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Base population of the evaluated Japanese quail was derived from a randomly 

mated flock. This flock was used for subsequent divergent body weight 

selection at 4 weeks of age to produce the next three generations (G1, G2, and 

G3). The resultant investigational birds during the period from November 

2016 to November 2017 were produced and raised at the experimental farm, 

Department of Animal and Poultry Production, Faculty of Environmental 

Agricultural Sciences, Arish University, Al-Arish, North Sinai, Egypt. 

Individual selection for body weight at 4 wk of age was applied. The upmost 

2/3 ranked birds were considered, the high body weight line (HL), while the 

lowest 1/3 ranked ones were considered, the low body weight line (LL). At 5 

wk of age, the selected birds were transferred to cages (1 male and 2 female 

assigned at random from the same selection category along with avoiding sib 

mating). The same trend of body weight selection intensity was applied at 

each generation within each line. The used experimental diet was a corn-

soybean growing diet in a mash form with approximately 23% crude protein 

and 2850 kcal ME/kg. Feed and water were offered ad libitum. The results 

indicated that the interaction between body-weight-selection-type and sex 

was significant on most evaluated growth traits. Furthermore, line effect had 

highly significant (P≤ 0.0001) on most evaluated growth traits. Also, the 

Relative Growth Rate (RGR) decreased with the advancing in age, and higher 

values were recorded for both sexes and lines for RGR0-2 and reduced 

gradually by increasing age, also the high females was higher than males at 

most studied periods. However, the higher values for Weight gain (WG) were 

obtained for females in both selected lines where the HL showed higher 

values than the LL. 
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INTRODUCTION 

Japanese quail is considered as an ideal 

laboratory bird for its rapid growth, early 

sexual maturity, short generation interval 

and relatively high egg production (Wilson 

et al., 1961; Reese and Reese, 1962).  

Selection is an important tool for changing 

gene frequencies for better fit individuals 

for one or more particular breeding 

purpose(s). Falconer and Mackay (1996) 

stated that artificial selection produces its 

changes of gene frequency by separating 

the adult individuals of parent generation 

into two groups, the selected and the 

discarded that differ in gene frequencies. 

Natural selection produces its effect 

through differences in fertility (i.e. 

longevity and fertility among the parents or 

viability among their progeny). The 

divergent selection can be used when the 

researchers are interested in producing two 

lines selected in opposite directions, and 

also to avoid the low accuracy of measuring 
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the response resulting from using the 

control line as unselected line because the 

use of control necessitates a reduction in 

population size of the selected line, 

quadruples the sampling variance of the 

response measured as  a deviation from 

control and so doubles the standard error 

(Falconer and Mackay, 1996), so the 

divergent selection can be used to improve 

the accuracy of measuring the response 

where each selected line acts as a control 

line for the other and the response is 

measured as the divergence between the 

two lines 

During the early embryonic development 
of chicks, growth is primarily the result of 
hyperplasia; after hatching, growth of most 
tissues is largely, and in some cases totally, 
due to hypertrophy. Animal growth has 
been defined also by Moran (1977) as the 
sum of the growths of the component parts 
of the carcass, i.e. meat, bone, and skin. 
Jones and Hughes (1978) cleared that 
Japanese quail surpassed the Bobwhite in 
growth rate up to 6 wk of age. They also 
revealed that Japanese quail reached the 
maximum average daily gain (4.89 g) at the 
third week of age and decreased thereafter 
to the sixth week of age. 

Growth may be expressed in many ways 

such as absolute growth rate (AGR), relative 

growth rate (RGR) and the cumulative 

growth rate at limited area of time. Marks 

(1993) reported that means of weekly 

relative growth rate for the period from 

hatch through six wk of age [i.e. (GR0-1), 

GR1-2, GR2-3, GR3-4, GR4-5, and GR5-6] were 

decreased as age of the birds increased. 

El-Sayed et al. (1995) reported that 
growth rate during the second generation 
increased for the HL and control, while it 
was decreased for the LL compared with 
the 1

st
 one. However, growth rate at 14 days 

of age for the selected high and low lines in 
addition to the unselected control line 
during the second generation was decreased 
for HL and LL, while it was increased for 
control line. Shalan (1998) reported that 

the overall mean of RGR0-2 for combined 
sexes and lines over three generations of 
selection was 147.32%, and the means of 
RGR2-4, RGR4-6, and RGR0-6 for females 
were higher than males. 

While, Bahie El-Dean and El-Sayed 

(1999) reported that the average relative 

growth rates (RGR) were 138.85, 66.81, 

and 48.57% for RGR0-2, RGR2-4, and RGR4-

6, respectively. 

As regard to indirect response of RGR in 
Japanese quail divergently selected for 4-
wk body weight, Samuel (2003) reported 
that the selection for high 4-wk body 
weight resulted in higher RGR for the first 
two weeks (early in life) compared to quail 
from the LL, while by the third week of 
age, quail from the LL had higher RGR 
compared to the quails from the HL.  

Farahat et al. (2010) found that the fastest 
growth rate was shown during RGR2-6 
whereas; the slowest rate was obtained 
during RGR4-6 for the combined sexes. Sex 
significantly influenced growth rate favoring 
males during all periods. These results 
agreed with those obtained by Badawy 

(2008). While Abd El-Fattah et al. (2006) 
found lower growth rates during RGR2-4 

and RGR4-6. However, that growth rate in 
males and females of Japanese quail should 
be considered a distinct characteristic of the 
population. This matter should be taken into 
account in any breeding program aiming at 
improving growth characteristics in Japanese 
quail. 

Furthermore, Lepore and Marks (1971) 
indicated that daily of gain (g/day) in 
Japanese quail weight ranged around 2.64, 
3.21 and 1.36 g during WG0-2, WG2-4 and 
WG4-6, respectively. Sefton and Siegel 

(1974) reported the average daily gain 
during WG0-2, WG2-4, WG4-6 and WG0-6 to 
be 2.34, 3.12, 1.54 and 3.34 g, respectively. 
Similar values were also reported by 
Aboul-Hassan (2000) stated that the 
average daily gain for the previously 
mentioned periods to be 2.62, 5.82, 1.42 
and 3.41, respectively. Average daily gain 
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values reported by Darden and Marks 
(1989) were 2.43 and 3.57g at WG0-2 and 
WG2-4, respectively. Bahie El-Deen (1994) 
reported high significant differences among 
lines and generations for daily gain during 
all the studied periods that he reported. 
Averages daily gain were 2.73, 3.66, 3.89 
and 3.43 g during the periods WG0-2, WG2-

4, WG4-6 and WG0-6, respectively. Averages 
mentioned by Shalan (1998) were 3.18, 
4.59, 3.95 and 3.94 g for WG0-2, WG2-4, 
WG4-6 and WG0-6, respectively. Shalan 
(2003) reported that gain in weight is higher 
in females than males during all periods 
evaluated. 

Mean gain in weight for females during 

the period 2-6 wk of age was 138.3 and 

111.0 g in the selected and control lines, 

respectively while for males it was 122.9 

and 106.2 g, in the same manner, 

respectively (Debes, 2004). 

Badawy (2008) and Badawy et al. 

(2010) concluded that the pre-eminence of 

females over males may be due to that 

female quails got higher growth performance 

than males at the same age stages; which 

can be hormonally mediated and ascribed to 

the development of females' sex organs and 

accumulation of reservoirs for facing of the 

later sexual activities. 

This work has been carried out to 

investigate the quails’ bidirectional individual 

selection response either direct to 4 wk of 

age body weight on body weights, in 

addition to estimate the realistic effective 

selection differential. 

MATERIALS AND METHODS 

Experimental birds were produced and 

raised at the experimental farm, Department 

of Animal and Poultry Production, Faculty 

of Environmental Agricultural Sciences, 

Arish University, El-Arish, North Sinai, 

Egypt. A base population constituted of 500 

Japanese quail individuals were used for 

subsequent divergent 4 wk of age body-

weight-selection to produce the succeeding 

three generations (G1, G2 and G3). Eggs 

were collected daily and marked according 

to their families. Healthy hatched chicks 

were leg banded. All through the 

experimental period; feeds were allowed ad 

libitum in a mash form (diet with 23 % and 

20% crude protein, 2800 kcal ME/kg and 

2850 kcal ME/kg for growing and layer 

diet, respectively). 

Selection and Mating Methods 

Individual selection for divergent 4-wk 

body weight was carried out. Birds were 

measured weighted individually. In each 

type, the upmost 2/3 ranked birds were 

considered the high body weight line (HL), 

while the lowest 1/3 ranked ones were 

considered the low body weight line (LL). 

At 5 wk of age, the selected birds were 

transferred to cages (1 male and 2 female) 

which assigned at random from the same 

category avoiding sib mating. The same 

peculiar trend for body weight selection 

was applied to each line within each 

successive generation. 

Studied Traits and Statistical Analysis 

Individual body weights (g) were recorded 

at hatch, 2, 4, 6 and 8 wk of age. The 

relative growth rate (RGR) and the weight 

gain (WG) were estimated for every 2-wks 

interval during the period from hatch to 8 

wk of age. 

Data for each generation were analyzed 

separately using the general linear model 

procedure (PROC GLM) of SAS software 

package (SAS, 2004). Data were categorized 

into various growth traits (i.e. body weight, 

body weight gain, growth rate). Significant 

between line, sex and generation means 

were applied by Duncan's multiple range 

test (Duncan, 1955). 

Data of growth parameters were 

analyzed within each generation using 

Least Squares ANOVA applying the 

following model: 

Yijk = µ + Ti + Sj + T*S(ij) +  eijk            
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Where: 

Yijk = Individual observation on the bird.  

µ = the overall mean for the trait under 

consideration; 

Ti = the fixed effect of the i
th

 selection type 

(two levels; high and low body weight) 

Sj = the fixed effect of the j
th

 sex (two 

levels; male and female). 

T*S(ij) = the fixed effect of the interaction 

between the i
th

 selection type and the j
th

 

sex.   

eijk = random residual error assumed to be 

normally and independently distributed 

with zero mean and common variance 

equals unity. 

RESULTS AND DISCUSSION 

Relative Growth Rate (RGR) 

Data in Table 1 represented the interactions 

between group by sex for the parent stock 

on RGR were insignificant at the two 

periods studied. Data in Table 1 revealed 

that the group difference was found to be 

significant (P> 0.05) from 6 to 8 wk of age. 

However, group impact was insignificant 

from 4 to 6 wk of age, where the High 

group showed high values (Table 2). Sex 

impact was not significant at all studied 

ages, as represented in Table 1. 

While for the 1
st
 generation; line by sex 

interactions on RGR (Table 3) were 

insignificant at the two studied periods. 

Data in Table 3 revealed that the line effect 

highly significant (P≤ 0.0001) during the 

two studied periods. The previous results 

revealed that the RGR decreased with the 

advancing in age. The same trend of results 

was reported by Bahie El-Deen and El-

Sayed (1999); Samuel (2003); Badawy 

(2008) and Farahat et al. (2010). Sex 

effect was not significant at the two studied 

periods, as represented in Table 3. Higher 

values were recorded for males, females 

and lines for RGR0-2 and reduced gradually 

by increasing age (Table 4). Same trend 

was obtained by Jones and Hughes (1978), 

Marks (1993) and Badawy (2008). Also, 

for selected parents for the 2
nd

 generation; 

line by sex interactions on RGR (Table 5) 

were insignificant at the two studied 

periods. Data in Table 5 revealed that the 

difference between the two lines was as 

expected highly significant (P≤0.0001) only 

on RGR4-6. Sex effect was not significant at 

the two studied periods, as represented in 

Table 5. 

About the 2
nd

 generation; effect of line 

by sex interaction on RGR (Table 7) was 

significant at the two studied periods. Data 

in Table 7 revealed that the line effect was 

highly significant (P≤ 0.0001) during the 

two studied periods (Figure 1). The RGR 

decreased with the advancing in age. 

Higher values were recorded for both sexes 

and lines for RGR0-2 while, reduced 

gradually by increasing age, also the high 

females was higher than males at the two 

studied periods (Table 8 and Figs. 1 and 2). 

As well as selected parents for the 3
rd

 

generation, line by sex interactions on RGR 

(Table 9) were insignificant at the two 

studied periods. Data in Table 9 revealed 

that the difference between the two lines 

was as expected highly significant (P≤ 

0.0001) at RGR4-6. Sex effect was not 

significant at the two studied periods, as 

represented in Table 9. Data in Table 10 

showed that the males had higher RGR than 

females. 

Furthermore, for the 3
rd

 generation; line 

by sex interactions on RGR (Table 11) were 

insignificant at the two studied periods. 

Data in Table 11 revealed that the line 

effect highly significant during the two 

studied periods. Sex effect was significant 

at RGR2-4 only, as represented in Table 11. 

The high females were higher than males 

during two studied periods (Table 12). 

And for the selected parents for the next 

generation; effect of line by sex interactions 

on RGR (Table 13) were significant at 

RGR4-6.  Data in Table 13  revealed that the 
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Table 1. Least squares analysis of variance of relative growth rate (%) for the parent stock 

Source of variance df. RGR4-6 RGR6-8 

SS Prob. SS Prob. 

Group (G) 1 11.52 0.54 183.70 0.03 

Sex (S) 1 0.02 0.98 21.56 0.44 

G x S interaction 1 31.49 0.32 26.71 0.40 

Error 136 4204.47 4983.09 

 
Table 2. Least square means ±SE of relative growth rates (%) for the parent stock 

Traits N RGR4-6 RGR6-8 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

 m
ea

n
s 

G
ro

u
p

 

(G
) High 93 26.41 ± 0.61 18.37 ± 0.67

a
 

Low 47 25.77 ± 0.86 15.80 ± 0.93
b
 

Sex (S) 
Female 93 26.11 ± 0.61 16.65 ± 0.67 

Male 47 26.08 ± 0.86 17.52 ± 0.93 

In
te

ra
ct

io
n

 

M
ea

n
s 

G
 x

 S
  

in
te

ra
ct

io
n

 

High 
Female 62 26.96 ± 0.71 17.44 ± 0.77 

Male 31 25.87 ± 1.00 19.30 ± 1.09 

Low 
Female 31 25.25 ± 1.00 15.85 ± 1.09 

Male 16 26.29 ± 1.39 15.75 ± 1.51 

RGR4-6 and RGR6-8 = Relative growth rate during the period from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within group with different superscripts are significantly different 

(P≤ 0.05). 

 

Table 3. Least squares analysis of variance of relative growth rates (%) for the first 

generation 

Source of variance df. RGR0-2 RGR2-4 

SS Prob. SS Prob. 

Line (L) 1 2043.47 <.0001 17628.65 <.0001 

Sex (S) 1 4.09 0.615 88.29 0.213 

L x S interaction 1 0.002 0.992 14.38 0.615 

Error 924 14929.40 52429.37 
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Table 4. Least square means ±SE of relative growth rates (%) for the first generation 

Traits N RGR0-2 N RGR2-4 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

 m
ea

n
s 

L
in

e 
 

(L
) High 650 164.06 ± 0.16

a
 635 75.07 ± 0.30

a
 

Low 317 160.77 ± 0.25
b
 293 65.39 ± 0.46

b
 

S
ex

 

 (
S

) Female 516 162.34 ± 0.18 516 70.57 ± 0.34 

Male 412 162.49 ± 0.23 412 69.88 ± 0.43 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
 x

 S
 

in
te

ra
ct

io
n

 

High 
Female 326 163.99 ± 0.22 326 75.55 ± 0.42 

Male 309 164.14 ± 0.23 309 74.59 ± 0.43 

Low 
Female 190 160.69 ± 0.29 190 65.59 ± 0.55 

Male 103 160.84 ± 0.40 103 65.18 ± 0.74 

RGR0-2 and RGR2-4 = Relative growth rate during the period from hatch to2 wk and 2 to 4 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different between (P≤ 

0.05) and (P≤ 0.0001). 
 

Table 5. Least squares analysis of variance of relative growth rates (%) for selected 

parents for the second generation 

Source of variance df. RGR4-6 df. RGR6-8 

SS Prob. SS Prob. 

Line (L) 1 8556.11 <.0001 1 165.10 0.064 

Sex (S) 1 3.866 0.761 1 58.839 0.268 

L x S interaction 1 0.108 0.959 1 57.085 0.275 

Error 264 11045.21 258 12308.75 

 

Table 6. Least square means ±SE of relative growth rates (%) for selected parents for 

the second generation 

Traits N RGR4-6 N RGR6-8 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

 m
ea

n
s 

L
in

e 

 (
L

) High 180 20.90 ± 0.51
b
 176 14.61 ± 0.55 

Low 88 33.68 ± 0.73
a
 86 12.82 ± 0.79 

S
ex

 (
S

) 

Female 179 27.15 ± 0.51 174 14.25 ± 0.56 

Male 89 27.42 ± 0.73 88 13.18 ± 0.78 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
 x

 S
 

in
te

ra
ct

io
n

 

High 
Female 120 20.78 ± 0.59 117 15.67 ± 0.64 

Male 60 21.01 ± 0.84 59 13.55 ± 0.90 

Low 
Female 59 33.52 ± 0.84 57 12.83 ± 0.91 

Male 29 33.84 ± 1.20 29 12.82 ± 1.28 

RGR4-6 and RGR6-8 = Relative growth rate during the period from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different 

(P≤ 0.0001). 
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Fig. 1. Differences between sexes in relative growth rates within line in 2
nd

 gene 

 

 

 

 

 

 

 

 
 

 

Fig. 2. Differences between lines in relative growth rates within sex in 2
nd

 gene 

 

Table 7. Least squares analysis of variance of relative growth rates (%) for the 2
nd

 gene 

Source of variance df. RGR0-2 RGR2-4 

SS Prob. SS Prob. 

Line (L) 1 772.69 <.0001 1839.30 <.0001 

Sex (S) 1 17.13 0.3805 76.64 0.241 

L x S interaction 1 99.08 0.035 235.06 0.040 

Error 537 11943.78 29841.50 
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Table 8. Least square means ±SE of relative growth rates (%) for the second generation 

Traits N RGR0-2 N RGR2-4 

Mean ± SE Mean ± SE 

O
v
er

a
ll

  

m
ea

n
s 

L
in

e 

 (
L

) High 390 163.06 ± 0.25 370 69.33 ± 0.40 

Low 195 160.47 ± 0.36 186 65.33 ± 0.57 

S
ex

 

 (
S

) Female 311 161.95 ± 0.28 311 66.92 ± 0.44 

Male 230 161.57 ± 0.34 230 67.74 ± 0.54 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
X

 S
 

in
te

ra
ct

io
n

 

High 
Female 197 163.71 ± 0.34

a
 197 69.63 ± 0.53 

Male 162 162.40 ± 0.37
b
 162 69.02 ± 0.59 

Low 
Female 114 160.20 ± 0.44 114 64.21 ± 0.70

b
 

Male 68 160.74 ± 0.57 68 66.45 ± 0.90
a
 

RGR0-2 and RGR2-4 = Relative growth rate during the period from hatch to2 wk and 2 to 4 wk of age. 

For the interaction means within column: any two means ± SE (female and male) within line are significantly different 

(P≤ 0.05). 
 

Table 9. Least squares analysis of variance of relative growth rates (%) for selected 

parents for the third generation. 

Source of variance df. RGR4-6 df. RGR6-8 

SS Prob. SS Prob. 

Line (L) 1 10082.936 <.0001 1 71.55 0.302 

Sex (S) 1 0.302 0.957 1 76.09 0.287 

L x S interaction 1 1.476 0.905 1 14.65 0.640 

Error 264 27238.12 260 17358.87 
 

Table 10. Least square means ±SE of relative growth rates (%) for selected parents for 

the third generation 

Traits N RGR4-6 N RGR6-8 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

m
ea

n
s 

L
in

e 

 (
L

) High 176 20.44 ± 0.80
b
 174 14.96 ± 0.65 

Low 92 34.07 ± 1.12
a
 90 16.12 ± 0.91 

S
ex

 

 (
S

) Female 176 27.22 ± 0.80 174 14.94 ± 0.65 

Male 92 27.29 ± 1.12 90 16.14 ± 0.91 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
 x

 S
 

in
te

ra
ct

io
n

 

High 
Female 115 20.48 ± 0.95 114 14.09 ± 0.77 

Male 61 20.39 ± 1.30 60 15.82 ± 1.05 

Low 
Female 61 33.95 ± 1.30 60 15.78 ± 1.05 

Male 31 34.19 ± 1.82 30 16.45 ± 1.49 

RGR4-6 and RGR6-8 = Relative growth rate during the period from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different 

(P≤ 0.0001). 
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Fig. 3. Sex effect on relative growth rates of selected parents 

 

Table 11. Least squares analysis of variance of relative growth rates (%) for the third 

generation 

Source of variance df. RGR0-2 RGR2-4 

SS Prob. SS Prob. 

Line (L) 1 324.84 0.003 6458.79 <.0001 

Sex (S) 1 76.45 0.146 482.55 0.0003 

L x S interaction 1 66.51 0.176 6.674 0.669 

Error 836 30240.79 30474.43 

RGR0-2 and RGR2-4 = Relative growth rate during the period from hatch to2 wk and 2 to 4 wk of age. 

 

Table 12. Least squares analysis of variance of relative growth rates (%) for selected 

parents for next generation 

Source of variance df. RGR4-6 df. RGR6-8 

SS Prob. SS Prob. 

Line (L) 1 12613.55 <.0001 1 113.97 0.0006 

Sex (S) 1 512.94 0.0008 1 0.98 0.7480 

L x S interaction 1 545.47 0.0005 1 8.83 0.3346 

Error 273 12079.42 266 2514.19 
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Table 13. Least square means ±SE of relative growth rates (%) for the third generation 

Traits N RGR0-2 N RGR2-4 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

 m
ea

n
s 

L
in

e High 607 162.15 ± 0.25
a
 595 68.94 ± 0.25

a
 

Low 252 160.78 ± 0.38
b
 245 62.84 ± 0.39

b
 

Sex 
Female 429 161.80 ± 0.32 429 66.72 ± 0.32

a
 

Male 411 161.13 ± 0.33 411 65.05 ± 0.33
b
 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
in

e 
X

 S
ex

 

in
te

ra
ct

io
n

 

High 
Female 301 162.79 ± 0.35 301 69.68 ± 0.35 

Male 294 161.51 ± 0.35 294 68.20 ± 0.35 

Low 
Female 128 160.80 ± 0.53 128 63.77 ± 0.53 

Male 117 160.76 ± 0.56 117 61.90 ± 0.56 

RGR0-2 and RGR2-4 = Relative growth rate during the period from hatch to2 wk and 2 to 4 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different 

(P≤ 0.0001). 
 

line effect was highly significant during the 

two studied periods. The previous results 

revealed that the RGR decreased with the 

advancing in age as shown in Table 14. Sex 

effect was significant at RGR4-6, as 

represented in Table 13 and Fig. 3. Data in 

Table 14 showed that the males had higher 

RGR than females, this is agreed with 

Samuel (2003), Abd El-Fattah et al. 

(2006) and Farahat et al. (2010). 

Weight gain (WG) 

For the parent stock; effect of group by 

sex interactions on WG were insignificant 

at the two studied periods (Table 15). 

Highly significant differences between the 

two groups in WG were observed, where 

the H group showed higher values (Tables 

15 and 16). The highest values were 

recorded for the H group is expected since 

it was selected for heavier body weight. 

Insignificant differences were found 

between the two sexes. 

About the 1
st
 generation; L x S interactions 

on WG were insignificant at the two studied 

periods (Table 17). Highly significant 

differences between the two lines in WG 

were observed, where the HL showed 

higher values (Table 18). The highest 

values were recorded for the HL is expected 

since it was selected for heavier body 

weight. Insignificant difference was found 

between the two sexes in WG0-2, but a 

significant difference was found in WG2-4. 

Data in Table 18 showed that higher values 

were obtained for females in both selected 

lines where the HL showed higher values 

than the LL. As for the selected parents for 

the 2
nd

 generation; L x S interactions on 

WG were insignificant at the two studied 

periods (Table 19). Significant differences 

between the two lines in WG were observed 

at WG6-8 only, where the HL showed higher 

values (Tables 19 and 20). The highest 

values were recorded for the HL is expected 

since it was selected for heavier body 

weight. Insignificant difference was found 

between the two sexes. However, Data in 

Table 20 showed that higher values were 

obtained for females than males in both 

selected lines and that the HL showed 

higher values than the LL. 

Data in Table 21 revealed that the 

interaction between line and sex in 2
nd

 

generation was found to be significant only 

at WG2-4 (P ≤ 0.0008). Highly significant 

differences (P ≤ 0.0001) between the two 

lines in WG were observed, where the HL
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Table 14. Least square means ±SE of relative growth rates (%) for selected parents 

Traits N RGR4-6 N RGR6-8 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

m
ea

n
s 

L
in

e High 184 22.35 ± 0.52 183 16.20 ± 0.24
a
 

Low 93 37.62 ± 0.74 87 14.73 ± 0.35
b
 

Sex 
Female 187 28.44 ± 0.51 180 15.39 ± 0.25 

Male 90 31.52 ± 0.74 90 15.53 ± 0.34 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
in

e 
X

 S
ex

 

in
te

ra
ct

io
n

 

High 
Female 124 22.39 ± 0.60 123 15.92 ± 0.28 

Male 60 22.30 ± 0.86 60 16.47 ± 0.40 

Low 
Female 63 34.49 ± 0.84

b
 57 14.86 ± 0.41 

Male 30 40.74 ± 1.21
a
 30 14.59 ± 0.56 

RGR4-6 and RGR6-8 = Relative growth rate during the period from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different 

between (P≤ 0.001) and (P≤ 0.0001). 

For the interaction means within column: any two means ± SE (female and male) within line or within sex (HL and LL) 

are significantly different (P≤ 0.0005). 

 

Table 15. Least squares analysis of variance of weight gain (g) for the parent stock 

Source of variance df. WG4-6 WG6-8 

SS Prob. SS Prob. 

Group (G) 1 9220.82 <.0001 11074.04 <.0001 

Sex (S) 1 58.56 0.500 521.15 0.131 

G x S interaction 1 0.49 0.951 503.78 0.138 

Error 136 17440.48 30756.37 

 

Table 16. Least square means ±SE of weight gain (g) for the parent stock at 4, 6 and 8 

wk of age 

Traits N WG4-6 WG6-8 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

 m
ea

n
s 

G
ro

u
p

 

(G
) High 93 60.76 ± 1.25

a
 52.62 ± 1.65

a
 

Low 47 42.59 ± 1.74
b
 32.71 ± 2.31

b
 

Sex (S) 
Female 93 50.95 ± 1.25 40.51 ± 1.65 

Male 47 52.40 ± 1.74 44.83 ± 2.31 

In
te

ra
ct

io
n

 

M
ea

n
s 

G
 x

 S
  

in
te

ra
ct

io
n

 

High 
Female 62 59.97 ± 1.44 48.34 ± 1.91 

Male 31 61.55 ± 2.03 56.90 ± 2.70 

Low 
Female 31 41.94 ± 2.03 32.68 ± 2.70 

Male 16 43.25 ± 2.83 32.75 ± 3.76 

WG4-6 and WG6-8 = Body weight gain from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within group with different superscripts are significantly different 

(P≤ 0.0001). 
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Table 17. Least squares analysis of variance of weight gain (g) for the first generation 

Source of variance df. WG0-2 WG2-4 

SS Prob. SS Prob. 

Line (L) 1 50562.68 <.0001 254741.17 <.0001 

Sex (S) 1 265.40 0.204 1389.53 0.0005 

L x S interaction 1 1.33 0.928 135.07 0.273 

Error 924 151951.79 103876.27 

 

Table 18. Least square means ±SE of weight gain (g) for the first generation 

Traits N WG0-2 N WG2-4 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 m
ea

n
s 

L
in

e 
(L

) 

High 650 81.55 ± 0.51
a
 635 107.44 ± 0.42

a
 

Low 317 65.15 ± 0.78
b
 293 70.63 ± 0.65

b
 

S
ex

 (
S

) Female 516 73.94 ± 0.59 516 90.40 ± 0.48
a
 

Male 412 72.75 ± 0.73 412 87.68 ± 0.60
b
 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
 x

 S
 

in
te

ra
ct

io
n

 

High 
Female 326 82.10 ± 0.71 326 109.23 ± 0.59 

Male 309 81.00 ± 0.73 309 105.66 ± 0.60 

Low 
Female 190 65.79 ± 0.93 190 71.57 ± 0.77 

Male 103 64.51 ± 1.26 103 69.70 ± 1.04 

WG0-2 and WG2-4= Body weight gain from hatch to 2 wk and 2 to 4 wk of age. 

For the main effects within column: any two means ± SE within line or within sex with different superscripts are 

significantly different (P≤ 0.0001). 

 

 

Table 19. Least squares analysis of variance of weight gain (g)for selected parents for 

the 2
nd

 gen 

Source of variance df. WG4-6 df. WG6-8 

SS Prob. SS Prob. 

Line (L) 1 126.04 0.522 1 18874.59 <.0001 

Sex (S) 1 39.644 0.720 1 938.892 0.152 

L x S interaction 1 4.625 0.902 1 567.132 0.265 

Error 264 80983.19 258 117210.03 
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Table 20. Least square means ±SE of weight gain (g) for selected parents for the 2
nd

 

generation 

Traits N WG4-6 N WG6-8 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

 m
ea

n
s 

L
in

e 

 (
L

) High 180 52.95 ± 1.38 176 43.77 ± 1.70
a
 

Low 88 51.39 ± 1.99 86 24.65 ± 2.43
b
 

S
ex

  

(S
) Female 179 52.61 ± 1.39 174 36.34 ± 1.72 

Male 89 51.73 ± 1.98 88 32.08 ± 2.42 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
 x

 S
 

in
te

ra
ct

io
n

 

High 
Female 120 53.23 ± 1.60 117 47.56 ± 1.97 

Male 60 52.66 ± 2.26 59 39.98 ± 2.77 

Low 
Female 59 51.98 ± 2.28 57 25.12 ± 2.82 

Male 29 50.81 ± 3.25 29 24.17 ± 3.96 
WG4-6 and WG6-8 = Body weight gain from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different 

(P≤ 0.0001). 
 

Table 21. Least squares analysis of variance of weight gain (g) for the 2
nd

 generation 

Source of variance df. WG0-2 WG2-4 

SS Prob. SS Prob. 

Line (L) 1 89044.71 <.0001 169532.28 <.0001 

Sex (S) 1 2550.14 0.0004 1776.83 0.0024 

L x S interaction 1 141.95 0.402 2185.97 0.0008 

Error 537 108531.93 102921.64 
 

showed higher values (Table 22). The high 
values were recorded for the HL is expected 
since, it was selected for heavier body weight. 
Significant effect was found between the two 
sexes in WG (Table 21). As represented in 
Table 22 and Fig. 4 the higher values were 
obtained for females in both selected lines, 
where the HL females showed highest. 

Effect of interaction between line by sex 
on WG for the selected parents for the third 
generation were insignificant at the two 
studied periods (Table 23). Significant 
differences between the two lines in WG 
was observed at WG6-8 only, where the HL 
showed higher values (Table 23 and 24). 
The high values were recorded for the HL 
is expected since, it was selected for 
heavier body weight. Sex differences were 
not significant at the two studied periods, as 
represented in Table 23.  

In 3
rd

 generation, data in Table 25 revered 
the effect of interaction between line and 
sex was found to be significant only at WG2-4 

(P≤0.019). Highly significant differences 
(P≤ 0.0001) between the two lines in WG 
were observed, where the HL showed 
higher values (Tables 25 and 26). The high 
values were recorded for the HL is expected 
since, it was selected for heavier body 
weight. Significant effect was found 
between the two sexes in WG (Table 25). 
As represented in Table 26 and Fig. 5 the 
higher values were obtained for females 
than males in both selected lines and that 
the HL showed higher values than the LL. 

Finally; the effect of line by sex interactions 
on WG for the selected parents for the next 
generation were insignificant at the two 
studied periods (Table 27). Highly significant 
differences between the two lines in WG 
were observed, where the HL showed higher 
values (Table 27 and 28). Insignificant 
difference was found between the two sexes. 
However, Data in Table (27) showed that 
higher values were obtained for males than 
females in both selected lines. 
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Table 22. Least square means ±SE of weight gain (g) for the 2
nd

 gen 

Traits N WG0-2 N WG2-4 

Mean ± SE  Mean ± SE 

O
v
er

a
ll

 

m
ea

n
s 

L
in

e 

(L
) High 390 89.29 ± 0.75

a
 370 104.70 ± 0.73 

Low 195 61.49 ± 1.09
b
 186 66.34 ± 1.06 

S
ex

 

(S
) Female 311 77.74 ± 0.84

a
 311 87.48 ± 0.81 

Male 230 73.04 ± 1.03
b
 230 83.56 ± 1.00 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
X

 S
 

in
te

ra
ct

io
n

 

High 
Female 197 92.20 ± 1.01 197 108.84 ± 0.99

a
 

Male 162 86.38 ± 1.12 162 100.56 ± 1.09
b
 

Low 
Female 114 63.28 ± 1.33 114 66.12 ± 1.30 

Male 68 59.69 ± 1.72 68 66.55 ± 1.68 

WG0-2 and WG2-4= Body weight gain from hatch to 2 wk and 2 to 4 wk of age. 

For the main effects within column: any two means ± SE within line or within sex with different superscripts are 

significantly different between (P≤ 0.005) and (P≤ 0.0001).  

For the interaction means within column: any two means ± SE (female and male) within line are significantly different 

(P≤ 0.001) 

 

 

 
 

Fig. 4. Sex effect on weight gain of 2
nd

 generation 

 

Table 23. Least squares analysis of variance of weight gain (g) for selected parents for 

the 3
rd

 gen 

Source of variance df. WG4-6 df. WG6-8 

SS Prob. SS Prob. 

Line (L) 1 837.81 0.207 1 13030.23 <.0001 

Sex (S) 1 0.18 0.985 1 265.75 0.423 

L x S interaction 1 28.43 0.816 1 48.40 0.732 

Error 537 138435.23 260 107232.93 
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Table 24. Least square means ±SE of weight gain (g) for selected parents for the 3
rd

 gen 

Traits N WG4-6 N WG6-8 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

m
ea

n
s 

L
in

e High 176 53.70 ± 1.81 174 45.31 ± 1.62
a
 

Low 92 49.77 ± 2.53 90 29.64 ± 2.27
b
 

Sex 
Female 176 51.76 ± 1.81 174 36.36 ± 1.62 

Male 92 51.70 ± 2.53 90 38.60 ± 2.27 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
in

e 
X

 S
ex

 

in
te

ra
ct

io
n

 

High 
Female 115 53.36 ± 2.14 114 43.72 ± 1.90 

Male 61 54.03 ± 2.93 60 46.91 ± 2.62 

Low 
Female 61 50.15 ± 2.93 60 29.00 ± 2.62 

Male 31 49.38 ± 4.11 30 30.28 ± 3.71 

WG4-6 and WG6-8 = Body weight gain from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different 

(P≤ 0.0001). 

 

Table 25. Least squares analysis of variance of weight gain (g) for the 3
rd

 gen 

Source of variance df. WG0-2 WG2-4 

SS Prob. SS Prob. 

Line (L) 1 103305.47 <.0001 244680.02 <.0001 

Sex (S) 1 2053.50 0.005 6238.83 <.0001 

BW x S interaction 1 908.77 0.064 1159.22 0.019 

Error 836 221015.95 176052.93 

 

Table 26. Least square means ±SE of weight gain (g) for the third generationn 

Traits N WG0-2 N WG2-4 

Mean ± SE Mean ± SE 

O
v
er

a
ll

 

 m
ea

n
s 

L
in

e High 607 87.03 ± 0.67
a

 595 101.42 ± 0.59 

Low 252 62.62 ± 1.04
b

 245 63.84 ± 0.93 

Sex 
Female 429 76.55 ± 0.86

a
 429 85.63 ± 0.77 

Male 411 73.11 ± 0.89
b

 411 79.63 ± 0.79 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
in

e 
X

 S
ex

 

in
te

ra
ct

io
n

 

High 
Female 301 89.90 ± 0.94 301 105.71 ± 0.84

a
 

Male 294 84.17 ± 0.95 294 97.13 ± 0.85
b

 

Low 
Female 128 63.19 ± 1.44 128 65.55 ± 1.28 

Male 117 62.04 ± 1.50 117 62.14 ± 1.34 

WG0-2 and WG2-4= Body weight gain from hatch to 2 wk and 2 to 4 wk of age. 

For the main effects within column: any two means ± SE within line or within sex with different superscripts are 

significantly different between (P≤ 0.005) and (P≤ 0.0001). 

For the interaction means within column: any two means ± SE (female and male) within line or within sex (HL and LL) 

are significantly different (P≤ 0.01). 
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Fig. 5. Sex effect on weight gain of 3
rd

 generation 

 

Table 27. Least squares analysis of variance of weight gain (g) for selected parents 

Source of variance df. WG4-6 df. WG6-8 

SS Prob. SS Prob. 

Line (L) 1 2394.07 0.003 1 35510.98 <.0001 

Sex (S) 1 320.62 0.266 1 0.095 0.980 

BW x S interaction 1 882.98 0.066 1 71.613 0.481 

Error 273 70461.61 266 38243.28 

 

Table 28. Least square means ±SE of weight gain (g) for selected parents 

Traits N WG4-6 N WG6-8 

Mean ± SE  ± SE 

O
v
er

a
ll

 

m
ea

n
s L
in

e High 184 59.34 ± 1.26
a
 183 52.22 ± 0.94

a
 

Low 93 52.69 ± 1.78
b
 87 26.30 ± 1.35

b
 

Sex 
Female 187 54.80 ± 1.24 180 39.24 ± 0.96 

Male 90 57.23 ± 1.80 90 39.29 ± 1.34 

In
te

ra
ct

io
n

 

M
ea

n
s 

L
in

e 
X

 S
ex

 

in
te

ra
ct

io
n

 

High 
Female 124 60.15 ± 1.44 123 51.62 ± 1.08 

Male 60 58.54 ± 2.07 60 52.83 ± 1.55 

Low 
Female 63 49.45 ± 2.02 57 26.86 ± 1.59 

Male 30 55.93 ± 2.93 30 25.74 ± 2.19 

WG4-6 and WG6-8 = Body weight gain from 4 to 6 wk and 6 to 8 wk of age. 

For the main effects within column: any two means ± SE within line with different superscripts are significantly different 

between (P≤ 0.005) and (P≤ 0.0001). 
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 انمهخص انعربي

أسابيع في انسمان انياباوي جحث ظروف  4جأثير الاوحخاب انمحبايه قصير انمذى نوزن انجسم عىذ عمر 

 ة. انزأصٍش عهى صفبد انًُىشمال سيىاء 

عبذانىاصر يوشع ةبسم
1

محمود أحمذ عبذ انغفار، 
1

محمذ عهي أحمذ، 
1

محمذ صبري يهاو ،
2

 

 .يصش ،عبيعخ انعشٌش ،كهٍخ انعهىو انضساعٍخ انجٍئٍخ ،َزبط انحٍىاًَ وانذاعًُلإلغى ا .1

 .يصش ،عبيعخ لُبح انغىٌظ ،كهٍخ انضساعخ ً،َزبط انحٍىاًَ وانذاعُلإلغى ا .2

هزا انمغٍع نلاَزخبة فً رى انحصىل عهى عٍم اَثبء نهغًبٌ انٍبثبًَ يٍ لغٍع عشىائً انزضاوط حٍش رى اعزخذاو 

رى إَزبط ورشثٍخ انغٍىس انُبرغخ ، (G3و  G2و  G1أعبثٍع لإَزبط الأعٍبل انضلاصخ انزبنٍخ ) 4رغبهٍٍ نىصٌ انغغى عُذ عًش ا

، كهٍخ انعهىو ًفً انًضسعخ انزغشٌجٍخ، لغى الإَزبط انحٍىاًَ وانذاعُ 2017إنى َىفًجش  2016خلال انفزشح يٍ َىفًجش 

رى إعشاء الاَزخبة عٍ عشٌك لٍبط انغٍىس ثشكم فشدي ، جٍئٍخ، عبيعخ انعشٌش، انعشٌش، شًبل عٍُبء، يصشانضساعٍخ ان

( ، High line HLانغٍىس رًضم خظ وصٌ انغغى انًشرفع ) 2/3أعبثٍع و رمغٍى انغٍىس حٍش أٌ  4نىصٌ انغغى عُذ عًش 

أعبثٍع، رى َمم انغٍىس انًُزخجخ  5وفً عًش ،(Low line LLانغٍىس رًضم خظ وصٌ انغغى انًُخفط ) 1/3ثًٍُب كبَذ 

ورى رغجٍك َفظ ، أَضى رى رعٍٍُهًب عشىائٍبً يٍ َفظ فئخ الاخزٍبس يع رغُت رضاوط الأشمبء( 2ركش و  1إنى ألفبص )ثُغجخ 

ثشورٍٍ  الارغبِ يٍ الاَزخبة عهى كم عٍم فً كم خظ. غُزٌِذ عًٍع انغٍىس انُبيٍخ عهى عهٍمخ يىحذح ثشكم حش ثهب َغجخ

، كبنىسي/ كغى 2850يٍ انجشورٍٍ انخبو و %20كغى وكبَذ عهٍمخ انجٍبض رحزىي عهى /كٍهى كبنىسي 2800و %23خبو 

، أشبسد انُزبئظ إنى أٌ انزذاخم ثٍٍ الاَزخبة نىصٌ انغغى وانغُظ أظهش رأصٍشًا يعُىًٌب عهى يعظى صفبد انًُى انًمذسح

( عهى يعظى صفبد انًُى انًمذسح. أٌضًب، اَخفط P≤ 0.0001الاَزخبة كبٌ يعُىًٌب عذًا ) علاوح عهى رنك، رأصٍش خظ

 RGR0-2يعذل انضٌبدح فً وصٌ انغغى انُغجً يع انزمذو فً انعًش، وعغهذ انمٍى انعهٍب نكلا انغُغٍٍ وانخغىط ل 

 ،ىس فً يعظى انفزشاد انزً شًهزهب انذساعخواَخفضذ رذسٌغًٍب يٍ صٌبدح انعًش، كًب كبَذ الإَبس نهخظ انعبنً أعهى يٍ انزك

ًًب  HL، فإٌ انضٌبدح فً وصٌ انغغى فمذ كبَذ انمٍى انعهٍب نلإَبس فً كلا انخغٍٍ )انعبنً وانًُخفط( حٍش أظهش ويع رنك لٍ

 .LLأعهى يٍ 

 ق الاَزخبثً.انفبسانفعبل، الاعزغبثخ،  الاَزخبة، انًزجبٌٍ، الاَزخبةانغًبٌ انٍبثبًَ،  :سحرشاديةانكهمات الإ

 

 

 


