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Abstract

A selection program for four generations (base and three selected generations) was started in 2011 at Benha
University, Egypt to improve growth traits in a synthetic line named Benha chickens. A total of 18 cockerels and
180 pullets were selected according to their BLUP values for egg number during 90 days of laying from Benha
base population (control). Data of 4916 chicks produced by 69 sires and 484 dams were used to estimate
heritabiliets, genetic and phenotypic correlations and BLUP estimates for body weight at 0 (BW0), 4 (BW4), 8
(BW8), 12 (BW12) and 16 (BW16) weeks of age along with daily gains during 0-4 weeks (DG4), 4-8 weeks
(DG8), 8-12 weeks (DG12) and 12-16 weeks (DG16). The selection effects, correlated responses and the genetic
and phenotypic trends for body weights and daily gains across generations were quantified or clarified applying
the updated approach of the animal model program of BLUPF90. Heritability estimates were moderate or high;
being 0.52, 0.28, 0.27, 0.33 and 0.31 for BWO0, BW4, BW8, BW12 and BW16, respectively. Genetic correlations
for growth traits at different ages were positive and ranged from 0.64 to 0.88 among body weights, and from 0.14
to 0.65 among daily gain traits. The ranges in BLUP of most body weights and gains in the control generation
were higher than those in the selected generations. Accuracies of BLUP estimates for growth traits in all
generations (control and selected) were moderate or high. The three selected generations were superior (P <0.05)
in most body weights and daily gains than the base generation and the contrasts among estimates of these
generations were significant (P<0.05).The phenotypic trend increased from 33 to 34 g, 234 to 256 g, 532 to 650
g, 962 to 1123 g and 1458 to 1635 g for BW0, BW4, BW8, BW12 and BW16, respectively. the genetic trends
across the generations clarifying that the initial BLUP estimates for BWO, BW4, BW8, BW12 and BW16 were 0,
1.0,1.0, 1.4 and 0.1 g in the base population then gradually increased as the generation advanced till reached 0.1,
3.0, 9.5, 11 and 5.1 g in the first selected generation, 0.2, 5.0, 18, 20 and 9 g in the second selected generation,
and 0.3, 7.0, 25, 29 and 13 g in the third selected generation, respectively. The accumulative correlated selection
responses were 84 g for BW8, 123.6 g for BW12 and 123.6 g for BW16.

Keywords: Benha synthesized chickens, selection, growth traits, genetic and phenotypic trends, correlated
responses.

Introduction

Egyptian chicken breeds and strains had low
growth rates, poor feed efficiency and less meat yield,
since these breeds and strains were not subjected to
any intensive selection programs (Iragi, 2000). These
strains cannot meet the highly demand on chicken
meats in the market and therefore the lines synthesized
by crossbreeding and selection could play an
important role in this concept. Selection is the most
important tool for achieving genetic gain in poultry
since selection has been performed in two directions:
(1) to improve egg production and egg quality traits,
and (2) to improve body weight and daily gain traits.
In Egypt, body weights and gains are the most
important selection criteria for genetic improvement
programs because these traits are easily measurable
and they are correlated with several traits (Saleh et al.,
2008; Abd El-karim and Ashour 2014; Ramadan et
al., 2014). For these selection experiments, several
methodologies have been used to estimate the
selection response. One of them was based on
regressing the estimates of the breeding values on

generations and this approach depends on the genetic
parameters and the model used. The other
methodologies do not depend on the genetic
parameters and the model itself, but are dependent on
another approach through the usage of a control
population, which could be an unselected population.
In the concept, multi-trait selection is the most
effective selection method among the other methods
when several traits are involved in selection programs
(Saleh et al., 2006 and 2008; Ramadan et al., 2014).
In comparison with the programs that used to evaluate
selection programs, BLUPF90 is the most updated
program (Misztal et al., 2014) that introduced in
Egypt recently. However, BLUPF90 is an animal
model program which is a mixed model program
written in Fortran 90 (Misztal et al., 2014) and is used
to evaluate the selection program since it has many
advantages, gives high accuracy level of estimates,
simplicity and flexibility.

A selection program for four generations was
started in 2011 in the Faculty of Agriculture, Benha
University in Egypt to improve a synthetic line named
Benha chickens. This line was developed by crossing
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the Egyptian Golden Montazah with the White
Leghorn chickens (Iraqi et al., 2012). To evaluate this
selection experiment, the main objectives of the
present study were: 1) to estimate the genetic
parameters and BLUP estimates across generations
for growth 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 body weights
and gains 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 strain of
chickens namely Benha line (B) was used in this
study. This line has been developed from crossing

Golden Montazah with White Leghorns chickens and
using the BLUP estimates to select the birds for three
generations (lragi et al., 2013).

A total of 18 cockerels and 180 pullets were
selected according to their BLUP estimates for egg
number during 90 days of laying from Benha base
population. Data of 4916 chicks were produced by 69
sires and 484 dams from 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 generation of selection (Gi), consequently
selection was practiced further for two generations to
produce the 2" (G;) and 3™ (Gs) generations of
selection. The pedigreed eggs from each individual
breeding pen for the three selection generations (G,
G, and Gg3) were collected daily for fifteen days and
then incubated. The structures of data collected from
all generations are presented in Table 1.

Table 1. Numbers of sires, dams and pullets used in the selection experiment in different generations of Benha line

No. of  chicks

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

Base (control) population 17 113 180 898
15t generation of selection 18 119 180 1034
2" generation of selection 17 117 180 1434
3" generation of selection 17 135 216 1550
TOTAL 69 484 756 4916

Management: Where: y= nx1 vector of observation of the chick,

On hatching day, chicks produced from all
generations were wing - banded and reared in floor
brooder, then transferred to the floor pens. Chicks
produced from all generations were fed at libitum
during growing (from hatch up to 8 weeks of age),
rearing (from 8-20 weeks of age) and laying (more
than 20 weeks of age) periods on diets containing 21%
protein and 2950 kcal/kg, 18% protein and 2850
kcal/kg, and 16% protein and 2700 Kkcal/kg,
respectively. 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

Individual body weight (BW) of 4916 chicks were
recorded at 0, 4, 8, 12 and 16 weeks of age, while the
daily gains in weight for these chicks were calculated
during the periods of 0-4 (DG4), 4-8 (DG8), 8-12
(DG12) and 12-16 (DG16) weeks of age. The REML
variance components of the random effects were
estimated using the AIREMLF90 software (Misztal et
al., 2014). Multi-trait animal model (in matrix
notation) used for analyzing growth traits (as
characters of the chick) was as follows:

y=Xb+Za+e

n = number of records; X= design matrix of order nxp,
which is related to the fixed effects of generation (four
levels) and sex (two levels), b= px1 vector of the fixed
effects of generation and sex, a= vector of random
effects (additive genetic) of the birds, X and Z are the
incidence matrices relating to the fixed effects and the
additive genetic effects, respectively and e = vector of
random residual effects. The common environmental
effects were neglected in the model since the common
environment reduced the additive variance value,
which had negatively effect on the genetic parameters
estimated. Heritabilties for growth traits were
computed as:y, _ s ; where: c% and o%
@ u? gt e,

are the variances due to the effects of direct additive
genetic and random error, respectively. The genetic
(rg) and phenotypic (rp) correlations among growth
traits were also estimated.

Estimation of BLUP:

The BLUP were estimated using BLUPF90
program (Misztal et al., 2014). Bird 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).
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The accuracy of BLUP (ra) for each individual was
estimated according to Henderson (1975) as:

r,=.1+F-d,
AA i ;' Where: F= inbreeding

coefficient, d; = the diagonal element of inverse of the
appropriate block coefficient matrix, and o = 6%/c%.

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 differences between the
four generations of selection were obtained by
generalised least-squares analysis using the BLUPF90
software.

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)
(rexy) (opy); Where: ix is the selection intensity
assuming to be one for comparison only, hx and hy are
the square roots of heritability estimates of two traits
X and Y, respectively, rexy is the genetic correlation

between two traits and opy is the standard deviation of
phenotypic value of trait Y.

Results and discussion

Actual means and variations:

Actual means, their standard derivations (SD) and
percentages of variation (V%) for body weights at 0,
4, 8, 12 and 16 weeks of age and daily gains during
intervals of 0-4, 4-8, 8-12 and 12-16 weeks of age in
Benha chickens are shown in Table (2).

The actual means of body weights were 33.7, 247,
601, 1055 and 1561 g for chicks at hatch, 4, 8, 12 and
16 weeks of age, respectively (Table 2). In Dokki-4
chickens, Iragi et al. (2002) reported that means of
body weights were 31.6, 168, 428, 744 and 1059 for
BWO0, BW4, BW8, BW12 and BW16, respectively.
Kosba et al. (2006) using Alexandria low line,
Alexandria high line and Fayomi chickens found that
means of body weight were 31.3, 31.7 and 27.2 g for
BWO and 374.4, 518.2 and 354.6 g for BWS8.

The means of daily gains in Benha chicks were
19.5, 31.0, 25.2 and 32.5 g during the periods from
DGO04, DG48, DG812 and DG1216 weeks of age,
respectively (Table 2). However, the daily gain tends
to increase with the advance of age and the highest
value was noticed during the period of 12-16 weeks.
These means fall within the ranges for the strains of
chickens raised under the Egyptian conditions (e.g.
Iragi etal., 2002; El-Dlebshany et al., 2013; Iraqi et
al., 2013). Kosba et al. (2006) reported that means of
DGO08 was 51.5, 52.5 and 49.8 g in Alexandria low
line, Alexandria high line and Fayomi chickens,
respectively.

Table 2. Actual means and their standard deviations (SD) and percentages of variation (V%) for body weights
and daily gains (g) at different ages in Benha chickens.

traits Symbol NO Mean SD V%
Body weights:
Hatch BWO 4916 33.7 3.6 10.8
4 weeks BW4 4576 247 42 16.8
8 weeks BWS8 4370 601 122 20.2
12 weeks BW12 4155 1055 177 16.8
16 weeks BW16 3883 1561 272 17.4
Daily body gains:
0-4 weeks DG04 4576 7.6 1.5 19.5
4-8 weeks DG48 4370 12.6 3.9 31.0
8-12 weeks DG812 4155 16.2 4.1 25.2
12-16 weeks DG1216 3910 18.1 5.9 32.5

The percentage of variation (V%) in Benha
chickens ranged from 10.8 to 20.2 % for body weight
traits and from 19.5 to 32.5% for daily gain traits
(Table 2). These estimates tended to increase
generally as the chick advanced in age (Khalil et al.,
1993; Khatab 2014). Iraqi et al. (2002) reported that
the estimate of V% for body weight traits ranged from
9.7t017.7 % and from 9.7 to 17.7 for daily gains traits
in Dokki-4 chickens. Kosba et al. (2006) found that

the estimates of V% for BWO were 6.7, 7.1 and 9.3 %,
while they were 29.8, 27.7 and 29.6 % for BW8 and
were 22.3, 18.9 and 25.6 % for DGO8 in Alexandria
low line, Alexandria high line and Fayomi chickens,
respectively.
Heritabilities:

Estimates of heritability for body weights are
given in Table 3. The estimates were moderate or
high; being 0.52, 0.28, 0.27, 0.33 and 0.31 for BWO,
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BW4, BW8, BW12 and BW16, respectively. The
estimates could be encouragement for the Egyptian
breeders to practice genetic selection at early ages in
local strains. Also, the estimates showed that
heritability for body weight decreased with the
advancement of age. So, rapid improvement in body
weights could be achieved without waiting to later
ages to save money, time and effort (Iraqi et al.,
2002). These results are in agreement with Iragi et al.
(2002) who demonstrated that estimates of heritability
(h?) in a crosshreeding experiment using multi-trait

animal model for body weight at hatch, 4, 8, 12 and
16 weeks of age were 0.58, 0.21, 0.15, 0.20 and 0.14,
respectively. Kosbha et al. (2006) showed that the
estimate of h? for BWO was 0.30, 0.62 and 0.36, while
it was 0.32, 0.29 and 0.17 for BW8 in Alexandria low
line, Alexandria high line and Fayomi chickens,
respectively. Abd EI-Ghany and Abd EI-Ghany
(2011) reported that the estimates of h? for BWO,
BW4, BW8 and BW12 in selected line of Mandara
chickens were 0.13, 0.32, 0.58 and 0.61, respectively.

Table 3. Estimates of heritability + SE (on diagonal) and genetic correlation + SE (below diagonal) and
phenotypic correlation + SE (above diagonal) for body weight and daily gain traits at different ages in

Benha chickens.

Body Weights

Traits BWO BW4 BWS BW12 BW16
BWO 0.52+0.02 0.12+0.02 0.14+0.02 0.13+0.02 0.11+0.02
BW4 0.14+0.04 0.28+0.02 0.44%0.21 0.40+0.21 0.34x0.21
BWS 0.18+0.05 0.6420.12 0.270.02 0.76+0.21 0.58+0.17
BW12 0.220.11 0.55+0.13 0.88+0.06 0.33+0.02 0.8120.20
BW16 0.310.06 0.24%0.18 0.3620.07 0.3120.02 0.31%0.02
Daily body gains

DG04 DG48 DG812 DG1216 -
DG04 0.30+0.03 0.35+0.01 0.13+0.02 0.34+013 3
DG48 0.41+0. 01 0.23+0.03 0.55+0.01 0.75x0.01 3
DG812 0.14%0.03 0.65+0.01 0.19+0.03 0.790.01 3
DG1216 0.1420.05 0.45+0.08 0.57+0.08 0.2420.02 }

Heritability estimates for daily gains were
moderate, being 0.30, 0.23, 0.19 and 0.24 for DG04,
DG48, DG812 and DG1216, respectively (Table 3). It
seems that the heritability estimate tends to decrease
with the advancement of age. Iraqi et al. (2002) found
that the estimates of h? in Matrouah and Mandara
chickens increased with the advance of age and the
estimates were 0.22, 0.24, 0.35 and 0.44 for daily
gains during the periods from 0-4, 4-8, 8-12 and 12-
16 weeks of age, respectively.

Genetic and phenotypic correlations:

Genetic correlations among body weights at
different ages were positive (Table 3). Moreover, the
estimates among BW4, BW8, BW8, BW12 weeks
were high and ranged from 0.64 and 0.88. Genetic
correlations among daily gain traits were positively
moderate or high and ranged from 0.14 and 0.65.
Iraqi et al. (2000) showed that the genetic correlations
(rc) among body weight traits at different ages in
Dokki-4 chickens were positive and ranged from 0.17
to 0.77, while they ranged from 0.11 to 0.65 for daily
gain traits. Kosba et al. (2006) and Balat et al. (2008)
found that the estimates of genetic correlation between
BWO and BW8 was 0.17 in Mandara chickens. In
selected line of Mandara chickens, Abd EI-Ghany
and Abd EI-Ghany (2011) reported that the genetic
correlations among BW0, BW4, BW8 and BW12
were low or moderate and ranged from 0.16 to 0.29,
while the estimates between BW4 and BW8 or BW12
were high (0.89 and 0.71)

Estimates of phenotypic correlation were positive
and moderate between BW4 & BWS8 (0.44), BW4 &
BW12 (0.40) and BW12 & BW16 (0.34) as shown in
Table (3). In addition, the estimates were positive and
high between BW8 & BW12 (0.76), BW8 & BW16
(0.58) and BW12W & BW16 (0.81). Iraqi et al.
(2002) found that the phenotypic correlations among
daily gains were 0.27, 0.10 and 0.20 among DG04,
DG812 and DG1216, respectively.

BLUP estimates across generations:

The ranges in BLUP estimates in different
generations are presented in Table 4. The ranges in
BLUP for most body weights and gains were
moderate or high in all generations; the ranges in the
control, 1%, 2" and 3" generations being 2.1, 1.9, 1.9
and 1.9 g for BWO, 33, 21, 37 and 35 g for BW4, 129,
99, 110 and 104 g for BWS8, 140, 123, 125 and 118 g
for BW12, and 41, 48, 48 and 48 g for BW16,
respectively. For daily gains, the ranges deviated from
1.4 to 3.6 g for DGO04, 1.8 to 3.1 g for DG48, 2.2 to
3.7g for DG812 and 2.3 to 3.2 g for DG1216 in the
base, 1%, 2" and 3 generation, respectively. Iraqi et
al. (2000b) reported that the ranges in estimates of
predicted breeding values for body weight traits in
Golden Montazah, Silver Montazah and Mandara
strain ranged from 4 to 121 g, 4.7 to 178 g and 4 to
289 g, respectively, while the respective estimates for
daily gain traits ranged from 1.1t0 9.5g9,0.5t04.2 g
and 1.8 to 8.7 g. Khatab (2014) reported that the
ranges in estimates of predicted breeding values in
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Mandara chickens ranged from 12 to 259 g for body
weight traits and 1.9 to 4.6 for daily gains, while the
respective estimates ranged from 12 to 314 g for body
weights and 2.2 to 3.8 g for daily gains in Matrouah
chickens.

Accuracies of BLUP estimates for growth traits in
all generations (control and selected) were moderate
or high (Table 4 ); ranging from 0.47 to 0.73 for body
weight traits and from 0.34 to 0.60 for daily gain traits
in the base population, from 0.60 to 0.74 for body
weights and 0.41 to 0.62 for daily gains traits in the
first selected generation, from 0.47 to 0.61 for body
weights and 0.41 to 0.59 for daily gains traits in the
second selected generation, and from 0.47 to 0.63 for
body weights and 0.48 to 0.54 for daily gains in the
third selected generation. Iraqi et al. (2000b) reported

that the accuracy of estimates of predicted breeding
values for body weight traits in Golden Montazah,
Silver Montazah and Mandara strain were high and
ranged from 0.46 to 0.64, 0.56 to 0.68 and 0.58 to
0.69, respectively, while the respective estimates for
daily gain traits ranged from 0.62 to 0.73, 0.65 to 0.66
and 0.66 to 0.73. In Dokki-4 chickens, Iraqgi et al.
(2000a) found that the accuracies of the estimates of
the breeding values were high and ranged from 0.72
to 0.87 for body weight traits and 0.71 to 0.83 for daily
gain traits. Khatab (2014) reported that the accuracies
in predicted breeding values in Mandara chickens
ranged from 0.24 to 0.95 for body weight traits and
0.19 to 0.89 for daily gains, while the respective
accuracies ranged from 0.40 to 0.95 for body weights
and 0.40 to .89 for daily gains in Matrouah chickens.

Table 4. Ranges in BLUP estimates (g) and their standard errors (SE) and accuracy of prediction ( ra) estimated
by multi-trait animal model for growth traits in the base and selected generations in Benha chickens.

Traits Ranges in SE Accuracy Ranges in SE Accuracy
BLUP BLUP
Base population First selected generation
BWO 2.1 0.2 0.73 1.9 0.1 0.60
BW4 33 4.4 0.58 21 2.1 0.65
BWS 129 11.6 0.47 99 22 0.69
BW12 140 16.6 0.65 123 19. 0.71
BW16 41 5.4 0.69 48 7.6 0.74
DG04 14 0.1 0.60 2.1 0.8 0.62
DG48 3.6 0.8 0.45 3.1 0.7 0.53
DG812 2.8 0.7 0.44 3.1 0.9 0.51
DG1216 3.3 1.1 0.34 1.8 0.4 0.41
Second selected generation Third selected generation
BWO 1.9 0.17 0.60 1.9 0.2 0.60
BW4 37 4.3 0.47 35 4.6 0.47
BWS8 110 10.2 0.53 104 19 0.52
BW12 125 22.6 0.48 118 25 0.50
BW16 48 8.6 0.61 48 9.7 0.63
DG04 2.2 0.9 0.59 2.3 0.9 0.54
DG48 3.7 0.7 0.43 3.1 0.8 0.48
DG812 2.6 0.7 0.41 3.2 0.6 0.53
DG1216 3.3 0.9 0.53 2.8 0.6 0.51

Selection effect and generation contrasts:
Estimates of the three generations of selection
obtained by generalized least squares using BLUPF90
were superior (P <0.05) for most body weights and
daily gains than the base population (Tables 5, 6).
Based on BLUPF90, the contrasts among estimates of
these generations were significant (P<0.05).The third
generation showed superiority in weights and gains
compared to the average of the first and second

generations. Aly et al. (2010) found that BWO and
BWS8 averaged 35.4 and 511 g in the selected line,
while they averaged 35.3 and 484 g in the control
Matrouah chickens, respectively. Abou EI-Ghar and
Abd EI-Karim (2016) found that BWO0 averaged 32.7,
35.5 and 33.6 g and averaged 851, 915 and 738 g for
BW12 in the selected line of Inshas chickens, while
averaged 33, 33 and 34 g for BWO and averaged 833,
856 and 833 g for BW12 in the control line.
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Table 5. Generalized least-square estimates for body weights (g) in different generations along with their generations
contrasts and standard errors (£ SE) in Benha chicks.

Generation BWO BW4 BWS BW12 BW16

Control (C) 33.2+0.15°¢ 231+1.9¢ 548+5.5° 970+6.5° 1455+5,5¢
1% generation (G1) 33.5+0.16" 246+2.2° 570+6.5° 1027+7.7° 1558+5.8P
2"generation (G,) 33.5+0.17° 248+2.4° 566+7.1° 1021+8.3° 1563+5.7°
3" generation( G3) 34.0+0.18? 252+2.7° 642+7.82 1095+9.12 1593+6.0?
CVS G, -0.3+0.17 -15 +2.0* -22 +5.6* -57 +7.0* -103 +7.0*
CVS G, -0.3+0.18 -17 £2.3* -18 +6.3* -51 +7.7* -109 +7.0*
CVSG; -0.8+0.19* -21 +2.5* -94 +7.0* -125 +8.5* -139 +7.3*
G; VS G, 0.0+0.16 -2+1.8 4450 7 +6.3 -6 6.3

G1 VS G3 -0.5+0.17* -6 +2.1* -72 £5.9* -68 +7.3* -36 +6.6*
G2 VS G3 -0.5+0.14* -4 £1.7* -76 #4.7* -74 £5.9* -30 £5.2*

a, b, ¢, d Estimates with the same letters within each trait are not significantly different (P<0.05).

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

Table 6. Generalized least-square estimates for daily body gains (g/d) in different generations along with their generation
contrasts and standard errors (+ SE) in Benha chicks.

Generation DG04 DG48 DG812 DG1216

Control (C) 7.0+0.07° 11.3+0.17° 15.0+0.14° 17.3+0.18°
1% generation (G;) 7.5+0.08° 11.6+0.20° 16.2+0.16° 18.6+0.21°
2" generation (G.) 7.6+0.08° 11.4+0.22° 16.3+0.16" 18.7+0.23°
3" generation (Gs) 7.7+£0.092 14.0+0.242 16.3+0.172 19.8+0.25°
CVS G, -0.5+£0.07* -0.3+0.18 -1.2+0.17* -1.3+0.20*
CVS G, -0.6+0.08* -0.1+0.20 -1.3+0.18* -1.4+0.22*
CVSG; -0.7+0.09* -2.7+0.22* -1.3+0.19* -2.5+0.24*
G1 VS G, -0.1+0.06 0.2+0.16 -0.1+0.19 -0.1+0.18
G1 VS G3 -0.2+0.07* -2.4+0.19* -0.1+0.17 -1.2+0.21*
G, VS G3 -0.1+0.06 -2.6+0.15* -0.0+0.14 -1.1+0.17*

a, b, ¢, d Estimates with the same letters within each trait are not significantly different (P<0.05).

* Generation effect significantly different from 0, a2 = 0.05.

The phenotypic trends across generations:

For body weight traits, the phenotypic trends across
the generations showed that the initial phenotypic values
for BWO, BW4, BW8, BW12 and BW16 were 33, 234,
532, 962 and 1458 g in the base population, gradually
increased as the generation advanced till reached 33, 241,
571, 1016 and 1517 g in the first generation of selection,
34, 248, 616, 1069 and 1576 g in the second selected
generation and 34, 256, 650, 1123 and 1635 g in the third
selected generation, respectively (Figure 1). These
results indicated that selection over three generations for
egg number was associated with an increasing in the
phenotypic values of body weights and daily gains. For
daily gains traits, the initial phenotypic values for DG04,
DG48, DG812 and DG1216 were 7, 11, 15and 17.6 g in
the base population, respectively, reached 7, 12, 16 and
18 g in the first selected generation, 8, 13, 16 and 18 g in
the second selected generation and 8, 14, 17 and 18.3 g
in the third selected generation, respectively (Figure 1).
Younis et al. (2013) found that the phenotypic values for
BWO0, BW4, BW8 and BW12 were 32.3, 210.7, 510.7
and 763 g in base generation, respectively, reached 32.8,
226.8, 542 and 810 g in 1% selected generation and 32.5,
237, 569 and 845 g, respectively in 3" selected
generation, respectively in Dokki-4 chickens. Abd El-
Karim and Ashour (2014) reported that the phenotypic
values for BW8 was 800 g in base generation, reached
861 g in 2" selected generation and increased till reached

1043 g in 2™ selected generation, respectively in El-
Salam strain.

The genetic trends across generations:

For body weights, the genetic trends across the
generations clarifying that the initial BLUP estimates for
BWO0, BW4, BW8, BW12 and BW16 were 0, 1.0, 1.0,
1.4 and 0.1 g in the base population then gradually
increased as the generation advanced till reached 0.1, 3.0,
9.5, 11 and 5.1 g in the first selected generation, 0.2, 5.0,
18, 20 and 9 g in the second selected generation, and 0.3,
7.0, 25, 29 and 13 g in the third selected generation,
respectively (Figure 2). A similar genetic trend for body
gains were recorded where the initial BLUP estimates for
DG04, DG48, DG812 and DG1216 were constant to be
0.1,0.1, 0.1 and 0.1 in the base population then gradually
increased as the generation advanced till reached 0.13,
0.4,0.3 and 0.4 g in the first selected generation, 0.2, 0.7,
0.4 and 0.6 g in the second selected generation and 0.2,
0.9, 0.4 and 0.9 g in the third selected generation,
respectively (Figure 2). Contradicted trend was reported
by Kosba et al. (2006) who indicate that the genetic trend
increased for BW8 and reached soon at the 2™ generation
of the study, then the trend decrease slowly down to show
the minimum point (but positive) at the 4™ generation and
converted upward to show new trend at the 5" generation
and converted down thereafter for Alexandaria high line.
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Figure 1: The phenotypic trend for growth traits across the control and selected generations
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Where : 1= Control population, 2 = First selected generation, 3 =Second selected generation, 4 =
Third selected generation, BWO = Body weight at hatch, BW4 = Body weight at 4 weeks, BW8
= Body weight at 8 weeks, BW12 = Body weight at 12 weeks, BW16 = Body weight at 16 weeks
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Figure 2: The genetic trend for growth traits across the control and selected generations.
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Where : 1= Control population, 2 = First selected generation, 3 =Second selected generation, 4 =
Third selected generation, BWO = Body weight at hatch, BW4 = Body weight at 4 weeks, BW8 =
Body weight at 8 weeks, BW12 = Body weight at 12 weeks, BW16 = Body weight at 16

weeks
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Correlated selection responses

The correlated selection responses were positive
for all body weights at different ages (Table 7). The
responses in the 1%, 2" and 3" generation of selection
were 20.2, 3.4 and 60.4 g with acumulative response
of 84 g for BW8, 49.2, 5.7 and 68.7 g with
acumulative response of 123.6 g for BW12 and 95.3,
4.9 and 26.8 g with acumulative response of 123.6 g
for BW16, respectively. These responses indicating
that selection for egg number was associated with an
increase in body weight at different ages. A similar
trend was observed for daily body gains (g/d) in chicks

at different age intervals. Saleh et al. (2008) reported
that the cumulative realized response was 90 and 104
g for BW8 and BW16 over three selected generations
in El-Salam chickens. Abd EI-Ghany and Abd ElI-
Ghany (2011) found that the realized correlated
response after two selected generations were 1.23 g in
BWO and 20.27 g in BW4 in Mandara chickens.
Younis et al. (2013) found that the cumulative
realized and expected response were 26, 58 and 82 for
body weight at 4, 8 and 12 weeks of age, 0.92, 1.14
and 0.94 for daily weight gains after two selected
generations in Dokki-4 chickens.

Table 7. Correlated selection responses in body weights and gains through three generations of selection for egg
number at the first 90-days of laying in Benha chickens.

Traits Correlated selection response as a result of selection for egg number at 90 day of laying (EN90D)
15t generation 2" generation 3" generation Cumulative
BWO 0.29 0.05 0.38 0.7
BW4 17 1.8 3.1 21.9
BWS 20.2 34 60.4 84
BW12 49.2 5.7 68.7 123.6
BW16 95.3 4.9 26.8 127
DG04 0.4 0.1 0.1 0.6
DG48 0.2 0.1 1.9 2.3
DG812 0.9 0.1 0.1 11
DG1216 1.1 0.1 0.9 2.1
Conclusions Aly, O.M. ; Ghanem, Hanan H.; Afifi ,Yousria K.;

1) The high estimates of BLUP for growth traits in the
control and selected generations indicate that
improvement of growth performance in Benha
chickens could be achieved through more
generations of selection.

2) Superiorities in the selected generations indicated
that selection for egg number during the first 90
days of laying in Benha chickens was associated
with an improvement in body weights and daily
gains

3) The genetic trends were slightly positive for all
traits indicating that the selection program was
performed correctly. For all traits, the phenotypic
trends showing improvement trends indicating the
presence of appropriate environment especially for
nutritional level.

References

Abd EI-Ghany, F.A. (2006). Genetic studies for
growth traits in Inshas strain. J. Agric. Sci.
Mansoura Univ., 31 (2): 1301-1313.

Abd EI-Ghany, F.A. and Abd EI-Ghany, A.l
(2011). Selection for improving egg production in
Mandara chickens to maximize the net income. J.
Animal and Poultry production Mansoura
University., Vol. 2 (11):457 — 470.

Abou EI-Ghar, R. S. and Abd El-Karim, Ragaa E.
(2016). Genetic improvement on egg production
traits in Dokki-4 strain 1- Correlated responses,
heritability, genetic and phenotypic correlations
for egg production and egg quality traits. Egyption
Poultry Science Vol 34 (I): 345-362.

Abou EI-Ella, Nazla Y. and Balat, Magda M.
(2010). Selection for improving egg production in
Mandarah chickens. 4- Direct and correlated
response for some economic traits for four
generations of selection. Egyption Poultry
Science, 30: 137-156.

Balat, Magda M.; Abou El- Ella, Nazla Y.; Aly, O.
M. and Ghanem, Hanan H. (2008). Selection for
improving egg production in Mandarah chickens
to maximize the net income. 1- Correlated
responses, heritability, genetic and phenotypic
correlations among egg production and growth
traits. Egyption Poultry Science. 28 (11): 367-382.

El-Dlebshany, Amira. E; Amin, E.M.; Kosba, M.A
and EI-Nogmy, M.A. (2013). Effect of
crossing between two selected lines of
Alexandaria chickens on hatching and egg
production traits. Egyptian Poultry Science, 37 :
999-1016.

Falconer, D. S. and Mackay, F. C. (1996).
Introduction to Quantative Genetics.”4™ Edition”
Longman Group Ltd, England.

Henderson, C. R. (1975). Best linear unbiased
estimation and prediction under a selection model.
Biometrics 31 (2): 423 - 47.

Iragi, M.M.; El-Labban, A.F. and Afifi, E. A.
(2000a). A comparison of four methods of
estimating variance components and heritability
for growth traits in chickens. Proceding of the
Conference on Animal Production in the 21"
Century, Sakha, Kafr EI-Sheikh, Egypt.18-20
April 2000: 345-358.

Annals of Agric. Sci., Moshtohor, Vol. 55 (1) 2017.



42

El-Attrouny, M.M.etal .

Iraqgi, M. M.; El-labban, A. F. and Khalil, M. H.
(2000b). Estimation of breeding values and their
accuracies using multivariates animal model
analysis for growth traits in three local strains of
chickens. Egyptian Poultry Science 20 (1V): 981-
1002.

Iragi, M. M; Khalil, M.H; El-labban, A.F; Hanafi,
M and Fries, R. (2002). Genetic evaluation for
growth traits of Dokki-4 chickens using animal
models. Egyptian J .Agric. Res., 80 (4), 2002.

Iraqi, M. M.; Khalil, M. H. and El-Atrouny, M. M.
(2013). Estimation of crossbreeding components
for growth traits in crossing Golden Montazah
with White Leghorn chickens. VI International
Conference: Balnimalcon 2013 Tekirdag/Turkiye,
October 3-5, 2013: 494-504.

Kennedy, B. W. (1989). Animal model BLUP -
Crasmus intensive graduate Course. University of
Guelph, Dublin.

Khalil, M. H.; Hanafi, M. S.; El-Labban, A. F. and
Iragi, M. M. (1993). Genetic evaluation of growth
traits in Dokki-4 chickens. Egyptian J. Animal
Production. 30(2):263- 287.

Khatab, H. A. (2014). Genetic evaluation for some
productive traits in chickens. M. Sc. Thesis,
Faculty of Agriculture at Moshtohor, Benha
University, Egypt.

Kosba, M. A.; Farghaly, M. H.; Bahie EL-Deen,
M.; Iraqi, M. M.; El-Labban, A. F. M. and Abd
El-Halim, H. A. (2006). Genetic trends and
evaluation for some productive traits in Alexandria
chickens. Egyptian Poultry Science, 26: 1497 -
1513.

Kosba, M.A.; Farghaly, M.H.; Bahie El-Deen, M
and Abd El-Halim, H.A. (2002). Selection and
genetic analysis of some egg production traits in

local chickens. Egyption Poultry Science, 22: 681-
696.

Misztal, I; Lourenco, D; Aguilar, I; Legarra, A.
and Vitezica, Z. (2014). Manual for BLUPF90
family of programs. University of Georgia,
Athens, USA. First released May 12, 2014 Last
Edit June 18, 2015.

NRC (1994). National Research Council Nutrient
Requirement of Poultry. Ninth Revised Ed.
National Academy Press Washington DC, USA.

Abd El-Karim, Ragaa E . and Ashour, A.F. (2014).
Effect of selection for body weight on body
measurements and carcass traits in EI-Salam strain
of chickens in Egypt. J. Animal and Poultry
Production Mansoura University, Vol.5 (8): 459-
471.

Ramadan, G. S.; Moghaieb, R.E.; EI-Ghamry, A.
A.; EI-Komy, E. M.; Nassar, F.S.; Abdou, A.M.;
Ghaly, Mona M. and Stino, F.K. (2014). Effect
of selection for high live body weight on slaughter
performance of briolers breeds. Egyptian Poultry
Science, 34: 289-304.

Saleh, K.; Younis, H.H.; Rizkalla, H. E. and Abd
El-Karim, Ragaa E. (2008). Direct and correlated
response of selection for improving body weight
in El-Salam chickens. Egyptian Poultry Science.,
28 : 431 -454,

Shalan, Hedaia M.; Zweil, H.S.; EI-Wekeel, H. and
Abd-Ella, M.M. (2012).Selection and correlated
response for age at sexual maturity in Baheij
strain. Egyption Poultry Science., 32: 339 - 350.

Younis, H.H.; Abd EI-Ghany, F.A. and Awadein,
Nasra B. (2013). Genetic improvement of egg
production traits in Dokki-4 strain. 2- Correlated
responses, heritability, genetic and phenotypic
correlations for body weight traits. J. Production &
Dev., 18 (3):475 — 494

Lafial) L zlas i QA 4y 2 8 gall) ciliial 5 yediall g ) 5l andil)

25 Joall dana Glgea ¢ TR il s il ¢ 131 e e dgana (I g kYl Ldhuaa 3 gana
- L Analy — gidiag As 31 IS ) gaal) LY anidt
ran— o) 3N Gigal) 38 ja — idle) g LM Lty 38 jall?

U s (AR il 138 (g a5 L dadla Aol )N S 2011 ple (8 (il Jual Dl 553 ) Jland A )Y (A el Ty
Gl 230 Zal BLUP e je s oaiie puanl il lada 4alan 1805 ¢l 18 i) o Jasiinall Loty o (8 saill cilia (pua
L5l ka5 ) e adadi sl Llaiual) 5 AAEY) i i gi gl a8 5 (I 558) Q) Jin G0 LY (0 232 90 ) i
by @aa) . BLUPFI0 Program sk «s ymall o)) ssadl 73 sai aladinly Ly zlad (8 4e sl 53450 5 anadl (55 lial 4y jedadll 5
BLUP i s (ad it (el a5 (5 seaall 5 (sl Bl y¥) — 1) ol (Sl il Aala 484 5 8369 (e 4aili £ 4916
12 512 -8¢8 -4 ¢4 -0 o Gadpasll 83050 clia ) adlaYl seal) o g ol 16 5126 8¢ 4 ¢ psp oo die auall (55 Sldal
4 ¢ as oo ie anall 5 Clial 031 ¢ 0.33¢ 0.27¢ 0.28 ¢ 0.52 ilS G adlle 5 adas gia (S )5l S ad CailS o sl 16—
claal 0.88 — 0.64 o 7 s)5 Akl Hlee Y1 die avall 05 liaa G (S sl Bl Y ad iy yeadl e g sl 16 512 ¢ 8
JsoSl o (8 Ae sl 8L 30 5 ansad) (5 5 ldial BLUP il sl il 05 i€ e sall 520 30 laaal 0,64 — 0.14 Gns pmnl 035
BN Jual) cyelal, 48 e i dassie JuaVl JS jie sl claal BLUP a8 (8 482 cils o <l 30yl Juay) e el
aalisad) Jua) ow Contrasts kil colabaill ¢ sl LS J s i€l Qi 45 e de sl 333l 5 ansad) ()55 (B Lysine (5588 alamsD
1123 N 962¢ 650 S 532 < 256 ) 234 « 34 ) 33 (e 4 edaall wil) 3 ) (5 edaall olai¥) el Jla Y oda (o (5 sine DA
Aalal 231 A 0.14529 N 1.4 25 N 17 N1 ¢0.29 N0 0o &5l clalas) af i) X5 0l 52 1635 ) 1458 5
AT e il B aay Laliaall s Aiaa) LY At of 2a s (s o g sl 16 5 126 8¢ 4 s sae die avall o3
bl 8 ie ol ja 84« il 4 ie ol 2 21.9 a laie aual) ()5 (& AaeS) i 83l Lppabia V) (e A5V 052 90 e aul) 220 ddual

Sl 16 xie ol a 127¢ ¢ sal 12 2ie ol 2 123.6¢

Annals of Agric. Sci., Moshtohor, Vol. 55 (1) 2017.



