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Abstract
NEDELKOV, K., N. TODOROV and М. SIMEONOV, 2013. Effect of focused flushing at the end of the
anticipated normal luteal phase on synchronization of oestrus by introduction of ram in the flock. Bulg. J. Agric.
Sci., 19: 1085-1092
The purpose of this study was: 1) to determine the influence of short-time high nutrient intake focused in second part of
luteal phase over the response of ewes to the synchronizing oestrus effect of the ram; 2) to determine the effect of a complex of
factors known that could influence on the “ram effect”. The experiment has been carried out with 344 Pleven Blackhead ewes,
divided into two groups. The first group of 168 ewes with average BCS 3.5 and mean live body weight of 66.7 kg, served as
a control. The second group of 176 ewes with average BCS 3.2 and mean live body weight of 63.2 kg was put on an intensive
short time feeding. Ewes from both groups received 300 g barley per day while the experimental group received an additional
400 g of soybean screenings. In this way, it was investigated whether the lower BCS could be compensated by short-time abundant feeding. The experiment was conducted in the beginning of the natural breeding season of ewes. The artificial insemination started at 06.08.2011. It was observed a delay in the onset of oestrus with two days at the focused (acute) flushed ewes
compared with the control group. Perhaps the difference could be associated with the different body condition of groups and
with the applied intensive feeding to the experimental group, which may have influenced the lifespan of the last non-ovulatory
and ovulatory follicles. Within 11 days, which coincided with the two peaks induced by the “ram effect”, ewes in oestrus were
72.0% of all sheep in the control group or 80.1% of all lambed ewes. In addition, at the experimental group the respective indexes are 76.1% and 83.8%. Therefore, with a proper implication of the oestrus synchronization by the “ram effect” it could be
achieved 80.1% to 83.8% of inseminated ewes within 11 days. Despite some differences in BCS and live weight between the
two groups, it was not found differences in the biological fecundity of ewes.
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Introduction
The introduction of rams just before the end of the anoestrous, after a period of separation from ewes, results in early and relatively synchronous onset of oestrus (Radford and
Watson, 1957; Edgar and Bilkey, 1963; Signoret, 1980; Martin and Scaramuzzi, 1983; Knight, 1983; Martin, 1984; Pearce
and Oldham, 1984; Signoret et al., 1984; Ungerfeld, 2003).
E-mail: k_nedelkov@abv.bg

In previous studies of ours, the shares of sheep in
oestrus was reported to be 34.3% (Nedelkov et al., 2012),
45.9% (Todorov et al., 2011) and 49.2% (Nedelkov et al.,
2011) within 10-12 days between the 16th and the 28th day
of rams introduction into the flocks. In another investigation (Nedelkov and Todorov, 2012) 41.0% of all ewes in the
flock have given birth in the “ram effect” period. In experiments of Todorov et al. (2011) and Nedelkov et al. (2011)
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part of the sheep were already in oestrus due to the beginning of the natural breeding period and they were inseminated before expected “ram effect” between 16th and 28th
day after introduction of rams. This decreased the share of
ewes, which came in oestrus under the “ram effect”. Such
sheep would be in heat again when the “ram effect” occurs.
This way, the full effect of the applied oestrus synchronisation was not accounted for. Furthermore, in our previous
experiments the ewes were relatively underweight (with
BCS of 2.5–2.8 in all experiments) which was significantly below the optimal BCS of 3.0 to 3.5 (Todorov et al.,
1994; Shindarska, 2011).
It is known that the “ram effect” was dependent on ram
libido (Lindsay and Signoret, 1980; Perkins and Fitzgerald,
1994; Rosa et al., 2006). The presence of ewes in oestrus is
beneficial for the ram activity (Gonzalez et al., 1991) as well
as for the response of ewes (Zarco et al., 1995). With simultaneous introduction of ewes in heat and rams in a flock, a better “ram effect” was observed (Muir et al., 1989).
The effect of high level of nutrient intake by ewes 1115 days after the introduction of rams, corresponding to the
luteal phase of the normal oestrus cycle, after the first or second silent ovulation, is not known, neither how flushing could
compensate for the lower BCS of ewes.
In previous studies of ours, the ram libido have not
been stimulated, the ewes were thin and those naturally
coming in oestrus were inseminated before the anticipated “ram effect” had occurred. This necessitated additional
experiments to correct the previous flaws and to establish
the potential for oestrus synchronisation through the “ram
effect”.
The aim of the present experiment was to test the possibility for oestrus synchronisation in sheep by appropriate application of the “ram effect” and providing the main
factors known to be beneficial for this purpose. Second,
the study aimed to determine whether the high level of nutrient intake (flushing) for short time, immediately before
insemination of sheep with BCS below the optimal ones
could improve the “ram effect” and increase the fecundity
parameters of ewes.

Material and Methods
Animals. The experiment was conducted in 2011 with
344 Pleven Blackhead ewes aged 2.5 to 8.5 years (inseminated for the second to the seventh time), owned by the Institute
of Forage Crops – Pleven. The animals were divided into two
flocks – a control group of 168 ewes and experimental group
(176 ewes) submitted to high level short-time feeding (from
here on called focused flushing). Both groups were allotted
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by age and fecundity from the previous lambing. During the
insemination, all sheep were milked.
Ram libido activation. Seventeen days before rams were
introduced in the flock, the oestrus of six culled sheep was
synchronised by the following schedule: 14-day treatment
with intravaginal sponges containing a progesterone analogue (FGA Syncro-Part, 30 mg fluorogestone, Ceva Animal
health, Ltd, France) followed by a single injection of 600 IU
PMSG (Ceva Animal health, Ltd, France). After removal of
sponges, six teaser rams with aprons (cloth covering the abdomen tied at the withers and the croup) to prevent mating were
placed with sheep for 3 days. Due to the hormonal treatment,
ewes showed obvious signs of oestrus and were mated repeatedly by rams, which activated their libido. After the preliminary period, activated rams were used for non-hormonal
oestrus synchronisation through the so-called “ram effect”.
For this purpose, over 15 days, 3 sexually active rams with
aprons were introduced in each flock for about 5 hours per
day. Except for hormonally stimulated ewes, all other ewes
were separated from rams at a distance of 500 m for 2 months.
Together with rams, 3 ewes subject of progesterone sponges
plus PMSG also were introduced in each of flocks, expecting
a second oestrus to occur 1–2 days before the expected “ram
effect” and starting artificial insemination of the flock.
Flushing. Apart the daily grazing, all studied sheep
were supplemented with a daily amount of 300 g barley two
months prior to the artificial insemination. An acute daily
feeding with 400 g/ewe soybean screenings (DM 92.66%,
CP 38.65%) plus 300 g barley was applied to the experimental
group between the 8th and the 15th day after the introduction of
teaser rams used to induce oestrus through the “ram effect”.
The period of focused flushing corresponded to the end of
the anticipated first or to the beginning of the second normal
oestrus. The needed amount of feed was prepared on a daily
basis by careful mixing of both feeds in a homogenous mix.
The concentrate was given twice daily – in the morning at
5.00 AM and in the evening at 5.00 PM during the milking.
Insemination. The artificial insemination was performed
by the 16th day after introduction of teaser rams in the flocks.
After that stud, rams were placed in the flocks for natural
mating of ewes in oestrus. The ID numbers of ewes in heat
and inseminated sheep were recorded on a daily basis. The
dates of lambing and death cases were also recorded. The
five-point scale of Todorov et al. (1994) assessed the body
condition score of all sheep subject to artificial insemination. The live body weight at the time of insemination was
recorded.
Statistical significance of the differences between control and experimental groups of ewes in oestrus was determined by χ2 (chi square test) by Plohinskiy (1980). The data
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about live weight and BCS were processed by one-way analysis of variance (ANOVA).

Results
The artificial insemination continued fortnight from
06.08.2011 to 19.08.2011. During that time, 149 out of 176 (84.6%)
of flushed ewes (experimental group) and 127/168 (75.5%) of
control ewes were inseminated. The dynamics of insemination
showed the two peaks, specific for the “ram effect” (Figure 1).
During the first 11 days of the breeding period including
the two peaks, 134/176 focused flushed ewes or 76.1% were in
oestrus and inseminated vs 121/168 or 72.0% of control ewes.
A two-day delay in the maximum response of focused
flushed ewes to the “ram effect” should be noted.

Fig. 1. Distribution of inseminated ewes from control
group (solid lines) and focused flushed group (dotted line)
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The first peak of insemination was observed between
days 16 and 20 after introduction of rams in the flocks. Inseminated sheep were 44 and 46 in the experimental and
control groups, respectively. The proportions of inseminated
sheep in the first peak from all inseminated sheep within the
two “ram effect”-specific peaks (11 days) were 32.8% of focused flushed and 38.0 of control animals (P>0.05).
The second peak of inseminated ewes occurred between
days 22 and 26, when 90 of focused flushed or 60.4% of all
sheep (artificially inseminated) and 75 of control (59.0%)
ewes were inseminated. The differences between groups
were not statistically significant (Р>0.05).
The effect of BCS on the onset of oestrus during the first
and the second peak is presented in Table 1. There was a certain difference between BCS and live weight of animals in
the two flocks. In the experimental focused flushed group, the
average BCS was 3.2 and live weight – 66.7 kg. In this group,
a relatively higher percentage of sheep had BCS <3 (31%) and
a lesser percentage were with BCS > 3.5 (22%), compared to
controls (17% and 39%, respectively).
In focused flushed sheep, the best response during the first
insemination peak was observed in ewes with low BCS (2.2
to 2.9), as 32.7% of all sheep with such BCS came in oestrus
within 16–20 days after the ram contact. The trend to onset of
oestrus in thinner ewes during the first peak could be related
to the focused feeding.
A better response to the “ram effect” was detected in
sheep with BCS >3.

Table 1
Effect of body condition score of sheep on their response to the “ram effect” and distribution of ewes responded
positively between the two peaks *(BCS, kg ± SEM)
Inseminated sheep
Body condition score
Live weight,
n
peak І
peak ІІ
peaks І+ІІ
kg
min-max
mean
n
%
n
%
n
%
Focused flushed
2.2 – 2.9
2.65±0.02
58.09±0.80
55
18
32.7
22
40.0
40
72.7
3.0 – 3.5
3.15±0.02
62.49±0.66
83
17
20.5
46
55.4
63
75.9
3.6 – 5.0
4.11±0.06
72.54±0.86
38
9
23.7
22
57.9
31
81.6
Controls
2.2 – 2.9
2.64±0.03
60.06±1.54
28
8
28.6
10
35.7
18
64.3
3.0 – 3.5
3.18±0.02
63.86±0.62
75
19
25.3
36
48.0
55
73.3
3.6 – 5.0
4.16±0.06
72.95±1.07
65
19
29.2
29
44.6
48
73.8
Total
2.2 – 2.9
2.64±0.01
58.69±0.73
83
26
31.3
32
38.6
58
69.9
3.0 – 3.5
3.16±0.02
63.11±0.46
158
36
22.8
82
51.9
118
74.7
3.6 – 5.0
4.14±0.05
72.79±0.73
103
28
27.2
51
49.5
79
76.7
* the differences between groups were not statistically significant (Р> 0.05)
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Seventy-four percent of all sheep have responded to the
“ram effect”, without statistically significant differences between groups. If barren sheep are excluded, which obviously
did not came in oestrus due to a variety of reasons or could
not be fertilised, 82.0% of the rest of ewes were inseminated
within 11 days (Table 2).
The percentage of sheep with twins inseminated during
the first 11 days after focus flushing was 44.2% vs. 43.1% in
the control group. Having in mind the different BCS between
controls (BCS 3.5) and experimental animals (BCS 3.2), the
similar percentage of twin lambs indicated a weak positive
influence of focused flushing.
The percent of barren sheep was relatively high without
statistically significant inter-group difference (Table 3).
In fact, 100 lambed ewes gave birth to an equal number of
lambs (biological fecundity). The small difference in industrial fecundity comes from the higher number of dead and
aborted ewes in the focused flushed (experimental) group.
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Discussion
The dynamics of insemination (Figure 1) showed clearly
the synchronizing „ram effect” in both groups of ewes, with
76.1% of focused flushed and 72.0% of control animals being inseminated within both peaks duration (11 days). After 14-day contact with vasectomised rams, 90% of Ile-de
France sheep in one experiment were in oestrus during the
follow-up 10-day period (Thimonier et al., 2000). The considerably higher percentage was probably related to Ile-de
France breed-specific features, as the breed is known to be
polycyclic, allowing the fertilisation of part of sheep all the
year round. Silva and Ungerfeld (2006) also reported a high
share of Corriedale ewes in oestrus (72.9%) between the 17th
and the 30th day of insemination.
In our experiment, this high percentage of ewes in oestrus
was achieved by using of 3 previously stimulated teaser rams
in each of flocks. Lindsay, Wilkins and Oldham (1992) ob-

Table 2
Distribution of sheep that responded to the “ram effect” *
Group (flock)
peak І
Percentage of all sheep in the group (flock) *
Focused flushed
25.0
Control
27.4
Total
26.2
Percentage from fertilised sheep (lambed + aborted+ dead pregnant) *
Focused flushed
27.5
Control
30.4
Total
28.9
* the differences between groups were not statistically significant (Р> 0.05)
Table 3
Lambing data*
Parameters
Control group*
Number of sheep
168
%
Mean body condition score
3.5
Average live weight kg
66.7
Dead pregnant, number
0
0
Aborted sheep, number
1
0.6
Barren sheep, number
17
10.1
Lambed sheep, number
150
89.3
Live lambs born, number
189
Stillborn lambs, number
2
Number of born alive and dead lambs
191
Biological fecundity, %
127.3
Industrial fecundity, %
112.5
* the differences between groups were not statistically significant (Р> 0.05)

peak ІІ

total

51.1
44.6
47.9

76.1
72.0
74.1

56.3
49.7
53.1

83.8
80.1
82.0

Focused flushed group
176
%
3.2
63.2
1
0.6
3
1.7
16
9.1
156
88.6
190
3
193
123.7
107.9
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served a higher proportion of ewes in oestrus after introduction of 3% or 6% rams as compared to lower number of rams
– about 1% of ewe population. In the present trial, teaser rams
were approximately 2% of the ewe population. Rodriguez
Iglesias et al. (1997) did not succeed to induce oestrus in a
higher percentage of ewes by increasing the number of teaser
rams from 8% to 16%. Yet, in a more recent study with goats,
Bedos et al. (2010) have shown that the response to the male
breeder effect depended rather on the aggressiveness and the
libido of males than on their number or the duration of contact with females.
The introduction of three already cycling ewes in each
flock added to the “ram effect” and resulted in better synchronization. The percentage of ewes exhibiting signs of
oestrus and ovulation increased, when sheep in oestrus were
introduced in a flock together with rams (Muir et al., 1989).
The two-day delay of the first and second peak of insemination in focused flushed sheep could be hardly explained (Figure 1). Vinoles (2003) suggested that the body
condition score could alter the wave-like pattern of ovine sexual cycle as it was observed that all ewes with higher BCS exhibited three waves during the interovulatory interval while
in sheep with lower BCS – waves were less numerous. Furthermore, the nutritional treatment of thin ewes prolonged
the lifespan of both last non-ovulatory and ovulatory follicles
(Vinoles, 2003; Vinoles et al., 2005). In our experiments,
thinner sheep in the focused feeding group had probably
fewer waves and longer lifespans of last non-ovulatory and
ovulatory follicles, which could possibly delay the ovulation
onset.
In previous studies of ours, ewes with considerably lower
BCS (2.6 in average) showed a lower response to the “ram effect” (Nedelkov et al., 2011; Todorov et al., 2011; Nedelkov et
al., 2012). In this trial, the experimental subjects were ewes
with optimum BCS for insemination, which improved substantially the “ram effect” response. The good body condition corresponding to BCS between 3 and 3.5 (Bocquier et
аl., 1988) reduced the intensity of anoestrus and therefore,
had an influence on “ram effect” (Thimonier et al., 2000).
Despite the lack of experimental data, Folch et al. (2000) affirms that BCS during the insemination was a factor, which
could influence the response of ewes to the male breeder. Although focused flushed sheep were with relatively lower BCS
than controls, there was no difference in their response, even
a slight trend for a better reaction has been detected in intensively fed sheep. In most researches, the aim of flushing
was improvement of sheep fertility (Davis, 1981; Teleni et
al., 1989; Pearse et al., 1994). Only McCosh et al. (2010) have
investigated the effect of the different level of feeding on the
response of ewes, synchronized through the “ram effect”
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method. The authors did not observe any difference between
groups, but all sheep were with equal BCS.
Another feature of the study was the magnitude of both
peaks. Many authors believe that in general, both peaks
should be equal (Martin et al., 1986; Henderson, 1991; Thimonier et al., 2000). Thimonier et al. (2000) demonstrated a
lower first peak during the deep anoestrus, probably due to
the short luteal phase in a higher percentage of sheep. Khaldi
and Lassoued (1991) confirmed the presence of a small first
peak in ewes, which were undernourished and thin before the
breeding period beginning. Our experiment was conducted
in the beginning of the normal breeding season with ewes
with optimal body condition, and therefore, none of these factors could have any impact on the distribution of sheep in
oestrus in both peaks.
In previous studies of ours, apart the two “ram effect”specific peaks, small peaks were also observed between
the 9th and the 13th day (Todorov et al., 2011). Davila et al.
(2011) established that during the normal breeding season,
an 11-day contact with rams was necessary to induce oestrus
in sheep. Probably, during the longer stimulation period in
the present experiment, a higher percentage of ewes reacted
to the “ram effect” as early as within days 9-13. After these
ewes failed to be fertilised, they exhibited oestrus during the
second peak corresponding to the “ram effect”, resulting in
lower first insemination peak. The character of both peaks
could be also influenced by breed-related features (Nugent et
al., 1988; Christenson, 1983; Thompson et al., 1990; Chanvallon et al., 2011). It could be hypothesised that more
Pleven Blackhead sheep could form incomplete corpora
lutea of shorted lifespan and therefore, experienced two
silent ovulations reflecting upon the higher second peak.
In both studied groups, almost half of inseminated
ewes in the period of both peaks had optimal BCS ranging between 3-3.5. In previous studies, the response of ewes
with lower BCS to the “ram effect” was less pronounced (Nedelkov and Todorov, 2012; Nedelkov et al., 2012).
In focused flushed group however, most of inseminated
sheep around the time of the first peak were with low BCS.
This implies that flushing improved the response to the
“ram effect” in undernourished ewes. The intensive nutrient intake for short time was not associated with increase
in live weight, but mainly to increase in blood sugar and
some metabolic hormones with direct effect on the ovarian function (Scaramuzzi et al., 2006).
In this experiment, the fecundity in the focused flushed
group was slightly higher. The effect of flushing on sheep
fecundity is mainly anticipated during the first consequent
oestrus. As flushing did not result in any significant change
in live weight and BCS, it could be barely expected to im-
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prove fecundity in sheep fertilized during the second or third
oestrus post flushing. Flushing is more important for metabolic hormones (insulin, growth hormone, insulin-like growth
factor – IGF-1 and leptin) which are known to influence
directly the follicle development and number of ovulated
ova, while the effect of the good body condition (“static effect”) and its improvement during insemination (“dynamic effect”) is mainly mediated via reduction of estradiol
level and thus, lower negative effect on FSH secretion. The
difference in the pathways of action of the “static” and the
“dynamic effects” on one hand, the focused (acute) flushing on the other, necessitates a separate interpretation of
fecundity of sheep fertilized during the first oestrus after
the focused flushing from the total fecundity of the flock.
Sheep fertilised during the first oestrus, i.e. during the first 11
days of the breeding period, which gave birth to twins, were
44.2% in the focused flushed group and 43.1% in controls.
The data gave evidence for an equal fecundity of both
groups, despite the difference in the live body weight and
BCS, which were higher in control ewes. It is reported that
each kilogram increase in live weight resulted in almost 2%
improvement of fertility rates (Stankov, 2000; Inskeep, 2002).
On this basis, an approximately 6% higher fertility could be
anticipated in controls. In fact, the rates were similar, which
suggests that focused flushing resulted in a slight improvement of fertility. These results were in discrepancy to data of
other researchers, which observed a substantial effect on the
number of ovulated ova and fertility in general after focus
feeding (Stewart and Oldham, 1986; Teleni et al., 1989; Landau et al., 1995, 1996; Nottle et al., 1990, 1997; Wilkins, 1997;
Somchit et al., 2007; Letelier et al., 2008). The differences
could be attributed to the good body condition of both experimental and control animals. Probably, the optimal body
condition in both groups, achieved through proper long-term
nutrition („static effect”) is one of the reasons for the mild
response to focused flushing. Nottle et al. (1997) also established no effect from focused flushing compared to control
sheep (subject to high level of feeding over a long period),
but long-term undernourished sheep showed a considerable
response. Robinson et al. (2002) assumed that in this experiment, the prolonged feeding of the controls resulted in
a „static effect” manifested with attainment of an optimal
BCS before the insemination and that this was the reason for the similar fertility rates in flushed undernourished
sheep, compared to controls with optimal BCS. Parr et al.
(1992) believe that focused flushing could be efficient only
in thin sheep with BCS of 2, whereas according to Pearse
et al. (1994) and Landau and Molle (1997) focused flushing had an effect on fertility in both sheep in suboptimal
and good body condition. according to our experiment,
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the effect of focused flushing although present is insignificant for sheep with optimal BCS.
When data for the fertility of sheep are interpreted regardless of whether they were inseminated during the first,
second or third oestrus, the focused flushing effect fades
away. Data presented in Table 3 indicated that biological
fecundity was practically the same. This resulted from the
weak positive effect of focused flushing in undernourished
sheep compared to controls in a better body condition.

Conclusions
The short-time high-level nutrient intake in ewes with
lower BCS tended to delay the onset of ram-induced ovulation with 2 days as compared to the control group of ewes,
which were with better body condition.
The full application of the “ram effect” including activation of ram libido, placing of several ewes in oestrus in the
flock, the lack of fertilisation of ewes in oestrus during the
first 15 days of the contact with rams and providing an optimal
BCS resulted in best oestrus synchronization results. Having
met all these requirements, insemination rates of 74.1% of
all sheep or 82.0% of all inseminated sheep for the breeding season were attained within 11 days. These results are
by about 50% higher as compared to previous experiments
of ours, in which not all of aforementioned conditions were
present. Therefore, for a good response to the “ram effect”,
the following conditions should be present: active rams, good
body condition scores of ewes, introduction of several sheep
in oestrus in the flock and absence of fertilization of sheep
during the first 15 days after teaser rams’ introduction.
The effect of focused flushing was more substantial in
thinner ewes, while in those with BCS near the optimal (3.23.5) the effect was obviously less pronounced.

References
Bedos, М., J. A. Flores, G. Fitz-Rodríguez, M. Keller, B. Malpaux, P. Poindron, J. A. Delgadillo, 2010. Four hours of daily
contact with sexually active males is sufficient to induce fertile ovulation in anestrous goats. Hormones and Behavior, 58:
473-477.
Bocquier, F., M. Theriez, S. Prache and A. Brelurut, 1988. Alimentation des ovins. In : R. Jarrige (Ed.), Alimentation des bovins, ovins et caprins, INRA, Paris, pp. 249-279.
Chanvallon, A., L. Sagot, E. Pottier, N. Debus, D. Francois, T.
Fassier, R. J. Scaramuzzi and C. Fabre-Nys, 2011. New insights into the influence of breed and time of the year on the
response of ewes to the ‘ram effect’. Animal, 5 (10): 1594-1604.
Christenson, R. K., 1983. Estrous activity in different breeds and
breed crosses of sheep. Theriogenology, 20: 707.

Effect of Focused Flushing at the End of the Luteal Phase ...
Davila, F. S., H. Bernal, J. Colin, E. Olivares, A. S. del Bosque,
R. Ledezma and R. Ungerfeld, 2011. Environmental factors
and interval from the introduction of rams to estrus in postpartum Saint Croix sheep. Tropical Animal Health and Production,
43: 887-891.
Davis, I. F., F. D. Brien, J. K. Findlay and I. A. Cumming, 1981.
Interactions between dietary protein, ovulation rate and follicle
stimulating level in the ewe. Animal Reproduction Science, 4:
19-28.
Edgar, D. G. and D. A. Bilkey, 1963. The influence of rams on
the onset of the breeding season in ewes. Proceedings of New
Zealand Society of Animal Production, 23: 78-87.
Folch, J., N. Lassoued, G. Khaldi, E. Hanocq, L. Bodin, J. J.
Jurado and P. Chemineau, 2000. Plasticity of sheep and goat
reproduction in the Mediterranean basin.Livestock production
and climatic uncertainty in the Mediterranean. Proceedings of
the joint ANPA-EAAP-CIHEAM-FAO symposium, Agadir, Morocco, 22-24 October 1998. EAAP Publication No. 94 Wangenigen Pres., pp. 237-245.
Gonzаlez, R., P. Orgeur, P. Poindron and J. P. Signoret, 1991.
Female effect in sheep. I. The effects of sexual receptivity of
females and the sexual experience of rams. Reproduction Nutrition Development, 31: 97-102.
Henderson, D. C., 1991. Control of the breeding season in sheep
and goats. In: E. Boden (ed.),Sheep and Goat Practice, Bailliere
Tindall, London etc., pp. 11-27.
Inskeep, K., 2002. Reproduction Chapter. In: Sheep Production
Handbook, vol.7 (2002). Publ. by American Sheep Industry Association, Inc., pp. 901-940.
Khaldi, G. and N. Lassoued, 1991. lnteractions nutrition-reproduction chez les petits ruminants en milieu mediterraneen. Proc.
international Symposium on Nuclear and Related Techniques
in Animal Production and Health. AIEA /FAO, 15-19 April, Vienna, pp. 379-390.
Knight, T. W., 1983. Ram-induced stimulation of ovarian and oestrous activity in anoestrous ewes - a review. Proceedings of
New Zealand Society of Animal Production , 43: 7-11.
Landau S., A. Bor, H. Leibovich, Z. Zoref, Z. Nistan and Z.
Madar, 1995. The effect of ruminal starch degradability in the
diet of booroola crossbred ewes on induced ovulation rate and
prolifacy. Animal Reproduction Science, 38: 97-108.
Landau, S., J. A. Houghton, J. R. Mawhinney and E. K. Inskeep, 1996. Protein sources affect follicular dynamics in ewes
near the onset of the breeding season. Reproduction Fertility
and Development, 8: 1021-1028.
Landau, S. and G. Molle, 1997. Nutrition effects on fertility in
small ruminants with an emphasis on Mediterranean sheep
breeding systems. In: Proceedings of the FAO/CIHEAM Meeting on the Nutrition of Small Ruminants, Rabat, Morocco, 24-26
October 1996.
Letelier, C., A. Gonzalez-Bulnes, M. Herve, J. Correa and R.
Pulido, 2008. Enhancement of ovulatory follicle development
in maiden sheep by short-term supplementation with steamflaked corn. Reproduction in domestic Animals, 43: 222-227.
Lindsay, D. R. and J. P. Signoret, 1980. Influence of behavior

1091

on reproduction. In: Proceeding of the Ninth International Congress on Animal Reproduction and Artificial Insemination., Vol.
1: 83-92.
Lindsay, D. R., J. F. Wilkins and C. M. Oldham, 1992. Overcoming constraints: the “ram effect”. Proceedings of the Australian Society of Animal Production, 19: 208-210.
Martin, G. B. and R. J. Scaramuzzi, 1983. Induction of oestrus
and ovulation in seasonally anovular ewes by exposure to rams.
Journal of Steroid Biochemistry, 19: 869-875.
Martin, G. B., 1984. Factors affecting the secretion of luteinizing
hormone in the ewe. Biological. Reviews, 59: 1-87.
Martin, G. B., C. M. Oldham, Y. Cognie and D. T. Pearce, 1986.
Physiological responses of anovulatory ewes to introduction of
rams: a review. Livestock Production Science., 15: 219-247.
McCosh, R. B., E. M. Berry, M. E. Wehrman, R. R. Redden, R.
W. Kott, D. Hallford and J. G. Berardinelli, 2010. Effect of
ram exposure on temporal patterns of progesterone and metabolic
hormones concentrations in 18-mo-old virgin Terghee ewes during the transition into the breeding season. Proceedings, Western
Section, American Society of Animal Science, 61: 82-85.
Muir, P. D., N. B. Smith and G. J. Wallace, 1989. Early lambing
in Hawkes Bay: use of the “ram effect”. Proceedings of New
Zealand Society of Animal Production, 49: 271-275.
Nedelkov, K., N. Todorov, A. Kolev and T. Marinkov, 2011. Nonhormonal synchronization of estrus in West Balkan Mountain
sheep. Agricultural Science and Technology, 3 (1): 13-20.
Nedelkov, K., N. Todorov, B. Georgiev and A. Atanasov, 2012.
Increase in the fertility rate of ewes by focused flushing from 9th
to 14th day of the estrus cycle, synchronized by the “ram effect”,
Journal of Animal Science, , 49 (1): 9-21 (Bg).
Nedelkov, K. and N. Todorov, 2012. Influence of the salt-free-salt
diet on the synchronization of estrus in ewes from Bulgarian Milk
Sheep Population. Journal of Animal Science, 49 (2):12-22 (Bg).
Nottle, M. B., R. F. Seamark and B. P. Setchell, 1990. Feeding
lupin grain for six days prior to a cloprostenol-induced luteolysis can increase ovulation rate in sheep irrespective of when in
the oestrous cycle supplementation commences. Reproduction,
Fertility and Development, 2: 189-192.
Nottle, M. B., D. O. Kleemann and R. F. Seamark. 1997. Effect
of previous undernutrition on the ovulation rate of Merino ewes
supplemented with lupine grain. Animal Reproduction Science,
49: 29-36.
Nugent, R. A. I., D. R. Notter, W. E. Beal, 1988. Effects of ewe
breed and ram exposure on estrous behavior in May and June.
Journal of Animal Science, 66: 1363-1370.
Parr, R. A., I. F. Davis, T. J. Squires and M. A. Miles, 1992.
Influence of lupin feeding before and after joining on plasma
progesterone and fertility in Merino ewes. Proceedings of the
Australian Society of Animal Production, 19: 185-187.
Pearce, D. T. and C. M. Oldham, 1984. The “ram effect”, its
mechanism and application to the management of sheep. In:
D.R. Lindsay and D.T. Pearce (Ed.), Reproduction in Sheep,
Australian Academy of Science, Canberra, pp. 26-34.
Pearse, B. H. G., N. P. McMeniman and I. A. Gardner, 1994.
Influence of body condition on ovulatory response to lupin (Lu-

1092
pinus angustifolius) supplementation of sheep. Small Ruminant
Research, 13: 27-32.
Perkins, A. and J. A. Fitzgerald, 1994. The behavioral component of the “ram effect”: the influence of ram sexual behavior on
the induction of estrus in anovulatory ewes. Journal of Animal
Science, 72: 51-55.
Plohinskiy, N. А., 1980. Algorithms Biometrics. Moscow University Press, Moscow (Ru).
Radford, H. M. and R. H. Watson, 1957. Influence of rams on
ovarian and oestrus in Merino ewes in the spring and early summer. Australian Journal of Agricultural Research, 8: 461-470.
Robinson, J. J., J. A. Rooke and T. G. McEvoy, 2002. Nutrition
for conception and pregnancy. In: M. Freer and H. Dove (Eds.),
Sheep Nutrition. CABI Publishing, CSIRO Publishing, Wallingford, UK, pp. 189-211.
Rodriguez Iglesias, R. M., N. H. Ciccioli and H. Irazoqui, 1997.
Ram-induced reproduction in seasonally anovular Corriedale
ewes: MAP doses for oestrous induction, ram percentages and
post-mating progestagen supplementation. Animal Science, 64:
119-125.
Rosa , H. J. D., C. C. Silva, M. J. Bryant, 2006. The effect of ram
replacement and sex ratio on the sexual response of anoestrous
ewes. Small Ruminant Research, 65: 223-229.
Scaramuzzi, R. J., B. K. Campbell, J. A. Downing, N. R. Kendall and M. Khalid, 2006. A review of the effect of supplementary nutrition in the ewe on the concentrations of reproductive and metabolic hormones and the mechanisms that regulate
folliculogenesis and ovulation rate. Reproduction, Fertility and
Development, 46: 339-354.
Shindarska, Z., 2011. Nutrition of sheep and goats. In: N.
Todorov (Ed.), Animal Nutrition, Publishing house, „ KOTA
PRINT”, Stara Zagora, pp. 203-218 (Bg).
Signoret, J-P., 1980. Effet de la presence du male sur les mecanismes de reproduction chez la femelle des mammiferes. Reproduction, Nutrition, Development, 20: 1457-1468.
Signoret, J. P., Y. Cognie and G.B. Martin, 1984. The effect of
males on female reproductive physiology. In: M. Courot (Editor), the Male in Farm Animal Reproduction, Current Topics in
Veterinary Medicine and Animal Science, 30: 290-304.
Silva, L. and R. Ungerfeld. 2006. Reproductive response in
suckling Corriedale ewes to the “ram effect” during the nonbreeding season: Effect of postpartum condition and the use
of medroxyprogesterone priming. Tropical Animal Health and
Production, 38: 365-369.
Somchit, A., B. K. Cambell, M. Khalid, N. R. Kendall and R. J.

K. Nedelkov, N. Todorov and М. Simeonov
Scaramuzzi, 2007. The effect of short-term nutritional supplementation of ewes with lupin grain (lupinus luteus), during the
luteal phase of the estrous cycle on the number of ovarian follicles and the concentrations of hormones and glucose in plasma
and follicular fluid. Theriogenology, 68: 1037-1046.
Stankov, I., 2000. Nutrition of sheep and goats. In: S. Tyankov
(Ed.), Sheep and goat breeding, “Abagar”,Veliko Tarnovo, pp.
411-458 (Bg).
Stewart, R. and C. M. Oldham, 1986. Feeding lupin for 4 days
during the luteal phase can increase ovulation rate. Animal Production in Australia, 16: 367-370.
Teleni, E., W.R. King, J.B. Rowe & G. H. McDowell, 1989.
Lupins and energy yielding nutrients in ewes. I. Glucose and
acetate biokinetics and metabolic hormones in sheep fed a
supplement of lupin grain. Australian Journal of Agricultural
Research, 40: 913-924.
Thimonier, J., Y. Cognie, N. Lassoued and G. Khaldi, 2000.
L’effet male chez les ovins: une technique actuelle de maitrise
de la reproduction. INRA Productions Animales, 13: 223-231.
Thompson, L. H., J. M. Stookey, J. R. Giles and D. L. Thomas, 1990. Reproductive response of mature ewes of different
breeds to teasing prior to mating. Small Ruminant Research,
3: 173–381.
Todorov, N., J. Mitev and R. Otuzbirov, 1994. Body condition
scoring in sheep. Publ. NIS at VIZVM, Stara Zagora, pp. 28 (Bg).
Todorov, N., K. Nedelkov, A. Kolev and T. Marinkov, 2011. Synchronizing fertilization in Bulgarian Milk Sheep Population by
the “ram effect”. Journal of Animal Science, 48 (3): 8-15 (Bg).
Ungerfeld, R., 2003. Reproductive responses of anestrous ewes to
the introduction of rams. Doctoral thesis, Swedish University of
Agricultural Sciences, Uppsala.
Vinoles, G. C., 2003. Effect of nutrition on follicle development
and ovulation rate in the ewe. Doctoral thesis, Swedish University of Agricultural Sciences, Uppsala.
Vinoles, C., M. Forsberg, G. B. Martin, C. Cajarville, J. Repetto and A. Meikle, 2005. Shortterm nutritional supplementation
of ewes in low body condition affects follicle development due
to an increase in glucose and metabolic hormones. Reproduction, 129: 299-309.
Wilkins, J. F., 1997. Method of stimulating ovulation rate in Merino ewes may affect conception but not embryo survival. Animal
Reproduction Science, 47: 31-42.
Zarco, L., E. F. Rodríguez, M. R. B. Angulo and J. Valencia,
1995. Female to female stimulation of ovarian activity in the
ewe. Animal Reproduction Science, 39: 251-258.

Received January, 14, 2013; accepted for printing September, 2, 2013.

