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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 RGRy, 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.

INTRODUCTION

changes of gene frequency by separating
the adult individuals of parent generation

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
etal., 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

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. (GRy.1),
GR1.,, GRy.3, GR3.4, GR45, 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% 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 RGRy., for combined
sexes and lines over three generations of
selection was 147.32%, and the means of
RGR,.4, RGRys, and RGRg6 for females
were higher than males.

While, Bahie El-Dean and EIl-Sayed
(1999) reported that the average relative
growth rates (RGR) were 138.85, 66.81,
and 48.57% for RGRy., RGR,.4, and RGR,.
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 RGRs
whereas; the slowest rate was obtained
during RGR4.¢ 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 RGR.4
and RGR46. 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 WGy, WG,.4 and
WG, respectively. Sefton and Siegel
(1974) reported the average daily gain
during WGo-z, WGy, WG4.6 and WGo.e 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 WGy, and
WG,.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 WGq.2, WG,-
4, WG4 and WGg.g, respectively. Averages
mentioned by Shalan (1998) were 3.18,
459, 3.95 and 3.94 g for WGq.;, WG;.4,
WG, and WG, 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, EI-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:

Yig =W+ Ti+ S+ TS() + eijk
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Where:
Yij = Individual observation on the bird.

p = the overall mean for the trait under
consideration;

T; = the fixed effect of the i selection type
(two levels; high and low body weight)

Sj = the fixed effect of the i sex (two
levels; male and female).

T*S(jj) = the fixed effect of the interaction
between the i™ selection type and the j™
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% 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 RGRy., 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" 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 RGRy.6, Sex effect was not significant at
the two studied periods, as represented in
Table 5.

About the 2" 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 RGRy, 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™
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 RGR4s. 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™ 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 RGR,.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. Datain 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. RGR46 RGRes

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 RGR4s6 RGRe.s
Mean + SE Mean = SE
S High 93 2641 + 061 1837 + 0.67°
s 52 Low 47 2577 & 08 1580 =+ 0.93°
~ @
g Female 93 2611 + 061 1665 =+ 067
o Sex (S)
Male 47  26.08 + 0.86 1752 = 0.93
] Female 62  26.96 + 071 1744 = 077
5 S High
22 » 5 Male 31  25.87 + 1.00 1930 = 1.09
@ >
£e o5 |, Female 31 2525 & 100 1585 : 109
I 1= ow
= £ Male 16 2629 + 139 1575 + 151
RGR,.sand RGRg.g = 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 differe
(P<0.05).

nt superscripts are significantly different

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

generation
Source of variance df. RGRy-2 RGR3.4
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 RGRo. N RGRy4
Mean + SE Mean + SE
» __ High 650 16406 + 016° 635 7507 + 0.30°
TE 32 Low 317 16077 + 0.25° 293 6539 * 0.46°
gE o Female 516 16234 + 018 516 7057 + 0.34
$ L Male 412 16249 + 023 412 6988 + 043
c & high Female 326 16399 + 022 326 7555 + 0.42
2€ 03 Male 309 16414 + 023 309 7459 + 043
52 1% Female 190 16069 + 029 190 6559 + 0.55
£ E M Vale 103 16084 + 040 103 6518 + 074

RGRy.; and RGR;.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. RGR4s df. RGRg.g

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 RGR45 N RGRg3
Mean * SE Mean = SE
o . High 180 2090 + 0.51° 176 1461 = 0.55
TEZ 3% Low 88 3368 + 073 86 1282 + 0.79
gg % Female 179 2715 + 051 174 1425 + 0.56
g Male 89 2742 + 073 88 1318 *+ 0.78
- c _ Female 120 2078 + 059 117 1567 + 0.64
L ] High
S5E o3 Male 60 2101 + 084 59 1355 + 0.90
§s 1% Female 50 3352 + 084 57 1283 + 0091
I E MY ake 20 3384 + 120 20 1282 + 1.28

RGR,.s and RGRg.¢ = 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" gene
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Fig. 2. Differences between lines in relative growth rates within sex in 2nd gene

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

Source of variance df. RGRy., RGRy.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 RGRg. N RGR;.4

Mean = SE Mean = SE

o _ High 390 163.06 = 025 370 69.33 + 0.40

Tg 3% Low 195 16047 + 036 186 6533 + 057
gg g Female 311 16195 + 028 311 66.92 = 0.44
é =~ Male 230 16157 + 034 230 67.74 = 054

= S high Female 197 16371 + 0.34* 197 69.63 + 0.53
'§§ n g Male 162 16240 + 0.37° 162 69.02 = 0.59
5s a g Female 114 16020 + 044 114 6421 + 0.70°
= E Y Vate 68  160.74 + 057 68 66.45 + 0.90°

RGRy; and RGR;_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 df. RGRes

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 RGR45 N RGRgs

Mean + SE Mean =+ SE

o . High 176 2044 + 0.80° 174 1496 + 0.65

s = 52 Low 92 3407 + 112* 90 1612 + 0091

g £ < o Female 176 2722 + 080 174 1494 + 065

» =~ Male 92 2729 + 112 90 1614 + 0091

c . .., Female 115 2048 + 095 114 1409 =+ 077
2 » S High

8 o § Male 61 2039 + 130 60 1582 + 1.05

§S 15 Female 61 3395 + 130 60 1578 + 1.05

£ E MW vale 31 3419 + 182 30 1645 + 149

RGR,.s and RGRg.¢ = 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. RGR., RGRy.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

RGRy., and RGR,_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. RGR4s df. RGRg.s

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 RGRy-2 N RGR3.4
Mean = SE Mean +  SE
o High 607 162.15 * 0.25" 595 68.94 + 0.25°
T2 J Low 252 160.78 + 038" 245 6284 + 039
g = S Female 429 16180 + 032 429 66.72 + 0.32°
ex
Male 411 16113 + 033 411 6505 + 0.33°
- X = 11 Female 301 162.79 + 035 301 69.68 + 0.35
S, &@go High
B c ‘>’<’ B Male 294 16151 £ 035 294 6820 + 035
©
S 2 S Female 128 160.80 + 0.53 128 63.77 £ 0.53
€ =¥ Low
- —1.= Male 117 160.76 = 056 117 61.90 = 0.56

RGRg; and RGR,_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 RGRgg, 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% 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 WGq,, but a
significant difference was found in WG,.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" 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 WGe.g 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™
generation was found to be significant only
at WG,.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 RGR456 N RGReg
Mean + SE Mean + SE
o High 184 2235 + 052 183 1620 + 0.24°
c=£§ J  Low 93 3762 + 074 87 1473 + 035
- goy FEMAlE 187 2844 * 051 180 1539 * 0.25
Male 90 3152 + 074 90 1553 + 0.34
c x = . Female 124 2239 + 060 123 1592 + 0.28

S » & .S High

8¢ %3 Male 60 2230 + 086 60 1647 + 0.0
5S 25 Low Female 63 3449 + 084" 57 1486 + 041
= = Male 30 4074 + 121* 30 1459 + 056

RGR,.sand RGRg.¢ = 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. WG, WGg.g

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 WGy WGgg
Mean = SE Mean + SE
_ . 2ap High 93 60.76 + 1.25%* 5262 + 1.65°
dc O7= Low 47 4259 £ 174" 3271 + 2.31°
g E sex(s) P 93 5095 + 125 4051 + 1.65
Male 47 5240 + 174 4483 + 231
c c . Female 62 5997 + 144 4834 + 191
S ., S High
B g = Male 31 6155 + 203 5690 * 2.70
5SS Of Low Female 31 4194 + 203 3268 * 2.70
= £ Male 16 4325 + 283 3275 + 3.76

WG, and WGg.g = 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. WGy., WG,

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 WGo., N WG,

Mean = SE Mean <+ SE
@ 3 High 650 8155 + 051* 635 107.44 + 0.42°
é “g’l Low 317 65.15 + 078" 293 7063 + 0.65°
T &  Female 516 7394 + 059 516 9040 + 0.48
5 5 Mae 412 7275 + 073 412 87.68 + 060°
Female 326 8210 + 071 326 109.23 + 0.59

5 S High
g 2 0% Male 309 8100 * 073 309 10566 =+ 0.60
5 S _,g Low Female 190 6579 + 093 190 7157 =+ 0.77
= = Male 103 6451 + 126 103 69.70 =+ 1.04

WG, and WG,_,= 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" gen
Source of variance df. WGy df. WGgg
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™

generation
Traits N WG4.5 N WGG.S

Mean = SE Mean = SE
— W 2~ High 180 5295 + 1.38 176 4377 =+ 1.70°
c s > Low 88 51.39 £ 199 86 2465 + 2.43°
g GE’ X & Female 179 5261 = 139 174 36.34 + 1.72
n ~ Male 89 51.73 = 198 88 32.08 =+ 2.42
5 " S High Female 120 5323 = 160 117 4756 =+ 1.97
§ § (Q§ Male 60 5266 = 2.26 59 3998 £ 2.77
E S _| E Low Female 59 5198 = 228 57 25.12 * 2.82
= k= Male 29 5081 + 325 29 24.17 £ 3.96

WG, and WGg_g = 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" generation

Source of variance

df. WG, WG4
SS Prob. SS Prob.

Line (L)

Sex (S)

L x S interaction
Error

1 89044.71 <.0001 169532.28 <.0001
1 2550.14 0.0004 1776.83 0.0024
1 14195 0.402 2185.97 0.0008
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 WGsg.g 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" generation, data in Table 25 revered
the effect of interaction between line and
sex was found to be significant only at WG,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" gen

Traits N WG, N WGy.4

Mean = SE Mean + SE

_ 2 ~ High 390 8929 + 0.75° 370 10470 = 0.73
g2 d% Low 195 6149 =+ 1.09° 186 66.34 + 1.06
gE x . Female 311 7774 + 084 311 8748 = 081
? = Male 230 7304 + 1.03° 230 8356 * 1.00

s S High Female 197 9220 + 101 197 10884 + 0.99°
BE g Male 162 86.38 + 112 162 10056 * 1.09°
s o 8 |y emale 114 6328 + 133 114 6612 * 130
= = Male 68 5969 + 172 68 6655 * 168

WGy, and WG,_,= 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)

Weight (g)
120

100

77.74

20 73.04
60

40

20

WGO0-2

108.84

100.56

WwWG2-4

& Female

B Male

& HF
EHM
i LF

LM

66.12 66.55

Fig. 4. Sex effect on weight gain of 2™ generation

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

the 3™ gen
Source of variance df. WGy df. WGeg
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™ gen

Traits N WGy N WGe.g
Mean =+ SE Mean =+ SE
o High 176 5370 + 181 174 4531 + 162°
Fgﬁ J  Low 92 4977 £ 253 90 2964 = 227
g g ,, Female 176 5176 + 181 174 3636 + 162
Male 92 5170 + 253 90 3860 + 227
c xc,.. Female 115 5336 + 214 114 4372 + 190

S » & .8 High

B8 %3 Male 61 5403 + 293 60 4691 + 262
§S 235 Loy FEmale 61 5015 + 293 60 2900 & 262
= 4dE Male 31 4938 + 411 30 3028 * 371

WG, and WGg_g = 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™ gen

Source of variance df. WGy.» WG4

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 WGq.o N WG,.4
Mean + SE Mean + SE
o High 607 87.03 + 0.67° 595 10142 =+ 0.59
c=£§ J  Low 252 6262 + 1.04° 245 6384 =+ 0.93
gg Sex Female 429 7655 + 0.86° 429 8563 =+ 0.77
Male 411 7311 + 0.89° 411 7963 + 0.79
c < c . Female 301 8990 + 094 301 10571 + 0.84°
S , &S High b
85 %8 Male 294 8417 + 095 294 9713 + 0.85
S 25 Loy Female 128 6319 + 144 128 6555 <+ 128
= = Male 117 6204 + 150 117 6214 + 1.34

WG, and WG,_,= 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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Weight (g)
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Fig. 5. Sex effect on weight gain of 3" generation

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

Source of variance df. WGy df. WGgg

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 WG, N WGgg
Mean + SE + SE
» High 184 59.34 + 126 183 5222 + 0.94°
C
T2 O Low 93 5269 + 178" 87 2630 * 1.35°
= @
g“é o Female 187 5480 + 124 180 3924 * 0096
ex
Male 90 5723 + 180 90 3929 + 1.34
_ Female 124 60.15 + 144 123 5162 * 1.08
& s § High
5 L QE Male 60 5854 + 207 60 5283 + 155
1]
§§ gg Female 63 4945 + 202 57 2686 + 1.59
€ 5 € Low
- = Male 30 5593 + 293 30 2574 + 219

WG, and WGg_g = 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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