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ABSTRACT 
 

The present study was carried out during the five seasons 2008/09, 2009/10, 
2010/11, 2011/12 and 2012/13 at Sakha Agricultural Research Station, Kafr El-Sheikh 
governorate, Egypt. The study aimed at evaluating the effectiveness of pedigree, bulk 
(natural selection), single pod descent (SPD) and mass selection breeding methods 
on improving faba bean  seed yield and resistance to foliar diseases i.e, chocolate 
spot Botrytis fabae  and rust Uromyces fabae . 
Three F2 populations derived from three crosses were used. Ten pure lines derived 
from each of the four breeding methods in each cross were tested for days to 
maturity, seed yield (ardab/fed.), reaction to chocolate spot and rust disases in a 
randomized complete block design with three replications. Significant seed yield 
differences existed within F6 pure lines of each cross by applying each of the four 
methods.  

Both cross-progenies and breeding methods squares were highly significant for 
all studied traits. The interaction of cross-progenies by breeding methods mean 
squares was highly significant for all studied traits and also the interaction of cross 
progenies by pure lines, breeding methods by pure lines and the second order 
interaction of cross-progenies by breeding method by pure lines were highly 
significant for seed yield (ardab/fed.) while the same interactions was not significant 
for the other traits i.e., days to maturity and reactions to chocolate spot and rust. The 
cross-progeny; Sakha 2 x TW was the earliest in maturity when bulk method was 
applied, while the cross-progeny; Sakha 1 x RM had the highest seed yield with the 
pedigree method and the cross-progeny; R.M. x Giza 3 was more resistant to both 
chocolate spot and rust under the breeding method of single pod descent. 

Pedigree method recorded its superiority than the other breeding methods with 
respect to broad sense heritability and subsequently expected and predicted genetic 
advance in the cross-progenies; Sakha 1 x Rina Mora and Rina Mora x Giza 3 for 
seed yield/fed. While in the cross progeny; Sakha 2 x TW, the breeding method of 
single pod descent had the highest broad sense heritability, expected and predicted 
genetic gain upon selection of the highest 20% plants in the population for the same 
trait. 

It could be concluded that the pedigree and SPD methods were  more efficient 
and could be less expensive in breeding for improving seed yield and foliar diseases 
(chocolate spot and rust) resistance of faba bean. 

 

INTRODUCTION 
 
Faba bean (Vicia faba L.) is one of the most important leguminous 

crops worldwide as a source of plant protein and considered a major food 
crop in Egypt,It is grown mainly for human consumption as fresh green beans 
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or cocked dried seeds. Chocolate spot caused by Botrytis fabae  and rust 
caused by Uromyces  fabae , diseases are considered the most destructive 
diseases on faba bean in Egypt causing serious damage to the crop, 
especially in the north part of Delta, where low temperature and high relative 
humidity favor its spread and severity (El-Helaly, 1939 and Mohamed, 1982). 
The crop is partially allogamous species having an intermediate level of out-
crossing (in the 20-25% range). Increasing seed yield and improving its 
stability along with resistance to  foliar diseases (chocolate spot and rust) are 
the main objectives of most breeding programs. Breeding methods employed 
in faba beans ranged from single seed descent as proposed by Brim (1966) 
through pedigree or bulk pedigree approaches to mass selection. Mass 
selection is the most widely used breeding method in faba bean improvement 
especially in upgrading local population following hybridization (Nassib and 
Khalil, 1982).Thus faba bean is a unique crop which has been handled in 
breeding programs in a number of ways, some of which have emphasized the 
self-pollinating nature of the crop while others have emphasized the cross 
pollinating nature of the crop. The main objectives of this investigation were 
to evaluate the effectiveess of pedigree, bulk, single pod descent (SPD) and 
mass selection breeding methods on improving seed yield and  resistance to  
foliar diseases (chocolate spot and rust) in faba bean. 

 

MATERIALS AND METHODS 
  
 This study was carried out in five seasons 2008/09, 2009/10, 
2010/11, 2011/12 and 2012/13 at Sakha Agricultural Research Station, Kafr 
El-Sheikh governorate, Egypt. 
 The studied breeding materials were three F2 populations derived 
from three crosses among the following faba bean varieties : 
1. Rina Mora (R.M) Introduced from Spain 
2. Sakha 1 Egypt 
3. Sakha 2 Egypt 
4. Giza 3 Egypt 
5. Triple white (TW)  Introduced from Sudan. 
 The study aimed to evaluate the effectiveness of four breading 
methods  namely: pedigree, bulk, mass selection, and single pod descent 
(SPD)on faba bean improvment. 
 Three F2 populations of the following three crosses were used: 
1. Sakha 1 x Rina Mora (R.M) 
2. Rina Mora (R.M) x Giza 3 
3. Sakha 2 x Triple white (T.W) 
 In 2008/09 growing season approximately 500 plants per each F2 
population were  planted in the field at 20 cm hill spacing on ridges 60 cm apart . 
Throughout the growing season, plants were weeded and monitored for pests. 
The plants were sprayed three times with primer insecticide during the growing 
season to control virus-bearing aphid populations. From each cross progeny of 
F2 population three groups of random plants were taken, each group consisted of 
100 plants. The first group of random plants was handled by taking single pod 



J. Plant Production,  Mansoura Univ., Vol. 5 (7), July, 2014 

 

 1231 

from each plant to produce SPD, then plants were harvested in mass to produce 
bulk population. The second group of random plants were threshed each plant 
separately and weighed for seed yield, the top 20%  plants were composted and 
used as mass selection. The third group of random plants were threshed  
separately to use in pedigree method. The F3 seed from pedigree, bulk, SPD and 
mass selection populations were grown in 2009/10 season. At maturity, the SPD 
populations were obtained by composting  a single pod taken from each plant. A 
random sample was taken from all bulk population plants after threshing. In mass 
selection populations, all plants were threshed and weighed individually and the 
top 20% of plants according to seed yield of the plant were massed. In Pedigree 
method, each selected individual F2 plants for each cross-progeny was sown in 
one F3 family and at maturity, selection was done in two steps: among F3 families 
where the promising ones were labeled and the second step was the selection 
within each promising family, where the best 5 plants according to their 
phenotypic appearance were chosen and the best one was used in the next 
generation. In 2010/11 season, the F4 population for pedigree, bulk, SPD and 
mass selection of the three cross-progenies were repeated as in F3 populations. 
In 2011/12 season, the F5 population for each breeding method of the three 
cross-progenies was repeated as in F4 populations. In 2012/13 season, ten F6 
pure lines derived from each  breeding method over the three cross-progenies 
were tested a field trial for seed yield and other agronomic traits. Reaction to 
foliar 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) as presented in table (1). 
 
Table (1): Rating scale for chocolate spot and rust diseases 

Rate Chocolate spot scale 

1 No disease symptom (highly resistant) 

3 Few small discretes lesions (Resistant 

5 Some coalesced lesions with some defoliation (moderately resistant) 

7 Large coalesced lesions, 50% defoliations, some dead plants 
(susceptible) 

9 Extensive lesions on leaves, stems and pods, severe defoliation, 
heavy sporulation, death of more than 80% of plants (highly 
susceptible) 

 Rust scale 

1 No pustules or very small non-sporulating flecks (high 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 leaves, petioles and stem covering 8—10% of 
leaf area, many dead leaves and several defoliation (highly 
susceptible). 
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 A randomized complete block design with three replications was 
used for each breeding method in each cross-progeny. Each replicate had 10 
plots randomly assigned to the 10 pure lines of each breeding method. Each 
plot consisted of 5 ridges three meters length with 60 cm between ridges. 
Sowing took place as two rows per ridge, in double seeded hills, 20 cm apart. 
At harvest, the mid-three ridges per plot were harvested where the plot area 
was 5.4 m2. The following characters were recorded: 
1. Relative  reaction to chocolate spot. 
2. Relative  reaction to rust. 
3. Number of days to maturity 
4. Seed yield (ardab/fed.),where 1 ardab =155 kg 1 feddan=4200 m2  
 The pattern of generation advance for pedigree, bulk, SPD and mass 
selection breeding methods is presented in Fig. 1. 
 

Season  F2 population  
  Breeding method  
     
 Pedigree Bulk SPD Mass selection 

2008/09 Selected 100 
individual F2 plant 

from each of cross-
progeny were 

paged to sown in  
F3 generation 

F2 seeds of each 
cross-progeny 

were bulked and 
arandom sample 

was taken to sown 
in F3 generation 

One pod from each 
plant of each cross-
progeny was taken 
and then bulked to 

sown in F3 
generation 

The top 20% of 
plants from each 
cross-progeny 

were massed and 
sown in F3-
generation 

 ↓ ↓ ↓ ↓ 
2009/10 Each selected 

individual plant for 
each cross-

progeny was sown 
in one F3 family 
and selection 

among and within 
families was done 
and the highest 

yielded plant of the 
best families was 

sown in the F4 
generation 

Repeated in the F3 
generation as in F2 

one 

Repeated in the F3 
generation as in F2 

one 

Repeated in the F3 
generation as in F2 

one. 

 ↓    
2010/11 Repeated in the F4 

generation as in 
the F3 one 

Repeated in the F4 
generation as in 

the F3 one 

Repeated in the F4 
generationas in the 

F3 one 

Repeated in the F4 
generation as in 

the F3 one. 
 ↓ ↓ ↓ ↓ 

2011/12 Repeated in the F5 
generation as in 

the F4 one 

Repeated in the F5 
generation as in 

the F4 one 

Repeated in the F5 
generation as in the 

F4 one 

Repeated in the F5 
generation as in 

the F4 one 
 ↓ ↓ ↓ ↓ 

2012/13 The highest 10 pure lines from each breeding method derived from  F5 
generation were sown in randomized complete blocks design with three 

replications in three yield trials each for each cross-progeny. 

 
Fig. (1): Outline of generation advance for pedigree, mass selection, 

bulk and SPD breeding methods. 
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Statistical analysis: 
 The evaluation of pedigree, bulk, SPD and mass selection breeding 
methods was determined by sowing F6 pure lines for each method in a trial of 
randomized complete block design. The four trials of each cross-progeny 
were subjected to combined analysis according to the procedure obtained by 
Snedecor and Cochran (1982). 

The efficiency of the four breeding methods was compared based on 
the following: 

The heritability in broad sense (H2) was calculated as the percentage of 

genetic variance (2g) to phenotypic variance (2ph), where the latest equal 

the sum of (2g) and (2e) which calculated from the analysis of variance 
Table. The expected (Ga) and predicted Ga%) genetic gain upon selection of 
the highest 20% of the population were calculated according to Miller et al. 
(1958). Phenotypic coefficient of variance (P.C.V.) and genotypic  coefficient 
of variation (GCV%) were calculated according to (Burton 1952). 

 
RESULTS AND DISCUSSION 

  
The average seed yield (ardab/fed.) and other agronomic traits of the 10 

F6 pure lines of each cross-progeny derived through the four breeding 
methods are presented in Tables 2, 3 and 4. Significant differences existed 
within the F6 pure lines of each cross-progeny for most of the traits by 
applying each of the four methods. The combined analysis (Table 5) revealed 
that the differences among the three cross-progenies and also for the four 
breeding methods were highly significant for all studied traits due to the highly 
significant mean squares of cross-progenies and breeding methods.  

The cross progenies by breeding methods interaction mean square 
was highly significant, indicating that the behaviour of the three cross-
progenies varied with the change of breeding method for these traits. On the 
other side, the cross-progenies by pure lines interaction mean squares was 
highly significant for seed yield (ardab/fad.) indicating that the seed yields of 
the pure lines were different in the three cross progenies, however, the same 
interaction mean squares was not significant for days to maturity and reaction 
to chocolate spot and  rust diseases, indicating that these traits were not 
rliable different from cross progeny to another. The same trend was observed 
with regard to breeding method by pure lines interaction and also for the 
second order interaction i.e., cross progenies x breeding method x pure lines, 
where seed yield (ardab/fed.) was highly significant and the other traits were 
not. 
 
 
 
 
 
 
 
 



Abo Mostafa, R.A.I. et al. 

 1234 

2



J. Plant Production,  Mansoura Univ., Vol. 5 (7), July, 2014 

 

 1235 

3 



Abo Mostafa, R.A.I. et al. 

 1236 

4



J. Plant Production,  Mansoura Univ., Vol. 5 (7), July, 2014 

 

 1237 

 

Table (5): Mean squares of combined analysis of variances of F6 pure 
line for reaction to chocolate spot and rust diseases, days 
to maturity and seed yield (ardab/fed.) traits  resulted by 
applying four methods in the three cross-progenies. 

SOV df 
Chocolate 

spot reaction 
Rust reaction 

Days to 
maturity 

Seed yield 
(ardab/fad.) 

Reps. (R) 2 5.07** 4.35** 14.48 24.98** 

Cross 
progenies (C) 

2 
11.73** 9.65** 78.48** 68.34** 

Error (a) 4 1.75 0.51 34.33 5.07 

Methods (M) 3 27.61** 25.48** 75.2** 67.54** 

C*M 6 7.68** 8.44** 248.76** 21.97** 

R*M 6 1.30** 0.61 7.82 26.04** 

R*C*M 12 1.51** 1.51** 68.23** 1.54 

Error (b) 18 1.44 1.21 48.09 9.71 

Pure lines (PL) 9 0.22 0.51 10.05 7.99* 

C*PL 18 0.33 0.32 7.42 16.22** 

M*PL 27 0.76 1.17* 9.16 7.05** 

C*M*PL 54 0.53 0.47 10.16 8.63** 

Error (c) 216 0.38 0.54 11.69 3.45 

 
The data in Table (6) illustrated the effect of cross progenies by 

breeding method interaction on the studied traits. The pedigree method when 
applied with Sakha 1 x RM cross progeny produced the highest seed yield 
(ardab/fed), which exceeded bulk, SPD and mass selection by 22.6, 17.8 and 
24.6%, respectively. With respect to days to maturity, applying of bulk method 
in  Sakha 2 x TW cross-progeny gave the earliest maturity followed by RM x 
Giza 3 cross-progeny when SPD or mass selection were applied, where the 
maturity date did not significantly differ in all cases. These results are in 
agreement with those reported by El-Refaey and Radi (1997), Destro et al. 
(2003) and Shalaby (2011) 

While the SPD method when applied with either Sakha 1 x RM or RM x 
Giza 3 cross-progenies produced the lowest values for reaction to diseases, 
i.e. chocolate spot and rust. These results confirm that the SPD method give 
desirable results for reaction to foliar diseases comparing with the other 
breeding methods. 
The data shown in Table (7) revealed that broad sense heritability of seed yield 
ranged from 0.61 with mass selection to 0.87 with pedigree method for Sakha 
1 x Rina Mora cross progeny , from 0.22 with mass selection to 0.82 with bulk 
method for Rina Mora x Giza 3 cross-progeny and from 0.50 with mass 
selection to 0.81 with bulk method for Sakha 2 x Triple white cross-progeny. 
However, it could be observed that mass selection method had the lowest 
values of broad-sense heritability in all cross-progenies indicating the 
uneffective selection with this breeding method in the present material. The 
obtained results are in good agreement with those reported by El-Refaey 
(1992), Toker (2004), Yodeta et al. (2006) and Shalaby (2011). 
 It could be observed that, high genetic advance is always associated 
with high heritability and phenotypic coefficient of variation and vice versa 
according to the equation of expected genetic advance. 
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Table (6): Average F6 pure line for chocolate spot and rust diseases 
reaction,days to maturity and seed yield (ardab/fed.) traits 
as affected by cross-progenies and breeding method 
interaction.  

Crosses Reaction to chocolate spot Reaction to rust 
 pedigree Bulk SPD Mass average pedigree Bulk SPD Mass average 

Sakha 1 x R.M 4.4 4.9 2.9 3.1 3.8 5.1 5.3 3.3 3.4 4.3 
R.M x Giza 3 3.7 4.1 2.8 3.4 3.5 4.3 4.5 3.9 3.6 4.1 
Sakha  2 x T.W 3.9 4.3 3.5 4.7 4.1 4.5 4.9 4.2 4.9 4.6 

Average  4 4.4 3.1 3.7 3.8 4.6 4.9 3.8 3.9 4.3 
L.S.D at 0.01 0.83  0.74  

Crosses Days to maturity Seed yield (ardab/fed) 

 pedigree Bulk SPD Mass average pedigree Bulk SPD Mass average 

Sakha lin xR.M 137.14 141.7 137.4 139.5 138.9 15.2 12.4 12.9 12.2 13.2 
12.5 
11.7 

R.M x Giza 3 141.2 137.7 135.9 135.1 137.5 13.5 11.8 13.1 11.6 
Sakha 2 x T. W 139.8 134.1 139.9 137.7 137.7 12.5 11.8 10.3 12.1 

Average 139.4 137.8 137.7 137.4 138.7 13.7 12.0 12.1 11.9 12.4 
L.S.D at 0.01 4.73 2.12 

 
From this point of view, the highest expected (Ga) and predicted(Ga%) 

genetic advance under the selection intensity of 20% were found to be 2.79% 
ardab/fed. and 18.39%, respectively in the cross progeny of Sakha 1 x Rina 
Mora with applying the pedigree method; 2.52 ardab/fed. and 18.67%, 
respectively in the cross progeny of Rina Mora x Giza 3 with the pedigree 
method and 2.41 ardab/fed.. and 23.40%, respectively in the cross-progeny of 
Sakha 2 x Triple white by single pod descent method. In all cases the highest 
values of expected genetic advance were due to the highest values of broad-
sense heritability and phenotypic coefficient of variation. However, mass 
selection breeding method had the lowest values of both expected and 
predicted genetic gain upon selection due to the lowest values of both broad-
sense heritability and phenotypic coefficient of variation. These results were in 
the same lines with those reported by El-Refaey (1992), El-Refaey and Radi 
(1997), Yadeta et al. (2006) and Shalaby (2011). 

The amount of genetic variability retained by this method accounts for 
this result. Increasing the size of F2 population would have an impact on the 
genetic variability and could ultimately increase the efficiency of the pedigree 
and SPD breeding methods. Breeders have applied one or more different 
breeding methods in order to investigate or compare their efficiency in 
selecting for high seed yield. Among those, Torie (1958), Allard and Adams 
(1969), Omar (1989) and Shalaby et al. (2001), working on barley, wheat and 
faba bean and using two or three or four methods of breeding, came to 
conclusion that bulk method was more efficient than the visual pedigree 
selection as indicated by the number of superior lines retained by teach. 
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Table (7): The genetic parameters estimated for seed yield (ardab/fed) of 
the F6 pure lines families derived through the four breeding 
methods for  three cross progenies. 

Parameter 
Yield (ardab/fed) 

Pedigree bulk SPD Mass selection 

 Sakha 1 X Rina Mora 

Genotypic variance (2g) 4.58 1.13 2.13 1.49 

Phenotypic variance (2
Ph) 5.27 1.56 2.96 2.47 

Heritability (H2 ) 0.87 0.73 0.72 0.61 

Ga 2.79 1.27 1.73 1.34 

Ga% 18.39 10.29 13.38 11.05 

PCV% 15.1 10.05 13.27 12.94 

GCV% 14.0 8.25 11.26 10.05 

Mean(ardab/fed) 15.20 12.40 12.96 12.14 

 Rina Mora x Giza 3 

Genotypic variance (2g) 4.13 1.33 1.34 0.32 

Phenotypic variance (2
Ph) 5.33 1.63 2.41 1.44 

Heritability (H2 ) 0.78 0.82 0.56 0.22 

Ga 2.52 1.46 1.22 0.37 

Ga% 18.67 12.37 9.34 3.15 

PCV% 17.10 10.78 11.91 10.35 

GCV% 15.05 9.79 8.88 4.88 

Mean(ardab/fed) 13.50 11.84 13.03 11.59 

 Sakha 2 X Triple white 

Genotypic variance (2g) 1.29 1.37 3.95 1.92 

Phenotypic variance (2
Ph) 3.96 1.68 5.28 3.81 

Heritability (H2 ) 0.58 0.81 0.75 0.50 

Ga 1.61 1.46 2.41 1.36 

Ga% 12.92 12.50 23.40 11.29 

PCV% 15.92 11.02 22.28 16.13 

GCV% 9.08 9.95 19.27 11.45 

Mean(ardab/fed) 12.50 11.76 10.31 12.10 

 
 On the other hand, Reuper and Weber (1953) evaluated bulk and 
pedigree methods of breeding in four soybean crosses, found that the 
different methods of selection did not differ. While, Ahmed et al. (2008) 
compared three breeding methods on three F2 to F4 crosses of faba bean,and 
found that the pedigree method was more efficient than the other mass 
selection and SPD breeding methods. 
 To sum up, the present study indicated that the pedigree and SPD 
methods retained higher genetic and coefficient of variability as well as 
number of superior pure lines compared to other two breeding methods. 
Considering the partial allogamous nature of the crop, it may be concluded 
that the pedigree and SPD breeding methods were more efficient and less 
expensive in improving faba bean seed yield and its resistance to the foliar 
diseases chocolate spot and rust. 
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 الفول البلدى لتحسينتقييم بعض طرق التربية 
، مىىروى عبىىد    2، إيهاب علىىى اىىياح سىىرحان 1رفعت عبد السلام إسماعيل أبو مصطفى

 3زينب السيد غريب و 2محمود عطوة
برنامج بحوث المحاصيل البقولية ى معهد بحوث المحاصيل الحقلية ى مركىز البحىوث الزراعيىة ى -1

 جمهورية مصر العربية
 معهد بحوث أمراض النبات ى مركز البحوث الزراعية ى جمهورية مصر العربية-2
حوث التصميم والتحليل الإحصائى مركز البحىوث الزراعيىة ى جمهوريىة مصىر المعمل المركز لب-3

 العربية
 

يهدف هذا البحث إلى تقييي  اعليييأ بعب يأ  يعب تعبييأ ة تيهيأ ل هيى التجيي ىالتنةي يى  إتت يعي  
قأ إتت عي القعن الىاحد ىالانةعلى اى تحجيين إتتعنييأ ةحليىل الهيىل البييدض ىب يا الليهع  ى عي ) بي ى

،  2009/10،  2008/2009الزعاليييأ ار ييعضد ىفييد تهييذ  هييذف الدعاجييأ اييى  ةجييأ ةىاجيي  زعاليييأ 
ىذلييب بةح ييأ جيي ع ليبحييىث الزعاليأ/ هعالأييير ىفييد ب تيييع  لهييذف  2012/13،  2011/12،  2010/11

ل الجيعد  ةتأيقأ ةين  يل ايى النيي  جيلالا  تقييأ  10ثأ لأعئع تعتنأ ةن ثلاثأ هنن ىفد ت  تقيي  الدعاجأ ثلا
  تلةي  الق علع   عةيأ ال أىائيأ اى ثلاث ة ععا د ىفد بظهيع  التتيعئو ىنيىد ة تىييأ بيين  عيقأ ىاجت د

ب التعبيأ ارعب يأد  عىل الهدان بعرعدي لتد إجت دا  النيل الجعد  ل ل هنين ليى حدة للهأ ةحل جلالا 
بيتةع ل  تظهع بض ة تىيأ للهع  لدد اريع  إلى التضيو ىتجيبأ االيعبأ بةيعا التبقين البتيى ىتجيبأ االيعبأ 

 بةعا اللدبد
بظهع تبعين  لا ةن بتجعل الهنن ى عب التعبيأ ة تىيأ لعليأ لنةين الليهع  تحي  الدعاجيأ ى يعن  

لعلى الة تىيأ لنةين اللهع  ىبيضع  عتي  التهيعللا  بيين  يلا ةين التهعلل ةعبين بتجعل الهنن ى عب التعبيأ 
بتجعل الهنن ىالجلالا  التقيأ ،  عب التعبيأ ، ىالجلالا  التقيأ ىبيضع التهعلل ةن الدعنيأ الثعتييأ بيين بتجيعل 

تهيعللا  تهي  الةحلىل البذىع ليهدان بيتةع  عت   الهنن ى عب التعبيأ ىالجلالا  التقيأ لعليأ الة تىيأ للهأ
التبقين البتيى  ىغيع ة تىيأ ليلهع  ار عض ىهيى ليدد ارييع  ةين الزعاليأ حتيى التضيو ىالحجعجييأ لةعضي 

( ب ثع تب يعا اى التضيو لتيدةع  بقي   عيقيأ التنةييند بيتةيع  يعن 2× ج ع TWىاللدب ى عن تجل الهنين  
تجي ى يعن تجيل الهنيين  نييزة ع اجت دة   عيقأ الة( ارليى ةحلىلا لتد1تجل الهنين  عيتع ةىعا × ج ع

× عيتعةىعا( ب ثع ةقعىةأ للأةعاا الىعفيأ ىهى التبقن البتى ىاللدب لتدةع اجت دة   عيقيأ التعبييأ فيعن  3
 ىاحد ةن  ل تبع د

 عت  التعبيأ بعلتجي ار ثع تهىفع لن بعفى  عب التعبيأ الةجت دةأ بعلتجيبأ لية يعاىا اليىعاثى ايى  
( ، 1 عيتيعةىعا × جي ع ينل ةن التقد  الىعاثى الةتىفين ىالةتتبيب بيى ايى تجيل الهنيتي ة تعف الىاجن ىبيضع اى  

( حقق   عيقأ التعبيأ فعن ىاحد ل ل تبيع  بلييى 2× ج ع TW× عيتعةىعا( بيتةع اى تجل الهنين   3 نيزة 
ةين تبعتيع   %20فيةأ لية عاىا اليىعاثى ايى ة تيعف الىاجين ىالتقيد  اليىعاثى الةتىفين ىالةتتبيب بيى لتيد بلييى 

 ال أيعة للهأ ةحلىل البذىع ليهدان  
ىيتضح ةن التتعئو الةتحليل لييهيع بن  عيقتيى التجيي ىالقيعن الىاحيد ايى الهيىل البييدض هةيع ب ثيع 

 ى نزئيع تنيد يال عب  هعاة ةقععتأ بعل عيقتين ار عييند ىإذا ب ذتع اى الالتبعع  بي أ هذا الةحلىل ىهى  
 هعاة ىبفل ت يهأ اى تعبيأ هذا الةحلىلدبن هعتين ال عيقتين ب ثع  
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Table (2): Reaction to chocolate spot and rust diseases , days to maturity and seed yield (ardab/fed)  traits of 10 pure lines 

derived from the cross (Sakha 1 x Rina Mora) through pedigree, bulk, single pod descent (SPD) and mass 
selection breeding methods. 

Family 

Chocolate spot Reaction Rust Reaction No.of days to maturity Seed yield (Ardab/fed.) 

Pedigree Bulk SPD 
Mass 

selection 
Pedigree Bulk SPD 

Mass 
selection 

Pedigree Bulk SPD 
Mass 

selection 
Pedigree Bulk SPD 

Mass 
selection 

1 4.66 5.00 3.33 3.00 5.00 5.33 3.67 3.01 137.00 142.00 139.67 142.02 18.84 12.23 15.29 12.44 

2 5.00 5.00 3.00 3.00 5.00 5.67 3.00 3.32 138,33 140.67 135.00 139.33 14.83 12.88 12.04 12.82 

3 4.33 5.00 2.33 3.33 4.33 5.67 2.67 3.33 139.67 142.67 138.00 140.74 13.91 13.19 10.24 11.43 

4 4.66 5.00 2.33 2.33 5.00 6.00 3.33 3.02 137.00 140.67 138.33 139.34 10.72 11:98 14.33 10.88 

5 4.00 5.00 2.67 3.30 4.67 5.67 3.00 3.32 138.33 143.67 138.00 136.72 14.57 11.32 13.01 13.94 

6 4.33 5.00 3.67 2.00 5.00 5.33 4.67 2.33 137.00 142.00 139.67 143.00 17.76 15.23 12.22 ' 9.23 

7 3.33 4.67 3.67 4.00 4.33 4.67 3.33 3.74 139.33 140.67 133.67 137.70 16.13 11.80 13.43 13.92 

8 5.00 4.67 3.67 3.70 5.67 5.00 3.67 4.02 135.33 J42.00 135.67 140.70 15.05 10.54 15.53 10.74 

9 4.00 4.33 2.00 3.70 5.33 4.67 2.33 4.03 136.67 140.67 136.67 135.34 13.61 12.40 11.14 13.23 

10 4.66 5.00 2.67 3.00 6.00 5.00 3.67 3.71 135.33 142.00 139.67 140.72 16.57 12.40 12.34 13.24 

mean 4.40 4.87 2.93 3.13 5.03 5.30 3.33 3.37 137.40 141.70 137.43 139.53 15.20 12.40 12.96 12.14 
LSD 
0.05 
LSD 
0.01 

1.03 0.53 1.09 1.20 1.47 0.79 1.20 1.32 4.09 4.54 8.44 5.81 2.45 1.93 2.71 2.92 

1.42 0.72 1.49 1.64 2.01 1.08 1.65 1.81 5.60 6.23 11.56 7.95 3.36 2.65 3.71 4.01 
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Table 3: Reaction to chocolate spot and rust diseases, days to maturity and seed yield (ardab/fed)  traits of 10 pure lines 
derived from the cross (Rina Mora x Giza 3) through pedigree, bulk, single pod descent (SPD) and mass selection 
breeding methods 

Family 

Chocolate spot Reaction Rust Reaction No.of days to maturity Seed yield (Ardab/fed.) 

Pedigree Bulk SPD 
Mass 

selection 
Pedigree Bulk SPD 

Mass 
selection 

Pedigree Bulk SPD 
Mass 

selection 
Pedigree Bulk SPD 

Mass 
selection 

1 3.67 4.00 3.00 3.34 4.67 4.67 3.67 3.34 142.67 136.00 136.67 132.02 13.60 12.28 12.10 12.42 

2 4.00 4.33 2.67 3.04 4.33 4.67 4.00^ 3.33 138.33 138.33 138.33 136.73 9.03 10.30 14.21 11.11 

3 3.67 4.33 2.67 3.73 4.33 5.00 3.33 3.72 143.66 136.00 135.00 135.33 13.93 13.91 15.90 11.92 

4 3.66 4.33 2.67 3.32 4.33 4.67 4.00 3.33 142.33 138.33 135.00 138.34 16.74 13.19 11.44 13.74 

5 3.33 4.00 3.00 3.74 4.33 4.33 4.00 3.74 142.00 135.33 133.67 135.32 15.77 11.14 10.72 11.83 

6 3.67 4.67 2.67 3.73 4.00 4.67 4.00 3.72 139.66 140.00 136.67 135.34 11.63 11.62 14.09 10.12 

7 4.00 3.67 2.67 3.34 L4.00 4.33 3.67^ 3.70 139.67 136.67 137.00 132.03 15.23 9.63 13.55 9.80 

8 3.67 4.00 2.67 3.33 4.00 4.67 4.00 3.70 139.67 140.00 135.33 136.74 12.87 11.62 11.98 10.50 

9 4.00 3.33 3.33 3.73 4.33 4.00 4.33 4.04 141.66 136.33 135.33 137.04 14.81 12.35 13.79 12.63 

10 3.67 3.67 3.00 3.04 4.66 4.00 4.00 3.33 142.33 140.00 136.00 132.03 11.63 12.35 12.53 11.94 

mean 3.73 4.03 2.83 3.40 4.30 4.50 3.90 3.57 141.20 137.70 135.90 135.07 13.52 11.84 13.03 11.59 

LSD 
0.05 
LSD 
0.01 

1.37 1.12 1.10 0.80 0.81 1.42 1.77 0.98 5.59 21.18 7.44 6.35 3.25 1.61 3.06 3.13 

1.88 1.54 1.51 1.09 1.11 1.95 2.43 1.34 7.66 29.02 10.19 8.70 4.45 2.218 4.20 4.29 
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Table (4):Reaction to  chocolate spot and rust diseases, days to maturity and seed yield (ardab/fed)  traits of 10 pure lines 
derived from the cross (Triple white x Sakha 2) through Pedigree, bulk, single pod descent (SPD) and mass 
selection breeding methods 

Family 

Chocolate spot Reaction Rust Reaction No.of days to maturity Seed yield (Ardab/fed.) 

Pedigree Bulk SPD 
Mass 

selection 
Pedigree Bulk SPD 

Mass 
selection 

Pedigree Bulk SPD 
Mass 

selection 
Pedigree Bulk SPD 

Mass 
selection 

1 4.33 4.33 2.67 5.03 4.33 5.33 3.00 5.02 140.67 130.33 138.33 139.72 7.52 10.66 6.20 12.53 

2 4.33 4.67 4.00 4.33 4.67 5.67 5.00 4.30 139.67 133.67 139.67 137.02 12.97 11.20 10.24 11.33 

3 4.00 4.33 2.67 5.04 4.33 4.67 3.33 5.00 139.66 133.67 139.67 138.33 12.87 11.80 12.95 13.34 

4 4.00 4.33 4.67 4.32 4.33 5.33 5.67 4.71 138.33 135.33 143.00 135.34 11.74 13.07 9.28 9.64 

5 4.00 4.00 3.67 4.33 4.67 4.67 4.00 4.72 139.67 133.67 138.33 136.72 14.93 11.26 14.27 15.72 

6 3.67 4.33 4.33 4.34 4.33 5.33 5.00 4.73 140.67 133.67 143.00 138.34 13.47 10.48 7.83 9.64 

7 3.66 4.00 3.33 5.02 4.33 4.33 4.00 5.74 140.67 133.67 139.67 135.03 13.91 11.92 10.06 14.13 

8 4.00 4.67 3.00 5.00 4.66 5.33j 3.67 5.04 140.67 136.33 137.00 139.74 12.97 9.99 11.02 10.82 

9 3.67 4.33 3.33 5.30 4.33 4.67 4.00 5.00 139.00 136.33 142.00 138.32 12.87 13.61 10.72 12.72 

10 4.00 4.00 3.33 4.71 4.67 4.33 4.33 4.72 138.66 133.67 138.33 138.31 11.74 13.61 10.54 11.41 

mean 3.97 4.30 3.50 4.73 4.47 4.97 4.20 4.87 139.77 134.03 139.90 137.67 12.50 11.76 10.31 12.10 

LSD 
0.05 
LSD 
0.01 

1.10 0.81 1.27 0.95 0.86 0.94 1.73 1.27 4.53 4.40 3.63 4.29 5.69 1.66 3.43 4.08 

1.51 1.11 1.75 1.30 1.18 1.28 2.37 1.74 6.20 6.03 4.97 5.88 7.79 2.27 4.70 5.59 
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