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ABSTRACT 
  

The present study was conducted during 2011/12, 2012/13 and 2013/14 
seasons at Sakha Agricultural Research Station, ARC, Kafr El-Sheikh Governorate, 
Egypt . Quantitative analyses were done by crossing between four faba bean (Vicia 
faba L.)  parental genotypes namely Giza 40, Giza 429, Sakha 1 and Triple white 
(TW) to produce three crosses namely; Giza 40 x Giza 429 (I), Sakha 1 x Giza 429 (II) 
and Giza 429 x TW (III). The parental genotypes could be arranged into two groups. 
The first group included Sakha 1 where it is considered as the most resistant group to 
foliage diseases i.e, chocolate spot Botrytis fabae (Sard) and rust (Uromyces viciae-
fabae, Pers.) Schrot., and high yielding ability. The second group included Giza 40, 

Giza 429 and TW as susceptible genotypes with low yielding potentiality. Generation 
mean analysis was used to estimate genetic variance components in the crosses for 
nine traits. Heterosis over mid and better parent for all traits were highly significant 
except plant height in the first (Giza 40 x Giza 429) and second (Sakha 1 x Giza 429 
crosses relative to mid parent, in the first cross (Giza 40 x Giza 429) relative to better 
parent, also the first cross had non-significant for no. of branches/plant and reaction to 
rust relative to mid parent and for no. of pods/plant relative to better parent. Also, the 
second (Sakha 1 x Giza 429) and third crosses (Giza 429 x TW) showed non-
significance for chocolate spot relative to mid-parent and for 100 seed weight relative 
to better parent. The inbreeding depressing estimate was positive significant and/or 
highly significant for no. of branches/plant and no. of pods/plant, while it was negative 
significant for no. of seeds/pod in the three crosses. Heritability values in broad sense 
were generally higher than the corresponding values in narrow sense in all crosses for 
all traits. The additive genes seems to apply an improvement role of the inheritance of 
most of traits especially no. of pods/plant and no. of seeds/pod in the second cross; 
(Sakha 1 x Giza 429), where the differences between broad and narrow sense 
heritability were closes. The indirect selection in the progeny of this cross (Sakha 1 x 
Giza 429) and direct selection in the progeny of other crosses would be fruitful due to 
the high values of narrow sense heritability and the prediction genetic advance in 
these crosses. The additive type (a) was significant positive and negative in all of 
crosses for most traits except no. of branches/plant and no. of seeds/pod in the first 
(Giza 40 x Giza 429) and third (Giza 429 x TW) crosses. For dominance effect (d) it 
was higher in magnitude than that of additive type of gene effects. The additive x 
additive (aa) gene effect was highly significant in most crosses for all traits, except in 
a few cases. However, highly significant positive and negative epistatic gene action 
(ad) was observed in most crosses for most traits. The same trend was found with 
respect to dominance x dominance (dd) where positive and negative significant were 
observed for most crosses for most traits. 
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INTRODUCTION 
 

Faba bean (Vicia faba L.) is one of the most important grain legumes in 
prone regions of North and East Africa, especially in Egypt. It play an 
important role in world agriculture, owing to its high protein content, ability to 
fix atmospheric nitrogen, capacity to grow and yield well on marginal lands 
(Al-Ghamdi, 2007). 

One of the main reasons is the unreliable yields, mainly due to 
susceptibility of the crop to pests and diseases. A number of aerial fungi, 
together with soil-borne pathogens associated with foot and root rot 
complexes, nematodes, parasitic weeds and viruses may cause severe 
diseases in faba bean crop (Stoddard et al., 2010). 

Faba bean (Vicia faba L.) crop has attracted the attention of most plant 
breeders to its yield because the importance of the crop for both human and 
animal nutrition. Foliage diseases chocolate spot Botrytis fabae (Sard) and 
rust Uromyces viciae-fabae (Pers.) Schrot., are the most destructive leaf 
disease of faba bean crop in the world. The losses as a result of foliage 
diseases were estimated to be more than 55% for susceptible cultivar 
Rebaya40 which was left for natural infection at Sakha (Mohamed et al., 
1980).  

The plant breeder is interested in estimating gene effects in order to 
formulate the most advantageous breeding procedures for improving the 
genetic material  (Abdelmula, et al., 1999 and Bond et al., 1994)..  

Six population analysis suggested by Gamble (1962) considered as the 
most important analysis method which supply the breeder by the information 
about the nature of gene action, heterosis, inbreeding depression, heritability 
and predicted genetic gain from selection for given characters. 

The aim of the present investigation is to obtain useful information 
about gene action of foliage diseases, yield and its components as well as 
the extent of heterosis, inbreeding depression, heritability and genetic 
advance in the three faba bean crosses.  
 

MATERIALS AND METHODS 
 

Field experiments: 
The present study was carried out during 2011/12, 2012/13 and 

2013/14 seasons at Sakha Agricultural Research Station, ARC, Kafr El-
Sheikh Governorate,   Egypt. Four faba bean genotypes (Vicia faba L.) were 
chosen for this study on the basis of genetic diversity and origin (Table 1). 
These genotypes were Giza40, Giza 429, Sakha1 and Triple white (TW). In 
2011/12 growing season, these genotypes were sown and crossed under 
screen house to produce the F1 seeds of each three crosses: Cross I (Giza 
40 x Giza 429), Cross II (Sakha 1 x Giza 429) and Cross III (Giza 429 x TW). 
In 2012/13 growing season, some of F1 plants for each cross and their 
parents were backcrossed to corresponding its two parents to obtain the 
backcrosses BC1 (F1 x P1) and BC2 (F1 x P2) generations. Some of the F1 
plants were selfed to produce F2 seeds and the others kept as F1,s  . 
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 In 2013/14 growing season, the six population seeds, i.e. P1, P2, F1, 
F2, BC1 and BC2 of the three crosses were sown in a randomized complete 
block design with three replications, under natural infection of early sowing 
dates in November 1

st
 (early date). The plants were grown in ridges of two 

meters length and 60 cm width. Hills were spaced 20 cm apart with one seed 
per hill. Plots varied in size;25 rows for F2, 15 rows for BC1 and BC2 and 3 
rows for P1, P2 and F1. All cultural practices were done as usual with 
ordinary faba bean culture. Data were taken on plants of six populations in 
each cross for the following characters. 
 

Table (1): The pedigree, diseases reaction and agronomic characters of 
four parental faba bean varieties used in the present study. 

Parent Genotype Pedigree 
Disease 
reaction 

Earliness 
of 

maturity 

Agronomic 
characters 

Seed coat 
color 

Seed size 

P1 Giza40 
Derived from 
Rebaya 40 

*H.S Medium Light brown Medium 

P2 Giza429 
Derived from 

Giza402 
H.S. Medium Light brown Medium 

P3 Sakha1 
Giza 716 x 
620/283/85 

R Very early Light brown Medium 

P4 
Triple White 

(TW) 
Introduced from 

Sudan 
H.S Early White Small 

*HR = Highly resistant , R = resistant, MR = moderately resistant, S = susceptible, H.S. = 
Highly susceptible 

 

Plant height, no. of branches/plant, no. of pods/plant, no. of 
seeds/plant, seed yield/plant (g), no. of seeds/pod, 100- seed weight, 
(chocolate spot and rust severity) under the natural infection were the 
characters registred. The resistance to foliage diseases were determined as 
in Table (2) with the adjustment of grading system from 0 to 9 for the 
increasing lesion percentage of leaf, flower and stem area covered by 
lesions, according to the scale of Bernier et al. (1993).  
 

Table (2):Chocolate spot and rust disease scales by Bernier et al. (1993) 
Chocolate spot scale 

1 No disease symptoms or very small specks (highly resistance) 

3 Few small disease lesions (resistant) 

5 Some coalesced lesions, with some defoliation (moderately resistant) 

7 
Large coalesced sporulating lesions, 50% defoliation and some dead plants 
(susceptible) 

9 
Extensive, heavy sporulation, stem girdling, blackening and death of more than 80% 
of plants (highly susceptible) 

Rust scale 

1 No pustules or very small non-sporulating flecks (highly resistant) 

3 
Few scattered pustules covering less than 1% of the leaf area, and few or no 
pustules on stem (resistant) 

5 
Pustules common on leaves covering 1-4% of leaf area, little defoliation and some 
pustules on stem (moderately resistant). 

7 
Pustules very common on leaves covering 4-8% of leaf area, some defoliation and 
many pustules on stem (susceptible). 

9 
Extensive pustules on leave, petioles and stem covering 8-10% of leaf area, many 
dead leaves and several defoliation (highly susceptible). 
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Disease Assessment: 
Reaction to foliar diseases (The disease severity of chocolate spot 

and rust diseases) was recorded on mid February and mid March for 
chocolate spot and rust diseases, respectively, according to the disease 
scales by Bernier et al. (1993) presented in table (1). 
Statistical analysis. 
 To determine the presence or absence of non- allelic interaction, 
scaling test as outlined by Mather (1949) was used. The quantities A, B, C 
and D and their variances have been calculated to test adequacy of the 
additive- dominance model in each case. 
Where: 
         _          _--___--__     __ 

A  =   Bc1 - p1- F1 
          _      _    _ 
B   =  2Bc2-P2-F2 
         _     _   _   _ 
C  =  4F2-2F1-P1-P2 
          _    _      _       
D  =  2F2-BC1-BC2 
And  
                       _                  ---               ___ 

V (A)    =   4V (Bc1) +V ( P1)+ V(F1) 
                    _            _          _ 
 A (B)   = 4V (Bc2) +V (P2) +V (F2) 
                 _               _           _        _ 
 A (c)    =16V (F2) + 4V (F1) +V (P1)+V(P2) 
               _            _             _       
A {d}   = 4V(F2)+V(BC1)+ V(BC2) 

 
The standard error of  A,B ,C and D is worked out by taking square 

root , of respectively variances. The t- values are calculated by dividing the 
effects of A,B,C and D and D by the respectively standard error . The 
calculated t-values were compared with tabulated value of t at 5% levels of 
probability in each test, the degrees of freedom (df) is sum of (df) of various 
generation involved. The significance of A and B scales indicate the presence 
of all types of non – allelic gene interactions. The significance of C scale 
suggests (dd) types of epistasis. The significance of D scale reveals (aa) 
gene interactions, significance of C and D scale indicates (aa) and (dd) type 
of gene interactions (Singh and Narayanan, 1993). 

Genetic analysis of generation means to give estimates of the types 
of gene effects were obtained using the relationships given by Gamble 
(1962).  

Jinks and Jones (1958) however, used following formulae to estimate 
m, a and d components in the absence of non- allelic interactions: 
     _       _       _        _        _ 
m=½p1+½p2 +4F1 -2BC1-2BC2 
 
 



J. Plant Production,  Mansoura Univ., Vol. 5 (8), August, 2014 

 1379 

       _       _    
d==½p1- ½p2 
   _        _          _    _     _         _        _ 
h=6BC1+6BC2- 8F2- F1 ½p1-3/2p1 -3/2P2 
 
where, Their variances have been computed using following formulae: 
                _           _          _           _          _ 
Vm   =1/4 V P1+ 1/4 VP2 +16V F1 + 4VBC1+4VBC2 
              _           _ 
Vd  =1/4 V P1+ 1/4 VP2 
 
And 

                   _              _             _          _          _             _ 
Vh=36VBC1+36VBC2+64VF2+V F1+ 9/4Vp1+9/4 Vp2  
 

 SE(m)= (Vm) 
½

, SE{d}=
 
(Vd) 

½
, and SE {h} =(Vh) 

½
 

 t (m) = m/SE(m), t{d} = d/SE{d} and t{h}=h/SE{h} 
 

Broad + sense heritability (H
2
) for F2 – generation was estimated based 

on the equation: 
 
          Vg 
H2 =______ x100 

                 Vg +Ve   
  

  The genetic variance (Vg) and environmental (Ve) were estimated 
according to Mansur et al.(1993) as follows:                            

Vg=Vf2-Ve 
Ve  = ne

-1
 (np1vp1+np2vp2 +nf1vf1) 

Where,  ne = np1+np2 +nf1 and np1,np2 and nf1 are the number of plants of P1,P2 
and F1 generations in each cross, respectively . 

Narrow-sense heritability (h
2
) for F2 

–
 generation was estimated as 

proposed by Warner (1952). 
Where:   

H
2
=        2VF2- (VBC1+VBC2)/VF2 x100 

  The phenotypic (PCV%) and Genotypic (GCV%) coefficient of 
variation were estimated as formulae developed by Burton (1952). 
  The expected genetic advance form selection (Gg) was calculated as 
the formulae proposed by Johnson et al. (1955), using the selection 
differential (K) equal 2.06 for 5% selection intensity and heritability in narrow 
sense.  

 The predicted genetic advance where the expected genetic gain 
upon selection was expressed as percentage of F2 mean (Ga% ) was 
calculated following Miller et al.(1958). 
  The amount of heterosis was expressed as the percentage deviation 
of F1 mean performance from mid- parent and better parent. Inbreeding 
depression was calculated as the difference between the F1 and F2 means as 
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a percentage of F1. The "t " test was used to determine the significance of 
these deviations where the standard error (SE) was calculated as follows : 
                                                  _            __        _                __                                         
SE for mid parental heterosis (F1-MP) = (V F1+1/4V P1+ 1/4 VP2 )

1/2
 

                                                    _     _        _ _ _ 
SE for better parental heterosis (F1-MP)= (V F1+1/4V P1+ 1/4VP2)  

1/
                               

_       _      _ 
SE for inbreeding depression ( F1-F2) = (V F1+VF2 )

1/2
 

Where, the t is the deviation /SE at the corresponding degrees of freedom. 

 
RESULTS AND DISCUSSION 

 
Data in Table (3) showed no. of plants, mean performance and variance 

of mean for the six populations of the three crosses for different traits. 
Significantly differences were observed among most genotypes for measured 
traits. The parental genotypes could be arranged into two groups; the first group 
included the genotype of Sakha1 which was considered to be the most resistant 
group to chocolate spot and rust with high yielding ability where the yield value 
per plant was 101.10 gm, in addition, it has less rating scale values of chocolate 
spot and rust reaction (3.01 and 3.25), respectively. The second group included 
Giza40, Giza 429 and Triple white which performed as susceptible genotypes it 
had high rating scale values of chocolate spot reaction (6.16, 6.23 and 6.15), 
also had high rating scale values of rust reaction (6.61, 6.56 and 6.97), 
respectively, accompanied with low yielding ability (91.53, 80.86 and 21.64 g), 
respectively. The difference between the studied crosses with respect to foliar 
diseases resistance and yield component traits could be observed in Table (3), 
also significant genetic variance were detected for all traits in the three crosses 
and therefore genetic parameters were detected as reported by Khalil et al. 
(1993b) and Attia et al. (2006).  

Genetic variances were detected for all traits in the three crosses and 
therefore, genetic parameters were detected as reported by Khalil et al. 
(1993) and Attia et al. (2006).. 
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Table (3): Number of plants (n), mean performance (x
-
) and variance of 

mean (S
2
x) for studied traits in the three faba bean crosses. 

Traits Crosses 
Statistical 

parameter 
P1 P2 F1 F2 BC1 BC2 

Plant 

height 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

130 

0.632 

123.33 

0.720 

128.17 

0.772 

126.2 

0.381 

129.12 

0.407 

125.22 

0.498 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

136.89 

0.979 

123.33 

0.720 

129.00 

1.038 

126.00 

0.585 

139.33 

0.643 

132.11 

0.738 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

123.33 

0.720 

103.50 

0.843 

119.46 

0.717 

120.12 

0.501 

112.35 

0.574 

115.68 

0.601 

No. of 

branches 

/plant 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

3.57 

0.010 

3.13 

0.015 

3.43 

0.029 

2.56 

0.008 

3.41 

0.009 

3.08 

0.011 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

3.50 

0.010 

3.13 

0.015 

4.07 

0.017 

3.38 

0.010 

4.62 

0.013 

4.05 

0.012 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

3.13 

0.015 

1.50 

0.013 

3.42 

0.009 

3.27 

0.017 

2.72 

0.015 

2.98 

0.020 

No. of 

pods/ plant 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

50.33 

0.267 

37.7 

0.306 

52.4 

0.376 

38.9 

0.249 

49.24 

0.301 

39.47 

0.281 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

39.97 

0.852 

37.70 

0.306 

45.73 

1.105 

40.10 

1.264 

39.87 

1.190 

46.40 

1.261 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

37.7 

0.306 

23.48 

0.426 

43.35 

0.704 

41.25 

1.283 

34.36 

1.282 

33.7 

1.475 

No. of 

seeds/ 

plant 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

141.7 

0.587 

118.01 

0.524 

135.6 

0.555 

120.12 

0.301 

139.13 

0.341 

121.11 

0.375 

ss 2 

(Sakha1 x 

Giza429) 

Cron 30 30 30 250 150 150 

x  

S
2 x  

126.00 

0.600    

118.01 

0.524 

140.93 

0.880 

128.00 

1.017 

141.44 

1.401 

138.22 

1.321 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

118.01 

0.524 

43.56 

0.621 

126.12 

0.938 

131.15 

0.521 

75.18 

0.654 

86.22 

0.541 

Seed yield/ 

plant 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

91.53 

0.306 

80.86 

0.299 

94.66 

0.471 

80.2 

0.441 

85.17 

0.428 

82.89 

0.521 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

101.10 

0.591 

80.86 

0.299 

113.84 

0.539 

98.40 

0.799 

123.70 

0.889 

103.22 

0.814 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

80.86 

0.333 

21.64 

0.659 

82.28 

0.706 

86.30 

0.525 

49.16 

0.594 

52.41 

0.641 
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table 3 cont:  

Traits Crosses 
Statistical 

parameter 
P1 P2 F1 F2 BC1 BC2 

No. of 

seeds/ pod 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

2.82 

0.004 

3.21 

0.003 

2.41 

0.004 

3.09 

0.005 

2.83 

0.005 

3.07 

0.004 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

3.15 

0.004 

3.21 

0.003 

3.08 

0.005 

3.19 

0.003 

3.55 

0.002 

2.98 

0.002 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

3.21 

0.003 

1.86 

0.009 

3.05 

0.013 

3.18 

0.012 

2.19 

0.012 

2.56 

0.014 

100 seed 

weight 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

64.59 

0.364 

68.51 

0.385 

69.81 

0.419 

66.77 

0.273 

68.40 

0.270 

68.44 

0.348 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

80.24 

0.753 

68.51 

0.385 

80.78 

0.606 

76.88 

1.012 

87.46 

0.848 

74.61 

1.260 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

68.51 

0.385 

49.68 

0.608 

65.24 

1.435 

65.8 

0.405 

65.39 

0.428 

60.79 

0.476 

Chocolate 

spot 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

6.16 

0.010 

6.23 

0.009 

6.04 

0.007 

5.92 

0.009 

5.86 

0.011 

5.94 

0.010 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

3.01 

0.006 

6.23 

0.009 

4.89 

0.006 

5.75 

0.005 

4.38 

0.005 

5.85 

0.006 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

6.23 

0.009 

6.15 

0.016 

5.98 

0.024 

5.91 

0.006 

6.01 

0.006 

6.00 

0.007 

Rust 

Cross 1 

(Giza40 

xGiza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

6.61 

0.005 

6.56 

0.006 

6.14 

0.004 

6.18 

0.004 

6.54 

0.005 

6.48 

0.004 

Cross 2 

(Sakha1 x 

Giza429) 

n 30 30 30 250 150 150 

x  

S
2 x  

3.25 

0.005 

6.56 

0.006 

4.93 

0.006 

5.81 

0.004 

4.66 

0.005 

5.92 

0.004 

Cross 3 

(Giza 429 x 

TW) 

n 30 30 30 250 150 150 

x  

S
2 x  

6.56 

0.006 

6.97 

0.014 

6.04 

0.021 

6.00 

0.005 

6.14 

0.005 

6.28 

0.006 
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Table (4): Heterosis over mid (MP) and better (BP) parent and potence 
ratio (PR) for the studied traits in the three faba bean crosses. 

Characters Crosses MP BP PR ID% H2 h2(%) Ga% PCV% GCV% 

Plant 
height 

1 
2 
3 

1.19 
-0.85 
5.33** 

-1.41 
-5.76** 
3.14** 

0.45 
-0.16 
0.61 

1.54 
2.33 
-0.55 

77.72 
81.30 
81.78 

57.65 
58.42 
59.21 

9.19 
11.56 
11.36 

7.74 
9.60 
9.31 

6.82 
8.66 
8.42 

No. of 
branches/ 
plant 

1 
2 
3 

2.39 
22.78** 
47.73** 

-3.92 
16.29** 
9.27** 

0.36 
4.08 
1.36 

25.36** 
16.95** 
4.39* 

73.23 
83.98 
91.25 

52.71 
51.95 
73.51 

60.43 
50.66 
94.79 

55.66 
47.34 
62.60 

47.63 
43.38 
59.80 

No. of 
pods/ plant 

1 
2 
3 

19.05* 
17.75** 
41.71// 

4.11* 
14.41* 
14.99* 

1.33 
6.07 
1.79 

25.76** 
12.31** 
4.84* 

84.73 
92.84 
95.52 

59.53 
83.66 
71.04 

24.86 
76.41 
63.53 

20.27 
44.347 
43.41 

18.66 
42.72 
42.43 

No. of 
seeds/ 
plant 

1 
2 
3 

4.42** 
15.51** 
56.12** 

-4.30** 
11.85** 
6.87** 

0.49 
4.74 
1.22 

11.42 
9.17 
-3.99 

77.86 
92.12 
84.00 

57.36 
39.43 
62.18 

8.53 
10.12 
11.14 

7.22 
12.46 
8.70 

6.37 
11.96 
7.97 

Seed yield/ 
plant 

1 
2 
3 

9.82** 
25.13** 
60.54** 

3.42 
12.60** 

1.76 

1.59 
2.26 
1.08 

15.28 
13.56 
-4.89 

90.23 
92.85 
87.31 

70.85 
72.23 
60.96 

19.10 
21.38 
16.66 

13.09 
14.37 
13.27 

12.43 
13.84 
12.40 

No. of 
seeds/ pod 

1 
2 
3 

-20.07** 
-3.14    

20.32** 

-24.92** 
-4.05* 

-4.98* 

-3.33 
-2.00 
0.82 

-28.22** 
-3.57** 
-4.26* 

90.35 
84.77 
91.72 

74.56 
79.31 
70.53 

53.07 
47.77 
79.40 

34.55 
29.24 
54.65 

32.84 
27.09 
52.34 

100 seed 
weight 

1 
2 
3 

4.90* 
8.61** 

10.40** 

1.90 
0.67 

-4.77* 

-1.66 
1.24 
0.74 

4.35 
4.83 
-0.86 

82.86 
93.11 
76.00 

63.82 
75.02 
66.02 

16.25 
31.97 
20.79 

12.36 
20.69 
15.28 

11.25 
19.96 
13.32 

Chocolate 
spot 

1 
2 
3 

-2.50 
5.84** 
-3.39 

-1.95 
62.46** 
-2.76 

-4.43 
0.16 
-5.25 

1.99 
-17.59** 

1.17 

89.31 
82.49 
85.75 

68.35 
45.76 
68.97 

36.62 
17.81 
28.95 

26.00 
18.89 
20.37 

24.58 
17.16 
16.61 

Rust 1 
2 
3 

-6.76** 
0.51 

-10.72** 

-6.40** 
51.69** 
-7.93** 

-17.80 
0.02 
-3.54 

-0.65 
-17.85** 

0.66 

85.71 
83.33 
83.59 

66.67 
74.04 
77.34 

22.77 
26.77 
30.04 

16.58 
17.55 
18.86 

15.35 
16.02 
15.55 

 

 

Heterosis: 
 Plant breeder have been investigated the possibility of developing 
hybrid cultivars. Thus the utilization of heterosis in various crops through the 
world has tremendously increased the production. Heterosis is a complex 
phenomenon which depends on the balance of different combinations of 
genotypes effect as well as the distribution of plus and minus alleles in 
parents. Heterosis is expressed as the percentage deviation of F1 mean 
performance from the mid or better parent of the traits. As it will be expected, 
better parent from seed yield was the highest one. In this concern, 
percentage of heterosis over mid parent and better parent values is 
presented in the three crosses in Table (4) which indicated that heterosis 
over mid and better parent for plant height was significant in the third cross 
due to partial dominance, no. of branches and seeds/plants had highly 
significant mid and better parent heterosis in the second and third crosses 
due to over-dominance in most crosses, highly significant for no. of pods and 
seeds/plant in three crosses a result of over-dominance, highly significant for 
seed yield /plant in the first and second crosses due to over dominance, 
highly significant for no. of seeds/pod in the third cross due to partial 
dominance and highly significant in negative direction for rust disease in the 
first and third crosses due to over-dominance. However, the third cross (Giza 
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429 x TW) showed significant better parental heterosis for plant height, no. of 
pods/plant, no. of seeds/plant, no. of seeds/pod and resistant to rust disease 
which give the cross the susceptibility over the other crosses.The differences 
in heterosis percent might be due to genetic variability of the parents and for 
non-allelic interactions, which can either increase or decrease the expression 
of heterosis. Even in the absence of epistasis, multiple alleles at a locus 
could lead to either positive of negative heterosis (Cress, 1966). 
Inbreeding depression: 
 Inbreeding depression measured the extent of reduction of the F2 
generation due to inbreeding. Significant positive values were obtained for 
no. of branches/plant and no. of pods/plant in the three crosses. On the other 
hand, negative inbreeding depression values were obtained for no. of 
seeds/pod in the three crosses, reaction to chocolate spot and rust disease in 
the second cross (Sakha1 x Giza 429). The rest of traits over all crosses 
were non-significant. Significant effects for the both heterosis and inbreeding 
depression seem logic since the expression of heterosis in F1’s was followed 
by considerable reduction in the F2 performance. Also, reduction in values of 
non-additive genetic components is expected caused by means of inbreeding 
depression. In addition, the conflicting estimates heterosis and inbreeding 
depression were associated in most traits. Similar conclusion were reviewed 
by El-Refaey and Radi (1991), El-Hady et al. (1998), Darwish et al. (2005), 
Attia and Salem (2006), Attia (2007), El-Hady et al. (2008), Abo Mostafa et al. 
(2009) and El- Hady et al. (2009). 
Heritability estimates: 
 The highest broad sense heritability was obtained for no. of 
pods/plant in the third cross (Giza429 x TW) being (95.52%) and 100-seed 
weight in the second cross (Sakha1 x Giza429) where the value was 
(93.11%) (Table 4). Meanwhile, the lowest estimates was resulted for no. of 
branches/plant in the first cross (Giza40 x Giza 429) with value of 73.23%. 
Heritability in narrow sense as estimated by using F2 and backcrosses data 
were low for no. of branches/plant, no. of seeds/plant and reaction to 
chocolate spot in the scond cross (Sakha1 x Giza429) with value of 51.95%, 
39.43% and 45.76%, respectively. Meanwhile, high narrow sense values for 
number of pods/plant and no. of seeds/pod in the second cross (Sakha1 x 
Giza 429) with values 83.66% and 90.80%, respectively. These results were 
in harmony with those obtained by Abdalla et al. (1999), Mansour et al. 
(2001), Darwish et al. (2005), El-Hady et al. (2007), El-Hady et al. (2009), 
Abou Mostafa et al. (2009) and Ashrei et al. (2013). 
Genetic advance: 
 The genotypic coefficient of variability (GCV%) and phenotyhpic 
coefficient (PCV%), the predicted genetic advance upon selection as a 
percentage of F2 generation for the studied characters are presented in Table 
(4). Number of branches/plant, no. of pods/plant and no. of seeds/pod in the 
three crosses exhibited high PCV% and GCV% and predicted genetic 
advance with high heritability. The highest genetic advance as mean percent 
(Ga%) were detected for no. of branches/plant in the three crosses being 
(60.43, 50.66 and 94.79%), respectively. Meanwhile, low predicted genetic 
advance values were obtained for plant height in the three crosses being 
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(9.19, 11.56 and 11.36%), and for no. of seeds/plant in the three crosses 
8.53, 10.12 and 11.14%, respectively. Johanson et al. (1955) reported that, 
heritability estimates along with genetic advance are usually more useful than 
the heritability values alone in predicting the results of selecting the best 
individuals. In the present works high genetic advance was associated with 
high heritability values in narrow sense and PCV% for no. of branches per 
plant, no. of pods/plant and no. of seeds/pod in the three crosses. Therefore, 
selection in these populations may be effective and satisfactory in the early 
generation (El-Refaey, 1999 and El-Hady et al. 2009). Also, moderate or low 
genetic advance was found to be associated with moderate or low heritability 
and PCV% estimates. Therefore, it could be suggested that, the selection for 
faba bean seed yield in subsequent generation will be relatively more 
effective than in the early F2 generation. 
Gene effects: 
 The estimated values of different scaling test according to Mather 
(1949) and Hayman and Mather (1955), as well as six parameters describing 
the nature of gene action and their test of significance according to Gamble 
(1962), for all studied traits are presented in Table (5). (A) and (B) and tests 
provides evidence the presence of all types of non-allelic gene interaction. 
The significance of C scale suggests (dd) type of epistasis. The significant D 
scale reveals (aa) gene interaction, significance of C and D scales indicates 
(aa) and (dd) type of gene interaction. The test of adequacy of scales is 
important because in most cases the estimation of additive and dominance 
components of the variance are made assuming absence of gene interaction. 
The values of A, B, C and D should significantly differ than zero within the 
limits of their standard error. However, the results (Table 5) indicated that, the 
values of scaling test were significantly differ than zero for all studied traits in 
all crosses, except plant height and 100-seed weight of the first cross, no. of 
seeds/pod of the second cross and reaction to both chocolate spot and rust 
diseases of the third cross, and the reaction of chocolate spot in the first 
cross indicating that the additive dominance model is inadequate to interpret 
the gene effects (Mather, 1949), and simple additive- dominance model was 
adequate for estimating the genetic components of variance of these traits. 

The estimated mean effect parameter (m), which reflect the contribution 
due to the overall mean plus the locus effects and interaction of the fixed loci 
were highly significant in the three crosses of all traits. The additive gene effect 
(a) was significant in positive or negative direction in all crosses for all traits 
except in the third cross (Giza429 x TW) for no. of branches/plant, no. of pots 
and seeds/pod, and reaction to both chocolate spot and rust. In the second 
(Sakha1 x Giza 429) for no. of seeds/plant. For dominant effect (d) where its high 
in magnitude than that of additive type, because it gives high values comparing 
with additive gene (a) where were positive or negative directions. The values of 
dominant effect were significant in all crosses for all traits, except for no. of 
branches/plant, 100 seed weight and reaction to both chocolate and rust 
diseases in the third cross and for plant height and chocolate spot reaction in the 
first cross .These results indicated the importance role of dominance gene effects 
in the inheritance of these traits. On the other hand, significant of additive (a) and 
dominance (d) components indicated that, both additive and dominance gene 
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effects are important in the inheritance of these traits. Also, selecting desirable 
characters may be practiced in the early generation but it would be effective in 
the late ones. Similar results were obtained by El-Hady et al. (2009), Abo 
Mostafa et al. (2009) and Ashrei et al. (2013) and El-Refaey and Abd El-Razek 
(2013). The additive x additive gene effects was highly significant either positive 
or negative directions in all crosses for all studied traits except no. of seeds/pod 
in the first cross.  
 

Table (5): Scaling test and gene action parameters of the studied traits 
in three faba bean crosses. 

Characters Cross
es 

Scaling test Gambles parameters 

A B C D (m) (a) (d) (aa) (ad) (dd) 

Plant height 1 
2 
3 

0.07 
12.77

**
 

-18.09
**
 

-1.06 
11.89 
8.4

*
 

-4.87 
-14.22

**
 

14.73
**
 

-1.94 
-19.44

**
 

12.21 

126.20
**
 

126.00
**
 

120.12
**
 

3.90
*
 

7.22
**
 

-3.33
*
 

5.38 
37.77

**
 

-18.38
**
 

- 
38.88

**
 

-24.42
**
 

- 
0.44 

-13.25
**
 

- 
-63.54

**
 

34.11
**
 

No. of 
branches/ 
plant 

1 
2 
3 

-18 
1.67

**
 

-1.11
**
 

-0.4 
0.9

*
 

1.04
*
 

-3.32
**
 

-1.25
**
 

1.61
**
 

-1.1
**
 

-1.91
**
 

0.84 

2.56
**
 

3.38
**
 

3.27
**
 

0.33 
0.57

*
 

-0.26 

2.82
**
 

4.58
**
 

-0.5
s
 

2.74
**
 

3.82
**
 

-1.68
*
 

0.11 
0.38

ns
 

-1.08
**
 

-2.16
**
 

-6.39
**
 

1.75 

No. of pods/ 
plant 

1 
2 
3 

-4.25
*
 

-5.96 
-12.33

**
 

-11.16
**
 

9.37
**
 

0.57 

-37.23
**
 

-8.73 
17.12

**
 

9.09
**
 

-6.07
**
 

14.44
**
 

38.90
**
 

40.10
**
 

41.25
**
 

9.77
**
 

-6.53
*
 

0.66 

30.21
**
 

19.04
**
 

-16.12
*
 

21.82
**
 

12.14
*
 

-28.88
**
 

3.46
**
 

-7.67
**
 

-6.45
**
 

-6.41 
-15.55 
40.64

**
 

No. of seeds/ 
plant 

1 
2 
3 

0.96 
15.95

**
 

-93.77
**
 

-11.39
**
 

17.5
**
 

2.76 

-50.43
**
 

-13.87
**
 

110.79
**
 

-20.00
**
 

-23.66
**
 

100.9
**
 

120.12
**
 

128.00
**
 

131.15
**
 

18.02
**
 

3.22 
-11.04

**
 

45.75
**
 

66.25
**
 

-156.47
**
 

40.00
**
 

47.32
**
 

-201.80
**
 

6.18
**
 

-0.77 
-48.27

**
 

-29.57
**
 

-80.77
**
 

292.81
**
 

Seed yield/ 
plant 

1 
2 
3 

4.15
*
 

32.46
**
 

-64.82
**
 

-0.94
**
 

11.74
**
 

0.9 

-40.91
**
 

-16.04
**
 

78.14
**
 

-17.66
**
 

-30.12
**
 

71.03
**
 

80.20
**
 

98.40
**
 

86.30
**
 

12.28
**
 

20.48
**
 

-3.25
*
 

43.79
**
 

83.10
**
 

-111.03
**
 

35.32
**
 

60.24
**
 

-142.06
**
 

6.95
**
 

10.36
**
 

-32.86
**
 

-29.73
**
 

-104.44
**
 

205.98
**
 

No. of seeds/ 
pod 

1 
2 
3 

0.43 
0.87 

-1.88
**
 

0.52
*
 

-0.33 
0.21 

1.51
**
 

0.24 
1.55

**
 

0.28 
-0.15 
1.61

**
 

3.09
**
 

3.19
**
 

3.18
**
 

-0.24 
0.57

**
 

-0.37 

-1.17
**
 

0.20 
-2.71

**
 

-0.56 
- 

-3.22
**
 

-0.0 
- 

-1.05
**
 

-0.39 
- 

4.89
**
 

100 seed 
weight 

1 
2 
3 

2.4 
13.9

**
 

-2.97 

-1.44 
-0.07 
6.66

**
 

-5.64 
-2.79 

14.53
**
 

-3.30 
-7.77

*
 

5.42
*
 

66.77
**
 

76.88
**
 

65.80
**
 

-0.04 
12.85

**
 

4.60
**
 

9.86
**
 

23.03
**
 

-4.69 

- 
16.62

**
 

-10.84
**
 

- 
6.99

**
 

-4.82
**
 

- 
-30.45

**
 

7.15 

Chocolate 
spot 

1 
2 
3 

-0.48 
0.86

**
 

-0.19 

-0.39 
0.58 
-0.13 

-0.79 
3.98

**
 

-0.7 

0.04 
1.27

**
 

-0.19 

5.92 
5.75 
5.91 

-0.08 
-1.47

**
 

0.01 

-.23 
-2.27

**
 

0.17 

- 
-2.54

**
 

- 

- 
0.14 

- 

- 
1.10 

- 

Rust spot 1 
2 
3 

-.48 
1.14

**
 

-0.32 

-.39 
0.35 
-0.45 

-0.79 
3.57

**
 

-1.61 

-0.66 
1.04

**
 

-0.42 

6.18 
5.81

**
 

6.00
**
 

0.06 
-1.26

**
 

-0.14 

0.88
*
 

-2.06
**
 

0.11 

1.32
**
 

-2.08
**
 

- 

0.03 
0.40

** 

- 

-1.91
*
 

0.-59 
- 

1= Giza40 x Giza 429, 2 = Sakha1 x Giza 429, 3= Giza429 x TW 
 

However, significant positive epistatic gene action (ad) was observed in all 
crosses for all studied traits, except no. of branches/plant, no. of seeds/pod and 
reaction to rust disease in the first cross and plant height  and no. of seeds/plant 
in the second cross where the values were not significant. The same trend was 
found with respect to dominance x dominance (dd). While, positive or negative 
significant were observed for the remaining of the studied characters in these 
crosses. The absolute relative magnitude of the epistatic gene effects to the 
mean effects was somewhat variable depending on the cross and the studied 
traits. With regard to negative values observed either with main effects ; (a) and 
(d) or the non-allelic interactions i.e. (aa), (ad) and dd), this might indicate that, 
the alleles responsible for values traits was over dominant over the alleles 
controlling high value. Generally, the absolute magnitude of the epistatic effects 
was larger than additive or dominance effects in most cases. Therefore, it could 
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be concluded that, homozygous x homozygous and heterozygous x 
homozygous non-allelic interactions were more important than the heterozygous 
x heterozygous interaction in the inheritance of most studied traits. The epistatic 
gene effects were important than additive and dominance gene effects for most 
of the traits. The failure in detecting epistatic gene effects based on the 
generation mean analysis does no necessarily indicate that non-allelic 
interactions did not play role in the determination of phenotypic value. Nighawan 
et al. (1969) reported the importance of the three types of gene action in oats. 
Thus, the employed breeding system in exploiting any character depends on the 
involved gene action in its expression for predicted gain in selection progress 
(Abul-Naas et al., 1993). These results are in agreement with those reported by 
El-Hady et al. (1997), El-Refaey (1999), Kalia and Sood (2004), Attia et al. 
(2006), Al-Ghamdi (2007),  El-Galaly et al. (2008) and El-Refaey and Abd El-
Razek (2013). 
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ة للأم اا  والمحص ول ومنوتات ى ث ث     ة حليل متوسط الأجيال لصفات المقاوم ت
 هجن من الفول البلدى

 و 2، أيه    اى عل    ث ا    يا  س     احان 1عب    د الس     ل أس    ماعيل  ب     و مص    طفث اثع    ت
 3زيتى السيد غايى 

بات  امب بح  وم المحاص  يل البقولي  ة ح معه  د بح  وم المحاص  يل الحقلي  ة ، مان  ز البح  وم  -1
 الزااعية ، جمهواية مصا العابية.

 .معهد بحوم  ماا  التبات  ح مانز البحوم الزااعية ح جمهواية مصا العابية   -2
المعمل المانزى لبحوم التصميل والتحليل الإحصائث ح مانز البحوم الزااعية ح جمهواية  -3

 مصا العابية
 خ زرعييمذ لا ييمذذ3124/3125،ذذ3124/ذ3123،ذذ3122/3123ذب   أقيي هذاييلبذب خلايياذمييسمذب   ب ييهذ

 ب خلا اذب زربع مذخ ماذخ لاافظمذكفرب ش خ.

 ذذ534،ذج يز ذذ51ربث يمذأخ  يمذ لفي مذب خليهىذ ايىذج يز ذتربك ي ذ ذ5أجرىذب تلال مذب ك ىذخا تهج نذخ نذ،
×ذذ2ج يلااذ(ذ،ذب هجي نذب ثيانى534ج يز ذذ×ذ51اجنذ اى:ذب هجي نذبو مذجج يز ذذ4لإنتاجذذTW،ذذ2 ما

 (.TW،ذذ534(ذ،ذب هج نذب ثا اذجج ز ذ534ج ز 

 .كنذتق  هذب تربك  ذب  ربث مذبوخ  مذإ ىذ ج  عت ن    

 ب ييلىذ بتخييرذأكثييرذبوقيينا ذ قا  ييمذ لتخقييدذب خنييىذ ب قييهأذإ ييىذجانيي ذذ2ب  ج  عييمذبو  ييىذتشيي مذ ييماذ 
 ب  لاق مذب با ى.

 ذذ534،ذج ييز ذذ51ب  ج  عييمذب ثان ييمذتشيي مذج ييز ذ،TWرضيي نذ ييدذ اييىذأقيينا ذقاخلييمذ سقيياخمذخا ذ 
 إنمفاضذ لاق  ه ا.

  بمذقفات.ب تمههذتلال مذ ت   ذبوج امذ تقه رذ ك ناتذب تخا نذب  ربثيذفىذب هجنذب ثسثمذ ب ت 

 ي مذعليىذ ت  ي ذبوخي  نذ بو ذبوفضيمذعا  يمذب  بن  يمذ ج  يدذب قيفاتذ اعيهبذذخنيا كانتذق  ذب هجي نذ 
ب نخاتذفىذب هجنذبو مذ ب ثانىذخا ن خمذ  ت   ذبوخ  نذ فىذب هجي نذبو مذن يخمذإ يىذبو ذبوفضيمذ كيانذ
ب هج نذبلا مذغ رذ بني ىذفيىذعيههذبوفيرنذ لنخياتذ،ذ ب  قا  يمذ  يرضذب قيهأذن يخمذإ يىذ ت  ي ذبوخي  نذ

   قفمذعههذب قر ن/نخاتذ،ذخا ن خمذ لأ ذبوفضم.

 خيلر ذذ211انىذ ب ثا اذعههذ بن  مذ لتخقدذب خنىذخا ن يخمذإ يىذ ت  ي ذبلاخي  نذ  زنذ قهذأظهرذب هج ن نذب ث
 ن خمذإ ىذبو ذبوفضم.

 مذب هبمل مذ بن  اذ فىذبلاتجاهذب   ج ذ قفتىذعيههذبوفيرنذ ب قر ن/نخياتذ كانتذب تها رذب ربجدذإ ىذب ترخ
 .خ ن اذكانتذ ا خمذ  بن  مذ قفمذعههذب خل ر/قرنذفىذب هجنذب ثسثم

 كانتذق  مذب  كافى ذب  ربثىذفىذ بناهذب  ب دذخقفمذعا مذأكخرذ نذ ث ستهاذفيىذب  بنيىذب ضي ىذفيىذج  يدذ
 .ب هجنذ  كمذب قفاتذ

 عيههذذكانتذب ج ناتذب  ض فمذلبتذأا  يمذكخيرىذفيىذت ر ياذ بظيهذب قيفاتذ خماقيمذعيههذب قر ن/نخياتذ 
 .ب خل ر/قرنذفىذب هج نذب ثانى

 ب غ يرذ خاشيرذفيىذن يمذايلبذب هجي نذ ي  ذ كي نذفبيالاذ  رجيدذل ي ذإ يىذب قي هذذ خلبذفإنذبلانتما ذب  خاشر 
 ب با  مذ ل كافى ذب  ربثىذفىذ بناهذب  لاه هذأ ذب ض ىذ إ ىذب ق هذب با  مذ لتقههذب  ربثىذب  تنخأذخه.

 ذكانذب فبمذب ج نىذب  ض  ذ بن  اذ  جخاذأ ذ ا خاذفىذكمذب هجنذفىذ بظهذب قفاتذعيهبذعيههذبوفرن/نخيات
 ،ذعههذب خل رذ/قرنذفىذب هج ن نذبو مذ ب ثا ا.

 .كانذب فبمذب ج نىذب   اهىذأعلىذق  مذ نذنظ رهذب  ض  ذفىذ بظهذب لاالات 

 بلاضافىذعا ىذب  بن  مذفيىذ بظيهذب هجينذ فيىذكيمذب قيفاتذ اعيهبذلايالاتذ×ذكانذب فبمذب ج نىذبلاضافىذ
 قل لم.

 ييمذفييىذبلاتجيياهذب   جيي ذأ ذب  ييا  ذ  بظييهذب هجيينذب  يي اهىذعييا ىذب  بن ×ذكييانذب فبييمذب ج نييىذبلاضييافىذ 
 ب   اهى.ذ×  بظهذب قفاتذ نفسذبلاتجاهذ  لاظذخا ن خمذ لفبمذب ج نىذب   اهىذ.

ذ


