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ABSTRACT: A crossbreeding experiment was carried out using four
selected lines of Japanese quail, HBW,&LBW, lines were established through
selection for high and low body weight at 4 weeks of age and
HTEW,,&LTEW,, lines were established for high and low total egg weight laid
by female during the first 10 weeks of laying. A total number of 1512 crossbred
birds of quail produced from four mating groups among three hatches were used
for the present study to estimate direct heterosis, direct additive and maternal
effects on the growth traits and a total number of 24 crossbred birds of quail.

Growth traits such as Body weight was recorded at 0, 2, 4, 6 weeks of age
(BW,, BW,, BW,, BW) and average daily gain between the different growth
period studied 0 - 2,2 - 4, 4 - 6, 0 - 6 weeks of age (ADGy.;, ADG-.4, ADGy,
ADGy,). '

Moreover carcass traits including slaughter weight (gm), meat, bone,
giblets and dressing percentages (SW, M%, B%, G%, D%) also were recorded

Results of this experiment could be summarized as foliow:

1-Crossing sires of HBW, with HTEW,, dams had the highest -body
weights and body weigh gains recorded from hatch to 6 weeks of age followed
by reciprocal crossing between sires of HTEW,, with HBW, dams and the
crossbreds produced from sired LTEW |, with LBW4 dams had the lowest body
weights and body weigh gains recorded from hatch to 6 weeks of age followed
by reciprocal crossing between sires of LTEW, with LBW, dams.

2-Highly significant positive direct heterosis effect for most body weights
recorded at different ages was observed except BW,. Estimates of heterosis
- percentage for body weights were high at 0 and 2 weeks (25.8 and 31.2%) and
declined to (11.9 and 17.2 %) for BW,; and BW,. However, estimates of
heterosis percentage were high for ADGq.., ADG>, (15.6 and 14.9%) and
declined to (6.1 and 9.6 %) for ADGos and ADG .

3-Direct additive effect for body weights recotded at different ages and
body weight gains calculated between different growth periods studied were
significant and ranged between 4.41 for BW, and 32.18 for BW, and between
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4.74 for ADG,4and 9.27% for ADG, .

4-Maternal additive had a significant negative effect on most body weights
and body weight gains studied, except BW, and ADG,.4 and they were ranged -
between -5.75 for BW; and -42.34 for BW, and between -0.10 for ADGg and -
0.26 for ADG,..

5- Crossing sires of HBW, with HTEW ;o dams had the highest carcass
performance followed by reciprocal crossing between sires of HTEW |, with
HBW, dams and the crossbreds produced from sired LTEW, with LBW, dams
had the lowest carcass performance followed by reciprocal crossing between
sires of LTEW, with LBW, dams.

6-Positive direct heterosis effect for most carcass traits studied was
observed except M% and G%. Estimates of heterosis percentage for carcass
traits were high for SW and B% (17.8 and 25.7%) and declined to (2.1 and
3.9%) for M% and G% .

7- Negative direct additive effect for most carcass traits studied were
significant, except G% and D% and they were ranged between -7.2 for B% and -
33.3 for SW. : :

8-Maternal additive had a significant effect on most carcass traits studied,
except G% and D% and they were ranged between 6.3 for B% and 11.3 for SW.

-

INTRODUCTION

Quails have the advantages of rapid growth rate, good reproductive
potential, short life cycle, low feed requirements, good meat taste, better
laying ability and shorter time for hatching as compared with different
species of poultry, so it is considered as a pilot animal for poultry
breeding investigations.

Crossing procedures usually lead to better economic performance
due to the hybrid vigor. However crossbreeding is a very effective
method for obtaining different combination of genetic materials where it
results in increased heterozygosis and tend to cover up recessive genes,
decreases breeding purity and eliminates families in one generation.
Breeding usually improve the performance of the different characters by
selection and or crossing, to obtain different degrees of heterosis. That is
to say, by directing the additive and non-additive genes to better
performance of the different traits. The additive nature of genetic
variation for growth has resulted in dramatic body weight improvement in
Japanese quail (Marks, 1978 & 1990 and Nestor et al. 1982). Non
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additive genetic effect is important in meat and laying stocks because of
the opportunities to combine stocks that complement each other. This
allows the development of mating combinations for rapid growth, yield
and other important economic traits (Marks, 1995).

Most available estimates of heterosis for body weight in Japanese
quail were observed in reciprocal crosses of two quail lines, both selected
for high body weight (Biak and Marks, 1993 and Marks, 1993) or
crossing lines of high and low body weight (Gerken er al., 1988; Barden
and Marks, 1989 and Marks, 1993).

The main purpose of the present study was to evaluate the
importance of heterosis, maternal and direct additive effects arising from
crossing four selected lines of Japanese quail, HBW,&LBW, and
HTEW (&L TEWq on growth and carcass traits.

MATERIALS AND METHODS

Data used in the present study were collected on the flock of four
lines of Japanese quail HBW,;&LBW, which selected for high and low 4-
weeks body weight, HTEW,(&LTEW,, that selected for high and low
total egg weight maintained by the Department of Animal Production,
Faculty of Agriculture, Al-Azhar University, Cairo, Egypt.

The fore mentioned lines of Japanese quail were used for producing
four genetic crossbred groups, HBW4 x HTEW,y, its reciprocal cross
HTEW;, x HBW, and LBW, x LTEW {4, and its reciprocal cross LTEW
x LBW,.

Distribution of birds produced in each hatch and breed group are
presented in Table (1).

Table (1): Distribution of birds produced from crossbreds among different
lines and hatches .

Mating groups HBW,X HTEW,,X LBW.X LTEWux Total
HTEW,, HBW, LTEW,, LBW,
Hatch M F Y] F M F M F M F
1 34 g0 | 75 ] 78 | 85 | 87 52 sp [ 296 | 293
2 76 66 1 72 V68 ] 52 ] 50 30 18 ) 250 ] 232
3 72 75 1 56 [ 52 ] 48 | a5 43 6 f 221 | 218
Total 232 220 J 203 bros [ igs T gz T t47 L 144 | 767 | 745

M: Males, F: Females.
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Eggs were collected for hatch when the females were 10 to 12 weeks
of age, marked and incubated for 15 days. After incubation the eggs
were transferred to the Hatcher and 3 days later all chicks were removed
from the Hatcher.

Immediately after hatch individual quail birds were permanently
identifted by wing - bands and placed in quail battery brooders, where
they remained for 4 weeks period. All birds were housed in the same
room in order to keep temperature, humidity, light intensity and other
variables. At 5 weeks of age the males were separated from the females
and at 6 weeks of age, birds were divided into four line groups.

All birds were sexed according to plumage color and pattern at the
same time and were taken and moved to individual laying cages and stud
matings started about two weeks later. Feed and water were provided ad
libitum. The experimental diet contained 28% protein and 2920 k cal -
ME/ Kg until two weeks of age and 25% protein with 2850 k cal - ME/Kg
during 3-6 weeks of age, then changed to a ration contained 20% protein
with 2820 K cal - ME / Kg during the egg production period.

Temperature started with 38 °c for the first week after hatching, then
decreased 2-3 °c weekly to 26-28 °c at the fourth week of age till the end
of brooding period.

Carcass traits:

From each genetic group, six birds (3 males and 3 females) were
chosen randomly at 6 weeks of age to determine weights of all parts of
carcass and its organs. Chosen birds were stowed for 3 hours, weighted
and then slaughtered. Feather was removed by the dry method, and then
carcass was eviscerated.

The following carcass traits were recorded :
1-Body weight at slaughter age (6 weeks) in grams (SW).

2-Carcass weight as well as weight of the edible giblets (heart, liver and
empty gizzard) was recorded to the nearest 0.01 g.

3- Meat. bone, giblets were calculated as percent of carcass and neck
weight, while dressing percentage was calculated as and carcass and
neck weight relative to body weight (SW).
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Statistical analysis:

Data of individual body weight, daily gains and carcass traits were
analyzed using Hendersons Method III (Henderson, 1984) by using the
following mixed model (Harvey 1990).

Yitpmg =M + Gi + S + SEp+ Hi + €ikpmg

ikpmq = P+ MG; +S,+SE+Hyteivpmg

Where:

Yikpmq = the observation on the kpmq " trait;

1) = overall mean, common element to observations, ‘
Gi -fixed effect of the i™ mating groups,

Sk = random effect of k™ sire ,

SE, = fixed effect of the p™ sex;

Hy,  =fixed effect of the m% hatch,

eipmq =random deviation of the q" growth and carcass traits
distributed, i.e. N.D (0, o).

Crossbreeding components for growth and carcass. traits were
estimated according to Dickerson (1992).

Pure lines differences:
PU yawa x nrewio = [(HBWixHBW,) - (HTEW ;oxHTEW 0)].
Direct heterosis effect:

Higwa x Hrewio = [(HBW4 x HTEW;) + (HTEW,, x HBWy) ~
(HBW,xHBW.) - (HTEW ,;xHTEW )] |

' H'%=Hlin units/0.5[(HBW,xHBW,) + (HTEW o x HTEW )] x 100.
Direct additive effect:

(Ghsws~Glurewio)= [(HBWs x HBW,) + ( HBW, x HTEW 0] —
[(HTEW o x HTEW ) + ( HTEW o x HBW,)].

Maternal additive effect:
(GMigwa— G™ nrewi0) = (HBW4 x HTEW ) - (HTEW o x HBW,).
Where:
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G' and GM represent direct additive and maternal additive effects, of
the subscript breed (genetic) group.

RESULTS AND DISCUSSION

Crossbreeding effects:
Growth traits:

Least-square means and standard errors (S.E)} for body weights
recorded at different ages and daily weight gain calculated. between
different growth periods studied are given in Tables 2 & 3. The
crossbreds produced from sired HBW; with HTEW,, dams had the
highest body weights and body weigh gains recorded from hatch to 6
weeks of age and the crossbreds produced from sired LTEW o with LBW,
dams had the lowest body weights and body weigh gains recorded from
hatch to 6 weeks of age, while the reciprocal crosses between these lines
had intermediate values for body weights and body weigh gains recorded
from hatch to 6 weeks of age. However, significant differences due to
mating group (MG) on growth traits were observed. Results of significant
effect of MG on growth traits of Japanese quail strains were also
confirmed by different authors (Larson et al, 1986, El-Naggar et al,
1992, Barbour and Liibum, 1995; Mandour ef al., 1996; Bahie El-Deen ef
al., 1998; Sherif et al., 1998; Aboul-Hassan, 2001; Abdel-Ghany er al.,
2004 and Nofal, 2006)

Direct heterosis:

Estimates of direct heterosis calculated in units (g) and percentages
(%) for body weights recorded at different ages and body weight gains
calculated between different growth periods studied are presented in
tables 2 & 3. However, these traits showed generally highly significant
(P<0.01 or P<0.001) positive direct heterosis except BW,; had non-
significant effect. Estimates of heterosis percentage for body weights
were 31.2 and 25.8% at 0 and 2 weeks, respectively. and declined to 17.2
and 11.9% for BW, and BW¢. The corresponding estimates of heterosis
percentage for body weight gains were 15.6, 14.9, 9.6 and 6.1% for
ADGy.s, ADG-.y, ADG4s and ADGg., respectively. Such superiority of
cross lines quail over their parental lines points to considerable non-
additive genetic line effects.
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Table 2. Least-square means of body weight traits among the different mating groups
+ SE, direct heterosis (H ), direct additive effect (G ) and maternal additive effect (G )

Traits Ne. BW, BW, BW, BW,
Mating groups: Mean £ SE Mean + SE Mean + SE Mean + SE
HBW,x HTEW 484 9.3+£0.10 49.0+ 1,04 101.6 £ 6.03 1877+ 1.74
HTEW,,x HBW, 375 8.60.11 478+ 1.11 9734705 183.8 + 1.84
LBW,x LTEW,, 480  8.1+0.09 41.8+0.89 90.1 + 7.05 178.9 £ 1.45
LTEW,ox LBW, 348 7.4£0.09 40.1 +0.89 87.9 £ 7.05 170.2 £ 1.42
Pure breed effect 10.66+0.10°  7.71£090"  2.83+9.83"  19.24£137
Dircct heterosis (H') Unit 244+0.14°  986+124""  1.09x13.55" 2242+ 188"
Percentage 312 % 258 % 17.2 % 11.9 %
Direct additive effect (G) 4410147 7911247 3218 £13.55" 23.07+ 188"
Maternal additive effect 5750100 -0.20+ 0.86™ -42.34+9.33 -8.83+1.30"

(GY)

"ZP<0.050r "=P<00lor = P<0.001, "=Non- significant.

BWO, 2, 4, 6 = Body weight at 0, 2, 4, 6 weeks of age, HBW,&LBW,=Lines were established to selection for

High and low body weight at 4 weeks of age, HTEWW&LTEW.Q =Lines were established to selection for
high and low total egg weight.
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Table 3. Least-square means of daily weight gain traits among the different mating groups + SE, direct heterosis
(H'"), direct additive effect (G') and maternal additive effect (G™).

Traits No. ADGo.z ADG_;.4 ADG4.5 ADG(}.g
Mating groups: Mean + SE Mean + SE Mean + SE Mean + SE
HBW,x HTEW,, 484 2.5%0.09 42£0.10 6.4+0.11 43+0.04
HTEW,,x HBW, 375 2.3+0.09 4.0 + 0.09 6.1+0.11 4.1+0.04
LBW,x LTEW,, 480 2.0+0.11 3.7£0.11 54%0.13 3.5+ 0.05
LTEW, x LBW, 348 1.80.12 3.420.11 5220.14 3.3 +0.05
Pure breed effect 736+ 008"  1085+0.11°" 3.01 +0.09" 9.48+0.04""
Direct heterosis (H') Unit 835+0.10"  :540%0.15" 181013 . 10.24+0.06™
Percentage 15.6 % 14.9 % 9.6% 6.1%
Direct additive effect (G') 521+0.10" 4744015 927+0.13" 7.57 4 0.06™
Maternal additive effect (G™) 0.15+0.07 0.12+ 0.10™ -0.26+ 0.09° -0.10 £ 0.27

=P<0050r =P<0.0lor = P<0.001, "=Non- significant.
ADGO0-2, 2-4, 4-6, 0-6 = Average daily gain from0-2 , 2-4 | 4-6 0-6 weeks of age.
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In this respect, Bahie Ei-Deen et al.,(1998) and Aboul-Hassan (2001)
observed that heterosis contrasts were significant for BW;. BW>and BW,
(P<0.001) and BW¢ (P<0.01).

Maeda et al., (1988) and Sato ef al., (1990) indicated the presence of
heterotic effects in body weights of quail recorded at different ages.
Marks (1995) crossing lines of quails selected long-term for increased
body weight, but that was dependent on both environments and age as
well as the genetic of populations. He crossed medium weight quails
(selected for high BW,) and quails of heavy strain and reported that
considerable heterosis was present for body weights.

Damme (1994) reported heterosis for BW, to BW¢ ranged between
0.6 and 2.7% , and it was significant for BW,. Bahie El-Deen et al.,
(1998) reported that heterosis percentage estimates for body weight were
high at BW; (30.2%) and declined to (11.8%) at BW,. Heterosis contrast
were significant for BW,, BW, (P<0.001) and BW¢ (P<0.01) but non for
ADGy4. Furthermore, Bahie El-Deen (1994) and Nofal (2006) when
crossing two lines of quails, one selected for high BW, and the other line
was selected for high egg production noticed negative heterosis for
growth traits.

On the contrary, Gerken et al., (1988) reported that heterosis was not
significant for body weight from 25 to 49 days of age in diallel crosses
among two randombred control lines and a line selected for large body
weight. '

Direct additive effect;

Direct additive effect for body weights recorded at different ages and
body weight gains calculated between different growth periods studied
were significant (P<0.01 or P<0.001) and they were 4.41, 7.91, 32.18 and
23.07% for BW;, BW,, BW, and BW, (Table, 2). The corresponding
estimates of direct additive effects were 5.21, 4.74, 9.27 and 7.57% for
ADGq.>. ADG;.1. ADGy¢and ADGy., respectively (Table, 3).

Growth performance of quails sired by HBW, line were significantly
superior to those quails sired by HTEW g line (Tables, 2 and 3). The same
trend was also concluded by Bahie El-Deen et al.. (1998) and Nofal
(2006). They reported that direct additive effect on body weight at market
age of M-sired quails was significantly different from quails sired by E-
line. Sire-line linear contrasts indicate that E-sired quails were
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significantly superior in BWg (P<0.05) and ADG,. (P<0.01). At 4 weeks
of age, direct genetic effects were also pronounced in favour of E-sires.
while at early ages, M-sires were better than E-sires. Aboul-Hassan
(2001) reported that body weights and body weight gains of Brown sired
quails was significantly different from quails sired by White strain. Sire-
line linear contrasts indicate that W-sired quails were significantly
superior in most growth traits studied (P<0.01) except BW, and BW> was
in favour of sired by B strain. .

Maternal additive effect:

Maternal line effects (expressed as the differences between
reciprocal crosses) on most body weights and body weight gains studied
were statistically significant (P<0.05 or P<0.01 or P<0.001) except BW;
ADG;.4. Growth performance of quails mothered by HTEW 4 line were
significantly superior to those quails mothered by HBW, line (Tables, 2
& 3). However, it may be effective to use HBW; quails as a line of dams
in crossbreeding programs for producing quails with heavy weights and
increased gains. The same trend was observed by Bahie El-Deen er al..
(1998).

An evidence for the significant maternal effects on body weight was
obtained by Biak and Marks (1993). They reported significant reciprocal
effects between the HW with LW and LW with HW crosses in diallel
crosses of Japanese quail lines divergently selected for BW.

On the contrary, Chahil et af., (1975) reported the absence of
maternal effects in BWS5 in a 3 x 3 diallel cross of 3 random mating
populations of quail. Nofal (2006) crossed M line (selected for meat
production) and E line (selected for egg production) and reciprocal
crosses reported that maternal additive had non significant effect on all
growth traits (BW,, BWy and ADGy¢). However. this insignificant
influence of maternal additive could be expected since this component 1s
being diminished as birds advance in age.
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Carcass traits:

Least-square means and standard errors (S.E) for carcass traits
studied slaughter weight (gm), meat, bone, giblets and dressing
percentages ( SW, M%, B%, G%, D%) are given in Table (4). The
crossbreds produced from sired HBW4 with HTEW10 dams had the
highest carcass traits except B% and the crossbreds produced from sired
LTEW10 with LBW4 dams had the lowest carcass traits except B%,
while the reciprocal crosses between these lines had intermediate values
for carcass traits studied. However, significant differences due to mating
groups (MG) on carcass traits were observed. The same trend was
reported by Shalan (1998). On the other hand, Sharaf et al., (2006) when
they crossed three colored varieties of Japanese quails (Brown, Golden
and White) stated that carcass traits did not express any significant values
between purebreds, crossbred and reciprocals, while edible percentages
were the highest in purebreds (8.99%).

_Direct heterosis:

Estimates of direct heterosis calculated in units (gram) and
percentages (%) for carcass traits studied are presented in Table (4).
However, these traits showed highly significant (P<0.01 or P<0.001)
positive direct heterosis estimated as 27.0, 6.8 and 8.5 for SW, B and D
%, while M% and G% showed non significant direct heterosis estimated
as 1.5 and 1.7, respectively .

Direct additive effect:

Direct additive effect on all carcass traits studied were non-
significant. Estimates of carcass traits of quails were in favour of HBW,-
sire to those quails sired by HTEW)q line (Table, 4).

Maternal additive effect:

Maternal line effects (expressed as the differences between
reciprocal crosses) on all carcass traits studied were non-significant.
Estimates of carcass traits of quails mothered by HTEW, line were in
favour of to those mothered by HBW, line (Table, 4).

In conclusion, crossing of HBW, line sires with HTEW; line dams
was associated with an improvement in all growth traits and carcass traits
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Table 4. Means of carcass traits among the different mating groups + SE, direct heterosis (HY, direct additive

effect (G') and _maternal additive effect (G™).

Traits No. SW(zm) M% B% G% D%
Mating groups: Mean = SE Mean = SE MeanzSE  Mean+SE  Mean + SE
HBW,x HTEW,, 6 188.7+3.14 65.3+4.87 133+426  84+042 748+ 158
HTEW,;x HBW, 6 186.0+£327  63.8+4.02 13.7+426  72+074  722+£136
LBW,x LTEW,, 6 155.5+3.54 56.3 +4.54 1556426  64+063 647+122
LTEW,,x LBW, 6 152.8+ 3.84 52.8:+4.14 178+426 60060 62.8+1.18
Pure breed effect 32.0+£543""  0.5+563" -08+£6.02" -12+045" -03x131"
Direct heterosis (H') Unit 270+769""  1.5+7.96™ 6.8+852" 1.7+063" 85+185"
Percentage 17.8 2.1 25.7 39 10.3
Direct additive effect (G') 3337697 -200+796"" -72+852" -1.7+063™  -1.5+ 185"
Maternal additive effect (G™) 113+542"" 105+563" 63+6.02" 0.5+045" 1.2+ 1.31™

"= p<0.0lor

=P<0.001, "=Non- significant,
SW=8laughter weight, M%= Meat percentage, B%= Bone percentage, G%= Giblets percentage, D%= Dressing percentage.
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