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ABSTRACT

Objective: Evaluate the reproductive response of hair ewes treated with estrus synchronization protocols that
included a progesterone-releasing intravaginal device (CIDR) for a period of 7 or 12 days.

Methodology: During the end of winter, ewes were randomly allotted to one of two estrus synchronization
protocols: 1) Short-term protocol (SD), ewes (n=24) received a CIDR on Day 1 and removed on Day 7, and
received 400 IU of equine chorionic gonadotropin (¢CG) and 0.125 mg of cloprostenol; 2) Long-term protocol
(LD), ewes (n=24) received a CIDR on Day 1, retired on Day 12 and received 400 IU ¢CG. Ewes showing
estrous behavior were bred with a mature ram.

Results: There were no differences (P>0.05) in the estrus response in both groups of ewes (100 zs. 95.8% for
SD and LD, respectively), the pregnancy rate (87.5 vs. 87.5%), prolificacy (1.95%0.1 vs. 2.2+0.1 lambs/ewe),
hours between CIDR removing and the beginning of estrus (34.4%8.1 vs. 34.8%+9.2 h), and estrus duration
(39.7%£2.9 vs. 39.9%4.7 h). At CIDR removal, ewes in the LD group showed a greater diameter (P<0.05) for
the largest follicle in both ovaries (5.42+0.3 and 5.42+0.4 mm for the follicle in the left and right ovaries,
respectively) vs. SD ewes (4.25+0.1 and 4.29%0.1 mm).

Limitations of study: Results observed in the follicle diameter could be due to low circulating progesterone
levels in the LP group, which must be confirmed in future studies.

Conclusions: The short protocol for estrus synchronization can be used in hair ewes under temperate
conditions, without affecting their reproductive response.
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INTRODUCTION

Estrus synchronization is a widely used technology in reproductive programs for
ruminant species (Habeeb et al., 2021; Hameed et al., 2021). In the literature, various
protocols have been published for sheep, such as those considering the use of prostaglandins
or their analogs (Alavez-Ramirez et al., 2014; De Carvalho et al., 2018), as well as those
using progesterone or progestogens, which can be used alone or combined with other
hormones like equine chorionic gonadotropin (¢CG) and/or prostaglandins, with a total
protocol duration of up to more than 12 days (Oliveira et al., 2016; Rosasco ¢t al., 2019;
Santos-Jimenez et al., 2022).

In this context, there is insufficient information on follicular dynamics that supports the
use of treatments with different durations, especially in short protocols. This is because after
five or six days of inserting intravaginal progesterone-releasing devices (Arroyo-Ledezma
et al., 2013; Cox et al., 2012) or progesterone-impregnated sponges (Alavez-Ramirez et al.,
2014), the blood concentration of this hormone decreases. It has been suggested not to
maintain the devices for more than seven days, which necessarily requires the application
of prostaglandins upon removing the source of exogenous progesterone (Arroyo-Ledezma
etal., 2013).

Estrus synchronization protocols based on progestogens for only seven days have been
previously described (Bruno-Galarraga et al., 2021; Santos-Jimenez et al., 2022), although
they are less known among technicians and producers. Their use not only allows for a
reduction in cost but also facilitates the development of new protocols involving minimal
exposure to exogenous hormones. Although these protocols are effective, the reproductive
response to them has not been clearly evaluated in hair sheep outside of warm, tropical,
and subtropical regions, where they have their natural habitat (Aguilar-Martinez et al.,
2017). Additionally, these sheep exhibit reproductive characteristics different from other
breeds, such as a shorter anestrous period (Arroyo, 2011).

The results of estrus synchronization protocols can be influenced by variables such as
breed, duration of exposure to progestogens, additional hormones used (prostaglandins,
equine chorionic gonadotropin), environmental factors, etc. (Alavez-Ramirez ¢t al., 2014;
De et al., 2020; Gonzélez-Reyna et al., 2014; Texeira et al., 2016). Therefore, the objective
was to evaluate the reproductive response of hair sheep to short and long duration estrus
synchronization protocols, based on controlled-release progesterone devices (CIDR),
under a temperate climate. The hypothesis was that the use of a short-duration estrus
synchronization protocol could elicit at least a similar reproductive response in sheep

compared to a long-duration protocol.

MATERIALS AND METHODS
Animals and Geographical Location

Adult hair sheep (1 to 6 years old) of Pelibuey (n=39) and Blackbelly (n=9) breeds
were used, with an average body weight of 48.9%+1.5 kg. The study was conducted at the
end of winter and the beginning of spring, with increasing daylight hours in the state of
Querétaro, Mexico (20° 42’ N, 100° 01’ O). March is routinely considered the breeding
season at the production unit. The climate in the study region is temperate, semi-arid,



AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i9.3041 195

with an average annual temperature of 17.4 °C. The sheep were fed a diet (forage and
concentrate) that met their nutritional requirements according to their physiological stage,
as described by the NRC (2007), and always had free access to water.

Treatments

The sheep were randomly assigned to one of two estrus synchronization protocols, which
differed in their duration of exposure to exogenous progesterone. In the short-duration
protocol (SD; n=24), the sheep received an intravaginal device impregnated with 0.3 g of
progesterone (CIDR®; Zoetis, NJ, USA) on day 1. On day 7, the CIDR was removed, and
the sheep received an intramuscular dose of 400 IU of eCG (Folligon®; Intervet, USA) and
0.125 mg of Cloprostenol (Inducel®; Virbac, Carros, France) to remove any functional
corpus luteum in the sheep (Arroyo-Ledezma et al., 2013). In the long-duration protocol
(LD; n=24), the sheep received the CIDR on day 1 and it was removed on day 12, in
addition to receiving an intramuscular dose of 400 IU of eCG.

At the beginning of the study, the sheep were weighed, and their body condition was
assessed according to Romero (2015), using a scale from 1 to 5, where 1 corresponds
to a sheep in a state of emaciation and 5 corresponds to an obese sheep. Additionally,
at the beginning and end of the synchronization treatment, both ovaries were scanned
using transrectal ultrasonography, with an ultrasound machine (Aloka, model SSD500),
equipped with a 5.0 MHz transrectal probe. All follicles equal to or larger than 3 mm in
both ovaries were recorded.

Estrus detection was carried out twice a day (08:00 and 17:00 h) between 24 and 96
h after CIDR removal, using a mature ram. Ewes exhibiting signs of estrus (those that
remained immobile) were naturally bred with one of three mature rams, each with a
history of good fertility during previous breeding seasons, at a ratio not exceeding 1:10.
The different durations of the treatments allowed the same rams to be used for both groups
of ewes without changing the ratio.

Subsequently, the time elapsed between CIDR removal and the onset of estrus, as well
as the duration of estrus, was recorded. Twenty-eight days after exposure to the rams,
pregnancy diagnosis was performed using transrectal ultrasonography with a 5.0 MHz

probe. Finally, at lambing, the number of lambs born per ewe (prolificacy) was recorded.

Statistical Analysis

Frequency data (estrus rate and conception rate) were analyzed using Fisher’s exact test
to determine differences between synchronization protocols. Body weight, body condition,
time to exhibit estrus behavior, duration of estrus, diameter of the largest follicle, and
number of follicles were analyzed using Student’s t-test.

Body condition data, time to estrus presentation, and estrus duration were transformed
using the natural logarithm option prior to analysis, while data on the diameter of the
largest follicle, number of follicles, and prolificacy were transformed using the square root
of (y+0.5). To facilitate understanding, all mean values and standard errors are presented as

their original untransformed values. All analyses were conducted using the SAS statistical
software package (SAS Institute Inc., Cary NC, USA).
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RESULTS

One hundred percent of the devices remained within the ewes’ vaginas during the
treatment periods considered. Additionally, no abnormal vaginal discharges were observed
after their removal.

Body Weight and Condition. At the beginning of the study, no differences (P>0.05)
were observed in body weight and body condition score between the synchronization
groups (Table 1).

Estrus and Conception. There were no differences between treatments (P>0.05)
regarding estrus rate, conception rate, and prolificacy (Table 1). For ewes that exhibited
estrus exclusively, the conception rate was 87.5% and 91.3% for the SD and LD groups
(P>0.05). The average time elapsed from CIDR removal to the onset of estrus behavior
was less than 35 h (P>0.05) for both synchronization protocols, and the duration of estrus
lasted nearly 40 h (P>0.03).

The timing of estrus occurrence was similar for both treatment groups (Figure 1). Within
24 hours after CIDR removal, only 16.7% of the ewes had shown estrus in both groups;

Table 1. Reproductive Response of Hair Sheep to Short (7 d) or Long Duration (12 d) Estrus
Synchronization Protocols.

Variable Short protocol1 Long Protocol® P value

n 24 24 -

Body weight, kg 49.4%2.2 48.5%x2.0 NS
Body condition score 2.81%0.08 2.68x0.09 NS
Estrus rate, % 100 95.8 NS
Total conception rate, % 87.5 87.5 NS
Onset of estrus ", h 34.4%1.7 34.8%1.9 NS
Estrus duration, h 39.7£2.9 39.9+4.7 NS
Prolificacy 1.95%+0.15 2.2+0.14 NS

!Insertion of CIDR on day 1, removal on day 7 + eCG and Cloprostenol; ?Insertion of CIDR
on day 1, removal on day 12 + ¢CG. t Pregnant ewes/ewes in the breeding group; " Time after
CIDR removal. NS=Not significant (P>0.05). Results are expressed as mean * standard error.

0)
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Cumulative estrus (¢
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Hours after CIDR removal

—@— Long protocol — @ - Short protocol

Figure 1. Cumulative Percentage of Estrus in Ewes with Short (CIDR for 7 days) or Long Duration (CIDR for
12 days) Estrus Synchronization Protocol.
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however, by 33 hours, this percentage had increased dramatically (86.5%). Ewes that
responded to the synchronization protocol did so fully by 57 hours after CIDR removal.
The highest percentage of ewes in estrus was observed between 33 and 57 hours for both
study groups (Figure 2). Subsequently, this percentage decreased to its lowest level by 96
hours, with 16.7% for ewes in the SD group and 20.8% for ewes in the LD group.

Ovarian Follicular Development

There were no differences (P>0.035) between the synchronization groups in the number
of ovarian follicles (Table 2) at the time of CIDR insertion and removal. Regarding the
diameter of the largest follicle, there were no differences (P>0.05) between the groups

0/
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Estrus ewes
iy

20

0 20 40 60 80 100
Hours after CIDR removal
—@— Long protocol — @ - Short protocol

Figure 2. Percentage of Estrus in Ewes with Short (CIDR for 7 days) or Long Duration (CIDR for 12 days)

Estrus Synchronization Protocol.

Table 2. Number and Size of Ovarian Follicles at CIDR Insertion and Removal in Hair
Sheep with Short (7 days) or Long Duration (12 days) Estrus Synchronization Protocol.

Variable Short Protocol’ Long Protocol®
Number of ovarian follicles, LO
CIDR insertion 2.21+0.21 2.62+0.12
CIDR removal 2.50%0.17 2.37*0.13
Diameter (mm) of largest follicle, LO
CIDR insertion 5.25+0.36 4.46x0.17
CIDR removal 4.25+0.19° 5.42+0.32
Number of ovarian follicles, RO
CIDER insertion 2.83%0.27 2.67%0.19
CIDR removal 2.67%0.11 2.50%0.15
Diameter (mm) of largest follicle, RO
CIDR insertion 5.25+0.37 4.50%0.25
CIDR removal 4.29+0.15° 5.42%0.42"
Total follicles
CIDR insertion 5.04%0.36 5.29%0.27
CIDR removal 5.17%+0.18 4.87%0.21

! Insertion of CIDR on day 1, removal on day 7 = eCG and Cloprostenol; ? Insertion of
CIDR on day I, removal on day 12 * eCG. LO=Left ovary; RO=Right ovary. 4P Means
with different superscripts in the same row are different (P<0.05). Results are expressed as
mean * standard error.
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of ewes before CIDR insertion; however, at the end of the treatment, the ewes in the LLD

group had a larger average diameter than those in the SD group (P<0.05).

DISCUSSION

The use of the short-duration estrus synchronization protocol resulted in a reproductive
response in ewes similar to that obtained in the group with the long-duration protocol.
For many years, protocols have been used in sheep as a tool to help improve reproductive
processes. A previous study (Espinosa-Martinez ¢t al., 2020) described the use of short-
duration synchronization protocols in hair sheep using progesterone and eCG with good
results in estrus presentation (92%). The results of estrus presentation in our study are
similar to or better than those reported in the literature (ranging from 70% to 100%),
describing protocols with the use of CIDR for varying periods in breeds such as Dorper
and Santa Inés (Bruno-Galarraga et al., 2021; Santos-Jiménez et al., 2022; Vinicius et al.,
2019).

The onset of estrus in hair sheep in this study showed results similar to (36-41 h; Santos-
Jiménez et al., 2022) or different from those observed in other studies, with no consensus
as the range varies from 22 to 46 h. This variation could be attributed to the breeds used
in the studies and the type of progestogen employed (Alavez-Ramirez et al., 2014; Arroyo-
Ledezma et al., 2013; Bruno-Galarraga et al., 2021). The difference in the time periods
established for estrus detection likely explains, at least partially, the results obtained; studies
with the same frequency of estrus detection as conducted in this work describe similar
results (35-42 h; Vilarino et al., 2013). Additionally, another possible explanation could be
related to variations in the products used in synchronization protocols; for example, it has
been reported that the use of eCG after CIDR removal reduces the onset of estrus (Cox et
al., 2012).

On the other hand, the duration of estrus was shorter compared to studies of ewes
treated with progesterone (55 h, Alavez-Ramirez ez al., 2014; 54 h, Arroyo-Ledezma et al.,
2013), although it was longer compared to Dorper ewes (24-29.5 h, Santos-Jiménez et al.,
2022). Again, this may be associated with differences in the frequency of estrus detection
and even effects related to the breed studied.

The estrus response using a 12-day CIDR was higher than described for hair sheep
under tropical conditions using intravaginal sponges (93%, Alavez-Ramirez et al., 2014)
and higher than for Dorper sheep with a 7-day CIDR (over 54%, Santos-Jiménez et al.,
2022). Additionally, the period of highest estrus response (33-57 h after CIDR removal)
was similar to that observed by other authors (Santos-Jiménez et al., 2022). Considering
these data, the estrus response obtained with short-duration protocols can be considered
appropriate for Pelibuey and Blackbelly genotypes under temperate climate conditions, as
observed in their tropical regions of origin.

Perhaps more important than the estrus response is the conception rate achieved with
synchronization protocols. This variable also showed good results for both protocols,
with rates similar to or greater than those described in previous studies using progestogen
protocols (69% in unspecified breed, Bruno-Galarraga et al., 2021; 70% in Ghezel ewes,
Hasani et al., 2018; 24-33% in Santa Inés breed, Vinicius et al., 2019). Differences that may
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exist with other studies could be associated with genotype (Cox et al., 2012), the number of
parturitions in the ewe (Santos-Jiménez ¢t al., 2022), type of service (Vinicius et al., 2019),
and climate or time of year (Alavez-Ramirez et al., 2014; De et al., 2020).

Small ruminants are mostly seasonal breeders, showing an anovulatory period during
long days (Arroyo, 2011). In this study, the good results obtained in the various reproductive
indicators could also be attributed to the fact that the ewes were still in the breeding season
when the treatments began. An evaluation of their reproductive status prior to the start of
the study was not conducted, but the timing is similar to the period routinely used in the
production unit for breeding. However, other studies have shown that hair sheep, such as
the Pelibuey, can have a short anestrus period (Arroyo, 2011; Valencia et al., 2001), which
could also result in lower pregnancy rates in synchronized ewes, as naturally occurs in
seasonal sheep (Habeeb et al., 2021; Morris et al., 2004). For this reason, future studies
should consider evaluating the reproductive status prior to the use of estrus synchronization
protocols. Prolificacy was not affected by any of the treatments, with results similar to
those observed in some hair breeds (2.1 lambs in Pelibuey breed, Avendano-Reyes et al.,
2007; 1.9 lambs in Pelibuey breed, Macias-Cruz et al., 2012).

In general, studies do not show information on prolificacy due to the use of progestogens
(CIDR) for short or long periods in hair sheep. However, in agreement with this study,
dairy ewes treated with CIDR for 6 or 12 days also showed no differences between groups
in the number of lambs born (Fleish et al., 2013), which further supports the use of a short
synchronization protocol in ewes.

The development of follicles in the ovary is an important aspect to consider in
synchronization protocols, as differences in this development could help explain some of
the responses to these protocols. In this study, when the devices were removed, the number
of follicles was like what has been previously shown in ewes when removing vaginal sponges.
The results also show a greater number of follicles compared to studies in ewes (breed not
specified by the authors), 24 h after the CIDR was removed (approximately two follicles,
Bruno-Galarraga et al., 2021), although without indicating the total at the time of removal.
The higher number of follicles observed in the ewes in our study may reflect the prolific
condition known for hair breeds like the Pelibuey, predominant (79% in the PC and 83% in
the PL) in this study (Aguilar-Martinez et al., 2017).

The diameter of the largest follicle on the day the CIDR was removed was smaller than
the follicular diameter described by other authors (greater than 7 mm) in Santa Inés ewes
(Oliveira et al., 2016), which could be related to the breed of the ewe or the timing of the
ultrasound to determine follicle size. In this study, progesterone concentration in the ewes
was not determined; however, it is possible that the larger diameter observed in the ewes
treated with long-duration protocols is due to low progesterone concentrations that can
occur from 6 or 7 days after CIDR insertion (Arroyo-Ledezma et al., 2013). These low
concentrations would allow a higher frequency of luteinizing hormone secretion, which
would promote follicular development (Arroyo, 2011). Some studies also describe something
similar, ewes treated with intravaginal sponges impregnated with medroxyprogesterone for
6 days had a smaller follicular diameter than those treated for 9 or 12 days (Texeira ez al.,

2016). In fact, it has been speculated that the decrease in progesterone concentration can
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affect follicular turnover and stimulate the presence of persistent follicles (Vilarifio ez al.,
2013). Under the conditions of this study, the larger follicular diameter in ewes with the
long-duration protocol did not represent an advantage in the most important reproductive
indicators, such as estrus rate and conception rate. Other studies in ewes have described the
strong involvement of plasma progesterone concentrations on some indicators of follicular
development, such as the shortening of the growth phase of ovulatory follicles and the
maximum follicular diameter, but with no consequence on the ovulation rate (Oliveira et
al., 2016). In this way, although there are some effects of progesterone concentrations on
indicators of follicular development, it does not seem to affect the reproductive response of
ewes subjected to the estrus synchronization protocols used in this study, which should be
confirmed in future studies.

CONCLUSIONS

In conclusion, short-duration estrus synchronization protocols based on progesterone
showed good results in both estrus presentation and pregnancy rate. The different
indicators obtained support their use in hair sheep outside tropical regions, under temperate
conditions. Additionally, there could be other potential benefits with the use of short-
duration protocols, such as reducing production costs, progressing towards minimizing the
prolonged use of exogenous hormones for reproductive management, and the possibility of
using a CIDR for at least a second application. This is because the devices might maintain
a higher concentration of progesterone after removal and using them more than once
divides the cost.

ACKNOWLEDGMENTS
The authors thank INIFAP for funding this study through the project with number SIGI 154082642.
The Research Station “Altos de Jalisco”, now known as “Centro Altos de Jalisco” was established in
1974. We acknowledge the institution and its dedicated personnel for their unwavering support and valuable
contributions that have benefitted the people of Mexico, marking a significant milestone over decades. This

manuscript stands as our tribute, commemorating 50 years of their remarkable achievements.

REFERENCES

Aguilar-Martinez, C.U.; Berruecos-Villalobos, J.M.; Espinoza-Gutiérrez, B.; Segura-Correa, J.C.; Valencia-
Méndez, J.; Rolddn-Rolddn, A. 2017. Origen, historia y situacién actual de la oveja Pelibuey en
Meéxico. Trop Subtrop Agroecosystems. 20: 429-439.

Alavez-Ramirez, R.A.; Arroyo-Ledezma L.J.; Montes-Pérez, P.R.; Zamora-Bustillos, B.R.; Navarrete-Sierra,
S.L.F.; Magana-Sevilla, S.H. 2014. Short communication: estrus synchronization using progestogens or
cloprostenol in tropical hair sheep. Trop Anim Health and Prod. 46: 1515-1518. https://doi.org/10.1007/
$11250-014-0660-z

Arroyo, J. 2011. Estacionalidad reproductiva de la oveja en México. Trop Subtrop Agroecosystems. 14: 829-845.

Arroyo-Ledezma, J.; De La Torre-Barrera, J.; Avila-Serrano, N.Y. 2013. Respuesta reproductive de ovejas de
pelo sincronizadas con progesterona o prostaglandinas. Agrociencia. 47: 661-670.

Avendano-Reyes, L.; Alvarez-Valenzuela, F.D.; Molina-Ramirez, L.; Rangel-Santos, R.; Correa-Calderdn,
A.; Rodriguez-Garcia, J. 2007. Reproduction performance of Pelibuey ewes in response to estrus
synchronization and artificial insemination in Northwestern Mexico. J Anim Vet Adv. 6: 807-812.

Bruno-Galarraga, M.; Cano-Moreno, V.; Lago-Cruz, B.; Encinas, T.; Gonzalez-Bulnes, A.; Martinez-Rios, P.
2021. The use of hCG for inducing ovulation in sheep estrus synchronization impairs ovulatory follicle
growth and fertility. Animals. 11: 984. https://doi.org/10.3390/ani1 1040984


https://doi.org/10.1007/s11250-014-0660-z
https://doi.org/10.1007/s11250-014-0660-z
https://doi.org/10.3390/ani11040984

AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v1719.3041 201

Cox, J.F.; Allende, R.; Lara, E.; Leiva, A.; Diaz, T.; Dorado, J.; Saravia, F. 2012. Follicular dynamics, interval
to ovulation and fertility after Al in short-term progesterone and PGF2alfa oestrous synchronization
protocol in sheep. Reprod Dom Anim. 47: 946-51. https://doi.org/10.1111/j.1439-0531.2012.01996.x

De Carvalho, M.A.S.I.; Souza-Fabjan, J.M.G.; Alvarez, B.M.F.; Mota, B.G.; Nicolau, P.P.H.; de Almeida,
J.G.; Bossois, M.A.B.; Ferreira, IJ.; Zandonadi, B.F. 2018. Use of two doses of cloprostenol in different
intervals for estrus synchronization in hair sheep under tropical conditions. Trop Anim Health and Prod.
50(2): 427-432. https://doi.org/10.1007/s11250-017-1454x

De, K.; Kumar D.; Balaganur, K.; Khursheed, N.S.M. 2020. Effect of environmental factors on estrus
synchronization and artificial insemination success in farmers flock in sheep under semi-arid tropical
region. Reprod Dom Anim. 00:1-8. https://doi.org/10.1111/rda.13683

Espinosa-Martinez, M.; Montiel-Olguin, L.; Villasefior-Gonzdlez, F.; Jiménez-Severiano, H. 2020.
Sincronizacién de estros en ovejas Pelibuey utilizando CIDR vy diferentes dosis de eCG: Abanico
Veterinario. 10: 1-7. http://dx.doi.org/10.21929/abavet2020.33

Fleish, A.; Piechotta, M.; Bollwein, H.; Janett, I. 2013. Fertility after treatment with Eazi-breedTM CIDR G
for 6 or 12 days outside the breeding season in Lacaune dairy sheep. Schweiz Arch Tierheilkd. 155: 391-
398. https://doi.org/10.1024/0036-7281/a000480

Gonzalez-Reyna, A.; Lucero-Magaiia, F.A.; Briones-Encinia, I'.; Vazquez-Armijo, J.F.; Limas-Martinez, A.G.;
Martinez-Gonzdlez, J.C. 2014. Factores que alteran la conducta de estro en ovejas de pelo sincronizadas
con acetato de fluorogestona y gonadotropina de suero de yegua prenada. Abanico Veterinario. 4: 13-20.

Habeeb, M.H.M.; Kutzler, M.A. 2021. Estrus synchronization in the sheep and goat. Vet Clin North Am Food
Anim Pract. 37(1):125-137. https://doi.org/10.1007/s11250-018-1522-x

Hasani, N.; Ebrahimi, M.; Ghasemi-Pauahi, B.; Hossein, K.A. 2018. Evaluating reproductive performance
of three estrus synchronization protocols in Ghezel ewes. Theriogenology. 122:9-13. https://doi.
org/10.1016/j.theriogenology.2018.07.005

Hameed, N.; Khan M.L.; Zubair, M..; Andrabi, S.M.H. 2021. Approaches of estrous synchronization in sheep:
developments during the last two decades: a review. Trop Anim Health and Prod. 53:485. https://doi.
org/10.1007/s11250-021-02932-8

Macias-Cruz, U.; Alvarez-Valenzuela, F.D ; Olguin-Arredondo, H.A.; Molina-Ramirez, L.; Avendano-
Reyes, L. 2012. Ovejas Pelibuey sincronizadas con progestdgenos y apareadas con machos de
razas Dorper y Katahdin bajo condiciones estabuladas: produccién de la oveja y crecimiento de
los corderos durante el periodo predestete. Arch Med Vet. 44: 29-37. https://doi.org/10.4067/S0301-
732X2012000100005

Morris, S.T.; Morel, P.C.H.; Kenyon, P.R.; Kemp, P.D.; Burnham, D.L.; West, D.M.; Peterson, SW.M.; Gray,
D.I; Scott, I.; Pomroy, W.E. 2004. Year-round lamb production in the Manawatu region — results from
year one, Proceedings of the New Zealand Grassland Association. 66: 215-219.

National Research Council. 2007. Nutrient requirements of small ruminants: sheep, goats, cervids, and new
world camelids. Washington, DC: National Research Council (NRC). The National Academies Press.
https://doi.org/10.17226/11654

Oliveira, M.E.; Ayres, H.; Oliveira, L.G.; Barros, F.; Bicudo, S.D.; Bartlewski, P.M.; Fonseca, J.I.; Vicente
W.RR. 2016. Effects of season and ovarian status on the outcome of long-term progesterone-
based estrus synchronization protocols and ovulatory follicle development in Santa Inés ewes under
subtropical conditions. Theriogenology. 85: 452-460.

Romero, O. 2015. Evaluacién de la condicién corporal y edad de los ovinos. Informativo No. 79. Instituto de
Investigaciones Agropecuarias, Ministerio de Agricultura.

Rosasco, S.L.; Beard, J.K.; Hallford, D.M.; Summers, A.F. 2019. Evaluation of estrous synchronization
protocols on ewe reproductive efficiency and profitability. Anim Reprod Sci. 210:106191. https://doi.
org/10.1016/j.anireprosci.2019.106191

Santos-Jimenez, Z.; Martinez-Rios, P.; Encinas T, Morales-Cruz, J.L.; Guerrero-Gallegos, H.Z.; Gonzalez-
Avalos, R.; Gonzalez-Bulnes, A.; Guillen-Mufioz, J.M. 2022. Ovarian response and fertility after short-
term progestagen/eCG treatments are compromised in nulliparous sheep during non-breeding season.
Vet Sci. 9: 663. https://doi.org/10.3390/vetsc19120663

Texeira, T.A.; da Fonseca, J.F.; Goncalves, S.F,J.M.; de Rezende, C.L.; de Moura, F.D.A.; Zandonadi, B.F.
2016. Efficiency of different hormonal treatments for estrus synchronization in tropical Santa Inés
sheep. Tiop Anim Health Prod. 48: 545-551. https://doi.org/10.1007/s11250-015-0989-y

Valencia, J.; Porras, A.; Mejia, O.; Berruecos, J.M.; Zarco, L. 2001. Estacionalidad reproductiva de ovejas
Pelibuey (madres e hijas) seleccionadas para mostrar ciclos estrales de manera continua. XXV
Congreso Nacional de Buiatria. Asociacién de Médicos Veterinarios Especialistas en Bovinos, A.C.
Veracruz, México. 1-5.


https://doi.org/10.1111/j.1439-0531.2012.01996.x
https://doi.org/10.1007/s11250-017-1454-x
https://doi.org/10.1111/rda.13683
http://dx.doi.org/10.21929/abavet2020.33
https://doi.org/10.1024/0036-7281/a000480
https://doi.org/10.1007/s11250-018-1522-x
https://doi.org/10.1016/j.theriogenology.2018.07.005
https://doi.org/10.1016/j.theriogenology.2018.07.005
https://doi.org/10.1007/s11250-021-02932-8
https://doi.org/10.1007/s11250-021-02932-8
https://doi.org/10.4067/S0301-732X2012000100005
https://doi.org/10.4067/S0301-732X2012000100005
https://doi.org/10.17226/11654
https://doi.org/10.1016/j.anireprosci.2019.106191
https://doi.org/10.1016/j.anireprosci.2019.106191
https://doi.org/10.3390/vetsci9120663
https://doi.org/10.1007/s11250-015-0989-y

AGRO PRODUCTIVIDAD 2024. https://doi.org/10.32854/agrop.v17i19.3041 202

Vilarifio, M.; Rubianes, E.; Menchaca, A. 2013. Ovarian responses and pregnancy rate with previously used
intravaginal progesterone releasing devices for fixed-time artificial insemination in sheep. Theriogenology.
79: 206-210. https://doi.org/10.1016/j.theriogenology.2012.10.007

Vinicius, B.M.; Vinicius, C.IF,J.M.; Roman, B,J.P.; Susin, I.; Maia, F.E.; Montanher, P.D.; Vaz, P.A. 2019. The
reused progesterone device has the same effect on short or long estrus synchronization protocols in
tropical sheep. Tiop Anim Health Prod. 57(6): 1545-1549. https://doi.org/10.1007/s11250-019-01841-1


https://doi.org/10.1016/j.theriogenology.2012.10.007
https://doi.org/10.1007/s11250-019-01841-1

	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	B13
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_heading=h.gjdgxs
	_GoBack
	_GoBack
	_GoBack
	_Hlk159673217
	_Hlk171196092
	_Hlk172307150
	_Hlk172565041
	_Hlk168328901
	_GoBack

