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Abstract

This study aimed to investigate the incubation type (natural and artificial) on some incubation parameters for the
Pekin, Muscovy and Sudani duck crosses. At sexual maturity, body weight and body measurements were recorded.
Eighteen Fayoumi ducks females (Carina moschata) were used for natural incubation, each female brooded 15
eggs in one hatch. A total number of 299, 150 were collected from the mating from the cross between Muscovy
male with Sudani females (MS), 281, 120 hatching eggs from the cross between the Pekin Males with Sudani
females (PS) and 190 and 150 from mating between Sudani males with the same genetic females (SS) for artificial
incubation (Al) and natural incubation (NI), respectively. The fertility, hatchability, embryonic mortality at 7, 14, 21
and 28 days and relative one-day duck weight were measured during the incubation period. Results revealed that
Muscovy duck males had significantly higher body weight or body measurements at sexual maturity (P<0.0001)
than other duck strains. Fertility was significantly higher (P<0.0001) in SS (Sudani x Sudani) compared to MS
(Muscovy x Sudani) and PS (Pekin x Sudani) crosses. Early embryonic mortality (EEM) was significantly higher on
the PS (P<0.0001); however the MS recorded higher embryonic mortality at 28 days (P<0.0001) in both natural and
artificial incubation. The SS had significantly higher hatchability followed by MS and PS. In conclusion, the PS cross
recorded lower fertility, hatchability and higher EEM in artificial and natural incubation compared to SS and MS
crosses, this may be related to the genetic of the cross not incubation types or conditions.

Keywords: Artificial incubation, Natural, incubation, Fertility, hatchability, Embryonic mortality, Sexual
dimorphism, Duck hybrids.

Introduction incompatibility in the reproduction of hybrids is
Both of the fertility and hatchability are major believed to be mainly caused by a difference in the
problems in hybridized eggs in duck compared to karyotypes and/or chromosome structures of the
eggs from pure genetic origin. High embryonic parents (Takahashi et al., 2005; Borodin et al., 2006;
mortality is considered one of main problems Sakai et al., 2007; Oka et al., 2010; Islam et al,
reduces hatchability in the crosses duck egg in the 2013). Other study indicated that, the early
artificial incubation. There are many factors effect embryonic - mortality caused by chromosomal
on fertility and hatchability such as: Egg factors (egg aberrations and lethal genes (Liptéi and Hidas,
quality and storage), breed flock (age, husbandry 2006). Othe study by Webster, (1992) confirm that
and sex ratio), sexual dimorphism (body weight and the succeed of mating depend on the body size of
body measurements), incubation  factors males, which the small males have a lower success
(temperature, humidity, egg turning and ventilation), rate than large males, also he indicated that, the
sperm quality and genetic factors (Romanov, 1999; large male with higher sexual dimorphism of body
Bogenfurst, 2004; Wolanski et al., 2007; Kingori, size might have a higher "environmental potential
2011; England et al, 2012; Bogenfurst, 2017; for polygeny than small males. This study aimed to
Salamon, 2019; Ogbu and Oguike, 2019). When investigate the incubation type (natural and
cross between two species from different genera the artificial) on some incubation parameters for the
hybrids become sterile and effect on the incubation Pekin, Muscovy and Sudani duck crosses.
cause early embryonic mortality may the reason is Materials and Methods
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Total number of 76 Sudani ducks female divided into
three groups, first was 32 of Sudani female mated
with 8 males of Pekin ducks, second was 28 of
Sudani female mated with 7 Muscovy ducks males
and the third was 16 of Sudani females mated with
four Sudani ducks males. All ducks reared together
but in different pens, at 18 weeks of age the females
of Sudani ducks move into the males of each strain.
Natural incubation: Eighteen Fayoumi ducks (Carina
moschata) females with five males move into the
same place of Sudani ducks, but in different pens,
the age of the males and females of Fayoumi ducks
ranged from 2-3 years, the place is equipped with
numbered nests. When the female of Fayoum ducks
lay their eggs and before brooded them we replaced
these eggs in other fertile eggs from the Three
groups. The female of Fayoumi ducks was brooded
15 fertile eggs in each time until finished the
experimental, all eggs were numbered and weight
before incubated. The Fayoumi females brooded the
eggs more times, which total brooded egg was 420
in natural incubation

Artificial incubation: The eggs were collected from
the nests and storage for 3 days. All eggs were
weighted and numbered before the incubation, all
eggs were incubated in the incubation machine.
Measurements:

Body weight and body measurements: Body weight
and body measurements were measured at 28 wks
of age.

Body measurements: These measurements included
shank length (SL from the top of hock joint to the
foot pad), keel length (KL the keel bone length
supporting the breast fillet) were measured with a
digital caliper, body circumference (BC taken under
the wings at the edge of the sternum) and body
length (BL longitude body beginning from beak to
termination bird foot) were measured by a
measuring tape.

Sexual dimorphism: Sexual dimorphism (Sx) was
calculated for live body weight and body
measurements according to the equation of Smith,
(1999) using the following equation:

Sexual dimorphism = (male value- female value) /
female) X 100 or (Male value/ female value) - 1) X
100.

Pairs number: Number of pairs used to calculate the
sexual dimorphism of body weight and body
measurements, were ten males of each strains with
ten females of Sudani ducks.

Egg Quality: Total number of 30 eggs was used
before incubation of eggs and starting the
experiment, an evaluation was made of the egg
quality inside and an evaluation of the
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characteristics of eggshell (Table 1). This is to ensure
that the characteristics of eggs suitable for
incubation, because the character of egg play
important role in the embryo development and
successful hatch and this to be sure the incubation
parameters are affected by the two facto of the
experiment (incubation types and the cross effect).
Egg quality measurements: Egg weight, Egg width,
Egg length, White high, Yolk high, Yolk diameter,
Yolk weight and Shell weight.

Measurements of egg quality calculated: Shape
index (Egg width / Egg length) X 100, Yolk index (Yolk
high/ Yolk diameter) X 100, Egg surface area =
3.9782 (Egg weight)o'm56 , Haugh unit = 100 log
(H+7.57-1.7 W 0.37), Shell index = ( Egg surface area/
Shell weight) X 100 and The shell breaking strength
(kg/cm2) was determined using quasistatic
compression method (Fathi and El- Sahar 1996).
Incubation measurements: A total of 299 and 150
hatching eggs from the cross between Muscovy
males with Sudani females (MS), 281 and 120
hatching eggs from the cross between Pekin males
with Sudani females (PS) and 190 and 150 hatching
eggs from mating between Sudani males with the
same genetic females (SS) were obtained for
artificial and natural incubation, respectively.
Fertility and hatchability:

Hatchability on fertile eggs (%) = No of eggs hatched
out/Total no of fertile eggs x 100.

Hatchability on set eggs (%) = No of eggs hatched
out/Total no of eggs set x 100.

Embryonic mortality: At 7, 14, 21, 28 days of
incubation period, embryonic mortality was
determined using egg candling.

Relative 1-day duck weight: Eggs were weighted
before incubation and after hatch directly all
hatched ducks were weighted. Relative one-day duck
weight was calculated according to the following
formula:

Relative 1-day duck weight = duck weight / egg
weight x 100.

Statistical analyses: Data related developed body
weight, body measurements and sexual dimorphism
analysed using one-way Analysis of variance with the
strain effect using General Linear Model (GLM)
procedure of SAS (2001). According to the following
model (1);

Yij= W + Si+ eij

Where; Yij= Trait measured, p = Overall means, Si
= Strain effect eij = Experimental error.

Data other than those subjected to stastical analysis
using two-way analysis of variance with incubation
types and the cross with interaction using General
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Linear Model (GLM) procedure of SAS (2001) as
following model (II); Yij=p + li + Tj + [IXT]ij + eijk
Where; Yij = Trait measured, p = Overall mean,
li= incubation types Tj = cross effect (j=1 and2)
[IxT]ij = Interaction between incubation types and
cross effect,  eijk = Experimental error.
When significant differences among means were
found, means were separated using Duncan’s
multiple range tests.

Results and Discussion
Body weight, body measurements and sexual
dimorphism: Body weight and body measurements
at sexual maturity for male of Sudani, Muscovy and
Peking duck are presented in Table 2. Data
presented the superiority Muscovy duck males
either for body weight or body measurements at
sexual maturity (p<0.0001) than other duck strains.
However Sudani duck was intermediate and Pekin
duck occupied the last position of the mentioned
traits of males. With respect for sexual dimorphism,
the same trend was noticed for all traits, the sexual
dimorphism was higher between Muscovy males
with Sudani females (SXys) followed by the sexual
dimorphism between the Sudani males and the
same females (SXss), however the sexual dimorphism
between Pekin males and Sudani females (SXps)
recorded lower value for all traits.
Incubation: Data presented in Table 3 showed that
the fertility and hatchability among different crosses
and incubation types (artificial and natural) our
result noticed that there was significant differences
between SS (Sudani x Sudani) compared to MS
(Muscovy x Sudani) and PS (Pekin x Sudani) ones,
however, the fertility was significantly higher for SS
compared either for PS while, MS cross was
intermediate. With respect to the embryonic
mortality, the results indicated a higher significant
differences in early embryonic mortality at 7 days PS
compared to MS and SS ones, however the MS
recorded higher mortality at 14, 21 and 28 day
compared to SS and PS as showed in Figure (1).
Concerning hatchability from all eggs and fertile
eggs, SS and MS crosses gave significantly higher
values compared to PS ones. Embryonic weight was
significant lower for SS compared to MS and PS cross
ones; however theirs was no significant differences
in relative e embryonic weight.

For incubation types, as expect the natural
incubation was lower for embryo mortality at all
ages than artificial incubation, also the natural
incubation was significantly higher for hatchability
percent compared to artificial incubation, however,
theirs was no significant effect of incubation types
on the relative embryo weight. The interaction was
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not significant between the incubation types and the
cross effect for all traits except the embryo mortality
at 2 weeks of incubation, the interaction was
significant.

The correlation: Data presented in Table 4 showed
that the correlation among the fertility with body
weight, body measurements and sexual dimorphism
among different crosses. The correlation for body
weight and body measurements was negative except
shank length was positive in Sudani male with
fertility parentage. However the correlation between
keel length and body length eas negative in the male
of Muscovy ducks, the most of traits was negative
value in the Pekin male. The correlation between the
fertility and sexual dimorphism was positive in the
cross between Pekin and Muscovy males with Sudani
female, opposite trend was found in the mating
between the males and females of Sudani ducks.
Sexual dimorphism is the difference in body weight
between males and females, this is important in
natural mating, the cross among species to produce
hybrids affecting in body size, behavior of the
parents (Tai Liu and Tai, 1991; Mignon-Grasteau et
al.,, 1998). The higher different between male and
female for body weight and size obstacle for natural
mating. Female Muscovy ducks are often injured in
the leg and chest upon supporting the much heavier
male (Ismoyowati et al, 2017). The Sexual
differences in external morphology are of interest in
studies of reproductive biology and descriptively, to
analyse the population composition (Norman and
Robert, 1984; Piersma, 1988; Yakubu, 2011).

Other studies indicated that the lower of fertility
related to physical characterises of males, body
weight, muscular and skeletal conformation and
musculoskeletal conformation, all this factors can
cause difficulty translate the sperms into the females
(Duncan et al., 1990; Kirby et al., 1998; Bowling et
al.,, 2003; McGary et al.,, 2003; Bilcik et al., 2005)
whereas sperm motility and mobility are negatively
associated with body weight (Bowling et al., 2003;
Bilcik et al., 2005).

However, the Muscovy had a greater dimorphism in
body size between males and females. Males grew
faster and yielded heavier body weight than females
(Vander Sluis, 1993; Bochno et al., 1994).

Raji et al, (2009) reported that body length of
matured local Muscovy ducks in Nigeria for male and
female were 59.25 and 45.51 cm, respectively. Ogah
(2011) reported that body length (BL) and shank
length (ShL) for male and female Muscovy duck at 15
weeks of age were 26.1 and 24.5 cm for BL and 5.5
and 5.27 for Shl, respectively. In the present study,
we find the sexual dimorphism was higher between
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Muscovy males and females followed by the Sudani Pekin males and Sudani females was lower.

males with same females and the different between

Table 1. Egg quality of Sudani duck

Traits Maximum Minimum Average
Egg weight (g) 68.29 48.62 61.22
Egg width (cm) 44.32 39.13 42.7
Egg length (cm) 61.85 54.09 58.32
Shape index% 78.58 69.86 73.26
White high (cm) 60.57 27.29 36.46
Haugh unit% 99.3 88.8 94.7
Yolk high (cm) 20.55 15.37 18.82
Yolk diameter (cm) 46.64 35.35 44.21
Yolk index% 0.52 0.33 0.43
Yolk% 39.48 23.84 35.18
White% 62.34 48.79 52.83
Shell% 13.82 9.95 11.99
Shell strength kg cm” 11.93 3.52 8.56
Egg surface area (sz) 78.33 61.66 72.32
Shell index % 10.91 8.50 9.92

Table 2. Body weight, body measurements and sexual dimorphism for the parents
used in this study

. Traits
Strains (Males) IBW ShL KL BC BL
Sudani (S) 3212.50°+157.36  8.22°+0.18 15.76°+0.20 47.0°°t0.63  82.60°°+0.62
Muscovy (M) 5034.50°+52.17 9.21°+0.17 17.57°+0.23 55.10°+0.59  89.40°+0.16
Pekin (P) 2666.0°486.37 6.29°+1.11 12.09°+2.14 38.0°+6.50  66.65°+11.21
Probability 0.0001 0.01 0.01 0.01 0.05
Sudani Females
Sudani (Females) 1983.053.0 5.70+0.09 10.98+0.04 37.0+0.60 65.0+0.47
"Sexual Dimorphism (SX) (%)

SXss 61.22°+3.95 44.14°+1.54 43.49°+1.23 26.76°t0.87  27.08°+0.39
SXwis 155.24°+6.11 62.397+3.63 61.26°+2.29 47.53°+2.99 37.61°+1.13
SXps 35.11°¢5.09 23.4342.93 21.15%2.49 18.31°¢1.88 22.37°¢1.32

Probability 0.0001 0.0001 0.0001 0.0001 0.0001

a,bandc

Means within the same row with different letters are significantly differed NS = Non-significant

LBW= live body weight, SL= shank length, KL= keel length, BC= body circumference and BL= body length.

SXss= Sexual dimorphism between Sudani males and their females, SXys = Sexual dimorphism between Muscovy
males and Sudani females and SXps= Sexual dimorphism between Pekin males and Sudani females.

*Sexual dimorphism = ((Male value/ female value) - 1) X 100
Thus, positive values ( > 0) mean the male is greater than the female for that trait, a zero value means males and
females are equal, and negative values (<0) mean the female is greater than the male for that trait
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Table 3: Artificial and natural incubation measurements among Sudani duck and the cross either with Muscovy
or Pekin males

. Incubatio Strain (S) Probability
Traits n (1) SoF MS** P Overall S | 5%
Artificial  80.1#0.62 76.3t0.92 63.9+1.73 73.4°
Fertility% Natural  79.3.44.22 62.5+1.22  60.0+2.22 67.2°
Overall 79.5° 67.0° 61.1° 0.0001  0.03 NS
Embrvonic | Artificial | 14.43:12 1271308  34.49:0.38 20.5°
Y Natural  0.74+0.74  2.5+1.22  23.33+4.36 9.6°
mort 1wk, % 0.000
Overall 4.95"° 5.09"° 26.52° 0.0001 1 NS
Embrvonic | Artificial 367008 4.68:0.38  2.82:0.32 3.7°
Y Natural 0+0 0+0 0+0 0.0°
mort 2wk, % 0.000
Overall 1.13° 1.56° 0.81° 0.0001 0.0001
Embryonic Artificial 2.61+0.15  3.34+0..38  2.48+0.13 2.8°
mort 3wk, %  Natural 0+0 1.68+1.1  0.67+0.67 0.74°
Overall 0.80 2.23 1.19 NS 0.003 NS
Embryonic  Artificial 17.40+0.15 30.8+1.1  10.26%0.71 19.5°
mort 4wk, %  Natural  13.3#2.48 22.5¢122  8.0+1.94 14.1°
Overall 14.58° 25.26° 8.65°¢ 0.0001 0.01 NS
Artificial  42.0+0.49 24.8+1.98  13.9+0.19 26.9°
Hatch fromall Natural  65.19+3.97 34.2+2.0  25.3#3.11 41.2°
0,
egg, % Overall 58.1° 31.0° 22.01° 0.0001 0'300 NS
Artificial  52.5+1.01 32.4+2.21  21.7+0.29 35.5°
Hatch from Natural 82.6+3.57 52.5+1.01 42.945.37 59.7°
H 0,
fertileege, % o erall 73.3° 47.3° 36.9° 0.0001 0‘200 NS
Artificial  30.22.9 37.4+0.8  39.1#1.1 63.7
Chick weight  Natural 40315  38.9+2.03 39.7+1.22 65.8
Overall 35.4° 37.9% 39.4° NS NS NS
Artificial  63.2t1.87 64.5:0.82  63.5+1.10 35.7
Chick% Natural  63.9+1.33  64.6+3.0 67.8+0.73 38.7
Overall 63.6 64.5 65.9 0.03 NS NS
a,bandc

Means within the same row with different letters are significantly differed NS = Non-significant

* Sudani male With Sudani female ** Muscovy male with Sudani female *** Pekin male with Sudani female

Table 4: The correlation of fertality with body weight, body measurments and sexual dimorphism among Sudani

duck and the cross either with Muscovy or Pekin males

Strains Traits
LBW ShL BL
SS* Fertality -0.259 0.409 -0.058* -0.222 -0.161
MS** Fertality 0.319 0.220 -0.572 0.373 -0.072
pS*** Fertality -0.140 -0.121 -0.073 -0.421 0.188
Types of . .
fertile eggs Sexual dimorphism (SX)
SXiaw SXsnL SXa1
SS* Fertality -0.163 -0.253 -0.473 -0.173 0.086
MS** Fertality 0.165 0.119 -0.176 0.197 0.079
pS*** Fertality 0.474 0.468 0.089 0.499 0.695*

LBW= live body weight, SL= shank length, KL= keel length, BC= body circumference and BL= body length.
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* Sudani male With Sudani female ** Muscovy male with Sudani female *** Pekin male with Sudani female

SXsw = the sexual dimorphism of live body weight between Sudani female withe each males of other strains, SXsn.
= the sexual dimorphism of shank length between Sudani female withe each males of other strains, SXy, = the
sexual dimorphism of keel length between Sudani female withe each males of other strains, SXgc = the sexual
dimorphism of body circumference between Sudani female withe each males of other strains and SXg_= the sexual
dimorphism of body length between Sudani female withe each males of other strains

Figure 1: Embryonic mortality at 28 day.

The correlation between fertility with body weight
and body measurements was negative for the all
traits except shank length was positive in the Sudani
male ducks, however it was positive for all traits in
the Pekin ducks, this indicate that the trend of the
correlation related to the type of the ducks ( Mallard
or Muscovy), however the sexual dimorphism of
body length (SXg, was positive in all the crosses, This
confirms that the higher percentage of the body
length of the male to female led to increased fertility
in all types of crosses. Males that are larger in size
have a greater success rate at fertilization compared
to males that are smaller in size (Webster, 1992)

From the present results, the PS cross was lower
fertility and hatchability in both natural and artificial
incubation, although, the high embryo mortality was
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found in the PS cross at first weeks, however the
same result found in the MS cross at 4 weeks of
incubation period. The SS was higher significantly for
fertility, hatchability and lower embryo mortality in
booth natural and artificial incubation, followed by
MS and PS.

Hatching failure due to embryonic mortality may
result from a variety factors, including exposure of
eggs to variable temperature, humidity and
microbial infection prior to the onset of full
incubation (Meijerhof 1992, Cook et al., 2003,
Beissinger et al., 2005, Cook et al., 2005a, b), poor
female condition or genetic incompatibility between
the male and female, such as that resulting from
inbreeding or out breeding, including inter specific
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crosses (Bensch et al., 1994, Etches, 1996, Brillard et
al., 1998, Christensen, 2001, Sellier et al., 2005).
Some studies indicated that the lower hatchability in
the artificial incubation in ducks related to the
temperature of the incubation machine not suitable
for the egg ducks (Makram and AbdelAzim, 2018;
Makram et al., 2019) the same studies found that
the hatchability ratio in natural incubation was 95%
from fertile eggs in Fayoumi ducks, also, the egg
temperature in natural incubation was lower 7 CO
than artificial incubation. Other studies indicated
that the most embryos of hybrids in poultry die from
the 2-8 day of the incubation period, which revealed
that combination with different sperm eggs couldn’t
obtain rational incubation, and could possibly result
in  hybrid sterility or due to chromosome
recombination and partnership of different poultry
(Yoshihiro, 1982; Zhao et al., 2003 and 2005; Li ,
2010). Rashid et al, (2009) found that the fertility
was 80.96%, 86.69% and the hatchability from the
fertile egg was 62.9% and 54.21% for Pekin and
Muscovy ducks, respectively. Also, found the
difference between the fertile egg and the
hatchability were 22.7 and 32.48% of the Pekin and
Muscovy ducks, respectively.

All domestic ducks divided into two types, first ducks
descended from Carina genus called Muscovy types
(Carina moschata) and the second from the Anas
genus, called mallard types (Anas platyrhynchos ),
the two types of domestic ducks have the same
number of chromosome, but different in the size.
The French Muscovy and Sudani duck descended
from Carina genus and Pekin ducks descended from
Anas genus (Akinlade and Sonaiya, 1994; Adeyeye et
al., 2012, Makram, 2016). The karyotype of No.1 and
No.2 chromosome in Muscovy duck and domestic
duck was responsible for hybrid sterility resulting
from the failure of good match during the period of
chromosome meiosis. this called the robertsonian
ectopia (Sun et al., 2007 and Li 2010). The fertility
and embryo mortality were 43% and 19%,
respectively, from 2-12 after artificial insemination in
the cross between the Muscovy drakes with
common duck (Brun et al., 2008). Chen et al, (2016)
confirm that the sperm viability and plasma
membrane related to early embryo mortality, which
the embryo mortality decreased if the viability of
sperm higher.

From the present study all conditions were suitable
for the incubation as egg quality (shape index, shell
characters, internal egg) as showed in Table 1. Also,
incubation condition (natural and artificial
incubation) was suitable and sexual dimorphism was
lower between Pekin males with Sudani females,
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although, the lower fertility and hatchability found in
the cross between Pekin males with Sudani females,
this may related to the different of karyotypes in the
chromosomes between the two ducks species.

In conclusion, the PS cross recorded lower fertility,
hatchability and higher early embryonic mortality in
artificial and natural incubation compared to SS and
MS crosses, this may be related to the genetic of the
cross not incubation types or conditions.
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