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Abstract
A total of 586 Awassi ewes of varying ages
were mated to 11 Jordanian and 11 Syrian Awassi rams
either naturally or artificially during the normal
breeding season to evaluate reproductive performance
of Awassi sheep and compare the local Awassi rams to
Syrian rams. The length of the estrous cycle was longer
(P < 0.01) during June to July (28.6 + 0.9 d) than
August to September (17.8 + 0.7 d). Syrian-sired
matings resulted in a greater lambing rate to the first
mating within breeding season than Jordanian-sired
matings (P < 0.05), but not for the second, third, or
fourth mating. The cumulative lambing rate after the
fourth mating tended to be greater (P < 0.1) using
Jordanian compared to Syrian sires. The number of single
lambs per ewe lambing was significantly (P < 0.001)
greater than multiple births. Birth, weaning, and
marketing weights and average daily gain before
weaning were significantly greater in single (P < 0.001)
and male-lamb (P < 0.05) pregnancies than in twins and
females. An increase (P < 0.01) in the average daily
gain during the lambing season was observed in
November and December compared to January,
February, or March. The overall mortality rate was 21%,
and there was a decrease (P < 0.001) from 1 to 3 yr of age
and an increase (P < 0.01) from November to March.
Jordanian and Syrian rams yielded similar
reproductive characteristics except for the lambing
rate of first mating. Lambs born early in the season had
better (P < 0.01) average daily gain and lower (P < 0.001)
mortality than those born later.
Keywords: Awassi, sheep, reproductive characteristics,
artificial insemination, natural mating, sire.
Introduction
Awassi is a fat-tail breed of sheep utilized for
meat, milk, and wool production. It is the common
breed in Jordan and most Middle Eastern countries
(Zarkawi et al., 1999; Tabbaa et al., 2001). Awassi
produce good quality meat and milk and respond to
genetic improvement through selection (Mavrogenis,
1996). It is also known for its ability to walk long
distances and ability to cope with harsh environmental
conditions such as long periods of drought and high
temperatures; therefore, it has been introduced in
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several countries (Jaber et al., 2004).
Variations in reproductive characteristics are
expected among different breeds of sheep; within-breed
variations are also found (Bradford and Berger, 1988).
In Awassi sheep, differences in productive and
reproductive characteristics are found in the
Mediterranean area (Epstein, 1985). Productivity among
farm animals, especially sheep, is limited by sexual
seasonality, which in turn is regulated by photoperiod
(Zuniga et al., 2002). Breeding seasons usually start
during the summer or early autumn for most sheep
breeds (Rosa and Bryant, 2003). Awassi sheep have a
long breeding season with mating activity concentrated
between late June through early September, which
allows ewes to lamb between late November and early
February (Abu Zanat et al., 2005). Ewes produce about
1.05 lambs per ewe lambing and 40 to 60 kg of milk per
150-day lactation under extensive conditions (Degen
and Benjamin, 2003). The main question in concern was
if there are differences among Awassi sheep of different
origins when were raised under similar conditions.
Natural mating in sheep is practiced in all parts
of the Middle East, unlike artificial insemination (AI)
which is not very popular. This is mainly due to the
requirement of greater knowledge of the technology,
availability of frozen semen, and the anatomical
structure of the ovine cervix. Factors including locating
the cervical opening, the time required penetrating
cervical canal, and the experience of the inseminator
can have a marked effect on the outcome of AI
technique (Halbert et al., 1990). Implementing this
technique on a commercial scale is unlikely because
only experienced inseminators can achieve acceptable
cervical penetration rate (Buckrell et al., 1992).
Lambing rates for AI ewes varied from 9% to 53%
(Godfrey et al., 1999). The wide range in these lambing
rates may be due to the fact that the inseminator
acquired experience in the latter trials.
The objectives of this study were to
characterize the reproductive performance of Awassi
sheep and comparing the local Awassi rams with Syrian
rams using natural service and artificial insemination.
Materials and Methods
The study was conducted at the Smaiah
Research Station of the Jordan Cooperative Corporation
in the Mafraq province northeast of Jordan. The flock
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was assembled from ewes collected from several farms
in various parts of Jordan. Rams were obtained from
farmers in Jordan and from the Governmental Station in
Syria. It is understandable that the rams used for the
two-sub-breeds cannot be claimed to be representative
of the whole breed, as this would require larger numbers
across the whole industry. A total of 586 Awassi ewes
of varying ages (2 to 6 yr) weighing 57.8 + 2.2 kg with
a body condition score (BCS) of 2.5 to 3.5 (scale = 0
lowest to 5 highest). Ewes were mated to one of 11
Jordanian Awassi or 11 Syrian Awassi rams 2 to 5 yr
old with an average weight of 57.3 + 0.6 and 58.2 + 0.7 kg
and a BCS of 3.0 to 4.0, respectively, either naturally or
artificially during the normal mating season of Jordan.
Animals were housed in an open system with access to
grazing from January to April, resulting in an estimated
intake of nearly 18 MJ ME per head per day (Harb
MU, 2007; personal communication). During the rest
of the year, 800 g of concentrate feed was provided to
dry ewes. The feed supplement increased to 1.2 kg
concentrates and 0.3 kg alfalfa hay during flushing (2
weeks before mating), the last 6 weeks of gestation and
lactation. The concentrate consisted of barley grain
(73%), wheat bran (15%), soybean meal (10%),
limestone (1%), and salt (1%). Rams were offered 1.0
kg of concentrate raised to 2.0 kg starting 2 weeks
before mating season, and alfalfa hay was given ad
libitum.
The rams were trained for semen collection via
artificial vagina, and the semen was examined under the
microscope. Rams possessing low motility and abnormal
semen were replaced with another ram. A maximum of
two daily ejaculates were collected per ram depending
on the number of ewes observed in heat daily.
Detection of estrus was performed every 6 h
for 5 d per week. Estrus was detected by using three
vasectomized rams and breeding marks. Detection of
estrus was repeated until the fourth mating. The length
of estrous cycle for AI ewes was calculated using the
interval between successive estrus periods (Bathaei,
1996). Females that showed standing heat in the
morning (between 5 to 7 AM) were penned and
inseminated in the evening (between 5 to 7 PM), and
those detected in the evening were inseminated in the
next morning (Berg, 1989). The ewes were not
inseminated twice because a second insemination in the
same heat period does not increase conception
significantly (Berg, 1989). Ewes that returned to estrus
were re-inseminated until the fourth cycle.
Mating was performed randomly between June
22 to October 5. For natural mating (NM), ewes were
divided into groups of twenty-five ewes, and each group
was sired by one tested ram. For AI, deposition of
semen was made inside the first ring of the cervix using
0.2 ml fresh semen. The inseminated females were
checked twice daily for those that failed to conceive
using the same marker rams previously used starting 14 d
after the first insemination. The results of mating were
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evaluated according to lambing data. After lambing,
body weight at birth and weaning weight at 2 months
and 5 months of age (market age in Jordan) were taken
for each lamb. The study was terminated by the end of
May.
Analysis of variance was used to analyze birth
weight (BW), average daily gain to weaning (ADGW),
weaning weight (WW), ADG to 5 mo (ADGM) and
marketing weight (MW). Lambing rate was calculated
as number of lambs born per ewes mated from the first
(up to 155 days following June, 22), second (from 155
to 170 days), third (from 170 to 185 days), fourth (from
185 to 200 days from insemination), and cumulative
lambing. Mortality rate (MR) was calculated as the
number of mortalities prior to weaning per number of
lambs born. A general statistical model included the
fixed effects of sire strain (Jordanian or Syrian), mating
type (Natural or AI), parity of ewe (1, 2, 3, or more), birth
or rearing type (single or twin), sex of lamb (female or
male), month of birth (November, December, January,
February, or March), and residual error (GLM; SAS,
1998). Age was initially considered in the model but
was not significant in the presence of parity; therefore, it
was removed. All possible interactions were tested and
found not significant. Backward stepwise removal
was performed on non-significant differences. Where
factors were significantly different, least-square
means for different groups were compared using the
t-test (P < 0.05). All means are reported as least-square
means + SEM.
Results
Least-square means for the effects of parity and
month on the length of the estrous cycle for Awassi
ewes are shown in Table 1. Both parity and month
affected the length of the estrous cycle. The interval
between estruses were recorded for ewes during the first
(31.0 + 3.2 d) and three more parities (23.6 + 0.7 d) and
was longer (P < 0.05) than that for ewes in the second
parity (17.8 + 3.1 d). The length of the estrous cycle
for ewes during June to July (28.6 + 0.9) was longer
(P < 0.01) than during August to September (17.8 + 0.7).
Table 1. Least-square means (+ SEM) for the effects of
parity and month on the length of the estrous cycle for
artificial insemination of Awassi sheep.
Effects
Length of estrous cycle (days)
Parity
*
1
31.0 + 3.2a
2
17.8 + 3.1b
≥3
23.6 + 0.7b
Month
**
June to July
28.6 + 0.9a
August to September
17.8 + 0.7b
*P < 0.05, **P < 0.01.
a,b
Means with different letters within effect are different
(P < 0.05).
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Lambing rate, which was affected by sire
strain, mating type, birth type, and lambs per ewe
lambing, is shown in Table 2. Lambing rate was
significantly affected (P < 0.05) by sire strain; the Syrian
(42.6%) had a greater lambing rate for the first mating
within the breeding season than Jordanian (34.7%) sires,
but not for the second, third, or fourth matings. The
cumulative lambing rate after the fourth mating tended
(P < 0.10) to be higher for the Jordanian (63.3%) than
Syrian (58.8%) sires. Lambing rate following either AI
or natural mating was similar between the first, second,
and third estrous cycle but was significantly (P < 0.01)

greater for AI ewes in the fourth (41.7%) and
cumulative lambing (72.1%) than natural-service ewes
in the fourth (9.2%) and cumulative lambing (62.2%).
The number of single lambs born per ewe lambing was
significantly (P < 0.001) greater than twins (Table 2). On
the other hand, the number of lambs per ewe lambing was
similar during different months of the lambing season. In
addition, no significance effects of sire strain, ewe
parity, or mating type were observed. The number of
lambs born per ewe mated was similar between Jordanian
(0.86 + 0.03) and Syrian (0.85 + 0.02) strains and between
AI (0.84 + 0.03) and natural mating (0.87 + 0.02).

Table 2. Effects of sire strain, mating type, birth type, and number of lambs per ewe on lambing rate of Awassi
sheep.
Effect
Lambing rate (%)
Mating
First
Second
Third
Fourth
Cumulative
Sire strain
*
#
86/248
35/162
7/127
29/120
157/248
Jordanian
(34.7)
(21.6)
(5.5)
(24.2)
(63.3)
144/338
47/194
4/147
41/143
236/338
Syrian
(42.6)
(24.2)
(2.7)
(28.7)
(58.8)
Mating type
**
**
106/290
42/184
3/142
58/139
209/290
1
AI
(36.6)
(22.8)
(2.1)
(41.7)
(72.1)
124/296
40/172
8/132
12/124
184/296
Natural
(41.9)
(23.3)
(6.1)
(9.7)
(62.2)
***
***
***
***
***
Birth type
212/230
73/82
11/11
65/70
361/393
Single
(92.2)
(89.0)
(100.0)
(92.9)
(91.9)
18/230
9/82
0/11
5/70
32/393
Twins
(7.8)
(10.9)
(0.0)
(7.1)
(8.1)
1.08 + 0.02
1.11 + 0.03
1.00 + 0.00
1.07 + 0.03
1.08 + 0.01
Lambs/ewe
1
Artificial insemination.
#
P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001.
Least-square means for BW, ADGW, WW,
ADGM, MW, and MR, significantly affected by sire
strain, mating type, ewe parity, birth type, sex, and month
of birth, are presented in Table 3. The overall BW
observed over the lambing period was 4.2 + 0.04 kg for
Awassi lambs. There were no differences in BW among
lambs of different sire strains, mating type, or parity of
dam; however, BW was greater (P < 0.001) in singles and
male lambs than in twins and female lambs. There was a
tendency (P < 0.1) for an effect of month of birth (Table 3).
The overall mean ADGW was 0.19 + 0.003 kg with no
differences among sire strains, mating type, or parity.
However, a greater (P < 0.001) ADGW was found in
single and male lambs than in twins and female lambs.
In addition, a greater (P < 0.01) ADGW was observed in
November and December than in January, February, or
March months of birth (Table 3). The overall WW was
15.5 + 0.2 kg for all Awassi lambs. Similarity was
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observed in lamb WW among Jordanian and Syrian
sires, born from artificially and natural mating, and
different parity of dams; however, there were
differences (P < 0.001, P < 0.05) in lamb WW according
to birth type, sex, and month of birth. Average daily gain to
5 mo and MW were similar among sire strains, mating
types, and parity of dams; differences (P < 0.10 to P < 0.01)
were observed for birth type, sex, and month of birth.
The overall MR was 21.3% (Table 3).
Significant (P < 0.001) differences in MR were
observed for lambs according to mating type, parity of
dam, and month of lambing. Mortality rate was lower
for lambs of AI-mated (10.8%) than natural-mated dams
(31.5%). Mortality rate of lambs decreased (P < 0.01) as
parity of their dams increased from the first to more
than three. Mortality rate was the least during
November and significantly (P < 0.01) increased as
month of birth proceeded to March (Table 3).

25

Tabbaa et al. Reproductive characteristics of Awassi ewes.

Table 3. Least-square means (+ SEM) for the effects of sire strain, mating type, parity, birth/rearing type,
month of birth on production parameters of Awassi lambs
ADGW
WW
ADGM
MW
Effect
BW1
(kg)
(kg)
(kg)
(kg)
(kg)
Overall mean
4.2 + 0.04
0.19 + 0.003
15.5 + 0.2
012 + 0.01
27.9 + 0.5

sex, and
MR
(%)
21.3

Sire strain
0.17 + 0.007
14.0 + 0.4
0.13 + 0.01
25.5 + 1.2
22.8
Jordanian
3.8 + 0.08
0.18 + 0.007
14.7 + 0.4
0.13 + 0.01
27.0 + 1.1
19.8
Syrian
3.9 + 0.08
Mating type
**
AI2
3.8 + 0.08
0.18 + 0.007
14.3 + 0.4
0.11 + 0.01
24.7 + 1.1
10.8
0.17 + 0.007
14.3 + 0.4
0.15 + 0.01
27.8 + 1.4
31.3
Natural
3.9 + 0.08
Parity
**
1
3.8 + 0.12
0.17 + 0.013
14.1 + 0.8
57.7
0.18 + 0.009
14.7 + 0.5
0.12 + 0.01
26.1 + 1.4
17.1
2
3.8 + 0.11
≥3
3.9 + 0.06
0.17 + 0.005
14.1 + 0.3
0.13 + 0.01
26.3 + 1.1
12.1
Birth type
***
***
***
*
0.19 + 0.005 a 15.8 + 0.3 a
0.12 + 0.01 a
27.8 + 0.8a
20.1
Single
4.3 + 0.06a
b
b
b
b
Twin
3.4 + 0.10
0.16 + 0.009
12.8 + 0.6
0.14 + 0.02
24.7 + 1.7b
22.9
Sex
***
***
***
#
***
Female
3.7 + 0.08b
0.16 + 0.007b 13.4 + 0.4b
0.12 + 0.01b
24.4 + 1.2b
21.5
a
a
a
a
Male
4.0 + 0.08
0.19 + 0.007
15.2 + 0.4
0.14 + 0.01
28.0 + 1.1a
21.9
Month of birth
#
**
*
**
***
**
November
3.7 + 0.16b
0.22 + 0.013a 17.1 + 0.8a
0.15 + 0.016a
29.9 + 1.7a
0.0
December
4.0 + 0.09ab
0.20 + 0.008b 15.8 + 0.5a
0.14 + 0.010a
27.7 + 1.0a
8.2
a
c
b
b
January
4.0 + 0.10
0.16 + 0.009
13.5 + 0.6
0.10 + 0.014
21.0 + 1.5b
14.1
February3
3.8 + 0.10b
0.16 + 0.009c 13.2 + 0.6b
16.1
b
March
3.8 + 0.09
0.14 + 0.009c 12.1 + 0.5b
44.6
1
BW, birth weight; ADGW, average daily gain to weaning; WW, weaning weight;, ADGM, average daily gain to
marketing age; MW, marketing weight at 5 mo; and MR, mortality rate.
2
Artificial insemination.
#
P < 0.1, *P < 0.05, **P < 0.01, ***P < 0.001. a,b,cMeans with different letters within effect are different (P < 0.05).
Discussion
Sheep are important animals in Jordan and in
many tropical and subtropical countries. In subtropical
areas, ewes are generally bred during the summer to
lamb during the winter, thus increasing the need at
parturition for milk production (Degen and Benjamin,
2003). Jordan Badia is characterized by a hot summer,
cold winter, and feed scarcity. Therefore, the current
study helped elucidate some reproductive characteristics
as a continuation for previous work on Jordanian
Awassi sheep (Kridli et al., 2006; Tabbaa et al., 2006).
An effect of month on the length of the estrous
cycle for Awassi ewes was observed in this study.
Estrous cycles were longer during the period of June to
July while they returned to the regular length during
August to September. This result is similar to the
findings of Epstein (1985), who reported that estrous
cycles of Awassi ewes reached a peak of regularity
during August and September with an interval of 14 to
19 d and the excessively longer recurrent estruses varied
from 20 to 77 d. However, such a wide period could be
due to early pregnancy losses and undetected estruses
due to silent heats. In another study, Zarkawi (1997)
found that cyclicity in Awassi sheep is initiated towards
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the end of June, peaks during the first half of August,
and declines by the first week of October. In Chios
sheep however, Papachristoforou et al. (2000) reported
that the interval between successive cycles was in some
cases extended to 3 to 6 wk before September and after
that, all ewes exhibited regular cyclicity. In Menz sheep,
Mukasa-Mugerwa and Kassi-Lahlou (1995) reported
that estrous activity declined from June to September
due to an increase in silent ovulations. The lack of
seasonality in estrous behavior of tropical sheep has
been reported (Mittal and Ghosh, 1980) in which
seasonal variation has often been associated with
changes in feed supply (Molokwu and Umunna, 1980).
In the present study, estrous cycle length for
ewes in the first parity was apparently longer than that
for ewes in later parities. This could be due to the fact
that younger ewes exhibited a greater number of multiple
estrous events, indicating a higher incidence of silent
estruses. In fat-tailed Mehraban ewes, Bathaei (1996)
found that young ewes showed more frequent multiple
estrous events that extended between 27 and 57 d than
that for older ewes. Moreover, Davies and Beck (1993)
reported that younger ewes had a higher incidence of
embryonic loss that may be related to deficiencies in
plasma progesterone and LH concentrations.
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Lambing rates were greater for Syrian sires
than for Jordanian sires after the first mating but were
similar for the second, third, and fourth mating and
tended (P < 0.1) to be greater for Jordanian than that for
Syrian after the fourth mating. The reasons for the
difference between Jordanian and Syrian sires are not
known. Previous studies using Jordanian ewes
demonstrated that lambing rates from first mating
ranged from 33 to 35% for either hormone treated or
untreated ewes (Abdullah et al., 2002; Alnimer et al.,
2005). A similar rate was reported in Syria by Zarkawi
et al. (1999). In general, pregnancy rate in Awassi ewes
following the first mating was low, which could be
indicative of embryonic mortality. Early embryonic
mortality during the first 3 wk of gestation results in
pregnancy rates ranging from 16 to 76% (Beck et al.,
1994; Nephw et al., 1994). Although factors causing
early embryonic mortality in sheep are not well
established, there is some evidence suggesting the
involvement of luteal inadequacy (Binelli et al., 2001).
Luteal inadequacy, resulting from environmental factors
such as heat stress or nutrition, has been shown to be a
major cause of embryonic loss in sheep (Binelli et al.,
2001).
On the other hand, both AI and natural matings
resulted in similar lambing rates for the first, second,
and third lambing while AI mating resulted in a greater
lambing rate at the fourth insemination. Previous results
obtained from AI using fresh semen showed that
lambing rates varied from 47 to 60% (Epstein, 1985).
Fernandez Abella et al. (1992) reported pregnancy rates
varying between 54 to 82% using cervical insemination.
Variations in results of different researchers maybe due
to the AI technician experience. The inseminator
experience can have marked effects on the outcome of
AI technique as suggested by Halbert et al. (1990). In
this study, lambing rates tended to be low in both
groups, which could be indicative of early embryonic
loss. Embryonic losses from luteal inadequacy is a
major source of reproductive wastage in ewes (Wilmut
et al., 1986). Moreover, heat stress may also have been
another contributing factor as the prevalent maximum
temperature during mating period ranging from 35 to
45oC. In general, factors such as season of the year,
genetics, breed differences, hormonal influences, post
weaning management practices, maximum temperature,
and nutrition affected sex drive and sexual performance
during the natural breeding season, and their effects on
reproductive performance have been reported
(Mickelsen et al., 1982).
Low twinning rates are expected from Awassi
ewes (Degen and Benjamin, 2003; Abu Zanat et al.,
2005). Therefore, there were a greater number of ewes
that lambed singles than those that produced multiples
during this study. Similar results were found in previous
studies using Awassi sheep in different countries (Juma
and Alkass, 1996; Said et al., 1999; Kridli et al., 2006).

Least-square means for BW, ADGW, WW, ADGM,
and MW were similar among sire strains, mating types,
and dam parities. However, single and male lambs had a
heavier weight at birth and grew faster to weaning than
multiple and females. Consistent superiority of single
and male lambs has been widely reported (Bell et al.,
1970; Buvanendran et al., 1992; Burfening and Carpio,
1993; Mavrogenis, 1996; Mukasa-Mugerwa et al.,
2000). There is variation in BW, ADGW, WW, ADGM,
and MW among lambs born in different months. Greater
ADGW was observed in November and December than
in January, February, or March months of birth while
mortality rate increased as month proceeded. This
would mostly be due to the fact that cold weather during
December and January reduced the presence of insects
and parasites in the pasture when the early-born
weaning lambs started to graze. This would allow for
better health for those lambs. Although, late-born lambs
appeared in good health, their sub-clinical status might
be
compromised
(Alonby,
year;
personal
communication). This would increase the mortality rate
and reduce growth. Variations in BW, ADGW, WW,
ADGM, and MW for Awassi sheep in Iraq were
reported by Juma and Alkass (1996).
The mortality rate recorded in Awassi lambs
(Table 3) is within the range reported by other
researchers in the subtropics (Beck et al., 1994; Nephw
et al., 1994). The mortality rate in Awassi flocks is 15 to
20% during normal years and up to 50% in years of
drought or severe winters (Epstein, 1985; Gordon,
1997). Moreover, the decrease (P < 0.01) in mortality
rate with the increase in parity was observed. This result
agrees with the results of Warren and Mysterud (1995),
who found a significant effect of age of ewe on lamb
mortality. Mortality is a complex trait affected by the
lambs' weakness and by dam's rearing ability
(Burfening, 1993).
In conclusion, Awassi ewes had regular estrous
cycles during August and September. Further studies are
needed to evaluate reproductive hormones and moreprecisely determine the earliest estrous activity and the
best mating time. Syrian sires were only superior to
Jordanians for early lambing while Jordanian tended to
be greater after the fourth mating. Both AI and natural
matings resulted in similar lambing rates for early
mating while AI was greater later in the mating season.
Lambs born early had greater ADGW than those born
later in the lambing season; however, mortality rate
increased as month proceeded and decreased with the
increase in parity. Therefore, farmers are advised to
mate their ewes to lamb as early as possible in the next
lambing season. Environmental effects considered in
this study are important and need to be taken into
consideration for the accurate estimation of breeding
values.
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