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Abstract

crossbreeding experiment was conducted utilizing two selected lines of Japanese quail:

HBW4, developed for elevated body weight at 4 weeks, and HTEW10, created for increased

total egg weight produced by females during the first 10 weeks of laying. A total of 1512
crossbreed quail were utilized in this study, derived from four mating groups throughout three
hatches, to evaluate direct heterosis (H'), direct additive effects (G'), and maternal effects (G™) on the
subsequent traits: Egg production and reproductive characteristics: egg weight (EW), age at sexual
maturity (ASM), body weight at sexual maturity (BWSM), total egg number (TEN10) and weight
produced (TEW10) during the initial 10 wks of laying, daily egg mass (DEM), fertility rates (FRT%),
and hatchability percentages (HAT%). Substantial heterosis was observed for TEW10 (7.6 %) and
DEM (12.1%), while direct additive effects on most egg production and reproductive traits were
significant (ranging from -141.0 for TEW10 to 31.37 for BWSM. Maternal contributions
significantly impacted all measured egg production and reproductive traits, with effects ranging from
-15.49 BWSM for EW to 27.9 for TEW10. Crossing HBW4 sires with HTEW10 dams yields superior
egg production and reproductive traits due to beneficial direct heterosis and the advantageous
maternal line effects of HTEW10 dams.
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Introduction

Research on poultry breeding employs quails as
subjects due to their superior attributes compared to
other poultry species, including accelerated growth
rate, remarkable reproductive capacity, short life
cycle, low feed requirements, superior meat flavor,
increased egg-laying ability, and reduced hatching
duration  [1-3]. Quail breeding enhances trait
performance by selection and crossover, resulting in
diverse degrees of heterosis. This method influences
both additive and non-additive genes, resulting in
improved qualities such as growth and reproduction,
while optimizing essential attributes in target
populations [4, 5]. According to Ramadan et al. [6]
crossbreeding is an effective method for obtaining
diverse genetic combinations. This may enhance
heterozygosity, obscure recessive alleles, diminish
breeding integrity, and potentially eradicate entire
lineages within a single generation. Crossbreeding

methods generally result in enhanced economic
performance owing to hybrid vigor [7].

The quail, possessing a mutant IGF-1 gene,
demonstrated significant positive heterosis, with the
hybrids growing faster than the parent types [8].

Previous studies Farahatet al., Marks et al. [9,
10] have revealed that the additive aspect of genetic
variety has significantly enhanced body weight in
Japanese quail. Moreover, non-additive genetic
factors, like dominance and epistasis, are essential
in improving meat and egg production by
integrating complementary genetic characteristics.
This facilitates the planned formulation of mating
combinations intended to attain accelerated growth,
elevated yield, and other critical economic traits
[11, 12].
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This study aims to assess the contributions of
heterosis, maternal influences, and direct additive
genetic effects resulting from the crossbreeding of
two selected lines of Japanese quail, HBW4 and
HTEW10.

Material and Methods

This study utilized data from a flock of four
genetically distinct Japanese quail lines (HBW4 and
HTEW?10), selected for their great body weight at 4
wks and egg production at 10 wks. These lines were
then crossed with each other to make new lines,
which were named HBW4 x HTEW10 and HTEW10
x HBWA4. The production was overseen by the
Animal  Production Department of Al-Azhar
University in Cairo, Egypt. Table 1 presents the
distribution of birds resulting from crossbreeding
among various lines and hatches.

HBW4 and HTEW10 Japanese quail lines were
selected based on their elevated body weight at 4
wks and egg output at 10 wks. Eggs were gathered
for incubation at 10 to 12 weeks of age. Subsequent
to incubation, the eggs were transferred to the
hatcher. Upon hatching, each quail was permanently
marked with wing bands and housed in quail battery
brooders for four weeks.

All birds were housed in a singular chamber to
guarantee that temperature, humidity, light intensity,
and all environmental factors remained as consistent
as possible. Nevertheless, environmental and
management practices persisted at standard levels for
the whole duration. At five weeks of age, the males
were separated from the females, and at six weeks of
age, the birds were classified into three groups. All
birds were sexed according to plumage color and
pattern concurrently; all chicks were gathered and
placed in individual laying cages, with breeding
occurring around two weeks later.

Feed and water were supplied ad libitum. The
experimental diet consisted of 28% protein and 2920
Kcal (ME/Kg) until two weeks of age, followed by
25% protein and 2850 Kcal (ME/Kg) from three to
six weeks of age. Throughout the egg production
phase, the diet was modified to include a formulation
of 20% protein and 2820 Kcal (ME/Kkg) [4].

The temperature began at 38°C during the initial
week post-hatching and subsequently reduced by 2-
3°C weekly, reaching 26-28°C by the fourth week of
age, persisting until the end of the brooding period.

Traits studied:

Egg weight(EW), age at sexual maturity (ASM),
body weight at sexual maturity(BWSM), total egg
number produced during the initial 10 wks of laying
(TEN10), total egg weight produced during the
initial 10 wks of laying (TEW10), daily egg mass
(DEM), fertility rates (FRT%), and hatchability
percentages(HAT%).
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Statistical analysis

The current study's data were analyzed utilizing
the general linear model (GLM) process in SAS [13]
based on the subsequent statistical model.

Yikpm = p + Gi + Sk + Hm + eikpm

Where: Yikpm = the observation on the ikpmth trait;
p = overall mean, a common element across
observations; Gi = fixed effect of the ith mating
group; Sk = random effect of the kth sire; Hm =
fixed effect of the mth hatch; eikpm = random
residual error term.

The CBE computer package, version 4.0 Wolf
[14], used estimated least-squares means as input
data to evaluate the genetic factors related to
crossbreeding (direct additive, maternal effects, and
direct heterotic effect) for various traits.

Crossbreeding parameters for growth, egg
production, and reproductive characteristics were
assessed in accordance with Dickerson [15].

Purebred differences:

[(C;I HBwW4 T Gm HBW4) - (GI HTEL0 T Gm HTElO)} =
(HBW4 x HBW4) — (HTE10 x HTEL0).

Direct heterosis effect:

H' ew X wre = [(HBWA4 x THEL0) + (HTE10
x HBW4)} — {(HBW4 x HBW4) + (HTE10 x
HTE10)}.

H% = [H' as unit / (average of HBW4 +
HTE10)] x 100.

Direct additive effect:

G wews — G tHewo = {[(HBW4 x HBW4) +
(HBW4 x THE10)] - [(HTE10 x HTE10) + (HTE10
x HBW4)]}.

Maternal additive effect (i.e., reciprocal cross
difference):

G™ vewa — G™ hrero = (HBW4 x THE10) — (HTEL0 X
HBWA4).

Where:

G' and GM denote the direct and maternal additive
effects of the specified breed (genetic) group.

Heritability (H2):

HZ:VGNP, where Vg-Vat+Vp+V, (genetic variance
= additive, dominant, and epistatic variance) and
phenotypic variance (Vp) = genetic (Vg) and
environmental (Vg) components, and interaction
component (Vgg).

Results and Discussion

Crossbreeding effects:
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Egg production traits:

Table 2 presents the least-square means and
standard errors (S.E.) for egg production traits,
specifically EW, ASM, and BWSM.

The analysis of crossbreeding outcomes showed
that the highest egg weight was achieved in
crossbreds from HBW4 sires mated with HTEW10
dams (9.96), while the crossbreds produced from
HTEW?10 sires and HBW4 dams exhibited the lowest
ASM. Moreover, the highest BWSM was recorded in
crossbreds sired by HBW4 with HTEW10 dams.
However, egg production traits varied significantly
across the different mating groups (MG),
highlighting the impact of genetic pairing on
reproductive performance. The substantial impact of
mating groups on the egg production characteristics
of Japanese quail strains has been corroborated [16-
18].

Direct heterosis(Hi):

Table 2 presents estimates of direct heterosis for
egg production, expressed in grams (g) and
percentages (%). Nonetheless, these characteristics
exhibited non-significant (P < 0.01 or P < 0.001)
positive direct heterosis, calculated at 0.37, -0.12,
and 1.21 for EW, ASM, and BWSM, respectively.
Bahie-El-Deen et al. [16] noticed a similar pattern,
with positive heterosis for BWSM at 18.2% and
negative heterosis for egg weight, egg humber (EN),
and age at sexual maturity at -1.95%, -3.4%, and -
1.4%, respectively. Gerken et al.[19] observed a
negative heterosis of 5.5% for the age at which 50%
output is achieved. Moritsu et al. [20] showed
negative heterosis for ASM ranging from 9% to 23%
in several quail crosses. Aboul-Hassanet [17]
indicated that the superior dark quail (B) strain
excelled in TEW10, DEM, and BWSM, whereas the
white quail (W) strain shown superiority in ASM and
TEN10. The same author identified substantial
impacts (P < 0.05 or P < 0.001) of direct heterosis on
all egg production and reproductive characteristics.
Nofal [18]identified an uneven tendency in the
superiority rating of meat line (M) or egg line (E)
females for sexual maturity features. The M line
exhibited a substantial superiority for ASM (P <
0.05). The E line marginally exceeded the M line in
EP20.

Direct additive effect(Gi):

This study determined that direct additive effects
on egg production features were significant (P < 0.05
or P < 0.001), with values computed at -18.13 for
ASM and 31.37 for BWSM. The impact on EW was
negligible, quantified at -0.98 Table 2. The eggs of
quail sired by HBW4 were much superior than those
sired by the HTEW1O0 line. Bahie-El-Deen et al. [16]
and [18]discovered substantial differences between M-
and E-sired quails in EN (P < 0.05), EW (P < 0.01),
feed conversion ratio (FCR) (P < 0.001), and BWSM

(P < 0.01). This indicated that sire-line effects were
significant in the variance of most egg production
variables. E-sired quails outperformed in EN and
BWSM, but M-sired quails excelled in EW and FCR.
This beneficial result indicates that M quails may
function as a sire line to improve egg weight and feed
conversion efficiency. Conversely, we may utilize an
E-line as a sire line to augment egg production and
body weight during sexual maturity.

In 2001, Aboul-Hassan discovered that the egg
production characteristics of B- and W-sired quails
exhibited substantial differences in ASM, BWSM,
TEN10 (P < 0.01), and TEW10 and DEM (P < 0.001).
This indicated that sire line effects significantly
influenced the variations in most egg production
variables. ASM, TEN10, and BWSM supported W-
sired quails, whereas sired quails excelled in TEW10
and DEM. This beneficial result indicates that
employing B quails as a sire line may improve their
ASM and augment the overall TEW10. Conversely,
we may utilize the W-line as a sire line to augment
overall EW and DEM.

Maternal additive effect(Gm):

The maternal effects, as seen by the disparities
across reciprocal crossings, on all assessed egg
production were statistically significant (P < 0.001).
The egg weight of quails dam by the HTEW10 line
was significantly higher than that of quails dam by the
HBW4 line (Table 2). Continuous trend,
demonstrating significant reciprocal effects between
BWSM and ASM [16, 20, 21].

According to Bahie-El-Deen et al. and Aboul-
Hassan [16, 17] indicated that maternal line effects on
TEW10 and BWSM were insignificant, suggesting
that both strains examined might function as dams,
with the W strain deriving the most advantage.
Conversely, employing B quails as a dam line has led
to a substantial rise (P < 0.01) in BWSM. Nofal [18]
noted that maternal influences on sexual maturity
characteristics were insignificant, except for ASM,
which was significant (P < 0.01). The author observed
that the least-squares means of his investigation
indicated a benefit in earlier ASM when employing the
E line as a dam line.

Reproductive traits:

Table 3 provides the least-square means and
standard errors (S.E.) for reproductive traits,
specifically FRT% and HAT%. The crossbreds
originating from sired HBW4 and HTEW10 dams
exhibited the highest levels of egg production and
reproductive traits, with the exception of ASM.
However, we observed significant differences in egg
production and reproductive traits due to the mating
groups (MG). According to Bahie-El-Deen et al.,
Aboul-Hassan, Nofal and Abdel-Moutalib [16-18, 21]
also confirmed the significant effect of MG on egg
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production and reproductive traits of Japanese quail
strains.

Direct heterosis:

Estimates of direct heterosis, expressed in grams
(g) and percentages (%), for the reproductive traits
examined are displayed in Table 3. These variables
exhibited significant positive direct heterosis (P <
0.01), with values of 1.64, 39.15,1.15,-4.3 and -5.7 for
TEN10, TEW10, DEM, FR%, and HA%, respectively.
According to Bahie-El-Deen, et al. [16], a similar
tendency documents negative heterosis for egg weight,
with estimations of -1.95% and -3.4%, respectively.

Gerken et al. [19] documented a negative heterosis
of 5.5% for the age at which 50% output is achieved.
Moritsu et al. [20] showed negative heterosis for
ASM ranging from 9 to 23% in several quail crosses.
Aboul-Hassan [17] indicated that the B strain excelled
in TEW10, DEM, and BWSM, whereas the W strain
excelled in ASM and TEN10. The same author
identified significant impacts (P < 0.05 or P < 0.001)
of direct heterosis on all egg production and
reproductive parameters. Also, Nofal [18] identified an
uneven tendency in the superiority rating of M or E
females for sexual maturity features. The M line
exhibited a substantial superiority for ASM (P < 0.05).
In EP20, the E line somewhat surpassed the M lines.

Direct additive effect (Gi):

The direct additive effects on the examined
reproductive traits were substantial (P < 0.05 or P <
0.001), with computed values of -9.3, -141.0, -1.25,
1.4, and -2.7 for TEN10, TEW10, DEM, FR%, and
HA%, respectively Table 3. The reproductive
characteristics of quails sired by HBW4 were
significantly superior than those sired by the HTEW10
line. A study conducted by Bahie-El-Deen et al. [16],
Nofal [18] and Aboul-Hassan[22] revealed that quails
sired by M and E exhibited substantial differences in
EN (P < 0.05), EW (P < 0.01), FCR (P < 0.001), and
BWSM (P < 0.01). This indicated that sire-line
influences were significant in the variance of most egg
production characteristics. E-sired quails outperformed
in EN and BWSM, but M-sired quails excelled in EW
and FCR. This beneficial result indicates that M quails
may function as a sire line to improve egg weight and
feed conversion efficiency. Conversely, we may utilize
an E-line as a sire line to augment egg production and
body weight during sexual maturity. Aboul-
Hassan[17] indicated that the egg production
characteristics of B and W sired quails exhibited
significant differences in ASM, BWSM, and TEN10
(P < 0.01), as well as TEW10 and DEM (P < 0.001),
demonstrating that sire line effects were substantially
influential in the variance of most egg production
parameters. ASM, TEN10, and BWSM favored W-
sired quails, whereas sired quails excelled in TEW10
and DEM. This beneficial result indicates that
employing B quails as a sire line may improve their
age at sexual maturity and augment the overall egg
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production during the initial ten weeks of laying.
Conversely, we may utilize the W-line as a sire line to
augment overall egg weight and daily egg mass during
the initial ten weeks of laying.

Maternal additive effect (Gi):

Maternal line effects (expressed as the differences
between reciprocal crosses) on all reproductive traits
studied were statistically significant (P<0.001). The
reproductive traits of quails mothered by the HTEW10
line were significantly superior to those of quails
mothered by the HBW4 line (Table 3). The same trend
was observed by Bahie-El-Deen et al.,Moritsu et al.
and Abdel-Moutalib[16, 20, and 21]Jwho reported that
reciprocal effects were significant for BWSM and
ASM.

On the contrary, Aboul-Hassan [17] reported that
maternal line effects on TEW10, and BWSM were not
significant, i.e. both strains studied could be used as a
line of dam, but they were mainly in favour of the W
strain. In contrast, using B quails as a dam line has
resulted in a significant increase (P<0.01) in BWSM.
Also, Nofal [18] observed that maternal effects on
sexual maturity traits were not significant except for
ASM (P< 0.01). The same author added that the least-
squares means of his study showed that using the E
line as a dam-line gave an advantage expressed in
earlier ASM.

Heritability estimates:

The ratio of the response to selection to the
selection differential (R/S) in Table 4 indicates the
estimated realized heritability for reproductive
variables. The estimated realized heritability for
reproductive traits (EW, ASM, BWSM, TEN10,
TEW10, DEM, FRT%, and HAT%) are 0.12, 0.08,
0.17, 0.18, 0.19, 0.20, 0.07, and 0.08, respectively.
Nonetheless, Aboul-Hassan[22] presented a spectrum
of estimates (0.12-0.18) for the realized heritability of
BW&6. Moreover, El-Fiky [23] indicated that realized
heritabilities varied between 0.12 and 0.21 throughout
four generations of selection for BW6.

Conclusion

In summary, crossing HBW4 sires with HTEW10
dams significantly improves Japanese quail
reproductive performance due to positive heterosis
and additive effects, along with favorable maternal
line influence. This specific crossbreeding strategy
offers a valuable approach for enhancing
productivity in the poultry industry.
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TABLE 1. Distribution of quail progeny resulting from crossbreeding across diverse lines and hatches

Mating HTEW10 X HBW4 X HTEW10 X
HBW4 X HBW4 Total

groups HTEW10 HTEW10 HBW4

Hatch M F M F M F M F M F
1 84 80 75 78 85 87 52 50 296 295
2 76 66 72 68 52 50 50 48 250 232
3 72 75 56 52 48 45 45 46 221 218

Total 232 221 203 198 185 182 147 144 767 745

M: Males, F: Females.

TABLE 2. Estimates of mating group, means + SE, purebred difference, heterosis (H'), maternal additive effect (G™)

and direct additive effect (G') on egg production traits

EW ASM BWSM
Mating groups
HBW4 X HBW4 8.75+0.42 60.6+7.8 176.8£14.5
HTE10 X HTE10 9.85+0.42 52.7+7.1 160.9+12.1
HBW4 X HTE10 9.96+0.42 61.6+7.6 177.8+13.3
HTE10 X HBW4 9.62+0.52 51.4£7.9 162.3£13.2
Purebred difference

-1.21 7.94 15.87
Sig. * * *
Additive effect
G -0.98+0.6 18.13£1.2 31.37+2.2
Sig. NS o o
Heterosis
H' unit 0.37+0.3 -0.12+0.6 1.21+1.1
H % 3.95 -0.21 0.72
Sig. NS NS NS
Additive maternal
G" -0.22+.4 -10.19+0.8 -15.49+1.6
Sig. NS o o

*=P< 0.05, ** = P< 0.01, ***=P<0.001 and ™= Non- significant, EW= egg weight, ASM= age at sexual maturity,

BWSM= body weight at sexual maturity.
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TABLE 3. Estimates of mating group, means + SE, purebred difference, heterosis (H"), maternal additive effect (G™)
and direct additive effect (G') on reproductive traits.

TEN10 TEW10 DEM FRT % HAT %
Mating group
HBW4 X HBW4 52.6+4.6 455.3+19.1 9.13£5.9 81.2 69.8
HTE10 X HTE10 57.843.9 568.4x14.4 9.83+4.9 84.2 76.4
HBW4 X HTE10 54.846.6 537.0£15.2 10.72+5.2 80.5 69.2
HTE10 X HBW4 58.9+£5.3 565.0+15.1 11.27£5.5 76.3 65.6
Purebred difference
-5.24 -113.0 -0.7 -3.0 -6.6
Sig. * ** NS * o
Additive effect
Gi -9.3+0.7 -141.0£2.3 -1.25+0.6 1.4 -2.7
Sig. *% *% * *% *x
Heterosis
Hi unit 1.64+0.3 39.15+1.3 1.15+0.30 -4.3 -5.7
Hi % 3 7.6 12.1 -5.1 -7.8
Sig. *% *% % *% *%
Additive maternal
Gm 4.1+0.5 27.9+1.6 0.55+0.4 -4.3 -3.6
Sig. *% *% NS *% *%

TEN10= total egg number at first ten week, TEW10= total Egg Weight at first 10 weeks, DEM= daily egg mass, FRT%=
fertility rates percentages and HAT%-= hatchability percentages.

TABLE 4. Realized heritability estimates computed from reproductive traits.

Trait Realized h’+ S.E
EW 0.12+0.10

ASM 0.08+0.09
BWSM 0.17+0.10
TEN10 0.18+0.15
TEWI10 0.19+0.11

DEM 0.2+0.09

FRT% 0.07

HAT% 0.08

EW= egg weight, ASM= age at sexual maturity, BWSM= egg weight at sexual maturity, TEN10= Total Egg Number at 10
wk, TEW10= Total Egg Weight at 10 wk
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