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ABSTRACT: A selection program for four generations (base and three selected generations) 

was started in 2011 in Benha University, Egypt to improve egg production traits in a synthetic 

line named Benha chickens. A total of 18 cockerels and 180 pullets were selected from Benha 

base population (control) according to their BLUP values for egg number during 90 days of laying 

Data of 756 pedigreed hens were used to obtain estimates of heritability, genetic and phenotypic 

correlations and BLUP for egg production traits, age (ASM) and body weight at sexual maturity 

(BWSM), weight of the first egg (WFE), egg number (EN), rate of laying (RL), egg mass (EM) 

recorded during 90 days (EM90D) and 120 days (EM120D) of production after sexual maturity. 

The selection effects, correlated responses and the genetic and phenotypic trends for egg 

production traits across generations were quantified and clarified applying the updated approach 

of the animal model program of BLUPF90. Heritability estimates were moderate; being 0.27, 

0.32, 0.42, 0.31, 0.34, 0.28, 0.33, 0.14 and 0.19 for ASM, BWSM, WFE, EN90D, EM90D, 

EN120D, EM120D, RL90D and RL120D, respectively. The ranges in BLUP of most egg 

production traits in the control generation were higher than those estimates in the selected 

generations. Accuracies of BLUP estimates for egg production traits in all generations (control 

and selected) were moderate or high. The three selected generations were superior in most egg 

production traits than the base generation (P <0.05) and the contrasts among estimates of these 

generations were significant (P<0.05). The phenotypic trend increased from 1642 to 1759 g, 28.1 

to 30.2 g, 57 to 64 egg, 79 to 84 egg, 2593 to 2977g and 3651 to 4027 g for BWSM, WFE, EN90D, 

EN120D, EM90D and EM120D, respectively. The genetic trends across the generations 

clarifying that the initial BLUP estimates for BWSM, WFE, EN90D, EN120, EM90D, EM120D 

were 12 g, 0.07 g, 0.9 egg, 0.5 egg, 0.57 g and 38 g in the base generation, then gradually 

increasing as the generation of selection advanced till reached 21 g, 0.03 g, 2 egg, 2.2 egg, 72g 

and 63 g in the first generation, and reached 32 g, 0.52 g, 3.4 egg, 4 egg, 87 g and 89 g in the 

second generation and finally 45 g, 0.8 g, 4.8 egg, 5.5 egg, 102 g and 114g in the third generation, 

respectively. The accumulative correlated selection responses were 140.5 g, 1.99 g, 5.45 egg, 418 

g, 371g, 7.52 % and 4.22 % for BWSM, WFE, EN120D, EM90D, EM120D, RL90D and 

RL120D, respectively. 
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INTRODUCTION 

Partial recording of egg production in 

pullets is used to increase the efficiency of 

genetic selection as well as to shorten the 

generation interval. Results of many 

investigators showed that more genetic 

gain could be obtained in egg production 

when using partial recording (EL-Labban 

et al., 2011; EL-Attrouny, 2011). Most of 

the selection experiments in chickens 

supported the efficacy of partial recording 

as a selection criterion in improving both, 

part and annual egg production (El-labban, 

2000; Iraqi, 2008; Iraqi et al., 2012). 

Selection for egg number as a partial 

record has decreased egg weight and 

reduced age at sexual maturity (Abd El-

Ghany, 2005; Saleh et al., 2006; Shalan et 

al., 2012) 

In Egypt, the long-term selection 

experiments for productive traits were 

limited (Abd El-Ghany, 2005; Kosba et 

al., 2006; Iraqi et al., 2012). Several 

studies reported that selection for egg 

number during the first 90 days of the 

laying period resulted in reducing the age 

at sexual maturity and increasing the 

annual egg production (Soltan et al., 2009; 

Aly et al., 2010a; EL-Attrouny, 2011; 

Younis et al., 2014). A new synthesized 

line, named Benha chickens (B), that is 

characterized by high productivity of eggs 

could be used in solving this problem of 

egg shortage (Iraqi et al., 2012 and 2016).  

In the present study, a selection 

experiment was practiced on the 

synthesized chicken line (Benha, B). The 

selection experiment was carried out for 

three generations and the selection 

criterion was egg number during the first 

90-days of egg production. The main 

objectives of the present study were: 1) to 

estimate the genetic parameters and BLUP 

estimates across three generations of 

selection for egg production traits, 2) to 

quantify the selection effect and 

comparing the generation contrasts, 3) to 

clarify the phenotypic and genetic trends 

across generations, and 4) to estimate the 

correlated responses in egg production 

over the three generations of selection in 

Benha chickens. 

MATERIALS AND METHODS 

Selection experiment and breeding plan 

used: 

A selection experiment was carried out at 

the Poultry Research Farm, Department of 

Animal Production, Faculty of 

Agriculture, Benha University, Egypt 

during the period from November 2011 

and terminated in May 2015. A 

synthesized line of chickens, Benha line ( 

B ), was used in this study, and was 

developed by selection for egg number 

during first 90 days of egg production in 

Benha base population. The Benha base 

population was formed by crossing 

Golden Montazah with White Leghorn 

chickens and using the BLUP estimates to 

select the birds for three generations (Iraqi 

et al., 2012). 

A total of 18 cockerels and 180 pullets 

were selected according to their BLUP 

estimates for egg number during the first 

90 days of egg production from Benha 

base population. Data of 756 hens were 

produced by 69 sires and 484 dams in four 

generations (base and three selected 

generations). Egg number (EN) was 

recorded for each hen by counting the 

number of eggs laid during the first ninety 

days after sexual maturity. Each selected 

cock was mated with 10 selected hens and 

housed separately in breeding pen to 

produce the first selected generation (G1), 

then selection was practiced further for 

two generations to produce the  second 

(G2) and  third (G3) selected generations. 

In each generation, the pedigreed eggs in 

each breeding pen were collected daily for 
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fifteen days and then incubated. The 

structures of data collected during the 

experiment are presented in Table 1. 

Management: 

Upon hatch, chicks in each generation 

were wing - banded and reared in floor 

brooders, then transferred to the floor 

pens. Chicks were fed ad libitum a diet 

containing 21% protein and 2950 kcal/kg 

during the growing period (from hatch to 

8 weeks of age, a diet containing 18% 

protein and 2850 kcal/kg during the 

rearing period (from 8-20 weeks of ageand 

a diet containing 16% protein and 2700 

kcal/kg during the laying period after 20 

weeks of age. The feed requirements were 

supplied according to NRC (1994). All the 

birds were treated and medicated similarly 

throughout the experimental period.  

Data and model of analysis 

Records on 756 hens from different 

generations were collected to study the 

following traits: age and body weight at 

sexual maturity, weight of the first egg, 

egg number, rate of egg laying, egg weight 

and egg mass recorded during 90 days of 

and 120 days of production after sexual 

maturity. Rate of egg production per day 

during the first 90 days = (egg number in 

90 days/90) ×100, and the rate of egg 

production per day during the first 120 

days = (egg number in 120 days/120) 

×100. Multi-trait animal model (in matrix 

notation) was used to analyze egg 

production traits. 

y = Xb + Za + e    

Where: y = n×1 vector of observation of 

the hen, n = number of records; X= design 

matrix of order n×p, which is related to the 

fixed effects of generation (four levels), b 

= p×1 vector of the fixed effects of 

generation; a = vector of random effects 

(additive genetic) of the hen; X and Z are 

the incidence matrices relating to fixed 

effects and the additive genetic effects 

respectively; and e = n×1 vector of random 

residual effects, NID (0, ²e). The 

permanent environment has not been 

considered in the model because each 

generation has produced in one year thus 

resulting in confounding effect between 

generation and year effects which causes 

error in the model outcomes. Heritability 

estimates of egg production traits were 

computed as: ; where: 2a 

and 2e are the variances due to the direct 

additive genetic effects and the random 

error, respectively. The genetic (rg) and 

phenotypic (rp) correlations between egg 

production traits were also estimated. 

Estimation of BLUP: 

The BLUP were estimated using 

BLUPF90 Fortran program (Misztal et al., 

2014). Birds’ solutions are computed from 

the pedigree file, one bird at a time (for 

both birds with and without records, i.e. 

hens, sires and dams). These BLUP 

estimates were calculated based on the 

theory of Kennedy (1989). The accuracy 

of BLUP (rA) for each individual was 

estimated according to Henderson (1975) 

as: ; Where: F= 

inbreeding coefficient, dj = the diagonal 

element of inverse of the appropriate block 

coefficient matrix, and  = 2e/2a. 

Estimation of selection effect: 

The estimated (co) variances were used to 

estimate the fixed and the random effects 

by solving the corresponding mixed model 

equations using the BLUPF90 software 

(Misztal et al., 2014). The estimates of the 

error (co) variance matrix were also 

obtained. Estimates of the contrasts 

between the four generations of selection 

were obtained by generalized least-

squares analysis using the BLUPF90 

software. 
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Genetic and phenotypic trends: 

The phenotypic trend was measured as the 

regression of least - squares estimates on 

generation number, while the genetic trend 

was measured by regressing the BLUP 

estimates on generation number. As stated 

before, the BLUP estimates of the birds 

with and without records were estimated 

using the BLUPF90 program (Misztal et 

al., 2014).  

Estimation of correlated selection 

responses: 

The correlated selection response (CRY) in 

each trait (Y) was calculated using the 

following equation of Falconar and 

Meckay (1996): CRY= (iX) (hX) (hY) (rGXY) 

(σPY); Where iX is the selection intensity 

assuming to be one for comparison only, 

hX and hY are the square roots of 

heritability estimates of the two traits X 

and Y, respectively, rGXY is the genetic 

correlation between the two traits and PY 

is the standard deviation of phenotypic 

value of trait Y. 

RESULTS AND DISCUSSION 

Actual means and variations: 

The actual means, standard deviations 

(SD) for egg production traits in Benha 

chickens are shown in Table (2). The 

actual means for ASM and BWSM were 

161 d and 1704 g. Abd El-Ghany (1996) 

found that the actual means of BWSM in 

Bandara, Gimmizah and El-Salam 

chickens were 2025, 1943 and 1912 g, 

respectively. Samak (2001) reported that 

the means of ASM were 161, 160 and 

164.4 d in Gimmizah, Mamourah and 

Bandara chickens, respectively, while the 

corresponding BWSM means were 1770, 

1813 and 1823 g.  

The actual means for egg number during 

the first 90 days of laying (EN90D) and 

egg number during the first 120-days of 

laying (EN120D) were 69 and 81.4 egg 

(Table 2). Amin (2015) reported that the 

mean of EN90D was 65 eggs and the mean 

of EM120D was 3296 g in Mandarah 

chickens.  

The actual mean of the rate of egg 

production per day during the first 90 days 

(RL90D) and rate of egg production per 

day during the first 120 days (RL120D) 

were 67 and 68%, respectively (Table 2). 

Hassan et al. (2000) found that the means 

of rate of egg production for Alexandria, 

Golden and Silver Montazah were 47, 47.7 

and 48%, respectively.  Iraqi et al. (2012) 

found that the averages of RL90D and 

RL120D were 47 and 51% in Golden 

Montazah chickens, while they were 58 

and 62% in White Leghorn chickens. The 

means of the pause periods during the first 

90 days and during the first 120 days were 

29 and 39 d, respectively. 

The percentages of variation (V%) for egg 

traits in Benha chickens presented in Table 

2 ranged from 3.0 to 13.2%. Yousefi et al. 

(2013) found that the percentages of 

variation in ASM, BWSM and EN90D 

were 9.6, 11.2 and 4.8%, respectively. 

Jobin (2013) reported variation 

percentages of 6.7, 38.9 and 33.2% in 

ASM, EN90D and RL90D of Red Rhode 

Island chickens. 

Variance components and heritability: 

Estimates of additive (σ2a) and residual 

(σ2e) variances for egg production traits 

are given in Table (3). These estimates 

showed that σ2a were moderate  to high in 

magnitude for all traits; they were 8.9 d for 

ASM, 103 g for BWSM, 4.2 g for WFE, 

34.4 eggs for EN90D, 55.3 g for EM90D, 

124 egg for EN120D, 148.3 g for 

EM120D, 3.6% for RL90D, 26.6% for 

RL120D, 3.2 d for PP90D and 2.1 d for 

PP120D, respectively. Similar estimates 

of additive genetic variance for egg 

production traits computed from sire 

models were reported by El-Labban 

(2000), Iraqi (2008) and EL-Attrouny 
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(2011). Estimates of additive σ2a for 

PP90D and PP120D were 3.2 and 2.1 d, 

respectively (Table 3). El-Attrouny (2011) 

reported that estimates of σ2a ranged from 

3.2 to 2.1 for pause period traits.  

Heritability estimates for egg production 

traits are presented in Table (3). The 

estimates for ASM, BWSM, WFE, 

EN90D, EM90D, EN120D, EM120D, 

RL90D, RL120D, PP90D and PP120D 

were mostly moderate; being 0.27, 0.32, 

0.42, 0.31, 0.34, 0.28, 0.33, 0.14, 0.19, 

0.07 and 0.06 respectively. These 

estimates agreed with the estimates 

reported on native chickens in Egypt using 

sire and dam or animal model analyses. 

(Khalil et al., 2004; Saleh et al., 2006; 

Kosba et al., 2006; EL-Attrouny, 2011; 

Shalan et al., 2012; Abou EL - Ghar and 

Debes, 2013; Younis et al., 2014; Abdel 

A'al, 2016), which were within the ranges 

of 0.01 to 0.65 for ASM, 0.10 to 0.56 for 

BWSM, 0.01 to 0.74 for EN90D, 0.02 to 

0.89 for EN120D, 0.03 to 0.66 for 

EM120D and 0.08 to 0.98 for WFE.  

Genetic and phenotypic correlations:  

Estimates of the genetic correlations 

between  egg production traits showed that 

ASM was positively correlated with 

BWSM, WFE, PP90D by 0.65, 0.20, 0.32, 

respectively (Table 4), and was negatively 

correlated with EN90D (-0.29) and 

RL90D (-0.31). These correlations 

indicate that when the pullet reached 

sexual maturity at early age, it was lighter 

in weight. The estimates are in agreement 

with those reported by Iraqi et al. (2011), 

who estimated genetic correlation of 0.84 

between ASM and BWSM. Also, the 

positive estimate of genetic correlation 

between BWSM and WFE (0.20) indicates 

that pullets with high body weights have 

higher weights for the first egg. These 

results are in agreement with EL-Labban 

et al. (2011) and EL-Attrouny (2011). 

Estimate of the genetic correlation was 

0.19 between EN90D and EM90D and 

0.65 between EN90D and RL90D. These 

negative and closely correlations, meaning 

that the pullets producing more number of 

eggs and could having lower pause 

periods. The estimate of genetic 

correlation among EN90D  and PP90D 

was -0.99 (Table 4).  

The estimates of phenotypic correlations 

are presented in Table (4). The estimates 

between ASM and BWSM, ASM and 

EN90D, ASM and RL90D and BWSM 

and WFE were positive and low (0.14, 

0.31, 0.24 and 0.23, respectively). The 

estimates of phenotypic correlation 

between WFE and EM90D, EN90D and 

EM90D and EN90D and RL90D were 

0.36, 0.54 and 0.41, respectively. The 

correlations between ASM and WFE, 

ASM and PP90D and EN90D and PP90D, 

were -0.20, -0.29 and -0.99, respectively 

Shalan et al. (2012) reported that the 

estimate of phenotypic correlation 

between ASM and EN90D was 0.18. 

Younis et al. (2014) reported estimates of 

phenotypic correlation of -0.37 and 0.81 

between ASM and EN90D and EN90D 

and EM90D, respectively.  

BLUP estimates across generations: 

The ranges of BLUP estimates and their 

standard errors and accuracy of prediction 

(râ) in different generations are presented 

in Table (5). The ranges in BLUP for most 

egg production traits were moderate to 

high in all generations; the ranges in the 

control, 1st, 2nd, and 3rd generations were 

5.8, 5.8, 5.5 and 5.5 days for ASM, 317, 

337, 360 and 345 g for BWSM, 4.7, 4.1, 

4.7 and 1.45 g for WFE, 26, 25, 26 and 24 

egg for EN90D, 702, 700, 740 and 745 g 

for EM90D, 25, 27, 25 and 25 egg for 

EN120D, 744, 740, 765 and 765 g for 

EM120D, 6.7, 6.4, 6.5 and 6.3% for 

RL90D, 6.2, 6.1, 5.8 and 5.8 for RL120D, 
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6.8, 6.6, 6.5 and 6.5 for PP90D and 5.9, 

5.8, 5.6 and 5.6 d for PP120D, 

respectively. The high estimates of BLUP 

for egg production in the base generation 

indicate that improvement of egg 

production traits in Benha chickens could 

be achieved through selection.  

Accuracies of BLUP for egg production 

traits in all generations  were high and 

nearly similar (Table 5). This may be due 

to that the estimates of heritability were 

highly associated with more available 

pedigree information for all individuals. 

Accuracies of BLUP for egg production 

traits ranged from 0.51 to 0.85 in the base 

generation, 0.52 to 0.81 in the first 

selected generation, 0.52 to 0.84 in the 

second selected generation and 0.49 to 

0.81 in the third selected generation. These 

results fall within the ranges reported by 

Hassan (2008) 

Selection effect and generation 

contrasts: 

Estimates of the most of egg production 

traits in the three generations of selection, 

obtained by generalized least squares 

using BLUPF90, were superior (P <0.05) 

than in the base generation (Table 6). 

Based on BLUPF90, the contrasts among 

estimates of these generations were 

significant (P<0.05). The third generation 

showed superiority in egg production traits 

compared to the average of the first and 

second generations. These results are in 

agreement with Soltan and Ahmed (1990), 

Abou El-Ghar et al. (2003) and Abd 

El_Ghany (2005), who reported that the 

means of most egg production traits in the 

selected generations were superior than in 

the control population. In Fayoumi 

chickens, Younis and Abd El-Ghany 

(2004) reported that the averages of 

BWSM during three generations of 

selection were 1554, 1527 and 1514 g, 

while these means were 1536, 1541 and 

1554 g for the control line in the same 

generations, respectively. Aly et al. 

(2010a) found that the averages of ASM 

were 166, 171, 171, 191 and 172 day in the 

base, 1st, 2nd ,3rd and 4th generations of the 

selected Mandarah line,  while the 

averages were 176, 175, 176, 198 and 180 

day for the control Mandarah line, 

respectively. Shalan et al. (2012) reported 

that the averages of ASM of the base, 1st, 

2nd,3rd  and 4th generations were 197, 189, 

190, 176 and 173 day for the selected 

population, while the averages were 196, 

192, 197, 195 and 191 day for the control 

population, respectively. Aly et al. 

(2010a) indicated that the averages of 

RL90D were 34, 49, 50, 58 and 59% for 

the base, 1st, 2nd, 3rd and 4th generations of 

Mandarah selected line, while the 

averages were 34, 44, 45, 44 and 45% for 

Mandarah control line, respectively.  

The third generation was superior in most 

of the studied traits compared to the 

average of the first and second 

generations, and this is in agreement with 

previous results obtained on native 

chickens in Egypt (Taha and Abd 

El_Ghany et al., 2013; Younis et al., 2014; 

EL-Attrouny, 2017). These results 

indicated also that selection for egg 

number during the first 90 days of laying 

in Benha line of chickens was associated 

with an increase in egg number and this 

improvement was associated with an early 

sexual maturity and heavy body weight, 

weight of first egg, egg mass and high rate 

of laying. 

The phenotypic trend across generations: 

The phenotypic trends for egg production 

traits across the generations are presented 

in Figure 1. The first egg was laid at the 

age of 162.7 d in the base generation, then 

it gradually decreased to 161.6, 160.6 and 

159.6 d in the first, second and third 

generation of selection, respectively (Fig 
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1-A). The reduction in age at sexual 

maturity during the three generations 

reflected that selection for high egg 

number could improve ASM in chickens. 

The same phenotypic trend was reported 

by Younis and Abd El-Ghany (2004), Abd 

El-Ghany (2006) and Aly et al. (2010).  

The initial phenotypic value for body 

weight at sexual maturity was 1642 g in 

the base generation, and increased to 1681, 

1720 and 1759 g in the first, second and 

third generation of selection, respectively 

(Figure 1-B). These results may be due to 

the positive genetic and phenotypic 

correlations between egg number and 

body weight at sexual maturity. The same 

phenotypic trend was reported by Younis 

and Abd El-Ghany (2004); El-Weshahy 

(2010); EL-Attrouny (2017) and EL-

Attrouny et al. (2017). 

The phenotypic value for weight at first 

egg was 28.1g in the base generation (Fig. 

1-C), and reached to 29, 30 and 30.2 g in 

the first, second and third generation of 

selection, respectively. This trend could be 

due to that selected generations are 

characterized by heavier body weight at 

sexual maturity. Selection for partial egg 

recording is a common approach for 

improving egg production, which has 

shown to attain positive genetic progress. 

Egg number of the first 90 days of laying 

was positively highly correlated with the 

whole record (Soltan, 1997 and Flock, 

1998). 

The phenotypic values for EN90D and 

EM90D were 57 egg and 2593 g in the 

base generation (Fig.1-D and 1-E), and 

increased to  59 egg and 2721 g in the first 

generation, and 61 egg and 2849 g in the 

second generation and 64 egg and 2977 g 

in the third generation,. The selected 

generations yielded higher egg number 

during the first 90 days than the base 

generation. These results agreed with the 

results of El-Hadad (2003) and Younis and 

Abd El-Ghany (2004). Also Flock (1998) 

and Abou-Eliwa (2004) stated that 

selection among different generations was 

associated with increasing in egg number 

and egg mass in chickens.  

The phenotypic values for EN120D and 

EM120D were 79 egg and 3651g in the 

base generation (Fig.1- F and 1-G), and 

increased to 80 egg and 3777 g in the first 

selection generation, 82 egg and 3902 g in 

the second selection generation, and 84 

egg and 4027 g in the third selection 

generation. 

For the rate of laying, the phenotypic 

values were 63 and 66% for RL90D and 

RL120D in the base generation, and 

gradually increased to 66 and 67% in the 

first generation, 68 and 69% in the second 

generation, and 70.1 and 69.3% in third 

generation,(Fig.1-H and 1-I). These results 

indicated that selection for three 

generations for egg number resulted in 

increasing the rate of egg laying, which is 

in agreement with the results of Younis 

and Abd El-Ghany (2004) and Aly et al. 

(2010b). The phenotypic trend for PP90D 

and PP120D showed that the initial values 

were 32 and 41 d in the base generation 

(Fig.1- J and 1-K), and gradually 

decreased to 30 and 39 d in the first 

generation, 28 and 38 d in the second 

generation, and 28 and 36 d in the third 

generation. The same trend was observed 

by Iraqi et al. (2012). 

      The genetic trend across generations: 

The genetic trends for egg production 

traits across the generations are presented 

in Figure 2. The initial BLUP for ASM 

was 0.84 day in the base generation, then 

gradually decreased in the subsequent 

selection generations to 0.1 day in the third 

generation (Fig. 2-A). The initial BLUP 

for BWSM and WFE were 12 and 0.07 g 

in the base generation (Fig. 2-B and 2-C), 
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and increased to 21 and 0.3 g in the first 

generation, 32 and 0.52 g in the second 

generation and 45 and 0.8 g in the third 

generation.  

The initial BLUP for EN90D, EN120D, 

EM90D, EM120D, RL90D and RL120D 

were 0.9 egg, 0.5 egg, 57 g,  38 g, 1.0% 

and 0.8%, respectively in the base 

generation (Fig.2-D, 2-E, 2-F, 2-G, 2-H, 

and 2-I), and gradually increased to 2 egg, 

2.2 egg, 72 g, 63 g, 1.3% and 1.1% in the 

first generation, 3.4 egg, 4 egg, 87 g, 89 g, 

1.6% and 1.4% in the second selected 

generation and 4.8 egg, 5.5 egg, 102 g, 114 

g, 2.1% and 1.8% in the third selected 

generation. The genetic trend for PP90D 

and PP120D showed initial values of 1.5 

and 1.3 d in the base generation (Fig.2-J 

and 2-K), and gradually decreased to 1.3 

and 1.1 d in the first generation, 0.9 and 

1.0 d in the second generation, and 0.8 and 

0.9 d in the third generation. 

Correlated selection responses 

As a result of selection for EN90D, the 

correlated response for unselected traits of 

ASM, BWSM, WFE, EN120D, EM90D, 

EM120D, RL90D, RL120D, PP90D and 

PP120D at different generations are 

presented in Table (7).                                                                                        

A sharp decline was observed in ASM 

after three selected generations since the 

reduction in correlated response of ASM 

was -1.15, -0.51 and -0.81 d in the 1st, 2nd 

and 3rd selected generation, respectively, 

and the cumulative response was -2.47 d. 

A similar decline in age at sexual maturity 

was found by Kosba et al. (2002), Aly et 

al. (2010a), Shalan et al. (2012); Younis et 

al. (2014) and EL-Attrouny (2017). The 

correlated improvement response in 

BWSM was 88.3, 17.1 and 35.1 g for 1st, 

2nd and 3rd generation respectively, and the 

cumulative response after three 

generations of selection was 140.5 g, 

indicating that selection for egg number 

was associated with an increase in BWSM. 

Similar trend was observed by Shalan et 

al. (2012a). The correlated response for 

WFE was 0.98, 0.69 and 0.32 in the 1st, 2nd 

and 3rd generation and the cumulative 

response was 1.99 g, indicating that 

selection for egg number could increase 

WFE.                                                                                                              

Selection for egg number during the first 

90 days of laying could improve egg mass 

since the correlated response of egg mass 

at 90 days was 195, 98 and 125 g in the 1st, 

2nd and 3rd generation of selection 

respectively, with 418 g of cumulative 

response. The correlated response of 

EN120D was 3.1, 1.1 and 0.95 eggs in the 

1st, 2nd and 3rd generation, respectively 

with cumulative improvement response of 

5.4 eggs. The correlated response for 

EM120D was 215, 40 and 116 g in the 

same generations, respectively, and the 

cumulative response was 371g. The 

response may be due to the high and 

positive genetic and phenotypic 

correlations. Similar responses were 

reported by Younis and Abd El-Ghany 

(2004), Saleh et al. (2006), Aly et al. 

(2010b) and Younis et al. (2014).  

The correlated response for RL90D was 

3.4, 2.2 and 1.9% in the 1st, 2nd and 3rd 

generation respectively, and the 

cumulative response was 7.5%, indicating 

that selection for egg number was 

associated with the increase in RL90D. A 

similar trend was observed in the rate of 

lay during the first 120 days (RL120D). 

These responses are similar to those 

obtained by Aly et al. (2010a) and Iraqi et 

al. (2012). A sharp decline was observed 

in PP90D after three selected generations 

since the reduction in correlated response 

of PP90D was -3.0, -2.1 and -0.9 d in the 

1st, 2nd and 3rd selected generation, 

respectively, and the cumulative reduction 

response was -6.0 d. A similar trend was 
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observed in the pause periods during the 

first 120 days of lay (PP120D). Similar 

responses were reported by El-Attrouny 

(2017). 

 

Table (1): Numbers of sires, dams and pullets used in the selection experiment. 

Generation  No. of sires No. of dams No. of Pullets 

Base (control) population 17 113 180 

 1st generation of selection 18 119 180 
2nd generation of selection 17 117 180 
3rd generation of selection 17 135 216 
TOTAL 69 484 756 

 

Table (2): Actual means, standard deviations (SD) and percentages of variation (V %) 

for egg traits at different ages in Benha chickens. 

Trait  Symbol Mean SD V% 

 Age at sexual maturity (days) ASM 161 4.9 3.0 

 Body weight at sexual maturity (g) BWSM 1704 226 13.2 

 Weight of first egg (g) WFE 30 2.3 7.5 

 Egg number at the first 90-days of laying (egg) EN90D 69 3.4 5.0 

 Egg number at the first 120-days of laying (egg) EM90D 81.4 221 7.9 

 Egg mass at the first 90-days of laying (g) EN120D 2800 3.3 4.0 

 Egg mass at the first 120-days of laying (g) EM120D 3843 219 5.6 

 Rate of egg production during the first 90 days (%) RL90D 67 4 5.6 
 Rate of egg production during the first 120 days (%) RL120D 68 3 4.0 

 Pause period during the first 90-days ( days) PP90D 29 3.1 10.8 

 Pause period during the first 120-days ( days) PP120D 39 3.3 8.5 
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Table (3): Estimates of additive genetic (2
a), remainder (2

e) and phenotypic (2
P) 

variances and heritability (h2±SE) for egg production traits in Benha chickens. 

±SE2h P
2 e

2 a
2 Trait 

0.27±0.04 ...1 24.2 8.9 ASM (day) 

0.32±0.05 .20.2 217.2 10..0 BWSM (g) 

0.42±0.09 10.1 5.9 1.2 WFE (g) 

0.31±0.02 111.3 76.9 34.4 EN90D (egg) 

0.34±0.05 162.4 107.1 55.3 EM90D (g) 

0.28±0.02 440 316 121 EN120D (egg) 

0.33±0.05 455.6 307.3 148.3 EM120D (g) 

0.14±0.01 25.0 21.4  3.6 RL90D  

0.19±0.03 .1.1 3 109.7 26.6 RL120D 

0.07±0.04 45.0 11.4 ..2 PP90D (day) 

0.06±0.02 37.9 ...4 2.1 PP120D (day) 

 

 Table (4): Estimates of genetic (rG±SE) and phenotypic (rp±SE) correlations among 

some egg productions traits in Benha chickens. 

Traits correlated rG±SE rP±SE 

ASM & BWSM 0.65±0.33 0.14±0.03 

 ASM & WFE 0.20±0.04 -0.20±0.05 

ASM & EN90D -0.29±0.12 0.00.±.1.0 

ASM &PP90D 0..2±0.10 -0.29±0.05 

ASM &RL90D -0.31±0.13 0.21±0.08 

BWSM & WFE 0.45±0.13 0.23±0.04 

WFE & EM90D 0.27±0.11 0..1±0.09 

EN90D & EM90D 0.19±0.04 0.54±0.07 

EN90D & RL90D 0.1.±0.07 0.41±0.05 

EN90D & PP90D -0.99±0.03 -0.99±0.08 
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Table (5): the ranges in BLUP estimates and their standard errors (SE) and accuracies of 

prediction (râ) estimated by multi-trait animal model for egg production traits in the base 

and selected generations in Benha chickens 

Accuracy 

 

 

SE Ranges 

in BLUP 

Accuracy  

 

SE 

 

Ranges in 

BLUP 

Traits 

First selected generation 

 
Base generation 

0.57 1.35 5.8 0.57 1.35 ..4 ASM (d) 
0.61 73.52 337 0.61 75.20 317 BWSM 

(g) 0.52 1.14 4.1 0.51 1.12 4.7 WFE (g) 
0.81 3.71 25 0.72 3.42 26 EN90D 

(egg) 0.80 96.1 700 0.79 98.32 702 EM90D 

(g) 0.81 3.33 27 0.85 3.47 25 EN120D 

(egg) 0.67 115.1 740 0.60 108.2 744 EM120D 

(g) 0..4 1.11 1.. 0..0 1.12 1.6 RL90% 
0.12 1..0 1.1 0.12 1..0 1.2 RL120% 
0.10 1..2 1.1 0.10 1..2 1.4 PP90D 
0.1. 1.20 ..4 0.11 1.20 ..0 PP120D 

Third selected generation 

 
Second selected generation 

 

 

0.57 1.35 5.5 0.56 1.35 5.5 ASM (d) 
0.61 74.21 345 0.63 73.54 360 BWSM 

(g) 0.49 1.45 4.0 0.52 1.27 4.7 WFE (g) 
0.75 3.62 24 0.75 3.15 26 EN90D 

(egg) 0.81 125 745 0.79 115.4 740 EM90D 

(g) 0.79 4.32 25 0.84 5.32 25 EN120D 

(egg) 0.69 111.2 765 0.58 116.1 765 EM120D 

(g) 0..4 1.10 1.. 0..4 1.11 1.1 RL90% 
0.11 1... ..4 0.11 1... ..4 RL120% 
0.10 1..1 1.. 0.10 1..1 1.. PP90D 
0.12 1.20 ..1 0.12 1.20 ..1 PP120D 
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 Table (6): Generalized Least-square means for egg production traits in different generations along with all possible of generalized 

least square generation contrasts and their standard errors (± SE) in Benha chickens 

 

  G0 = Base generation, G1 = 1st generation, G2 = 2nd generation, G3 = 3rd generation  

a, b, c, d Means with the same letters within each trait are not significantly different (P˂0.05).  

    * Generation effect significantly different from 0, α = 0.05. 

  

Generation                 ASM 

(d) 

BWSM 

(g) 

WFE 

( g ) 

EN90D 

(egg) 

EM90D 

(g) 

EN120D 

(egg) 

EM12D 

( g) 

RL90D 

(%) 

RL120D 

(%) 

PP90D 

(day) 

PP120D 

(day) 

G0 163.0±0.5a 1619±16b 28.1±0.1c 56.4±0.1d 2551±1d 77.9±0.1d 3613±1d 62.7±0.2d 65.0±0.4c 33.5±0.2a 42.0±0.4a 

G1 161.0±0.3b 1711±17a 29.0 ±0.1b 60.0±0.1c 2778±1c 81.6±0.1c 3840±1c 66.7±0.2c 68.0±0.4b 30.0±0.2b 38.4±0.3b 

G2 160.5±0.4bc 1723 ±17a 30.1±0.1a 62.1±0.1b 2861±1b 82.4±0.1b 3866±1b 69.0±0.2b 68.7±0.4ab 27.9±0.2c 37.5±0.3bc 

G3 159.7±0.3c 1752 ±16a 30.2±0.1a 63.1±0.1a 2979±1a 83.2±0.1a 4019±1a 70.1±0.31a 69.4±0.5a 26.9±0.2d 36.7±0.3c 

G0 VS G1 2.0±0.5 -92.0 ±23* -0.9±0.1* -3.6±0.2* -227±1* -3.7±0.2* -227±1* -4.0±0.2* -3.0±0.1* 3.5±0.19* 3.6±0.2* 

G0 VS G2 2.5±0.5* - 104 ±23* -2 ±0.1* -5.7±0.2* -310±1* -4.5±0.2* -253±1* -6.3±0.2* -3.7±0.1* 5.6±0.19* 4.5±0.2* 

G0 VS G3 3.3±0.5* -133±22* -2.1 ±0.1* -6.7±0.2* -428±1* -5.3±0.2* -406±1* -7.4±0.2* -4.4±0.1* 6.6±0.19* 5.3±0.2* 

G1 VS G2 0.5±0.5 -12.0±23 -1.1±0.1* -2.1±0.2* -83±1 -0.8±0.2* -26±1 -2.3±0.2 -0.7±0.1 2.1±0.19* 0.9±0.2 

G1 VS G3 1.3±0.4* -41.0±22* -1.2±0.1* -3.1±0.2* -201±1* -1.6±0.2* -179±1* -3.4±0.2* -1.4±0.1* 3.1±0.19* 1.7±0.2* 

G2 VS G3 0.8±0.4 -29.2±22* -0.1±0.1 -1.0±0.2* -118±1* -0.8±0.2* -153±1* -1.1±0.2* -0.7±0.1 1.0±0.19* 0.8±0.2 
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Table (7): Realized correlated selection response for unselected traits in Benha chickens 

through three generations of selection.                                                                                                                 

Correlated selection response as a result of selection for egg 

number at 90 day of laying ( EN90D) 

Trait  

Cumulative   rd3

generation 

 nd2

generation  

 st1

generation 

2.16-  -0.81 -0.51 -1.15 ASM (d) 

110.. 35.1 17.1 44.. BWSM (g) 

1.00 0..2 0.10 0.98 WFE (g) 

..1. 0.0. 1.4 3.1 EN120D (egg) 

114 125 98 195 EM90D (g) 

.61 116 40 21. EM120D (g) 

6..2 1.92 2.2 3.4 RL90D (%) 

1.22 0.70 0.62 2.0 RL120D (%) 

-6.0 -0.9 -2.1 -3.0 PP90D 

-5.1 -0.8 -1.4 -2.8 PP120D 
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Figure (1): The phenotypic trend for egg production traits across the selected generations. 

 
Fig. 1-B 

 
                 Fig. 1-A 

 
Fig. 1-D 

 
Fig. 1-C                                             

 
 Fig. 1-F  

 
                 Fig. 1-E  

 
Fig. 1-H 

 
                 Fig. 1-G 

 
Fig. 1-J   

 
                 Fig. 1-I 

 
Fig. 1-K 

 
Where : 1= control population 2 = first selected generation 3 = second selected generation 4 = 

third selected generation 
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Figure (2): Genetic trend for egg production traits across the selected generations.  

 
                                                   Fig.2-B  

 
                      Fig.2-A  

 
Fig.2-D                                                    

 
 Fig.2-C                                         

 
 Fig.2-F                                         

 
                                        Fig.2-E 

 
 Fig.2-H  

 
                     Fig.2-G 

 
Fig.2-J 

 
                    Fig.2-I  

          
   Fig.2-K       

Where : 1= control population, 2 = first selected generation, 3 =second selected generation, 4 

= third selected generation                                                                                                                                              
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 الملخص العربي
 

 دجاج بنها  على انتخابتجربة  فيلصفات إنتاج البيض  والمظهري الوراثيالتقييم 
 

 4، جيهان محمد المغازى 4، محمود مغربي عراقي4، ماهر حسب النبى خليل4محمود مصطفى الاطرونى
 مصر -بنها  جامعة –قسم الإنتاج الحيوانى كلية الزراعة بمشتهر 1

 مصر –مركز البحوث الزراعية  –المركز الإقليمى للأغذية والاعلاف 2

 

بكلية الزراعة جامعة بنها وأجري  2011عام  فياجيال ) الكنترول وثلاث أجيال انتخابية(  لأربعة انتخابيبدأ برنامج 

دجاجه  140ديك و 14 انتخابدجاج بنها المستنبط. تم  فيبغرض تحسين صفات إنتاج البيض  الانتخابيهذا البرنامج 

من الإنتاج من جيل الاساس  يوم 00لصفة عدد البيض عند اول  BLUPطبقا لقيم أحسن متنبئ خطى غير متحيز 

إنتاج  الوراثية والمظهرية لصفات والاتجاهاتعبر الاجيال  المرتبطة والاستجابة الانتخاب)الكنترول( . تم تقدير أثر 

دجاجه  6.1بيانات  آخذت.  BLUPF90 Programدجاج بنها بإستخدام نموذج الحيوان المعروف بإسم  فييض الب

وقيم أحسن متنبئ خطى غير  والمظهري الوراثي الارتباط – الوراثيالمكافئ  لتقديرأم   141أب و  10ناتجه من 

عدد ، ةوزن أول بيض ،الجنسيالنضج صفة العمر والوزن عند  فيتمثلت  والتيلصفات إنتاج البيض  BLUPمتحيز

 يوم الأولى من بداية الإنتاج، 120عدد وكتلة البيض الكلى عند  يوم الأولى من الإنتاج،  00البيض وكتلة البيض عند 

 أو متوسطة الوراثي.  كانت قيم المكافئ يوم الأولى من بداية الإنتاج  120و 00خلال  اليوميمعدل وضع البيض 

لصفات العمر عند النضج  0.10و  0.11،  ...0،  0.24،  1..0،  1..0،  0.12،  2..0،  0.26 حيث كانت  عالية

يوم الأولى من الإنتاج، كتلة البيض عند  00، وزن أول بيضة، عدد البيض عند الجنسي، الوزن عند النضج الجنسي

يوم  120، كتلة البيض الكلى عند يوم الأولى من الانتاج 120يوم الأولى من الانتاج، عدد البيض الكلى عند  00

يوم  120يوم الاولى من الإنتاج، معدل وضع البيض خلال  00خلال  اليوميالاولى من الانتاج، معدل وضع البيض 

 فيلمعظم صفات إنتاج البيض متوسطة وعالية   BLUPكانت تقديرات المدى لقيم  . التواليالأولى من الإنتاج على 

 الدقةلصفات إنتاج البيض عبر كل الأجيال متوسطة إلي عالية  BLUPقيم  فيت الدقة جميع الاجيال. كانت درجا

صفات إنتاج البيض مقارنة بجيل الكنترول كما أظهرت التضادات  فيتفوق معنويا  للانتخاب.أظهرت الأجيال الثلاثة 

قيم ال في ازديادا المظهري الاتجاهأظهر . الأجيالمعنوي بين هذه  اختلافالمختلفة  الأجيالبين  Contrastsالمستقلة 

بيضة  11إلى  6.جرام ، من  2.4.إلى  24جرام ، من  16.0إلى  1112المظهرية لصفات إنتاج البيض قيمته من 

 الاتجاهاتقيم  ارتفعت، وكذلك  جرام 1026إلى  1.1.جرام ، من 2066إلى  .2.0بيضة ، من  41إلى  60، من 

جرام  102إلى  6.بيضة ، ...إلى  ..0بيضة ،  1.4إلى  0.0جرام ،  0.4إلى  0.6جرام ،  .1إلى  12من الوراثية  

يوم الأولى من  00، وزن أول بيضة، عدد البيض عند الجنسيلصفات الوزن عند النضج جرام  111إلى  4.و 

نتاج، كتلة البيض يوم الأولى من الإ 120يوم الأولى من الإنتاج، عدد البيض الكلى عند  00الإنتاج، كتلة البيض عند 

 انخفضتيوم وكذلك  110إلى  .11المظهرية من  الاتجاهاتبينما انخفضت يوم الاولى من الإنتاج،   120الكلى عند 

المحققة  الانتخابية الاستجابةأظهرت .   الجنسييوم  لصفة عمر النضج  0.1إلى  0.41الوراثية من  الاتجاهات

وزن الجسم عند  في( يوم، ازدياداً - 2.14) الجنسيعمر النضج  فيتبكيراً  الانتخابوالمصاحبة بعد ثلاث أجيال من 

عدد البيض الكلى عند  فيجرام ( ، ازدياداً  1.00وزن أول بيضة ) فيجرام ( ،ازدياداً  ..110) الجنسيعمر النضج 

جرام  114من الإنتاج ) الأولىيوم  00كتلة البيض عند  فيبيضة( ، ازدياداً  .1..يوم الأولى من بداية الإنتاج ) 120

معدل وضع البيض  فيجرام ( ، ازدياداً  61.يوم الأولى من بداية الإنتاج ) 120كتلة البيضة عند  في( ، ازدياداً 

يوم الأولى من بداية  120خلال  اليومي( ومعدل وضع البيض % ..6من بداية الإنتاج ) الأولىيوم  00خلال  اليومي

                                                                                                              (.  % 1.2الإنتاج )

 

 


