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Abstract

Reproduction management in sheep microfarms is a key element in increasing fertility, birth rate and economic and
financial impact at the farm level. Fertility in microfarms is influenced by the ability to induce estrus and ovulation in
non-breeding season, as sheep are acyclic animals. Factors that influence estrus induction and ovulation can be
represented by: breed, season, photoperiod, duration of the lactation period, nutritional and health status of the sheep,
duration of the postpartum period, the ratio between the number of rams and ewes, the time of introduction of the
ram into the flock, administration of hormonal preparations, type of hormonal preparation and administration
schedule. The administration of hormonal preparations in sheep plays a major role in the synchronization of estrus
and the control of reproduction in non-breeding season: among the hormones most frequently used for this purpose
we mention: progestogens, PGF2a and its analogues, pregnant mare serum gonadotropin (PMSG or eCG),
gonadotropin-releasing hormone (GnRH), melatonin which is administered alone or in combination with other
hormones. Among these, progestogens are the most frequently used during but also in non-breeding season, PGF2a
and its analogues are used during the breeding season, and melatonin is usually used in non-breeding season. The
current concerns of many groups of researchers are related to studies on the mode of action of hormonal preparations
for inducing and synchronizing estrus, respectively stimulating ovulation in sheep in the non-breeding period to
ensure increased birth rates in microfarms.
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1. Introduction- General aspects of sheep  biological reproductive patterns of sheep, the

reproduction application of biotechnological methods should be

carried out only on healthy animals with optimal
Sheep reproduction management involves the use physical condition [l1]. To optimize the
of biotechnological methods aimed at increasing management of the reproductive function in sheep,
the reproductive potential of the animals. For this, a series of zootechnical and organizational
it is important to have a deep knowledge of the measures are currently implemented, but

biotechnological processes are also applied:
induction and synchronization of estrus,
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superovulation, artificial insemination or embryo
transfer [2].

During the non-breeding season (spring and
summer), as well as in animals that do not show
signs of estrus (for 20 days or more from the
beginning of the breeding season or remain non-
pregnant after the first mating/sowing), it is
necessary to stimulate sexual behavior and
promote gestation as soon as possible. Since after
calving in some breeds of sheep a refractory
period sets in, it is known that the stage of sexual
arousal manifests itself only with the onset of
autumn, when daylight hours shorten [3]. As a
result, inducing estrus in sheep outside the
breeding season is a necessity in order to increase
fertility and birth rates.

Synchronization of ovine estrus is a very
important reproductive technique because it can
effectively create the reproductive performance of
ewes, shorten the estrus interval and increase the
gestation rate and birth rate, and shorten the time
between generations [4]. In sheep farms where
increasing lamb production is the main objective,
estrus synchronization becomes an important
factor because it can minimize the effects of
seasonal factors on ewes' reproduction, extend the
breeding season of ewes, adjust the time of lamb
delivery, shorten the lambing cycle, achieve two
to three thousand-year deliveries in which to
increase the number of lambs in an economic
period and implicitly obtain economic benefits [5].
Therefore, inducing estrus during the breeding
season and increasing the fecundity rate in sheep
offers the best opportunity to increase the
efficiency of lamb production.

In sheep during the breeding season,
prostaglandins can be used to induce estrus, since
a functional corpus luteum must be present in the
ovaries. In contrast, in the non-breeding season,
females should be treated with progesterone-based
hormonal treatments, accompanied by equine
chorionic ~ gonadotropin  (eCG),  releasing
hormones and other compounds. Induction and
synchronization of estrus in the non-breeding
season in sheep has been achieved by using
intravaginal sponges impregnated with synthetic
progesterone analogues. However, the effect of
hormonal treatments on the female reproductive
system manifests different modes of action
depending on the functional state of the
reproductive organs, but also on the hormonal
status. There may be situations in which the drugs
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are administered incorrectly and then the
consequences may occur.

Also, there is insufficient knowledge about the
patterns of change in reactivity of the sexual nerve
centers and the corresponding reactions of the
body to the administration of hormones, which
may reduce their effectiveness, which limits their
widespread use. In general, the induction and
synchronization of estrus in sheep currently
represents an important direction of scientific
research and a problem of interest for sheep

breeding [6, 7, 8].

2. Hormonal treatments for induction and
synchronization of estrus in sheep

2.1. Hormonal treatments with progesterone
Hormonal treatments with progesterone are
frequently used in the induction and
synchronization of estrus in sheep farms, the
administration period can be short or long. Since
in recent years the interest in artificial
insemination in small ruminants has increased
greatly, there is an increased interest in the control
of ovulation and then in estrous behavior at the
level of sheep microfarms.

The most frequently used method of hormonal,
short-term treatment with progesterone in sheep
involves the intravaginal administration of this
hormone using silicone devices or polyurethane
devices (intravaginal sponges) that are maintained
for periods of time between 12 and 14 days,
followed by the administration of a single dose of
eCG at the end of the treatment. The principle of
the method takes into account the inhibitory role
of progestogens on the hypothalamic-pituitary
axis, thus acting as an exogenous corpus luteum.
In sheep, the insertion of intravaginal devices
containing 0.3 g of progesterone results in a rapid
increase in blood concentrations of this hormone
(>5 ng/mL) over approximately 4-5 days of
treatment [9]. If these are maintained
intravaginally, it is found that after 6 or 7 days,
blood concentrations of progesterone decrease to
subluteal levels (<2 ng/mL). These decreases are
intense enough to block the ovulation process, but
cause a persistent growth in the dominant follicle.
If intravaginal progesterone devices are
maintained for 12-14 days, the decrease in
progesterone concentration may affect fertility. In
this regard, a method of intravaginal use of
hormonal preparations with progesterone for 5-7
days has been proposed, associated with the
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administration of a dose of 200 to 400 IU of eCG
to induce ovulation, so that at the end, when the
intravaginal device is removed, a luteolytic dose
of PGF2a is administered. Numerous studies
conducted over time have presented this method
of inducing and synchronizing estrus in sheep both
during the breeding season and in the non-
breeding season. The wuse of intravaginal
progesterone devices or different analogues of it,
followed by doses of eCG and doses of
PGF2alpha, is recommended, subsequently
monitoring the establishment of estrus, followed
by natural mating and/or insemination [10].
Hormonal treatments with progesterone or its
analogues began in the late 1990s and have shown
that prolonged exposure to progestogens, for 12
days, is not necessary to induce estrus in ewes
during the non-breeding season, so a long period
of exposure to progesterone is not justified.

In this regard, it has been demonstrated that 3-day
administration of medroxyprogesterone acetate
(MPA) was as effective as 6 or 12 days
administration to induce estrus in anestrous ewes
(Ungerfeld and Rubianes, 1999). Following MPA
administration, natural mating rate and pregnancy
establishment rate were monitored, and the values
recorded for these parameters were similar for 3,
6, and 12 day administrations.

Studies on the timing of administration of
hormonal preparations in sheep, on different
administration  schedules, continued, thus
comparing a short-term administration protocol,
for 6 days, with a long-term administration of
progesterone in silicone intravaginal devices for

14 days.
In one of these studies conducted on 1750
multiparous  sheep that were inseminated

intrauterinely by laparoscopy, it was found that
the pregnancy rate was significantly higher in the
case of administering the short-term treatment
regimen than in the long-term administration, the
recorded pregnancy rates being 43.5% and 37.8%,
respectively [11].

In another study conducted on 922 sheep that
followed an intravaginal hormonal treatment for 6
days and 14 days, the pregnancy rates were also
different, registering values of 41.2% and 29.1%,
respectively, the pregnancy rate also being higher
when applying the short-term protocol. Based on
the studies conducted, it can be concluded that as
progesterone levels decrease as a result of the use
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of intravaginal devices for long periods, a
decrease in fertility also occurs [10].

Intravaginal devices with progesterone analogues
are always used in hormonal treatment regimens,
there is a multitude of such devices on the market,
their effects on ovulation induction and pregnancy
establishment being different and associated with
the exposure time. The silicone device DICO
(Dispositivo Intravaginal Caprino y Ovino,
Syntex) determined results very similar to those
obtained when applying the CIDR-G device
(Zoetis), for the 2 parameters analyzed. Both
intravaginal devices contain 0.3 g of progesterone
in a silicone matrix, and the values of the analyzed
parameters did not show differences between
serum progesterone levels, follicular dynamics,
ovulation time and pregnancy rate [12, 13].
However, when comparing the values of the
parameters of interest when using intravaginal
devices containing progesterone with those of
intravaginal sponges containing MPA in short-
term treatment regimens, the pregnancy rate was
lower when using vaginal sponges [13]. The type
of hormonal preparation progesterone / MPA, the
type of silicone device / sponge are factors that
can affect fertility.

In another study, it was found that the application
of an intravaginal sponge with a placebo effect
(i.e. without hormonal preparation - MPA) for 13
days before the installation of spontaneous estrus,
reduced the conception rate compared to the other
sheep that did not benefit from an intravaginal
sponge. It can be highlighted that the local effect
of the intravaginal sponges, in the above case,
negatively affected fertility, when applied over a
long treatment [14]. It is also worth mentioning
the risk of vaginitis due to the increase in the
number of bacteria at the time of removal of the
device, compared to CIDR-G [15], highlighting a
negative effect on the vaginal environment and
fertility.

Another study used a different implant and a
different progesterone analogue, for example -
subcutaneous ear implants containing norgestomet
(Crestar, Intervet/MSD) and found that the onset
of estrus was delayed and conception rates were
lower with the 5-day treatment variant (48%)
compared to the 14-day treatment variant (83%)
[16]. The device used - the Crestar implant
originally designed for cows contains 3 mg
norgestomet and was cut in half before use in
cyclic ewes, resulting in high serum progestogen
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levels and excessive blockade of LH synthesis and
follicular growth. Thus, a longer period of time
was required to return to adequate progesterone
levels. Therefore, the results obtained indicate that
fertility is influenced by a number of factors: the
type of device, the route of administration, the
pharmacokinetics and metabolism of the hormone
preparation, the amount of hormone contained and
the release rate from the device, the period of
exposure to progestogen.

2.2. Possibility reuse of intravaginal devices

The progesterone content of some hormonal
devices indicates the possibility of their reuse.
Thus, there are intravaginal devices that contain
0.3 g of progesterone (CIDR-G® and DICO®),
but they were designed to be used for 14 days. In
this regard, experiments were carried out in which
they were reused 2 or 3 times. The results
obtained indicate that the establishment of estrus
and the induction of ovulation were not affected,
but the pregnancy rate recorded significant
decreases after the second and third application
[17, 13]. It is worth noting that the reuse of
devices did not affect follicular turnover, but it did
not have the ability to determine a new follicular
wave in 20% of the females, in which ovulation
occurred from a dominant follicle. This may
explain the lower pregnancy rate in ewes treated
with reused devices [17].

The results of studies in which progesterone
vaginal devices were used for 12-14 days did not
determine high fertility. The question of
shortening the application period of progesterone
devices to 5-7 days and their association with
other hormonal preparations PGF2alpha and eCG
upon removal of the device is raised. The
conclusions of the studies suggest that these
hormonal treatments applied for short periods
determine a series of beneficial effects on the
reproductive function in sheep: better control of
follicular stimulation and ovulation, higher
pregnancy rates, sometimes reuse of intravaginal
devices [11].

2.3. Different methods of applying hormonal
treatments for induction and synchronization
estrus

Identifying the optimal moment of ovulation is an
important element in the establishment of
gestation both in the reproductive period and in
the non-breeding season, both in the case of
natural breeding and in the case of artificial
insemination. The timing of ovulation after short-
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term treatment regimens with intravaginal devices
for 5-7 days with progestogens, followed by
PGF2alpha and 250-300 IU eCG at device
removal is assumed to occur approximately 60
hours after intravaginal device removal in sheep
[17]. Therefore, it is recommended that mating
should occur a few hours earlier.

Hormonal treatments in ewes that are prepared for
artificial insemination but also for natural mating
involve the use of devices that release
progesterone, followed by the administration of
equine chorionic gonadotropin (¢CG) on the day
of device removal. Studies conducted to date on
ovarian physiology support the idea of shortening
exposure to progesterone released by intravaginal
devices from 14 days to 5-7 days. These
administration schedules are considered to provide
adequate progesterone concentrations to induce
follicular stimulation and ovulation. These
treatment schedules also involve the intramuscular
administration of a single dose of PGF2alpha at
the time of device removal and with the
administration of eCG. It is assumed that
ovulation would occur approximately 60 hours
later, and mating can be achieved within 48-54
hours. Over time, several ovulation induction
protocols have been proposed, the one presented
above is supposed to determine a higher
pregnancy rate, compared to classic protocols
lasting 14 days, and the progesterone remaining in
the intravaginal devices can be in sufficient
quantity to be reused. Stimulation of follicular
function, stimulation of ovulation, administration
of hormonal preparations, choosing the optimal
time for mating are the key elements that must be
taken into account to increase birth rates on sheep
farms [10].

The aim of another study was to induce estrus in
the non-breeding season, and to compare the
efficiency of using intravaginal sponges with FGA
in combination with PMSG or cloprostenol in
inducing and synchronizing estrus in Awasi ewes
(Iraqi sheep). In this regard, all ewes were treated
with vaginal sponge containing 20 mg
fluorogestone acetate (FGA) for 14 days. Sheep in
group 1, considered the control group, received:
FGA + normal saline, sheep in group 2 received:
FGA + PGF2aq, sheep in group 3 received: FGA +
PMSG, and sheep in group 4 received FGA +
PMSG + PGF2a. The results obtained and the
statistical analysis of the data highlight
statistically ~ significant differences (p<0.05)
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between sheep in the control group and those in
the treated groups. Also, the onset of gestation,
lambing rate and lamb size did not show
statistically significant differences between the
ewes in the experimental and control groups
(p<0.05). Concluding based on the results
obtained regardless of the treatment regimen
applied FGA  +PGF20; FGA  +PMSG;
FGA+PMSG+PGF20, the induction  and
synchronization of estrus recorded better values in
the ewes in the experimental groups compared to
the ewes in the control group, even if no
significant differences were evident for the other
parameters analyzed [18].

The synchronization of estrus in sheep can be
influenced and stimulated by the application of
hormonal treatments that act on the corpus luteum,
follicular activity and ovulation. Synchronization
of estrus in sheep in the non-breeding season is
very important for improving the management of
sheep reproduction, since sheep are seasonal
polyestrous animals dependent on the seasons in
terms of ensuring reproduction. Also, the
reproductive season of sheep varies depending on
the region, many studies have shown that most
sheep breeds are in the non-breeding season
during spring and early summer [19, 20, 21].
Numerous studies have highlighted the importance
of hormonal treatments to induce and synchronize
estrus in the non-breeding season in order to
reduce the period of sexual inactivity, through the
use of intravaginal sponges impregnated with
progesterone. Intravaginal sponges containing
progesterone are one of the most frequently
applied treatments for estrus synchronization in
sheep both during the breeding season and in the
non-breeding season. Intravaginal sponges are
used for periods of 12-14 days, either alone or in
association with PMSG, generally in the non-
breeding season, with PMSG administration being
done either on the day of sponge removal or 48
hours before sponge removal. The results of the
studies indicate that PMSG can increase
pregnancy and twinning rates in lambs. However,
it must be taken into account that the effect of
PMSG is influenced by a series of factors, the
most important of which is the season [22, 23].
Intravaginal sponges impregnated with
progesterone or its synthetic analogues: medroxy
progesterone acetate (MAP) and fluorogestone
acetate (FGA) are usually maintained in the
vagina for periods of time ranging from 6 to 14
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days, administering PMSG (in non-breeding
season) and sometimes prostaglandins injected
intramuscularly upon removal of the sponge or 48
hours before removal of the sponge. Prostaglandin
and its synthetic analogues represent the luteolytic
factor in sheep, and prostaglandin F2a or its
analogues cause luteolysis in sheep that have a
functional corpus luteum at the time of treatment.
Synchronization and induction of estrus outside
the breeding season determine positive effects on
the management of reproductive function with the
aim of increasing economic productivity [24, 25,
26].

Another study compared the effect of five

hormonal treatment regimens for estrous
synchronization in Hu sheep. An attempt was
made to establish the most efficient and

economical protocol for administering hormonal
preparations in large-scale sheep farms. The 5
experimental protocols use intravaginal sponges
impregnated with fluorogestone acetate (FGA, 45
mg) in  association with intramuscular
administration of PGF2a and pregnant mare serum
gonadotropin ~ (PMSG). The  reproductive
parameters analyzed were: estrus detection,
sponge loss rate and the possibility of vaginitis,
pregnancy rate, lambing rate, respectively,
calculations were performed to highlight the costs
for each of the 5 experimental protocols applied.
The results obtained showed that the percentage of
ewes in which estrus was induced was higher in
hourly intervals 24-36 hours, respectively 36-48
hours after vaginal sponge removal. Also, the
analysis of the results showed no statistically
significant difference in the percentage of ewes
that were induced and established estrus
(regardless of the hormonal treatment application
scheme), the rate of sponge loss, the rate of
vaginitis installation, the total percentage of ewes
in estrus, the pregnancy rate, the single calving
rate, the twinning rate and the multiple calving
rate. Regarding costs, differences were highlighted
in terms of the type of hormonal treatment
applied, the <cost of drugs for estrus
synchronization in ewes in experimental group II
proved to be the most effective in the macrofarm
where hormonal treatments were applied [27].

Hormonal control of estrus and ovulation in sheep
with the use of progesterone and its analogues is
widely applied in sheep breeding programs, taking
into account the breed characteristics and climatic
conditions of sheep breeding. In the Jammu and
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Kashmir regions, the sheep breeding season is
between April and September, as a result of which
methods of inducing ovulation are constantly
being studied [28]. The methods of inducing
estrus in sheep during the breeding season involve
the use of progesterone or PMSG injections, the
administration of progestogens can be done
differently in the form of daily intramuscular
injections, orally, with intravaginal devices such
as CIDR, PRID or subcutaneous ear implants such
as Crestar.

In general, progestogens or their analogues,
administered together with gonadotropins, are
frequently used to induce estrus in ewes in the
non-breeding season, although pregnancy rates in
ewes synchronized with progestogens are lower in
the non-breeding season than during the breeding
season. Intravaginal sponges are very commonly
used, which are kept in place until the end of the
breeding season, usually for periods of 6—14 days
and 1 day, and at the time of sponge removal or
before, the ewes are given an injection of PMSG
[29, 30, 31].

Many of the studies conducted to ensure
reproduction in the non-breeding season have
associated norgestomet implants with PMSG -
pregnant mare serum gonadotropin. The ram
effect is also applied in sheep farms to induce
estrus outside the breeding season, ewes in
anestrus are isolated from rams before the start of
the breeding season. Along with the induction of
estrus in the non-breeding season, the ram effect
can also determine a certain synchronization of
estrus within the flock [32, 33].

Regarding the rate of estrus induction and
pregnancy rate, multiple studies have been
conducted, with results varying depending on the
estrus induction protocol, breed, and climatic
conditions. In this regard, studies have been
conducted on the efficacy of using gonadotropin-
releasing hormone (GnRH) instead of eCG in
Merino ewes undergoing intravaginal sponge
treatment with medroxyprogesterone acetate.
Administration of GnRH at a dose of 100 pg 12
hours after removal of the sponge resulted in a
reduction in the time to estrus onset and a higher
incidence of heats was observed [27].

Another study recommends the use of surfagon (a
GnRH analogue) at a dose of 15 pg (i.m.) in
combination with other biologically active
substances. The results obtained revealed an
increase in prolificacy, but also a simultaneous
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increase in calving weight. The joint use of GnRH
and biologically active substances during the
breeding season increases fertilization of Merino
sheep breeds. In another study, different methods
of stimulation and induction of estrus were
considered, as well as schemes for introducing
complexes of biologically active substances for
different sheep breeds. The general scheme of
stimulation of estrus induction involved the
administration of vaginal sponges  with
progesterone for 14 days, in combination with
vitamin supplements. The authors showed that the
use of their improved scheme gives positive
results in all genotypes studied and provides a
high level of fertilization. The use of a complex of
biologically active substances and a GnRH
analogue when the dose of eCG was reduced by
30%, increases the fertility of some breeds of
sheep [34].

2.4. The “ram effect” in estrus induction and
association with hormonal treatments

Introducing rams into sheep flocks in the non-
breeding season can be a cheap and easy
alternative, which partially replaces hormonal
treatments for estrus induction and increases the
chance of pregnancy after natural mating, even if
heat is not visible. The effects of introducing rams
into sheep flocks cause an increase in the
concentration of luteinizing hormone (LH), which
ends with the so-called “silent” ovulation, without
signs of heat. The corpus luteum may regress after
the first ovulation, but another ovulation
accompanied by heat may occur 17-19 days after
the introduction of rams into the sheep flock.
However, there are also situations in which the
corpus luteum regresses after 4-5 days, but
another “silent” ovulation occurs. If the ewes have
been subjected to hormonal treatments (at least 6
days with progestogens) prior to the introduction
of the ram into the flock, heat may occur
associated with the first ovulation [35, 36, 37, 38].
The introduction of rams into sheep flocks can be
carried out in a variety of other situations, for
example in the case of females in certain
physiological conditions, to ensure postpartum re-
breeding, in order to associate with hormonal
treatments, in flocks of ewes to enter estrus and
produce ovulation. Regardless of the situation, the
effect of introducing a ram into the flock is to
cause an increase in LH secretion that ends with
ovulation [39, 40,41].
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Although the rates of induction of estrus,
ovulation and conception are lower in ewes than
in adult sheep, inducing cyclic activity in ewes
would be an easy technique to apply. Ewes reach
normal body weight thresholds for reproduction
during the spring, as a result, those ewes that
respond to the ram effect would gain 6 months in
their reproductive life. However, there are ewes
that do not respond to this technique and are then
bred and bred in the next breeding season. Rams
should induce ovulation in ewes that have not
reached puberty, which should be done in the non-
breeding season, but the response to this technique
is limited, also due to the lack of sexual
experience of the ewes [42, 33, 41].

In one study, it was highlighted that although the
ability of sheep to respond to the ram effect is
minimal in the middle of the breeding season, the
overall response of sheep to this technique was
quite high. The response was different depending
on the age of the sheep, in adult sheep the effects
being more evident compared to lambs, but it can
also be attributed to the action of rams on adult
sheep, respectively to the observance of an
optimal ratio between the number of rams and the
number of sheep in the flock when applying this
technique [43, 41].

Also, ewes were highlighted that ovulated without
heat being detected, even if they were previously
treated with progestogens for 6 days. These silent
ovulations are more evident in ewes compared to
mature ewes during the normal onset of the
breeding season, but there is also a lower
sensitivity of  the  hypothalamic-pituitary
connection in ewes compared to mature ewes.
Lower sensitivity may explain the delayed onset
of estrus in ewes, but it is recommended to
analyze if after a period of 17-20 days ovulation
does not occur, increasing the chances of
pregnancy establishment after mating [43].

The introduction of rams into sheep flocks in the
non-breeding season to induce ovulation and to
compare the reproductive response of mature ewes
to that of 1-year-old ewes to the ram effect was
carried out in another study, on Merilin sheep in
the middle of the breeding season. Mature ewes
and 1 year old ewes were pretreated with
intravaginal sponges for 6 days before the
introduction of rams into the flock. Mature ewes
showed higher values compared to 1-year-old
ewes for the parameters estrus induction (87.5%
and 66.7%, respectively), estrus (66.1 and 30.3%),
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ovulation (1.27 £+ 0.05 and 1.10 + 0.04,
respectively), and pregnancy rate (39.3 and
16.7%, respectively). Although yearling ewes
respond to the ram effect in terms of estrus and
ovulation in the non-breeding season, the
reproductive response is still lower compared to
that of mature ewes [44].

The aim of a study conducted in the above-
mentioned areas was to evaluate the effect of
intravaginal progesterone sponges, in combination
with the ram effect or equine chorionic
gonadotropin (eCG) on the reproductive efficiency
of ewes in the non-breeding season. The ewes
were grouped into 5 experimental groups and
hormonal preparations were applied to them
according to different treatment schemes: group I -
Norgestomet 1/3 3 mg + PMSG 200 IU; group II -
Norgestomet 1/3 3 mg + “ram effect”; group III -
PSG P4 + PMSG 200 IU; group IV - P4 sponge +
“ram effect”, and group V, the control group of
ewes that did not benefit from hormonal
treatment. The reproductive parameters analyzed
in the ewes from the 5 experimental groups were
represented by: response to estrus induction, onset
of estrus, duration of estrus, intensity of estrus,
conception rate and calving rate. The ewes
subjected to hormonal treatments showed estrus
with  weak, mnormal, intense intensities,
respectively the pregnancy rate was reported in
50% of the ewes in the experimental groups
except the ewes in group IV in which the
pregnancy rate was lower. As expected, since the
ewes were in the non-breeding season, the ewes in
the control group did not show estrus and could
not be subjected to mating. The calving rate in the
ewes in the experimental groups was similar with
percentages of 100% [45].

Regarding the intensity of estrus, it was described
as intense, good and weak, all ewes in the
experimental groups responded to the treatment
and showed estrus, while the ewes in the control
group did not show estrus during the study period.
The results of the study are consistent with the
results obtained by other groups of researchers by
inducing estrus in the non-breeding season, by
treating ewes with exogenous progestogen for a
certain period of time or by combining
progestogen and gonadotropins [46, 47, 48, 49].
Low rates of estrus induction in non-breeding
season in sheep have been reported in other
studies conducted on different breeds of sheep and
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under different climatic conditions [50, 51, 52, 53,
54].

Results on the induction of estrus in non-breeding
season sheep by introducing rams into the flock,
the ram effect is reported to be as high as 90-
100% [55, 45], in addition this aspect also
contributed to the synchronization of the estrous
cycle within the sheep in the flock [33]. The
increased rates of induction of estrus in non-
breeding season sheep by the ram effect can be
associated with the following parameters: good
physiological condition of the sheep, good ram to
ewe ratio, efficient management of sheep feeding
and maintaining health.

Other studies conducted on sheep in non-breeding
season on the ram effect have highlighted lower
rates of induction of estrus [36, 56, 57]. Variations
in estrus induction in ewes in the non-breeding
season through the ram effect can be attributed to
other factors: the age of the ewe, the breed, the
interval from calving to estrus induction, the breed
and number of rams introduced into the flock, the
intensity of anestrus, the geographical location of
the farms.

The onset of estrus in non-breeding season ewes
treated with hormonal preparations may occur
earlier, especially in ewes treated with PMSG or
eCG compared to those not treated with such
preparations [51, 58, 59]. In contrast, other studies
report longer intervals until the onset of estrus
[60]. These results may be due to a low level of
circulating testosterone in the ram used in the
study, which could have delayed the rise in blood
LH levels, and therefore delayed the onset of
estrus and ovulation. Factors that affect circulating
testosterone levels in the ram will in turn affect the
quality and efficacy of the ram stimulus. Also,
other factors such as the quality, type and duration
of the ram stimulus are considered essential for
the magnitude of the ovulatory response to the
ram effect, which can lead to late onset of estrus
and subsequent ovulation.

The duration of estrus differs depending on the
moment of introduction of the ram into the sheep
flock, if the ram is introduced into the flock close
to the beginning of the breeding season, an
increased response of the sheep and a prolonged
duration of estrus are observed [45]. However,
there are studies that expose the opposite
regarding the short duration of estrus when
applying the ram effect [61, 54]. The intensity of
estrus in ewes to which the ram effect or other
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types of hormonal treatment schemes were applied
varies from very good, normal, to weak, the
variations being closely related to the type of
hormone administered and its concentration [62,
63].

3. Conclusions

Induction and synchronization of estrus involves
the application of different study methods that
differ depending on numerous parameters: the
breed of sheep, the welfare state of the animal, the
type of exploitation, ensuring efficient feeding, the
health of the female reproductive system, climatic
conditions, respecting an optimal number of rams
compared to the number of sheep in the case of
natural mating. The use of hormonal preparations
in the induction and synchronization of estrus in
sheep represents the first step and the key element
for stimulating reproductive function, the use of
progesterone or its analogues, in association with
other hormones can lead to remarkable effects of
improving fertility, noted by increasing the
number of calvings in the non-breeding season.
Identifying efficient methods of induction and
synchronization of estrus, followed by a quality
mating can lead to increased fertility, fecundity,
prolificacy and productivity from an economic
point of view at the level of sheep farms.
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