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Abstract A breeding program has been established in 2008
to improve productivity of Horro chicken, an indigenous
population in the western highlands of Ethiopia. The
pedigree descended from 26 sires and 260 dams. Body
weights were measured every 2 weeks from hatch to
8 weeks then every 4 weeks for the next 8 weeks. Egg
production was recorded to 44 weeks of age for one
generation. Genetic parameters were estimated using
animal model fitted with common environmental effects
for growth traits and ignoring common environment for egg
production traits. Direct heritabilities ranged from low
(0.15±0.08), for body weight at 6 weeks, to moderate
(0.40±0.23), for hatch weight. Heritabilities of common
environmental effects on growth were high at hatch (0.39±
0.10) and remained low afterwards. Age at first egg showed
a very low heritability (0.06±0.15). Heritabilities of egg
numbers in the first, second, third, and fourth months of
laying were 0.32 (±0.13), 0.20 (±0.16), 0.56 (±0.15), and
0.25 (±0.14), respectively. Heritabilities of cumulative of
monthly records of egg numbers were from 0.24±0.16 (for
the first 2 months, EP12) to 0.35±0.16 (over the 6 months,
EP16). Body weight at 16 weeks of age (BW16) has a
strong genetic correlation with the cumulative of monthly
records: 0.92 (with EP12), 0.69 (with EP36), and 0.73 (with

EP16). Besides their strong association, BW16 and EP16
showed higher heritability, relative to their respective trait
categories. These two traits seemed to have common genes
and utilizing them as selection traits would be expected to
improve both egg production and growth performance of
local chicken. However, the standard errors of estimates in
this study were mostly high indicating that the estimates
have low precision. Parameter estimations based on more
data are needed before applying the current results in
breeding programs.
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Introduction

Indigenous chickens comprise about 80% of the national
flocks in Africa and Asia. Compared to their modern
counterparts indigenous chickens are generally poor
producers of eggs and meat. Consequently, they are
being replaced by commercial strains in many developing
countries. In some countries this strategy was pursued for
decades to increase productivity under village systems but
failed to bring sustainable improvement (Teklewold et al.
2006). In fact, it posed a serious threat to the existing genetic
diversity of indigenous chickens (Besbes 2009).

Despite their low growth rates and egg production,
indigenous chickens are generally better in disease resistance
and could maintain higher level of performance under poor
nutrition and high environmental temperatures compared to
commercial strains under village systems (Horst 1989). This
is clear evidence of the positive attributes of indigenous
chickens. Studies on biodiversity of indigenous chickens in
many parts of Africa revealed the presence of high genetic
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variability within ecotype populations (Muchadeyi et al.
2007; Mwacharo et al. 2007; Halima et al. 2009) indicating
the potential for genetic improvement of these chickens
through selective breeding. The present work is based on a
selection scheme initiated in 2008 to improve growth and
egg production of Horro chickens.

Horro is an indigenous chicken type named after the
geographic region of origin located in the western part of
Ethiopia near the Blue Nile gorge. There are about
30,000 chickens restricted to this original environment
(Dana et al. 2010). The population has a wide range of
morphologic and genetic diversity. The program aims to
make Horro chickens more profitable for the poor people
in these regions and conserve the existing genetic
diversity. If this program is successful then it will be used
as a benchmark for improving other indigenous chicken
genetic resources.

Knowledge on genetic parameters is essential for any
genetic improvement program. There is a lot of literature on
genetic parameters for growth and egg production of

commercial poultry populations (see reviews by Chambers
1990; Fairful and Gowe 1990); however, these values may
not be applicable to these indigenous chickens. There are
some estimates for growth (Norris and Ngambi 2006;
Gondwe 2005) and egg production (Francesch et al. 1997;
Sang et al. 2006; Kamali et al. 2007; Lwelamira et al. 2009)
traits in unselected indigenous chickens of Africa and other
countries but there are no estimates for Ethiopian chickens.

The aim of this study was to estimate heritabilities and
genetic and phenotypic correlations for growth and egg
production traits to understand which traits should be
included in breeding programs for Horro chickens.

Materials and methods

Experimental population and traits measured

The study was done at the Ethiopian Institute of Agricultural
Research, Debre Zeit Agricultural Research Center (DZARC).
The population was established from 3,000 eggs purchased
from two village market sheds in Horro. The pedigree
descended from 26 sires and 260 dams and were hatched
and raised at the poultry research farm of DZARC. The
offspring were hatched in three batches between January and
February 2008. Birds in all age classes were provided ad
libitum access to feed and water. Starting chick feed (20%CP
and 2,950–3,000 kcal/kg) for the first 3 weeks and grower
ration (18%CP and 2,850–2,900 kcal/kg) from 3 to 10 weeks.
Between 10 and 16, 16 and 18, and from 18weeks onward the
birds were provided with pullet ration (16%CP and 2,700–
2,750 kcal/kg), pullet/layer blend and layer ration (17–18%CP
and 2,700–2,750 kcal/kg), respectively. The chickens were
reared in a single deep litter house until 18 weeks of age under
a standard housing space, with natural lightning after 8 weeks
of age. After 18 weeks of age a total of 240 females and 24
males were picked randomly and transferred to layer houses
and reared in floor cages with one male and 10 females in each
pen. Each pen had a trap nest for individual recording of egg
production and pedigree. The remaining animals were sold
due to limitations in housing space. All chickens were
vaccinated against Newcastle and Marek’s diseases at 1 day
old, Gumboro at 1 week, and fowl pox at 10 weeks.

Live weight growth was measured every 2 weeks for the
first 8 weeks then every 4 weeks for the next 8 weeks.
Traits recorded were: body weights at hatch (BW0) and
body weights in weeks 2 (BW2), 6 (BW6), 8 (BW8), 12
(BW12), and 16 (BW16). Age at first egg (AFE) was
recorded for each hen. Early part egg production record,
defined as the number of eggs produced from housing to
about 44 weeks of age, was used to study egg production
traits. Egg production was recorded for six 4-week periods:
21 to 24, 25 to 28, 29 to 32, 33 to 36, 37 to 40, and 41 to

Table 1 Means of body weightsa of Horro chicken by sex and for
both sexes combined

nb Mean, g (±SE)

Male

BW0 642 24.9 (0.13)

BW2 642 59.6 (0.46)

BW4 641 113.9 (1.10)

BW6 640 181.6 (1.58)

BW8 606 277.8 (2.60)

BW12 528 485.5 (5.97)

BW16 388 701.1 (12.13)

Female

BW0 872 24.6 (0.10)

BW2 871 52.2 (0.37)

BW4 871 93.4 (0.87)

BW6 870 146.0 (1.31)

BW8 849 216.0 (2.19)

BW12 764 388.3 (4.51)

BW16 646 572.7 (7.27)

Both sexes combined

BW0 1,514 24.7 (0.08)

BW2 1,513 55.4 (0.30)

BW4 1,512 102.1 (0.73)

BW6 1,510 161.1 (1.10)

BW8 1,455 241.8 (1.86)

BW12 1,292 428.0 (3.85)

BW16 1,034 620.9 (6.71)

a BW0, hatch weight; BW2, BW4, BW6, BW8, BW12, and BW16, body
weights at 2, 4, 6, 8, 12, and 16 weeks of age, respectively
b Number of animals
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44 weeks of age. Each of these 4-week intervals comprised
the monthly records of egg numbers: M1, M2, M3, M4,
M5, and M6, respectively. The cumulative of monthly
egg production records were used for analyzing part
period production. The number of eggs produced in
periods 1 (EP12), 2 (EP36), and 3 (EP16) were the
cumulative number of eggs produced from months 1 to
2, 3 to 6 and 1 to 6, respectively. Box-Cox transforma-
tion was used to achieve normality in egg production
data (Besbes et al. 1993).

Statistical analyses

Descriptive statistics of growth and egg production data
were carried out in the SAS package (Statistical Analysis
System SAS 2001) using all available records. Only
records from hens which survived to 44 weeks of age were
included in the genetic analysis of egg traits. Parameter
estimates for both growth and egg traits were obtained by
univariate animal model using ASREML (Gilmour et al.

2006). Heritabilities of growth traits were estimated
including a common environment effect. The following
linear model was used:

Y ¼ Xbþ Zaþ Zcþ e

Where, Y=vector of observations; b=vector of fixed
effects of sex and hatch number; a=vector of random
direct genetic effects; c=vector of random common
environmental effects; e=vector of residual effects; and
X, Za, and Zc are incidence matrices relating records to
fixed, direct genetic, and common environmental effects,
respectively. Maternal genetic effects could not be estimated
due to the small data size. The common environmental effect
did not exist for body weights in weeks 12 and 16 and was,
thus, excluded from the model. A similar procedure was used
for analyzing egg production traits but ignoring common
environment from the model and using hatch number, house,
and pen as the fixed effects. Correlations were estimated using
a bivariate analysis. Because convergence could not be
achieved when the common environmental effect was

Table 2 Mean monthlya and cumulativeb number of eggs, hen-day (HDP) and hen-housed (HHP) rates of egg production and mortality during
the early part laying period, to 44 weeks of age, in Horro chicken

Trait Period (week) Hens housed, n Mean, n (±SE) HDP (%) HHP (%) Mortality (%)

M1 21–24 328 0.71 (0.13) 2.53 2.34 7.6

M2 25–28 303 4.06 (0.33) 14.50 12.87 11.2

M3 29–32 269 7.82 (0.41) 27.93 26.69 4.5

M4 33–36 257 8.98 (0.44) 32.07 30.82 4.0

M5 37–40 247 8.25 (0.44) 29.47 28.51 3.2

M6 41–44 239 7.34 (0.39) 26.23 25.57 2.5

EP12 21–28 328 4.78 (0.41) 8.68 7.12 18.0

EP36 29–44 269 31.77 (1.31) 30.31 26.26 13.4

EP16 21–44 328 33.64 (1.56) 23.55 16.73 29.0

AFE 203 190.00 (1.77)

AFE age at first egg (in days)
aM1, M2, M3, M4, M5, and M6, egg numbers in the first, second, third, fourth, fifth, and sixth months, respectively
b EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively
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Fig. 1 Frequency distribution
of the number of eggs produced
by hens that survived
throughout the recording period
(44 weeks of age)
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included in the model, correlations were estimated with
animal as the only random effect.

Results

Basic statistics

Table 1 shows means of body weights for Horro chicken to
16 weeks of age. Means of body weights from hatch to
16 weeks of age ranged from 25 to 701 g in males and from
25 to 573 g in females. Overall, the mean hatch weight of
Horro chicken was about 25 g which increased to 621 g at
16 weeks of age.

The average number of eggs produced monthly and
cumulative of part records for the laying period were shown
in Table 2. Hens attained sexual maturity at an average of
190 days. About 16% of the hens started laying between 21
and 24 weeks of age. Most of the hens housed did not lay
during this period and only started laying after 25 weeks of
age. Mean monthly egg numbers ranged from 0.7 at the
beginning of laying to 9 in the fourth month. Peak egg
production was achieved at the fourth month of laying
which started to drop in the following months. Averages of

cumulative of monthly records in the first 2 months
(EP12), from month 3 to 6 (EP36) and the total over
6 months (EP16) were around 5, 32, and 34, respec-
tively. Hen-day rate of egg production, defined as the
number of egg produced by the hens housed divided by
the product of the number of days in production and the
number of hens alive, increased from 2.5% in the first
month to 32% in the fourth month of laying and
declined afterwards. Mortality in the laying house
increased from 8% in the first month (21–24 weeks)
to 11% in the second month but steadily decreased and
remained low in the following periods. The total rate of
mortality during the laying period was 29%, slightly
lower compared to the total mortality from hatch to
16 weeks of age (32%) most of which occurred after
6 weeks of age (see Table 1 for the number of animals
that survived at different ages).

Figure 1 shows the distribution of the number of eggs
produced in relation to the number of hens that survived to
44 weeks of age. More than 13% of the hens did not lay at
all throughout this period. Relatively, the largest proportion
of hens (37 of 203, 18.2%) laid between 31 and 40 eggs.
The top 10% hens produced between 71 and a little more
than 90 eggs. However, the proportion of hens that laid

Table 3 Variance componentsa and heritabilitiesb of body weightsc in Horro chickens (for hens survived to 44 weeks of age)

Trait Animals, n Records, n Sires, n Dams, n σa
2 σc

2 σ2e h2 (±SE) c2 (±SE)

BW0 1,456 1,307 25 143 3.9 3.7 2.0 0.40 (0.23) 0.39 (0.10)

BW2 1,434 1,306 25 142 19.1 11.4 71.7 0.19 (0.11) 0.11 (0.05)

BW6 1,330 1,303 25 141 197.4 43.8 1,073.3 0.15 (0.08) 0.03 (0.03)

BW8 1,262 1,248 25 138 516.9 36.6 2,643.2 0.16 (0.08) 0.01 (0.03)

BW12 1,092 1,090 25 136 2,399.0 12,410.0 0.16 (0.05) –

BW16 845 845 25 132 9,673.0 33,220.0 0.23 (0.06) –

a σa
2 , σc

2 , and σ2 e, additive genetic, common environmental, and residual variances, respectively
b h2 and c2 , heritabilities of direct genetic and common environmental effects, respectively
c BW0, hatch weight; BW2, BW6, BW8, BW12, BW16, body weights at 2, 6, 8, 12, and 16 weeks of age, respectively
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more than 80 eggs was less than 5%. The associations
between the phenotypic performance of body weight
growth and total egg production at 44 weeks of age were
shown in Fig. 2. The top 10% of hens with superior egg
production had higher body weight at 16 weeks of age
compared both to the hens that laid from 31 to 40 eggs and
non-layers. On average the body weight of non-layers
remained unchanged from 12 to 16 weeks of age.

Heritabilities of growth and egg production

Tables 3 and 4 present the variance components and
heritabilities for growth and egg production traits. Estimates
on additive genetic variances for growth traits ranged from
3.9 for body weight at hatch to 9,673 for body weight at

16 weeks of age. Environmental variances also showed
similar trends, generally increasing from hatch to 16 weeks
of age. Common environmental variances were observed
for body weights at hatch and those at weeks 2, 6, and
8 while they were not detected for body weights in
weeks 12 and 16 due to lack of convergence.

Estimates of direct heritability of growth traits ranged
from 0.15 (BW6) to 0.40 (BW0). The values were moderate
for body weight at 16 weeks of age (0.23) and that of hatch
weight but remained low for the rest of the traits. Common
environmental effect was moderate for hatch weight (0.39)
but almost nonexistent for the remaining traits. Age at first
egg showed a very low heritability (0.06). Heritabilities of
monthly egg numbers ranged from 0.20 to 0.32, except for
M3 for which heritability was 0.56. Heritabilities of

Table 4 Variance componentsa and heritabilitiesb of monthlyc and cumulatived egg numbers during early part laying period in Horro chickens
(for hens survived to 44 weeks of age)

Trait Period (weeks) Animals, n Records, n Sires, n Dams, n σa
2 σ2e h2 (±SE)

M1 21–24 203 176 23 69 0.1 0.2 0.32 (0.13)

M2 25–28 203 176 23 69 2.6 10.2 0.20 (0.16)

M3 29–32 203 176 23 69 15.5 12.2 0.56 (0.15)

M4 33–36 203 176 23 69 7.1 21.8 0.25 (0.14)

EP12 21–28 203 176 23 69 3.8 11.9 0.24 (0.16)

EP36 29–44 203 176 23 69 67.6 174.3 0.28 (0.15)

EP16 21–44 203 176 23 69 115.9 216.5 0.35 (0.16)

AFE 203 176 23 69 31.5 458.5 0.06 (0.15)

AFE age at first egg (in days)
a σa

2 , σc
2 , and σ2 e, additive genetic, common environmental, and residual variances, respectively

b h2 , heritability of direct genetic and common environmental effects, respectively
cM1, M2, M3, and M4, egg numbers in the first, second, third, and fourth months, respectively
d EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively

Table 5 Genetic (below diagonal) and phenotypic (above diagonal) correlations between body weightsa and cumulative early part period egg
numbersb

Trait BW0 BW2 BW6 BW8 BW12 BW16 EP12 EP36 EP16

BW0 0.45 (0.03) 0.22 (0.03) 0.15 (0.03) 0.09 (0.03) 0.10 (0.03) 0.06 (0.08) 0.19 (0.07) 0.19 (0.08)

BW2 0.71 (0.08) 0.64 (0.02) 0.53 (0.02) 0.37 (0.03) 0.27 (0.03) 0.16 (0.07) 0.07 (0.08) 0.13 (0.08)

BW6 0.46 (0.10) 0.85 (0.06) 0.85 (0.01) 0.59 (0.01) 0.40 (0.03) 0.25 (0.07) 0.16 (0.07) 0.21 (0.07)

BW8 0.37 (0.11) 0.77 (0.08) 0.97 (0.02) 0.74 (0.01) 0.56 (0.02) 0.19 (0.07) 0.11 (0.08) 0.15 (0.07)

BW12 0.25 (0.13) 0.54 (0.13) 0.68 (0.11) 0.86 (0.06) 0.82 (0.01) – – –

BW16 0.30 (0.12) 0.51 (0.13) 0.67 (0.12) 0.82 (0.08) 0.99 (0.03) 0.35 (0.07) 0.31 (0.07) 0.38 (0.06)

EP12 0.30 (0.38) 0.22 (0.48) −0.54 (0.93) – – 0.92 (0.35) 0.39 (0.06) 0.59 (0.05)

EP36 0.40 (0.36) −0.16 (0.56) – – – 0.69 (0.43) 0.80 (0.32) 0.96 (0.01)

EP16 0.42 (0.31) 0.02 (0.46) – 0.15 (0.07) – 0.73 (0.32) 0.88 (0.21) 0.98 (0.02)

a BW0, hatch weight; BW2, BW6, BW8, BW12, and BW16, body weights at weeks 2, 6, 8, 12, and 16, respectively
b EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively
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cumulative part record egg numbers were from 0.24 (EP12)
to 0.35 (EP16).

Correlations within and among growth and egg production
traits

Table 5 shows the relationships within and among body
weights and cumulative number of eggs produced between
1 and 2 (EP12), 3 and 6 (EP36), and 1 and 6 (EP16) months
of laying. The correlations between hatch weight and most
other traits were generally low. Among other growth traits,
genetic correlations ranged from 0.51 (BW2 with BW16) to
0.99 (BW12 with BW16) and phenotypic correlations from
0.27 (BW2 with BW16) to 0.85 (BW6 with BW8). Genetic
correlations among part record egg numbers ranged from
0.79 (EP12 with EP36) to 0.98 (EP36 with EP16).

The correlations between body weights and part record
egg numbers did not converge for growth traits in weeks 6,
8, and 12 with egg traits. Correlations of the egg traits
with body weight at hatch and weight in week 2 were
generally low (Table 5). Interesting genetic correlations
were observed for body weight at 16 weeks with part
record egg numbers. Body weight at this age was strongly
and positively correlated with EP12 (0.92), EP36 (0.69),
and EP16 (0.73). Negative genetic correlation existed between
BW6 and EP12 (−0.54). The phenotypic correlations between
body weight and part record egg numbers generally appeared
to be low, ranging from 0.06 (BW0with EP12) to 0.38 (BW16
with EP16). However, the standard errors of all estimates
between growth and egg production traits were quite high
reflecting the small sample size. Table 6 presents the
correlations between monthly and cumulative part record
egg numbers. The highest correlations were found between
the number of eggs recorded in the third month (M3) and
cumulative part record of the first 2 months (EP12) (rg=0.83,
rp=0.39) while the other part records, EP36 and EP16, were
strongly correlated with M4 (rg=0.74 to 0.81, rp=0.68 to
0.73).

Discussion

The mean body weights of Horro chicken were generally
within the ranges reported for unselected indigenous
populations in northwestern Ethiopia (Halima et al. 2007)
and many other countries of Africa (Gueye 1998). The
average number of eggs as well as the rate of lay to
44 weeks of age was quite low. Comparative data on early
part period egg production of other Ethiopian local
chickens is not available. The peak production was attained
in the fourth month of lay on the level of 32% (9 eggs/hen).
The figures generally confirm previous reports showing that
indigenous chickens of Ethiopia and of many other African
countries are poor egg layers (Gueye 1998; Dana and Ogle
2002).

Body weights to 16 weeks of age were used to
characterize the growth of chicken in this study. Selection
for rapid early growth at a market age (40–50 days) has
been the most common approach in broiler chicken
breeding programs (Emmerson 2003). Our results showed
that body weight at 16 weeks of age has a positive
correlation to growth from 2 to 12 weeks of age. The
correlations were particularly strong with certain growth
traits (rg=0.82 with BW8, and 0.99 with BW12). Body
weight at 16 weeks was also relatively the most heritable
among the other growth traits measured. Therefore, since
chickens in Ethiopia are kept for both meat and egg
production attaining mature body size at earlier ages is not
the target of the production system, and thus, selection at
16 weeks of age could be the most suitable approach to
improve growth.

Heritabilities of monthly egg productions decreased from
0.32 in month 1 to 0.25 at peak egg production in month 4,
except for month 3 which was exceptionally high (h2=0.56).
A comparable pattern of heritability changes in monthly egg
numbers has also been reported by Anang et al. (2002) and
Wolc and Szwaczkowski (2009). Heritabilities of cumulative
part period egg numbers (0.24–0.35) were within the range

Table 6 Genetic (below diagonal) and phenotypic (above diagonal) correlations between monthlya and cumulativeb number of eggs produced
during the early part laying period

Trait M1 M2 M3 M4 Ep12 Ep36 Ep16

M1 0.38 (0.06) 0.10 (0.07) 0.18 (0.07) 0.48 (0.05) 0.22 (0.07) 0.38 (0.06)

M2 – 0.40 (0.06) 0.16 (0.07) – 0.39 (0.06) 0.59 (0.04)

M3 0.29 (0.37) 0.94 (0.32) 0.25 (0.07) 0.39 (0.06) 0.58 (0.04) 0.59 (0.04)

M4 −0.15 (0.47) 0.71 (0.52) 0.97 (0.39) 0.16 (0.07) 0.73 (0.03) 0.68 (0.04)

EP12 – – 0.83 (0.26) 0.46 (0.45) 0.39 (0.06) 0.59 (0.05)

EP36 0.16 (0.46) – – 0.81 (0.19) 0.80 (0.32) 0.96 (0.01)

EP16 0.38 (0.37) – – 0.74 (0.21) 0.88 (0.21) 0.98 (0.02)

aM1, M2, M3, and M4, egg numbers in the first, second, third, and fourth months, respectively
b EP12, EP36, and EP16, cumulative number of eggs produced from months 1 to 2, 3 to 6, and 1 to 6, respectively

26 Trop Anim Health Prod (2011) 43:21–28



reported by Sang et al. (2006) who found moderate values
(0.24–0.37) in five Korean native chicken strains for total
egg numbers from start to 270 days of lay and the figures
(0.31–0.32) reported by Lwelamira et al. (2009) for
cumulative number of eggs produced in the first 90 days of
laying in indigenous Tanzanian chickens. Sabri et al. (1999)
also reported heritabilities of 0.27, 0.19, and 0.30 for egg
numbers produced between 26 and 30, 50 and 54, and 26
and 54 weeks period, respectively, for White Leghorn hens
in a subtropical environment. Higher values were reported by
Anang et al. (2000) for cumulative egg production of the first
5 months in White Leghorn chickens (h2=0.46) and by
Kamali et al. (2007) for the first 12 weeks of egg production
(h2=0.49) in Iranian indigenous fowls compared to our
results.

Part period egg numbers were relatively more heritable and
consistent than monthly egg productions. Most of the monthly
egg production traits were poorly related with each other and
with cumulative egg production while the correlations among
the latter traits remained quite high. Particularly, the total
number of eggs produced to 44 weeks of age (EP3) was found
to be the most heritable trait (h2=0.35) having a strong
positive correlation with BW16 (rg=0.73). These two traits
seemed to have common genes and utilizing them as
selection traits would be expected to improve both egg
production and growth performance of local chicken. The
standard errors of estimates in this study were mostly high
indicating that the estimates have low precision and
parameter estimations based on more data are needed before
applying the current results in breeding programs.

However, the trends drawn from the phenotypic per-
formances of growth and total egg production to 44 weeks
of age showed that hens heavier at 16 weeks of age laid
higher number of eggs where as the non-layers weighed
less suggesting that body weight at 16 weeks of age could
be a good indicator for egg production, which is in
agreement with the high genetic correlation (0.69–0.92).
Hens with the highest egg production (>70 eggs at 44 weeks
of age) comprised about 10% of the flock, and thus, might
be considered as potential candidates for selection based on
phenotypic performance (see Figs. 1 and 2). This can form
the basis for selection instead of random picking for the
following generation.

Selection based on early period part records, up to
40 weeks of age, could result in increased egg production
of chickens (Fairful and Gowe 1990; Poggenpoel et al.
1996). Estimates for part records can be used as selection
criteria to improve both part and annual egg production and
any loss in accuracy is compensated by the reduction in
generation interval, thus maximizing genetic gain per unit
of time (Ayyagari et al. 1980). Hicks et al. (1998) also
showed that selection based on partial records of the
individual and all available ancestral records resulted in

the shortest generation interval and was the most efficient
strategy for maximizing egg production in laying hens
compared to other strategies using full records. Various
models have been proposed to predict annual egg production
from early part record egg production (McMillan et al. 1986;
Grossman and Koops 2001).

Conclusions

Growth and egg production are economically the most
important traits in small holder poultry production systems.
An earlier study in Ethiopia showed that farmers across all
geographic regions rated them as the traits they wanted to
be improved the most (Dana et al. 2010). Since chickens
under rural production systems are kept both for meat and
egg production selection for genetic improvement of local
chickens should seek to improve the two traits simulta-
neously. This study revealed that body weight at 16 weeks
of age has a strong genetic correlation with the total number
of eggs recorded from housing to 44 weeks of age. These
two traits also showed higher level of heritability, relative to
their respective trait categories. However, the precision of
estimates particularly on egg production traits is low due to
the small number of records used. Therefore, further work
is recommended to confirm the current results using larger
number of records.

Acknowledgments We sincerely thank the farm attendants who
worked on data collection at the poultry farm of Debre Zeit
Agricultural Research Center. We also would like to sincerely thank
Dr. Kibebew Asefa, Mr. Wondimeneh Esatu, and Mr. Alemayehu
Amare for their support. This experiment is funded jointly by the
Ethiopian Institute of Agricultural Research (EIAR) and The Netherlands
Foundation for the Advancement of Tropical Research (WOTRO) grant
number WB 89–178.

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

References

Anang, A., Mielenz, N. and Schüler, L., 2000. Genetic and phenotypic
parameters for monthly egg production in White Leghorn hens,
Journal of Animal Breeding and Genetics, 117, 407–415

Anang, A., Mielenz, N. and Schüler, L., 2002. Monthly model for
genetic evaluation of laying hens: II random regression, British
Poultry Science, 43, 384–390

Ayyagari, V., Mohapatra, S.C., Venkatramaiah, A., Thiagasundaram,
T., Choudhuri, D., Johri, D.C. and Renganathan, P., 1980.
Selection for egg production on part records, Theoretical and
Applied Genetics, 57, 277–283

Besbes, B., 2009. Genotype evaluation and breeding of poultry for
performance under suboptimal village conditions, World’s Poultry
Science Journal, 65, 260–271

Trop Anim Health Prod (2011) 43:21–28 27



Besbes, B., Ducrocq, V., Foulley, J-L., Protais, M., Tavernier, A., Tixier-
Boichard, M. and Beaumont, C., 1993. Box-Cox transformation of
egg production traits of laying hens to improve genetic parameter
estimation and breeding evaluation, Livestock Production Science,
33, 313–326

Chambers, J.R., 1990. Genetics of growth and meat production in
chickens. In: R.D. Crawford (ed), Poultry Breeding and Genetics,
(Elsevier Science, Amsterdam), 599–644

Dana, N. and Ogle, B., 2002. Effects of scavenging on diet selection
and performance of Rhode Island Red and Fayoumi breeds of
chicken offered a choices of energy and protein feeds, Tropical
Animal Health and Production, 34, 417–429

Dana, N., vander Waaij, L. H., Dessie, T. and van Arendonk, J.A.M.,
2010. Production objectives and trait preferences of village poultry
producers of Ethiopia: implications for designing breeding schemes
utilizing indigenous chicken genetic resources, Tropical Animal
Health and Production, doi:10.1007/s11250-010-9602-6

Emmerson, D., 2003. Breeding objectives and selection strategies for
broiler production. In: W.M. Muir and S.E. Aggrey (eds), Poultry
Breeding, Genetics and Biotechnology, (CAB International, UK),
113–126

Fairful, R.W. and Gowe, R.S., 1990. Genetics of egg production in
chickens. In: R.D. Crawford (ed), Poultry Breeding and Genetics,
(Elsevier Science, Amsterdam), 705–760

Francesch, A., Estany, J., Alfonso, L. and Iglesias, M., 1997. Genetic
parameters for egg number, egg weight, and eggshell colour in
three Catalan poultry breeds, Poultry Science, 76, 1627–1631

Gilmour, A.R., Gogel, B. J., Cullis, B.R. and Thompson, R., 2006.
ASReml User Guide, Release 2.0, (NSW Department of Primary
Industries, Australia)

Gondwe, T.N.P., 2005. Characterization of local chicken in low input-
low output production systems: is there scope for appropriate
production and breeding strategies in Malawi?, (unpublished
PhD thesis, Georg-August-Universitat Gottingen)

Grossman, M. and Koops, W.J., 2001. A model for individual egg
production in chickens, Poultry Science, 80, 859–867

Gueye, E.F., 1998. Village egg and fowl meat production in Africa,
World’s Poultry Science Journal, 54, 73–86

Halima, H., Neser, F.W.C., van Marle-Koster, E. and de Kock, A., 2007.
Phenotypic variation of indigenous chicken populations in north-
west Ethiopia, Tropical Animal Health and Production, 39, 507–513

Halima, H., Neser, F.W.C., de Kock, A. and van Marle-Koster, E.,
2009. Study on the genetic diversity of native chickens in
northwest Ethiopia using microsatellite markers, African Journal
of Biotechnology, 8(7), 1347–1353

Hicks, C., Muir, W. M. and Stick, D. A., 1998. Selection index
updating for maximizing rate of annual genetic gain in laying
hens, Poultry Science, 77, 1–7

Horst, P., 1989. Native fowls as reservoir for genomes and major
genes with direct and indirect effect on the adaptability and their

potential for tropically oriented breeding plans, Archiv fur
Geflugelkunde, 53 (3), 93–101

Kamali, M.A., Ghorbani, S.H., Moradi Sharbabak, M. and Zamiri,
M.J., 2007. Heritabilities and genetic correlations of economic
traits in Iranian native fowl and estimated genetic trend and
inbreeding coefficients, British Poultry Science, 48(4), 443–
448

Lwelamira, J., Kifaro, G.C. and Gwakisa, P. S., 2009. Genetic
parameters for body weights, egg traits and antibody response
against Newcastle Disease Virus (NDV) vaccine among two
Tanzania chicken ecotypes, Tropical Animal Health and
Production, 41, 51–59

McMillan, I., Gowe, R.S., Gavora, J.S. and Fairfull, R.W., 1986.
Prediction of annual production from part record egg production
in chickens by three mathematical models, Poultry Science, 65
(5), 817–822

Muchadeyi, F.C., Eding, H., Wollny, C.B.A., Groeneveld, E., Makuza,
S.M., Shamseldin, R., Simianer, H. and Weigend, S., 2007.
Absence of population substructuring in Zimbabwe chicken
ecotypes inferred using microsatellite analysis, Animal Genetics,
38, 332–339

Mwacharo, J.M., Nomura, K., Hanada, H., Jianlin, H., Hanotte, O.
and Amano, T., 2007. Genetic relationships among Kenyan and
other East African indigenous chickens, Animal Genetics, 38,
485–490

Norris, D. and Ngambi, J.W., 2006. Genetic parameter estimates for
body weight in local Venda chickens, Tropical Animal Health
and Production, 38, 605–609

Poggenpoel, D.G., Ferreira, G.F., Hayes, J.P. and du Preez, J.J., 1996.
Response to long-term selection for egg production in laying
hens, British Poultry Science, 37(4), 743–756

Sabri, H.M., Wilson, H.R., Harms, R.H. and Wilcox, C.J., 1999.
Genetic parameters for egg and related characteristics of white
leghorn hens in a subtropical environment, Genetics and
Molecular Biology, 22(2), 183–186

Sang, B., Kong, H.S., Kyukim, H., Choi, C.H., Kim, S.D., Cho, Y.M.,
Sang, B.C., Lee, J.H., Jeon, G.J. and Lee, H.K., 2006. Estimation
of genetic parameters for economic traits in Korean native
chickens, Asian-Australasian Journal of Animal Sciences, 19(3),
319–323

Statistical Analysis System (SAS), 2001. SAS Users’ Guide, Version
9.1, (SAS Institute Inc, North Carolina)

Teklewold, H., Dadi, L., Yami, A. and Dana, N., 2006. Determinants
of adoption of poultry technology: a double hurdle approach,
Livestock Research for Rural Development, 18(3), (http://www.
cipav.org.co/lrrd/lrrd18/3/tekl18040.htm)

Wolc, A. and Szwaczkowski, T., 2009. Estimation of genetic
parameters for monthly egg production in laying hens based on
random regression models, Journal of Applied Genetics, 50(1),
41–46

28 Trop Anim Health Prod (2011) 43:21–28

http://dx.doi.org/10.1007/s11250-010-9602-6
http://www.cipav.org.co/lrrd/lrrd18/3/tekl18040.htm
http://www.cipav.org.co/lrrd/lrrd18/3/tekl18040.htm

	Genetic and phenotypic parameter estimates for body weights and egg production in Horro chicken of Ethiopia
	Abstract
	Introduction
	Materials and methods
	Experimental population and traits measured
	Statistical analyses

	Results
	Basic statistics
	Heritabilities of growth and egg production
	Correlations within and among growth and egg production traits

	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


