental genotypes indicating the efficiency of 

phenotypic performance for detecting the potentiality of 

parents for inclusion in cross breeding programs. 

Similar results were observed by Sanun et al. (2005), 

El-Baz et al. (2006), Yadav et al. (2006) Vishnuvardhan 

et al. (2011) and Abd-El-Aal et al. (2013).   

Specific combining ability effects 

Specific combining ability effects can be defined 

as the magnitude of deviation exhibited by the parental 

line in the cross from its expected performance on the 

basis of its general combining ability (GCA) effects. A 

significant deviation from zero in cross would indicate 

specially high or low specific combining ability (SCA) 

according to the sign whether positive or negative. 

Results given in Table (5) showed the estimates of SCA 

for the studied characters in ten crosses in both F1 and 

F2 generations. These results indicated that the crosses 

(P1xP2, P1xP4 and P2xP5) showed significant specific 

combining ability effects for number of branches plant
-1

. 

The crosses (P4xP5, P2xP4, P2xP5, P3xP5 and P4xP5) 

exhibited highly significant SCA positive effects for 

shelling percentage and pod yield feddan
-1

. Also, both 

crosses (P1xP3 and P3xP4) showed the best SCA for 

number of pods plant
-1

 and number of seeds plant
-1

. 
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Moreover, the cross P1xP3 exhibited positive and highly 

significant SCA effects for 100-pod weight and 100-

seed weight. These crosses could account for the highest 

average performance of the respective traits. In such 

hybrids, desirable transgressive segregates would be 

expected in the subsequent genotypes. 
 

Table 4. Estimates of general combining ability (gi) effects of five peanut parents for the studied traits. 

No. of seeds pl-1 Pod weight pl-1 (g) No. of pods pl-1 No. of branches pl-1 Plant height (cm) 
Genotype 

2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 

0.92** -1.33** -1.59* 0.51 -0.56** -0.36 -0.88** -0.27** -0.67** 0.65** P1 

4.74** -2.69** 10.24** -0.60 4.06** -1.19** -1.49** -0.42** 0.23 -0.21 P2 

9.99** -0.67 7.78** -2.00** 4.48** 0.11 -1.04** 0.11** -1.83** -2.75** P3 

-5.40** 2.02 -12.13** 0.67* -3.07** 1.22** -0.82** 0.04 2.34** 1.93** P4 

-10.26** 2.67** -4.30** 1.43** -4.90** 0.23 -0.60** 0.53** -0.08 0.37** P5 

0.48 1.10 3.95 1.12 0.90 1.26 0.18 0.11 0.61 0.57 S.E (gi) 

Pod yield ardab feddan-1 Shelling percentage (%) 100-seed weight (g) 100-pod weight (g) Seed weight pl-1 (g) 

Genotypes 
2015 2014 2015 2014 2015 2014 2015 2014 2015 2014 

-1.43** -1.83** 2.13** -2.71** -0.87 -1.19** 0.25 5.14** 0.59 -1.74** P1 

0.17 -0.60** -2.75** -3.38** -0.92 -0.36 2.87** 2.24** 6.11** -3.12** P2 

-0.13 -0.90** -1.75** 0.26 -7.86** -0.08 -3.47** -9.33** 4.21** -0.62* P3 

-0.01 1.29** 0.38 4.23** -5.53** 2.56** -15.44** -2.18** -9.02** 3.27** P4 

1.40** 2.04** 1.98** 1.60** 15.19** -0.92* 15.78** 4.14** -1.89** 2.20** P5 

0.53 0.29 3.06 1.57 2.52 2.17 2.49 1.97 1.83 0.99 S.E (gi) 
 

Table 5. Estimates of specific combining ability for ten peanut crosses. 
No. of seeds pl-1 Pod weight pl-1 (g) No. of pods pl-1 No. of branches pl-1 Plant height (cm) 

Genotype 
F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 

22.09** -4.49** 17.01** -13.36** 11.40** -3.99** 1.64** 0.29* 5.50** 6.98 P1XP2 
20.44** 28.28** 31.86** 34.94** 11.45** 10.38** -0.49* -0.64** -1.77** -3.65 P1XP3 
-21.77** -3.00** -17.09** -8.76** -8.00** -3.46** 1.66** 0.97** -3.24** -4.43 P1XP4 
-5.78** -24.09** -7.45** -29.69** -3.97** -10.28** 2.18** 0.81** 1.35** 3.46 P1XP5 
14.56** -5.19** 11.27** -7.95** 5.63** -0.32 1.29** 0.07 -6.37** -8.25 P2XP3 
4.08** 24.66** -3.12 34.15** -2.95** 10.84** -0.52* -0.92** -4.24** -1.73 P2XP4 
7.40** -0.79 36.79** -9.14** 1.01** -1.24** 1.72** 1.29** -0.76** 1.43 P2XP5 

25.63** 4.70** 11.37** 1.58 11.57** 2.87** 0.22 -0.18 7.45** 11.81 P3XP4 
-8.31** 7.51** -14.96** 3.52** 2.26** 3.16** 1.47** 0.06 6.64** 6.53 P3XP5 
15.75** -5.57** 17.75** -6.28** 11.55** -3.65** 0.08 -0.50** 6.93** 7.29 P4XP5 

1.65 3.80 5.93 3.89 1.36 1.89 0.61 0.37 0.92 0.85 S.E.(si-j) 
Pod yield ardab feddan-1 Shelling percentage (%) 100-seed weight (g) 100-pod weight (g) Seed weight pl-1 (g) 

Genotype 
F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 

4.52** 8.17** 9.74** 0.74 3.01** -8.38** -17.71** -15.00** 20.44** -8.08** P1XP2 
1.45** -0.23 7.51** 9.73** 14.55** 5.97** 19.13** 26.60** 31.27** 31.88** P1XP3 
3.34** 3.08** 1.41 6.13** 17.49** 3.13** -2.97 -8.74** -13.20** -1.87 P1XP4 
-3.04** -6.03** -4.06** -8.97** -1.30 -1.49 11.18** 21.20** -9.03** -24.33** P1XP5 
-0.46* -0.83** -0.25 5.00** -14.30** 6.01** -15.46** -25.22** 6.35** -2.60* P2XP3 
5.13** 4.91** 12.86** 4.00** 3.81** 2.77** 0.14 5.50** 5.48** 27.18** P2XP4 
-0.95** 1.54** 5.66** 4.17** 44.15** -6.51** 109.89** -11.30** 32.22** -3.58** P2XP5 
-2.60** -0.78** -7.31** 5.25** -23.89** -0.18 -28.08** -25.94** 2.64 4.41** P3XP4 
5.65** 5.14** 3.89** 3.96** -5.71** -4.33** -57.70** -22.60** -8.91** 4.38** P3XP5 
3.74** 1.15** 5.73** 1.32* -0.24 4.10** 3.80 15.16** 17.14** -3.67** P4XP5 
0.80 1.00 4.60 2.36 3.77 3.25 8.62 6.13 1.83 0.99 S.E.(si-j) 

 

Estimation of genetic component and heritability 

The calculated values for the degree of 

dominance are listed in Table (6). This value reveals 

whether the different traits show an additive or non-

additive gene action. In descending order, the following 

characteristics showed degree of dominance for pod 

yield and its components in peanut The component of 

variation due to additive gene effects (D) was 

significant or highly significant in F1 and F2 for number 

of branches plant
-1

, shelling percentage and pod yield 

feddan
-1

, indicating that the additive gene action was 

more important than the non-additive in controlling the 

inheritance of these traits. In contrast, Shabana et al. 

(1992) found that additive effects (D) was not 

significant for the number of branches plant
-1

. This may 

be due to the differences in the parents used in the two 

researches. Genetic components due to dominant effects 

(H1 and H2) were highly significant for most studied 

traits in both F1 and F2 generations. The magnitude of 

H1 was greater than H2 in all traits which indicated that 

the positive and negative alleles were not equal in 

proportion in the parents at any locus. It was also 

obvious that the magnitude of dominance (H1) genetic 

component was higher than the magnitude of additive 

one (D) for all studied characters indicating the 

important role of dominance genetic variance. The h
2
 

values, over all dominance effect of heterozygous loci 

was positive and highly significant for number of 

branches plant
-1

, number of pods plant
-1

, pod weight    

plant
-1

, number of seeds plant-1and seed weight plant
-1

 

in F2 generation and for shelling percentage and pod 

yield feddan
-1

 in both F1 and F2, indicating that most of 

the dominant genes had positive effects. The ratio 

(H1/D)
0.5

 which measures the average degree of 

dominance was more than unity for all studied traits, 

indicating that over - dominance is controlling these 
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traits. To improve these traits, pedigree selection could 

be applied. Proportion of genes with asymmetry positive 

and negative effects as (H2/4H1) was lower than 0.25 for 

all studied characters. The ratio of total number of 

dominance to recessive genes in all parents (KD/KR) 

was greater than unity for all studied characters in both 

F1 and F2 generations, indicating that dominant alleles 

were found in all parents for these characters. 

Heritability estimates in broad sense (Hb) were high for 

all studied traits and ranged from 50.16% for shelling 

percentage to 98.75% for plant height. Narrow sense 

heritability (hn) were low in most characters to moderate 

for pod weight plant
-1

, seed weight plant
-1

, shelling 

percentage and pod yield feddan
-1

. The low value of 

narrow sense heritability are mainly due to dominance 

components accounted for a great portion of the 

genetics of these characters. Different estimates of 

heritability in narrow sense and in the broad sense were 

recorded by some researchers Shabana et al. (1992),  

Ayub-Khan et al. (2000), Yogendra et al. (2002), El-

Baz et al, (2006), Abd-El-Aal (2008), Abd-El-Aal et al. 

(2013), Alam et al. (2013),  John and Reddy (2015) and 

Vaithiyalingan (2016). 

 

Table  6.  Estimates of genetic components and their derived parameters for some peanut traits. 
No. of seeds pl-1 Pod weight pl-1 (g) No. of pods pl-1 No. of branches pl-1 Plant height (cm) Genetic 

parameter F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 
185.47 183.87 280.37 284.38 33.34 33.04 0.76** 0.797** 20.21 20.22 D±S.E 
412.78 406.38 677.31 693.35 88.19 87.02 0.65 0.792 34.80 34.84 F±S.E 

1193.07 1181.59** 2068.85 2019.22** 238.97 234.36** 3.28** 2.718** 214.46 212.94** H1±S.E 
934.22** 934.22** 1592.77** 1592.77** 171.72** 171.72** 2.12** 2.119** 180.59** 180.59** H2±S.E 

5053.97** 110.36 6354.53** -0.34 1468.01** 3.95 93.07** 0.345 120.38 87.04 h2 
0.38 1.98 4.89 0.88 0.26 0.55 0.05 0.018 0.12 0.10 E±S.E 
1.27 2.53 1.36 2.66 1.34 2.66 1.04 1.847 1.63 3.25 (H1/D)0.5 
0.20 0.20 0.19 0.20 0.18 0.18 0.16 0.195 0.21 0.21 H2/4H1 

15.32 2.55 17.07 2.69 166.61 2.96 2.41 1.736 3.24 1.72 KD/KR 
60.5 67.9 55.8 58.9 67.66 70.6 52.64 35.53 48.54 52.83 Hn 
67.7 70.8 88.60 80.5 82.9 80.7 80.29 97.90 98.75 98.35 Hb 

Pod yield ardab feddan-1 Shelling percentage (%) 100-seed weight (g) 100-pod weight (g) Seed weight pl-1 (g) 
Genetic 
parameter F2 F1 F2 F1 F2 F1 F2 F1 F2 F1 

18.90** 18.94* 51.31* 53.43** 5.42 5.86 118.09 125.39 202.07 206.97 D±S.E 
19.90 20.03 39.29 47.79 16.69 18.46 284.82 313.99 456.79 476.39 F±S.E 

90.42** 89.36** 235.56** 204.60** 155.94** 131.11** 2202.84 2093.25** 1461.82 1406.28** H1±S.E 
78.21** 78.21** 166.04** 166.04** 100.55* 100.55* 1626.90** 1626.90** 1089.38** 1089.38** H2±S.E 
258.77** 59.85** 1102.88** 225.84** 1276.05 -0.71 323.42 372.87 6495.06** 129.09 h2 

0.09 0.06 2.94 0.81 1.98 1.54 10.32 3.03 5.59 0.69 E±S.E 
1.09 2.17 1.07 1.96 2.68 4.73 2.16 4.09 1.34 1.46 (H1/D)0.5 
0.22 0.22 0.18 0.20 0.16 0.19 0.18 0.19 0.19 0.14 H2/4H1 
2.86 1.64 2.11 1.59 3.69 2.00 3.53 1.88 11.54 2.31 KD/KR 
56.7 50.8 48.84 34.84 44.67 48.02 60.5 58.5 53.64 52.84 Hn 
85.9 80.5 50.16 86.48 84.6 86.76 90.8 95.5 56.29 58.59 Hb 

 

Graphical (wr/vr) analysis. 

Graphical presentation (Vr,Wr) of different traits 

in both generations are given in Figures 1 and 2. The 

regression coefficient significantly differed from zero 

but not from unity for F1 and in F2, indicating that the 

genetic system could be deduced to be additive without 

the complication of non-allelic interaction. For the other 

cases, regression slope differed from unity, indicating 

that a complementary type of epistasis was involved. 

The regression line intersected the Wr below the 

point of origin in shelling percentage in both 

generations and pod yield faddan
-1

 in the F2, revealed 

the presence of over - dominance.  Meanwhile, it 

intersects the Wr axis above the origin in pods yield in 

ardab faddan
-1

 in the F1 reflecting partial dominance. 

However, the regression line intersected the Wr below 

the point of origin in the remaining cases, indicating an 

over - dominance in the inheritance of these cases. 

This contradiction between the two types of 

analysis might be an expected result of the presence of 

complementary type of non-allelic interaction which 

inflated the ratios of H1 to D and distorted the Vr,Wr 

(Hayman, 1954 and Mather and Jinks, 1982). However, 

the regression line intersected the Wr below the point of 

origin in the remaining cases, indicating an over- 

dominance in the inheritance of these cases. The array 

points scattered along the regression line for these traits 

in both generations indicating genetic diversity among 

the parents. The low magnitude of correlation 

coefficient between parental mean (Yr) and the 

(Wr+Vr) might be due to a presence of non- allelic 

interaction in some parental line.  
 

 
 

Fig 1. Wr/Vr graph for shelling percentage -1 in F1 

and F2 generations.  
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Fig 2. Wr/Vr graph for pods yield in ardab fad

.-1
 in 

F1 and F2 generations.  
 

The parental lines P1 and P2 for shelling 

percentage trait in the F1 and the F2 included the largest 

number of recessive genes. On the other hand, P2 for 

pod yield faddan-
1
 in the F1 had the highest number of 

recessive genes. The P4 and P5 were high for shelling 

percentage in the F1 and the F2 generations and P2, P4 in 

the F1, F2 for pod yield faddan
-1

 i.e, they contained 

greater number of dominant allels for those cases. 

Heterobeltiosis 

Physical manifestation of the beneficial effects of 

hybridization between diverse parents is usually termed 

as heterosis and is referred as heterobeltiosis and 

relative heterosis based on F1 superiority over better 

parent and/or mid - parental value, respectively. In plant 

breeding programmes, useful heterosis is referred to 

denote the expression of increased vigor of a hybrid 

over its better parent. Heterosis is a complex biological 

phenomenon often manifested in the superiority of a 

hybrid over parental forms according to the rate of 

development of one or more complex characters 

(Konarev, 1974). Estimates of heterotic effects for the 

F1 crosses are shown in Table (7). Significantly positive 

heterobeltiosis effects relative to better parent values 

may be considered favorable for most traits under 

investigation. Highly significant negative (desirable) 

heterotic effects relative to the best parent were noticed 

for plant height in crosses (P1xP3, P1xP4, P2xP3 and 

P2xP4). Significant or highly significant positive 

heterotic effects were found for number of branches 

plant
-1

 in the four crosses (P1xP2, P1xP4, P1xP5 and 

P2xP5) and number of pods plant
-1

 and number of seeds 

plant
-1

 in four crosses (P1xP3, P2xP3, P2xP4and P3xP4), 

pod weight plant
-1

 in two crosses (P1xP3and P2xP4). 

Highly significant positive heterobeltiosis was recorded 

for 100-pod weight in two crosses (P1xP3 and P1xP5). 

Highly significantly positive heterotic effects were 

found for seed weight plant
-1

 in the (P1xP3, P1xP4, P2xP3, 

P2xP4 and P3xP5) crosses, 100-seed weight in the 

(P1xP3and P1xP4). All crosses except (P1xP5 and P2xP5) 

revealed significant and highly significant positive 

heterobeltiosis for shelling percentage and pod yield 

feddan
-1

. These results for most cases are in harmony 

with that reached by El-Sawy (2006), El-Baz et al. 

(2006), Abd-El -Aal (2008), John et al. (2012) and Abd- 

El-Aal et al. (2013).   

  

Table 7.  Heterobeltiosis % of the studied traits of peanut F1 crosses. 

Pod yield 

Ardab 

Feddan
-1

 

Shelling 

% 

100- seed 

weight 

 (gm) 

100-pod 

weight 

 (gm) 

Seed 

weight pl
-1

 

 (gm) 

No. of 

seeds 

pl
-1

 

Pod 

weight pl
-1 

 (gm) 

No. of 

pods 

pl-1 

No. of 

branches 

Pl
-1

 

Plant 

height 

(cm) 

Character 

crosses 

80.22** 6.86** -12.0** -11.7** -21.8** -14.9** -26.6** -27.2** 19.8** 28.0** P1XP2 

2.85** 29.09** 6.89** 6.35* 65.1** 54.31** 27.9** 22.95** -23.6** -23.4** P1XP3 

21.31** 11.37** 4.32* -3.08 4.0** -2.59 -19.8** -17.8** 5.9** -7.9** P1XP4 

-37.24** -18.88** -5.78** 8.43** -60.6** -58.1** -51.3** -48.5** 15.2** 17.4** P1XP5 

6.46** 24.40** 3.18 -20.0** 16.6** 10.14** -10.2** 15.64** -13.8** -45.8** P2XP3 

37.11** 7.15* 2.59 -7.35** 75.7** 67.51** 50.8** 42.82** -30.2** -1.5** P2XP4 

-0.83* -0.82 -9.98** -10.8** -32.6** -25.8** -31.9** -24.9** 21.3** 4.9** P2XP5 

6.19** 14.55** 2.10 -15.3** 30.3** 27.60** 13.76** 18.49** -10.3** 61.0** P3XP4 

12.83** 4.15** -7.49** -12.5** -17.4** -10.7** -20.6** -8.54** 2.3 78.3** P3XP5 

5.38** 6.08** 3.42 3.62 -23.4** -25.9** -27.8** -24.9** -5.9** 54.7** P4XP5 

0.89 3.38 4.55 6.37 3.11 5.53 3.51 2.71 5.5 1.22 L.S.D at 0.05 
 

Determination of aflatoxins  

Results in Table (8) showed that the two crosses 

(P3X P4 and P3X P) had a total aflatoxins 10.6, 20.1ppb, 

respectively. Meanwhile, total aflatoxins were not 

detected in all other parents and F2 crosses. These 

results are in harmony with those found by Mahmoud et 

al. (2006) who found no cultivar completely resistant to 

aflatoxin contamination production and invasion with 

aflatoxigenic fungi while, there was a significant 

difference in genotype ability to allow invasion and 

aflatoxin production. The variable amount of aflatoxin 

in contaminate peanut genotypes and may be due to the 

environmental factors, nature of the fungal strains 

(Anderson et al., 1995). Furthermore, the resistance of 

peanut seeds to A. flavus and/or A. parasiticus invasion 

might be due to genetic and/or biochemical composition 

of the seed or appears to be associated with certain 

structural and biochemical characters of the pod and 

seed and there is a possibility that genotypes may have 

differential effects up on the population of aflatoxigenic 

fungi in geocar posphere (Holbrook et al., 2000). Also, 

Liang et al., (2009) concluded that the resistance has 

been associated with testa wax and presence of cutin 

layer, active oxygen and membrane lipid peroxidation, 

phytaolexin accumulations and antifungal proteins in 

the peanut seeds. Sharaf et al., (2011) concluded that B-

1-3 glucanases enzyme has a role in the defense of 

peanut against the infection by A. flavus and the 
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resistant peanut mutants for A. flavus were identified by 

analyzing B-1-3 glucanases activities using 

polyacrylamide gel electrophoresis (PAGE). They found 

that these mutants have the ability to reduce the 

aflatoxins accumulation and RAPD-PCR showed 

pattern can be used as marker assisted selection (MAS) 

for the resistance of the fungus. 
 

Table  8.  Aflatoxin contamination of some peanut 

genotypes under field conditions. 

Aflatoxin contamination ppb 
Genotype 

Total G2 G1 B2 B1 

ND ND ND ND ND P1 

ND ND ND ND ND P2 

ND ND ND ND ND P3 

ND ND ND ND ND P4 

ND ND ND ND ND P5 

ND ND ND ND ND P1 ×P2 

ND ND ND ND ND P1 ×P3 

ND ND ND ND ND P1 ×P4 

ND ND ND ND ND P1 ×P5 

ND ND ND ND ND P2 ×P3 

ND ND ND ND ND P2 ×P4 

ND ND ND ND ND P2 ×P5 

10.6 0.9 2.6 1.3 5.8 P3 ×P4 

20.1 1.6 4.2 2.8 11.5 P3 ×P5 

ND ND ND ND ND P4 ×P5 
ND = Not detected         

 

CONCLUSION 
 

In light of the present findings it is evident that 

both additive and non-additive gene effects were 

important. Parental lines A1  and 623 were good 

combiners for 100-pod weight, shelling percentage and 

pod yield feddan
-1

  in both seasons revealing the 

importance of these parents as donors for favorable 

alleles for these traits. Five crosses (P4xP5, P2xP4, P2xP5, 

P3xP5 and P4xP5) showed significant and desirable SCA 

effects and heterobeltiosis for shelling percentage and 

pod yield feddan
-1

. Meanwhile, total aflatoxins were not 

detected in all other parents and F2 crosses. These results 

seem to be useful for peanut breeding programs in 

making a proper decision when initiating a crossing plan. 

 

REFERENCES 
 
Abd El-Aal, A.N.A.(2008). Line X Tester analysis of 

combining ability, heterosis and correlation 

coefficient for some economic traits in peanut 

(Arachis hypogaea L.) Egypt. J. of Appl. Sci., 

23(4B).  

Abd El-Aal, A.N.A., M.M.A. Khalifa and M.F. Abol –Ela 

(2013). Inheritance of some economic characters, 

reaction to pod rot diseases and aflatoxin 

contamination in peanut (Arachis hypogaea L.) J. 

Plant Production, Mansoura Univ., 4 (3): 445 – 470. 

Alam, M.K., U.K. Nath, M.A.Alam and A.A.Khan 

(2013). Combining ability analysis for yield and 

yield contributing traits of groundnut. J. of Sci. 

and Technology 11: 106-111. 

 

Anderson, W. F, C. C. Holbrook, D. M. Wilson and M. 

E. Matheron (1995). Evaluation of preharvest 

aflatoxin contamination in several potentially 

resistant peanut genotypes. Peanut Sci. 22: 29-32. 

A.O.A.C. (2006). Official Method of Analysis of 

Official Analytical Chemists. 16th ed. Kenneth 

Helrich edit. Published by the Association of 

Official Analytical Chemists Inc, Virginia, USA.  
Ayub- Khan, Muhammed-Rehim, M. I. Khan and M. 

Tahir (2000). Genetic variability and criterion for 
the selection of high yielding peanut genotypes. 
Pakistan J. of Agric Res. 16:1. 9-12. 

Bhatt, G.M. (1971). Heterosis performance and 
combining ability in diallel cross among spring 
wheats (T. aestivum L.). Austr. J. Amer. Soc. 
HorH. 118:141- 144. 

Dhillon B .S. (1975). The applicability of partial diallel 
crosses in plant breeding. Crop improve. 2: 1-17. 

Dwivedi, S.L., J.H. Crouch, S.N. Nigam, M.E. Ferguson 
and A.H. Paterson (2003). Molecular breeding of 
groundnut for enhanced productivity and food 
security in the semi-arid tropics: Opportunities 
and challenges. Advanced Agronomy 80: 153-
221. 

El- Baz, M. G. M., A.N.A. Abd El-Aal and Samar A. 
M. El- Shakhess (2006). Inheritance of some 
economic traits in peanut (Arachis hypogaea L.), 
Egypt. J. plant breed. 10(2) 135-145. 

El- Sawy, W. A. (2006). Combining ability and 
remained heterosis for some quantitative traits in 
peanut. Egypt. J. of App. Sci., 21(1) 77-87. 

Griffing, B. (1956). Concept of general and specific 
combining ability in relation to diallel wheat 
crossing systems. Asut. J. Biol. Sci., 9: 463- 493. 

Hayman, B.I. (1954). The theory and analysis of diallel 
cross tables. Genetic 39: 789-809. 

Holbrook, C.C., D.M. Wilson, M.E. Matheron, J.E. 
Hunter, D.A. Knauft and D.W. Gorbet (2000). 
Aspergillus colonization and aflatoxin 
contamination in peanut genotypes with reduce 
linoleic acid composition. Plant Dis., 84:448-450. 

John, K ., P. Raghava Reddy, K. Hariprasad, P. 
Sudhakar and N.P. Eswar Reddy (2012). 
Indetification of best heterotic crosses for yield 
and water efficiency traits in groundnut (Arachis 
hypogaea L.). J. of Plant Breeding and Crop 
Science, 4(2): 17-24. 

John, K.  and P. Raghava Reddy (2015). Combining 
ability and heterosis for yield and water use 
efficiency traits in groundnut. Agri. Review, 36 
(4): 305-312. 

Konarev, V. G (1974). Physiological and biochemical 
aspects of heterosis “Heterosis in Plant Breeding” 
Proceedings of VII Congress Eucarpia, Budapest, 
pp. 265-271. 

Liang X., G. Zhou, Y. Hong, X. Chen, H. Liu, and S. Li 
(2009). Overview of Research Progress on 
Peanut (Arachis hypogaea L.) Host Resistance to 
Aflatoxin Contamination and Genomics at the 
Guangdong Academy of Agricultural Sciences. 
Peanut Science: January 2009, Vol. 36, No. 1, pp. 
29-34. 

 
 



Rehab H. A. Abd El-Rhman
 
et al. 

 1456 

Mahmoud , E. Y., Eetmad E. I. Draz and M. F. Abol-
Ela (2006). Evaluation of some peanut cultivars 
for the susceptibility of infection by damping-off, 
root and pod rot diseases and occurrence of 
aflatoxigenic fungi. J. Agric. Sci. Mansoura 
Univ. 31 (12):7589-7604. 

Mather, K. and J.L.Jinks (1982). Biometrical Genetics. 
(3rd Edition) Champman and Hall, London. 

Naazar Ali, Malik Shah Nawaz, Khurram Bashir and M. 
Yasin Mirza (2001). Combining ability estimates 
in F2 and F3 generations for early maturity and 
agronomic traits in peanut (Arachis hypogaea L.). 
Pak. Bot., 27(1):111-119. 

Naazar Ali, J.C. Wynne and J.P. Murphy (1995). 

Combining ability estimates for early maturity 

and agronomic traits in peanut (Arachis hypogaea 

L.). Pak. Bot., 33(1):93-99. 

Roos, A.H., H.Z.Vaan der Kamp and E.C. Marley 

(1997). Comparison of immuneaffinity columns 

with florisil/C18 columns for the determination 

of aflatoxins in animal feed and maize. 

Mycotoxin Res., 13: 1-10. 

Ruraswamy, P., S.D. Nehrn and R.S. Kulkarni (2001). 

Combining ability studies in groundnut. Mysore- 

J. of Agric. Sci. 53:3. 193-202. 

Sanun Jogloy, Wilawan Tula and Thawan Kesmala 

(2005). Combining ability analysis and 

phenotypic correlation of nodule parameters and 

agronomic traits in peanut (Arachis hypogaea L.). 

Songklanakarin J. Sci. Technol., 27(2):213-221. 

Shabana, R., Gh. A. Gad El- Karim, H. M. El- Bagdadi 

(1992). Diallel analysis in groundnut (Arachis 

hypogaea L.). Minia J. of Agric. Res. 

Development, 14(4): 1135- 1150. 

 

Sharaf, A.N., A.G. A.A.Abdelhadi, A.I. Ragab and 

W.A. Korani (2011). Induction characterization 

and genetic analysis of Aspergillus flavus 

resistant mutants in Arachis hypogaea. African J. 

of Bio. Tech., 10(75): 17095-17105. 

Singh, B. and U. Singh (1991). Peanuts as a source of 

human foods. Plant Foods Hum. Nutr. 41:165-177. 

Surendranatha,E.C., C. Sudhakar and N.P. Eswara 

(2011). Aflatoxin contamination in groundnut 

induced by aspergillus flavustype fungi: a critical 

review. International Journal of Applied Biology 

and Pharmaceutical Technology 2: 2-9. 

Vaithiyalingan, Mallaian (2016). Combining ability 

studies for yield and yield components in 

groundnut (Arachis hypogaea L.). Electronic J. of 

plant Breeding. 7(1): 1-5. 

Vishnuvardhan, K.M., R.P. Vasanthi and K. H. Reddy 

(2011). Combining ability of yield, yield traits 

and resistance to late leaf spot and rust in 

groundnut. J. of SAT Agricultural Research 9. 

Xue, H. Q., T. G. Isleib, G. A. Payne, R. F. Wilson and 

W. P. Novitzky (2003). Comparison of aflatoxin 

production in normal-and high-oleic backcross-

derived peanut lines. Plant Dis. 87: 1360-1365. 

Yadav, K.N.S., M.B. Gowda, D.L. Savithramma and G. 

Girish (2006). Studies on combining ability for 

pod yield and its components in groundnut. Crop 

Research Hisar, 32(1): 90-93. 

Yogenndra-Prasad, A.K. Verma, Z.A. Hairder, Jaulal-

Mahto, Y. Prasad and J. Mahto (2002). 

Variability studies in spanish groundnut (Arachis 

hypogaea L.). J. of Res. Birsa Agric. Univ. 14(1): 

91-93. 

 

 بالأفلاتىكسيه في انفىل انسىداوي ومدي انتهىث تأنف وانفعم انجيىي نبعض انصفاثانقدرة عهي ان
انكزيم عبد انزحمه رحاب حمدان عبد

1
خاند مصطفي انمهيجي, 

2
وفاء وهبه محمد شافعي و 

3 

1
 مصز –مزكز انبحىث انزراعيت  –معهد انمحاصيم انحقهيت  –قسم انمحاصيم انزيتيت  
2

 نلاغذيت   والاعلاف   يهيميانمزكز الاق 
3

 مصز –مزكز انبحىث انزراعيت  -انمعمم انمزكزي نهتصميم والاحصاء 

 
وحقدذيش يتدخى   نلأب الأفضم وقىة انهجيٍ نبعض انصفاث وححذيذ انفعم انجيُي يهذف هزا انبحذ اني دساست انقذسة عهي الائخلاف

, سدلانت 01, سدلانت أ923وقذ حى انخهجيٍ بيٍ خًته أباء هي سلانت  .وف انعاديتانًخضَه ححج انظش في بزوس انفىل انتىداَي الأفلاحىكتيٍ

يىاسدى  وقذ حًج انضساعت خلال رلاردتيخبايُت في صفاحها باسخخذاو  َظاو انهجٍ انذائشيت يا عذا انهجٍ انعكتيت,  329وسلانت  0سلانت أ’ 2أ

حبايُا يعُىيدا نكدم انصدفاث ححدج انذساسدت  وقذ أظهشث انُخائج .هيتبًحطت انبحىد انضساعيت بالاسًاعي  2102و2102و 2109صيفيت هي 

يعُىيا نكم انصفاث انًذسوسه يشيشة اني  عهي انخأنف الأول وانزاَي, كًا كاٌ ححهيم انخبايٍ نهقذسة انعايت وانقذسة انخاصت يٍ انجيم في كم

راث قدذسة عايدت عهدي  A1, 623ًضديف فدي وساردت انصدفاث. كًدا كداٌ انخشكيبداٌ انىساريداٌ ان وغيدشأهًيه كلا يٍ انفعم انجيُي انًضيف 

راث قذسة  01وأ2أ كاٌ انخشكيباٌ وقشٌ وَتبت انخصافي ويحصىل انقشوٌ بالاسدب نهفذاٌ في كلا انًىسًيٍ, -011انخأنف نصفاث وصٌ ال

كًددا وقددذ سددجهج  ًيدد   عددذد انبددزوس/انُباث ووصٌ انبددزوس/انُباث. عايدت عهددي انخددأنف نصددفاث عددذد انقشوٌ/انُبدداث ووصٌ انقددشوٌ /انُبداث و

بدزسة وَتدبت انخصدافي قيًدا يُخفضدت -011انصفاث انًذسوست قيى عانيه نكفاءة انخىسيذ بًعُاها انعاو في كلا انجيهديٍ, واظهدشث صدفاث ال

الأعهدي  الأب عدٍسدهبا وايجابدا  قيًدا يعُىيدتٍ أظهدشث قدىة انهجدي نكفاءة انخىسيذ بًعُاها انضيق كًا أظهشث باقي انصفاث قيًا يخىسدطت.

حقذيش   أوضح كًا كاَج انتيادة انفائقت راث انخأريش الأكبش في صفخي َتبت انخصافي ويحصىل انقشوٌ بالاسدب نهفذاٌ. .ت نهصفاث انًذسوس

بالأفلاحىكتديٍ  أظهدشا قابهيدت نهخهدىدط أٌ هجيُديٍ فقد ححج ظشوف انخخدضيٍ انعداد  انزاَي والأباء نبزوس انجيم بالأفلاحىكتيٍ يذ  انخهىد 

 أيا باقي الأباء وانهجٍ خانيه يٍ انخهىد بالأفلاحىكتيٍ. الأب انخايس Xالأب انشاب  , الأب انزانذ  Xهًا الأب انزانذ 
 


