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Abstract

A study was conducted to estimate the genetic parameters of fertility and hatchability in
two strains of Rhode Island Red (RIR) Chickens denoted as Strain A and Strain B
respectively using the full-sib (sire +dam variance) and maternal half-sib (dam variance)
components. The birds were obtained from the selected populations of RIR Chickens kept
at the poultry breeding programme of National Animal Production Research Institute,
Shika, Zaria, Nigeria. Settable eggs were collected from mating 28 cocks to 252 hens in a
ratio of 1cock:9 hens from each strain. Eggs were pedigreed according to sire and dam.
Results showed that values obtained for number of egg set (EGGSET), number of fertile
eggs (NFERT), number of hatched chicks (NHATCH), percentage of chicks hatched from
total eggs set (PHATCH) and percentage of chicks hatched from fertile eggs (PHATCHBL)
were all higher in strain A than strain B. Heritability estimates obtained from the full-sib
and maternal half-sib analysis ranged from medium to high for the two strains (0.24-0.96).
The maternal half sib estimates were higher (0.40-0.96) than the estimates obtained from
full sibs (0.24- 0.48). Genetic and phenotypic correlations obtained for both strains were
positive and similar regardless of method of estimation. Genetic correlations between
EGGSET and PFERT were low in strain A using both full-sib and maternal half-sib
analyses (0.09-0.14). Phenotypic correlations between EGGSET and PFERT, PHATCH
and PHATCHBL were also low in both strains and regardless of method of analyses.
Moderate to high heritability estimates suggest that genetic improvement can be obtained
by selection of these reproductive traits. The full-sib analysis for estimating heritability
will be preferred since it is assumed that only additive genetic variance contributes to the
covariance between family members.
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Introduction

Fertility and hatchability are the most (Brillard, 2003). Fertility of an individual
important determinants for producing egg is also a function of the genotype of
more chicks from a giVen number of the embryo, to which both parents
breeding flocks within a given period. contribute. Therefore, both paternal and
Fertility in poultry is traditionally maternal components should be
regarded as an independent trait either of accounted for simultaneously when
the male or the female, but genetic and analyzing fertility.

non-genetic factors originating from both Factors affecting fertility which originate
the male and female affect egg from the male include several sperm
fertilization and embryo deVelopment quality traits such as sperm metabolism,
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semen concentration, sperm motility, and
the percentage of abnormal or dead
sperm cells (Wilson et al, 1979).
Behavioral factors include the male's
ability to successiVely mate with the hens
efficiently, which may be affected by leg
problems (Brillard, 2003) in the eent of
uncontrolled growth. Sperm quality traits
are believed to be moderately heritable
(Ansah et al., 1985), whereas behavioral
traits usually have a low heritability
(Siegel, 1965). Factors originating from
the female include egg quality,
behavioral and physiological factors
such as preValence of sperm storage
tubules (SSTs) (Brillard, 2003).

Fertility and hatchability are inter-
related heritable traits that have
\ariations among breeds and Varieties.
Hatchability is the rate of hatching of
incubated or fertile eggs into “iable
chicks. It represents the number of eggs
hatched into Viable chicks after 21 days
of incubation. Hatchability is determined
either on the basis of all eggs set or of
fertile eggs set after candling on the
eighteenth day of incubation.
Hatchability is not an easy trait to
measure partly because of the
considerable Variation between eggs of
different strains in the time required in
the incubator for the chicks to hatch. The
ability of the chick to hatch is
superficially a simple characteristic;
neVertheless in biological terms, it is
extremely complex. Alternatiely, the
zygote may have formed but failed to
develop beyond a specific point for one
of aariety of reasons (Wilson, 1997).
Zygote devVelopment and thus
hatchability are traits of the embryo
influenced by maternal effects (Gowe et
al., 1993). However Sexton and Randen
(1988) indicated that the sire exercised an
appreciable influence on the leVel of
hatchability inherited by his daughter. It
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may be possible therefore to demonstrate
differences in transmitting ability among
dams mated to the same sire.

Estimates of the genetic parameters such
as heritabilities and genetic correlations
of traits related to fertility and
hatchability are needed to determine the
most appropriate selection criteria.
Heritability can be estimated in seVeral
ways from data in a hierarchical design
with a random sample of progeny from
each dam and a random sample of dams
mated to each sire also chosen at random
(each dam being mated to only one sire).
The appropriate model for this can be
designated as:

Yijk =M+ Si+Dij +eijk

where

Y,, is the measurement on the k" progeny
ofthe j" dam mated to the i" sire,

M is the population mean, S, is the effect
ofthe i" sire,

D, is the effect of the j" dam mated to the
i"sire

and e, is the residual effect.

Three measures of heritability can be
obtained (Falconer, 1960): that from the
sire component, 4,8 =4 S / hat from the
dam component, 2, D =4 D/ and that
from the sire-plus-dam components, 4,S
+D = 2 (S+D)/. The three heritability
ratios are equal when S=D and can be
estimated with Various functions of the
three mean squares in the analysis of
Variance model (I). An important
assumption in the use of the full-sib
family model for estimating heritability
is that only additiVe genetic Variance
contributes to the co\Elriance between
family members (Hill and Nicholas,
1974). Wolc et al. (2009b) recently
proposed a sire-dam random regression
framework for analysing fertility which
accounts for all sources of Variation,
including age and simultaneously
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estimates parameters for male and female
fertility.

A wide range of heritability estimates of
fertility and hatchability has been
reported in literature. Beaumont ef al.
(1997) reported heritability estimates of
0.09 and 0.31 for fertility from sire and
dam respectively. The estimate for
hatchability of fertile eggs were 0.05 and
0.15 respectiVely, when estimated from
the sire or dam components. Wolc ez al.
(2009) reported heritability of fertility
estimates to be low at all ages (9% for the
female and 11% for the male). Sapp et al.
(2004) reported heritability estimates
ranging from 5.5% to 7.4%.
Heritabilities for duration of fertility
traits in Brown Tsaiya female ducks
reported by Tai et al. (1994) ranged from
0.29 to 0.38 while Kosba et al. (1983)
reported a range of 0.14 to 0.93 in two
Alexander lines and Fayoumi chickens.
Chao and Lee (2001) reported
heritability of fertility percentage of
0.459 0.297 and 0.2340.227 in
experiments [ and IT, respectively.

Most heritability estimates from dam
variance component are usually higher
than sire or sire plus dam estimates.
(Singh et al., 1991; Beaumont et al.,
1997). The higher Value of the dam
component is most probably due to the
existence of dominance and maternal
effects, (Crawford, 1990); Roff, 2008). It
can also be due to additive sex-linked
genetic effects (Becker, 1984). Poivey et
al, (2001) reported higher heritability
estimates from dam than estimates from
sire +dam in ducks.

This study was designed to estimate
genetic parameters of fertility and
hatchability and associated traits in two
strains of Rhode Island Red Chickens
using the full-sib and maternal half-sib
analyses.
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Materials and Methods
Source of Experimental Materials

The experiment was carried out at the
Poultry Breeding Unit of National
Animal Production Research Institute
(NAPRI), Shika, Zaria, Nigeria. NAPRI
is geographically located between
latitude 11° and 12°N and longitude 7"
and 8°E at an altitude of 640 m aboe sea
leVel. This area is Vegetationally in the
Northern Guinea SaVanna zone with an
aerage annual precipitation of 1100 mm.
Rainfall starts in late April or sometimes
early May, reaches peak between June
and September and lasts till October. The
wettest month, August has a minimum
temperature of 27.5°C, whereas the mean
maximum temperature during the hottest
month, April was 35.2°C.

Two strains of Rhode Island Chickens
(Red and White) belonging to the
breeding unit of poultry research
programme of the Institute were used for
the study. The birds were obtained from
the selected lines (male and female lines)
and are designated as Strain A and B
respectiely. Strain A has gold plumage
while Strain B has silVer plumage.

About 252 hens and 28 cocks of Rhode
Island Red and Rhode Island White (RIR
and RIW) each with record of
performance were selected. They were
transferred from battery cages to deep
litter pen houses where they were
grouped in a ratio of 1 cock to 9 hens in
each pen. Hens used for this study were
aged 42-50 weeks. The hens were trap
nested with eggs set for incubation eery
week. Eggs were identified by sire and
dam number before incubation. For the
male, the total number of eggs set was the
sum of all settable eggs laid by all the
hens in the pen within the gi\/en period,
while for the female, number of eggs set
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related only to the total number of
settable eggs laid by the indiVidual
female within the period.
Eggs were candled on the 18" day of
incubation to record the number of
infertile eggs. On the day of hatching, all
chicks were wing-banded and pedigreed
I\D/y sire and dam. The chicks were also
accinated against Newcastle disease
using intraocular (I/0) Newcastle disease
accine and Marek's Vaccine against
Marek's disease.
Data analysis

The number of fertile eggs set and
number of chicks hatched were recorded
for both strains A and B. A total of 2115
and 2050 fertility and hatchability
records were aVailable for strain A and B
respectiVely. The following traits were
measured:

i Number of egg set

ii Number of fertile eggs

iii Hatchability of all eggs set
(PCH)

i Hatchability of fertile eggs
(PCHBLY)

Percent fertility, percent hatch, and
percent hatchability were calculated as
follows:

Percent fertility <

Total nember of fertile eggs

Total number of eggs set
Percent hatch =

Total mumber of chicks hatched

x 100

x100
Total mmber of egps set
Percent hatchability =
Total nmmber of chicks hatched
x100

Total mumber of fertile eggs

Mixed model least squares and
maximum likelihood computer program
by HarVey (1985) was used for the
analysis. Genetic parameters were
estimated using (a) full-sib
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analysis whereby the “ariance
components were partitioned into those
due to Sire + Dam or enVironment. In this
design, the statistical model used was:

. Yijk= (Vs Si+Dj +eijk
Where
Y, < the record of the k" Progeny of "
Dam mated to the i" Sire
M =the common mean
S.<the effect of thei" Sire
Dj<Effect of the j"Dam
e; < The uncontrolled enVironmental and
genetic deViation attribute to the
indiViduals. Error terms were random,
normal and independent with expectation
equal to zero.
(b) Maternal half sib whereby the
ariance components were partitioned
into those due to Dam or en\ironment. In
this design, the statistical model used was
ofthe form:

Yijk= M + Di+eij
Where y, < the record of the "
Dam
M =the common mean
D <theeffect of thei” Dam
€, < The uncontrolled
enVironmental and genetic
deViation attribute to the
individuals.
All  error terms were random,
normal and independent with

expectation equal to zero.
Results and discussion
Table 1 shows means and standard errors

of fertility and hatchability traits in the
two strains
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Table 1. Least square means and standard
errors of means of fertility and hatchability
traits of Rhode Island chickens

Traits Strain A Strain B
EGGSET 4.26+0.09 3.92+0.10
NFERT 3.63+0.09 3.33+0.12
NHATCH 2.74+0.09 2.39+0.10
PFERTLT 84.48+1.32 83.94+1.73
PHATCH 62.77+1.75 59.52+1.75
PHTCHBLY 70.18+1.66 65.51+1.83
EGGSET<Number of egg set,
NFERT<Number of fertile eggs,
NHATCH<Number of hatched

chicks, PFERT<Percentage of fertile

eggs, PHATCH<Percentage of hatched chicks
from all eggs set, PHTCHBLY

<Percentage of hatched chicks

from fertile eggs

of Rhode Island chickens. The Values of
NFERT, NHATCH and PHATCHBL
obtained in the study were lower than the
range reported in literature.
Szwaczkowski et al. (2003) reported
87.1% fertility and 75.5% of eggs

hatched.
Malago and Baitilwake (2009) reported
91.1£4.42 % for fertility and 64.0£2.16%
for hatchability in RIR. Values obtained
for EGGSET, NFERT, NHATCH,
PHATCH and PHATCHBL were all
higher in strain A than in strain B. Strain
differences in fertility and hatchability
traits have been reported (Mishra ef al.,
1990; Singh and Belsare ,1991).
Moderate to high heritability estimates
obtained for percentage fertility have
been reported elsewhere. Chao and Lee
(2001) reported heritability of fertility
percentage 0f0.459 0.297 in experiment [
and 0.2340.227 in experiment II. Kosba
et al. (1983) reported that heritability
estimates of the duration of fertility in
Alexander high line was 0.44 and 0.93 in
Fayoumi chickens. Taietal. (1994)
reported a range of 0.29 to 0.38
heritability estimate of duration of
fertility in Brown Tsaiya ducks. High
heritability is a reflection of additive
genetic Variability in the birds.

Table 2. Heritability Estimates of fertility and hatchability traits in Rhode Island

chickens
Strain A Strain B

Traits Full sib Maternal half sib  Full sib Maternal half sib
EGGSET 0.43+0.07 0.8740.13 0.39+0.07 0.5540.12
NFERT 0.48+0.07 0.96+0.13 0.48+0.07 0.67+0.13
NHATCH 0.46+0.07 0.9340.13 0.40+0.07 0.74+0.13
PFERTLTY  0.38+0.07 0.76:0.12 0.47+0.07 0.81+0.13
PHATCH 0.40+0.07 0.40+0.12 0.30+0.06 0.59+0.12
PHTCHBLY 0.29+0.06 0.5840.11 0.24+0.06 0.49+0.12

EGGSET<Number of egg set, NFERT<Number of fertile eggs, NHATCH<Number of
hatched chicks, PFERT<Percentage of fertile eggs, PHATCH<Percentage of hatched
chicks from all eggs set, PHTCHBL Y<Percentage of hatched chicks from fertile eggs

18



Orumuyiwa, Adeyinka, Oni

Table 3: Genotypic correlation (below) and phenotypic correlations (aboVe) diagonal
of Strain A (SiretDam Variance)

P
HATCH
EGGSET NFERT NHATCH PFERTLTY PHATCH BLY
EGGSET 0.75 0.58 0.06 0.11 0.16
NFERT 0.71+0.07 0.75 0.62 0.41 0.29
NHATCH 0.66+0.08 0.86+0.04 0.45 0.79 0.72
PFERTLTY 0.14+0.05 0.65£0.09  0.60+0.10 0.54 0.33
PHATCH 0.34+0.14 0.66+0.10  0.85+0.04  0.65+0.09 0.87

PHATCHBLY 0.36+0.14 0.66+0.10  0.85+0.05  0.63£0.11 0.93+0.02

EGGSET<Number of egg set, NFERT<Number of fertile eggs, NHATCH<Number of
hatched chicks, PFERT<Percentage of fertile eggs, PHATCH<Percentage of hatched
chicks fromall eggs set, PHTCHBL Y<Percentage of hatched chicks from fertile eggs

Table 4: Genotypic Correlation (below) and phenotypic correlations (above) diagonal
of Strain B (Sire + Dam \/ariance)

P
P HATCH
EGGSET NFERT NHATCH FERTLTY PHATCH BLY
EGGSET 0.84 0.63 0.10 0.09 0.14
NFERT 0.84+0.05 0.78 0.57 0.37 028
NHATCH 0.69+0.09 0.93+0.03 0.46 0.74 0.69
PFERTLTY 0.3040.14 0.76+0.07 0.76+0.08 0.59 040
PHATCH 0.26+0.16 0.67+0.11 0.85+0.05 0.86+0.06 0.88

PHATCHBLY 0.28+0.17 0.69+0.12 0.83+0.07 0.88+0.08 0.99+0.02

EGGSET<Number of egg set, NFERT<Number of fertile eggs, NHATCH<Number of
hatched chicks, PFERT<Percentage of fertile eggs, PHATCH<Percentage of hatched
chicks from all eggs set, PHTCHBL Y<Percentage of hatched chicks from fertile eggs

Table 5: Genotypic Correlation (below) diagonal and phenotypic correlations (above) diagonal
of Strain A (Maternal Half sib \ariance)

P
HATCH
EGGSET __ NFERT NHATCH PFERTLTY PHATCH BLY

EGGSET 0.75 0.58 0.06 0.11 0.16
NFERT 0.75+0.06 0.75 0.62 0.41 0.29
NHATCH 0.67+0.08  0.90+0.04 0.45 0.79 0.72
PFERTLTY 0.09+£0.15  0.71+0.08  0.63+0.10 0.54 0.33
PHATCH 0.29+0.14  0.66+0.09  0.85+0.04 0.71+0.09 0.87

PHATCHBLY 031015 0.69+0.11 085£0.05  0.74x0.10  0-99%0.02

EGGSET<Number of egg set, NFER T<Number of fertile eggs, NHATCH<Number of hatched
chicks, PFERT<Percentage of fertile eggs, PHATCH<Percentage of hatched chicks from all
eggs set, PHTCHBLY<Percentage of hatched chicks from fertile eggs
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The maternal half-sib estimates were
higher than the estimates obtained from
full-sibs. Poivey et al. (2001) reported
higher heritability estimates from dam

than estimates from sire + dam in ducks.
Beaumont et al. (1997) reported higher
heritability estimate of fertility from dam
Variance (0.31) components than from
sire Variance (0.09).

Table 6: Genotypic correlation (below) diagonal and phenotypic correlations (above)
diagonal of Strain B (Maternal Half sib Variance)

P
HATCH
EGGSET NFERT NHATCH PFERTLTY PHATCH  \BLY
EGGSET 0.84 0.63 0.10 0.09 0.14
NFERT 0.79+0.07 0.78 0.57 0.37 0.28
NHATCH 0.65£0.11  0.92+0.05 0.46 0.74 0.69
PFERTLTY  0.27+0.18 0.80+0.09 0.76+0.10 0.59 0.40
PHATCH 025+020 0.71£0.13 0.90+£0.06 0.87+0.08 0.88
PHATCHBLY 0.25+0.21 0.73+0.15 0.86+0.08 0.91+0.11 1.04+0.02

EGGSET<Number of egg set, NFERT<Number of fertile eggs, NHATCH<Number of
hatched chicks, PFERT<Percentage of fertile eggs, PHATCH<Percentage of hatched
chicks from all eggs set, PHTCHBLY<Percentage of hatched chicks from fertile eggs.

Genetic parameter of fertility and heritability
Genetic correlations (Tables 3-6) were
positiVe and ranged from low to high.
Howe\/er, the correlations between
EGGSET with PFERT, PHATCH and
PHATCHBLY in both strains either from
dam or siretdam Variances were low.
Essentially, the correlation between
PHATCH and PHATCHBLY were high in
all\

cases (<0.93). A high correlation between
PHATCH and PHATCHBLY observed in
this study agrees with the report of Poive
etal. (2001). Breeder flocks found to ha\f,e
high fertility are also thought to have high
hatchability of fertile eggs. This
assumption is supported by work of
Cooper and Rowell (1958), McDaniel et
al. (1981), and MclIntyre et al. (1986).
Eslick and Mecdaniel (1992) had
reported increase in total hatchability
and hatchability of fertile eggs with
increase in fertility percentage though
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with increase in spermatozoa
concentration. Tabatabaei et al. (2009)
also reported significant positive
correlation between fertility and hatch of
fertile eggs. High genetic correlation
reVeals common genes acting additi\/ely.
Phenotypic correlations were also
positive and ranged from medium to high
in most cases. However, phenotypic
correlations between EGGSET and
PFERT in strain A either estimated from
dam or sire-+dam Variance were low.

In conclusion, the medium to high
heritability estimates obtained in this
study indicate that the traits can be
improved through selection. Moreover,
the higher Values from maternal half sib
analysis reflect the maternal effect on
these traits. The full-sib analysis for
estimating heritability will be preferred
since it is assumed that only additiVe
genetic “ariance contributes to the
coVariance between family members.



Orumuyiwa, Adeyinka, Oni

References

Ansah, G.A., Segura, J.C. and
Buckland, R.B. 1985. Production,
sperm quality, and their
heritabilities as influenced by
selection for fertility of frozen-
thawed semen in the

chicken. Poultry Science 64:
1801-1803.

Beaumont, C., Millet, N., Le Bihan-
Duval, E., Kipi, A and Dupuy, V.
1997. Genetic

Parameters of survival to the
different stages of embryonic
death in laying Hens. Poultry
Science 76:11931196.

Becker, W.A. 1984. Manual of
Quantitative Genetics. 4" edition,
Academic Enterprises, Pullman,
Washington, pp. 188.

Brillard, J.P. 2003. Practical aspects of
fertility in poultry. World's Poultry
Science Journal 59: 441-446.

Chao, C. H. and Lee, Y.P. 2001.
Relationship between reproductive
performance and
immunity in Taiwan country
chickens. Poultry Science: 80:535-
540.

Cooper, D.M. and Rowell, J.G. 1958.
Relations between fertility,
embryonic surVival, and some
semen characteristics in the chicken.
Poultry Science. 37:699-707.

Crawford, R.D. 1990. Poultry Breeding
and Genetics. ElseVier Science
Publishers,

Amsterdam. pg 604.

Eslick ,M.L and Mcdaniel G. R. 1992.
Interrelationship between
fertility and hatchability of eggs
from broiler breeder hens
Journal of Applied Poultry
Research.1:156-159.

Falconer,D.S. 1960. Introduction to

21

Quantitatiue Genetics. Ronald
Press. N.Y.pg 175.

Gowe, R.S., Fairful, R.W., McMillian,
I and Schmidt, G.S. 1993. A
strategy for maintaining

high fertility and
hatchability in a multiple trait egg
stock selection program. Poultry
Science 72:1433-1448.

Harvey,W.R. 1985. Least Squares
Analysis of Data with Unequal
Subclass Numbers. USDA

ARS20:8.

HillLW.G. and Nicholas, F.W. 1974.
Estimation of heritability by both
regression of offspring on
parent and intra-class correlation of
sibs in one experiment. Biometrics
30:447-468.

Kosba M.A, Hamdy S.M, Shebl M.K.
(1983). Heritability estimates for the
duration of fertility in
Alexandria and Fayoumi chickens.
Beitrage Tropischen Landwirtschaft
und  Veterinarmedizin. 21(3):365-
3609.

Malago, J.J. and Baitilwake,
M.A.2009. Egg traits, fertility,
hatchability and chick
survivability of Rhode Island Red,
local and crossbred chickens.
Tanzania Veterinary Journal:
26(1):24-36.

McDaniel, G.R., Brake, J and
Bushong, R.D. 1981. Factors
affecting broiler breeder
performance: I Relationship of dail
feed intake leVel to reproducti\/z
performance of
pullets. Poultry Science. 60:307-
314.

Mclntyre, D.R, Christensen, V.L. and
Bagley, L.G. 1986. Effect of sperm
numbers per insemination
following early or late initial



Genetic parameter of fertility and heritability

inseminations in turkeys. Poultry
Science. 65:1400-1404.

Mishra, D.S., Johari, K.S. and Singh,
A. 1990. Genetic studies of fertility
and hatchability in White Leghorns
hens. Indian Veterinary Journal
65:44-47.

Poivey, J.P., Cheng, Y.S., Rouveir, R.,
Tai, C., Wang, C.T. and Liu, H.L.
2001. Genetic parameters of
reproductiVe traits in brown Tsaiya
ducks artificially inseminated with
semen from MuscoVi drakes.
Poultry Science 80:703-709.

Roff, D.A. 2008. Comparing sire and
dam estimates of heritability:
Jackknife and Likelihood
approaches. Heredity 100,3238;

Sapp, R.L., Rekaya, R., Misztal, I and
Wing, T. 2004. Male and female
fertility and
hatchability in chickens: A
longitudinal mixed model
approach. Poultry Science,
83:1253-1259.

Sexton, K.J. and Randen, J.A. 1988.
Effect of feeding regime during
early deVelopment on body
composition, gastro-intestinal tract
size, semen quality of broiler
breeder cockerels after
masturbation. Poultry Science
67:835-841 .

Siegel, P.B. 1965 .Genetics of behavior:
Selection for mating ability in
chickens. Genetics 52:1269-1277.

Singh, V.P. and Belsare, V.P. 1991. The
effect of season and year on the
hatchability of different breeds of
poultry. Indian Journal of Animal
Production and Management
7(3):172-173.

Singh, L., Varma, S. K and Gupta, U.
D. 1991. Effects of inbreeding on
reproductive traits of
White Leghorn. Indian. Journal o f

22

Poultry Science.26:7779.

Szwaczkwoski,T., Cywa-Benko, K.
and Wezyk, S. 2003. A note on
inbreeding effects on

roductiVve and
reproducti\/g traits in laying hens.
Animal Science Paper and Reports,
21(2):121-125.

Tabatabaei, S., Batavani, R.A and
Talebi, A.R. 2009.Comparison of
oViductal sperm age on fertility,
hatchability and embryonic death
rates in indigenous and Ross-308
broiler breeder chickens. Journal of
Animal Veterinary Advances 8
(1):85-89.

Tai, C., Poivey, J. P, Rouvier, R. 1994.
Heritabilities for duration of
fertility traits in Brown Tsaiya
female ducks (anas platyrhynchos)
by artificial insemination with
pooled muscovy (cairina
moschata) semen .British Poultry
Science, Volume 35 (1):59 64 White
Leghorn. Indian. Journal o f Poultry
Science.26:7779.

Wilson, H.R., Piesco, N.P., Miller,E.R
and Nesbeth,.W.G. 1979.
Prediction of the Fertility
Potential of Broiler Breeder
Males. World's Poultry Science
Journal.35:95-118.

Wilson, H.R. 1997. Effect of maternal
nutrition on hatchability. Poultry
Science 76:134-143.

Wolc.A.,White 1.M.S.,Olori, V.E and
HillLW.G. 2009. Inheritance of
fertility in broiler Chickens.
Genetics Selection Evolution
41:47.

Wole, A. and Szwaczkowski, T. 2009b.
Genetic eValuation of laying hens
based on random regression models.
Journal of Applied Genetics 50: 41-
46.

Received: 5th May , 2010
Accepted: 20" 4 ugust, 2010



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180

