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A B S T R A C T  A R T I C L E  I N F O  

The aim of this study was to compare the ovulatory response and reproductive performance 

after Ovsynch protocol in noncyclic dairy cows during the warm (n = 43) and cool seasons 

(n = 70). Noncyclic cows (n=113) received Ovsynch protocol; GnRH1 (d 0); PGF2α (d 7); 

GnRH2 (d 9); FTAI (d 10). Ultrasonographic examinations were performed to determine 

the preovulatory follicle size (d 0, d 10) and ovulatory response to the GnRH1 (d 7) and 

GnRH2 (d 17). Follicle size at the onset of Ovsynch was not different in cool season (20.8 

± 0.9 mm) compared to that in warm season (19.1 ± 1.1 mm, P > 0.05). The percentage of 

small-sized follicles at the onset of Ovsynch was higher (P < 0.05) in warm season (37.2%) 

than cool season (18.6%). However, follicle size at FTAI was similar (P > 0.05) between 

warm (15.3 ± 0.3 mm) and cool (15.8 ± 0.3) seasons. Ovulatory response to the GnRH1 and 

the GnRH2 of Ovsynch were not different during the warm (90.7%, 83.7%) and cool 

seasons (81.4%, 87.1%), respectively (P > 0.05). Pregnancy rate was also similar (P > 0.05) 

during the warm (34.9%) and cool seasons (35.7%). Cows that had large-sized follicles at 

the onset of Ovsynch had a tendency (P = 0.08) for lower pregnancy rate in warm season 

(12.5%) compared to cool season (52.6%). It was concluded that season did not affect the 

ovulatory response to the first GnRH and pregnancy rate in noncyclic dairy cows that were 

synchronized with Ovsynch. 
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INTRODUCTION 

Global warming causes prolongation of summer periods and heat stress is one of the major reasons for economical 

losses in the global dairy industry (Nanas et al. 2021). Heat stress in the warm season not only impairs the general 

physiology, welfare, and production but also leads to a reduction in reproductive efficiency (De Rensis et al. 2015, 

Thorton et al 2021). Holstein cows are more susceptible to heat stress due to higher milk yield compared to other 

breeds such as Jersey and Brown Swiss (El-Tarabany and El-Tarabany 2015; Thorton et al. 2021). Besides, as in higher 

milk yield, heat stress negatively contributes the low fertility (20 to 30%) by increasing the incidence of anovulatory or 

noncyclicity condition and disruptions in cyclic activity in cows (De Rensis et al. 2017; Santos et al. 2016; Schüller et 

al. 2014). Previous studies reported that incidence of noncyclicty ranged from 18 to 29% (Bisinotto et al. 2010; 

Cartmill et al. 2001; Gumen et al. 2003; Moreira et al. 2001; Pursley et al. 2001). Although the noncyclic rate was 

reported to be very low (1.2%) in the cool season in a large-scale retrospective study, this rate increased approximately 

10 fold (12.9%) and the pregnancy rate decreases approximately 2 fold (27% vs. 44%) in the warm season (López-

Gatius 2003).  

In addition to disruption of cyclic activity, the intensity of estrus sign and estrus detection failure increases due to 

higher milk yield in heat-stressed cows during warm season (De Rensis and Scaramuzzi 2003; Santos et al. 2009; 

Schüller et al. 2017). Besides, heat stress causes more frequent ovulation failure compared to the cool season in cows 

(García-Ispierto et al. 2019; Hansen 2019). Therefore, an increased incidence of anovular or noncyclicity leads to low 

fertility in cows that are exposed to heat stress (Santos et al. 2016). In ovulation synchronization methods such as 
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Ovsynch synchronize follicular development, ovulation, and regression of the corpus luteum regardless of estrus signs 

(Pursley et al. 1997). Ovsynch effectively synchronized ovulation in both cyclic and noncyclic cows and is commonly 

used protocol to prevent ovulation failure (García-Ispierto et al. 2019; Gumen et al. 2003; Hansen 2019; Keskin et al. 

2010). Thus, ovulatory response to the first GnRH (GnRH1) is a critical factor to synchronize the follicular 

development and obtain higher fertility in Ovsynch (Bello et al. 2006). The aim of this study was to compare the 

ovulatory response and pregnancy rates of noncyclic dairy cows that synchronized with Ovsynch during warm and cool 

seasons. 

MATERIALS AND METHOD 

Cows, Housing and Management  

Lactating Holstein cows were enrolled the study (n=113) on a commercial dairy farm located in the South Marmara 

region, Bursa, Turkey.  The study was conducted on 43 noncyclic cows (22 primiparous and 21 multiparous cows) 

during warm season and 70 noncyclic cows (37 primiparous and 33 multiparous cows) during cool season. Cows were 

housed in free stall barns with self-catching headlocks, and all barns had fans and sprinklers that were activated during 

the warm season (June-September) of the year. This cooling approach relied on sprinkles spraying water for 30 seconds 

with the application of 0.05 inches of water per cycle, followed by evaporation from the skin with 5 minutes of air 

from the fans. All cows were grouped according to their milk production and were milked three times daily at 

approximately 8 h intervals. Cows had free access to water and were fed complete mixed rations according to National 

Research Council recommendations (NRC 2001). Daily milk yield (DIM), reproductive health, and management 

records for each cow were monitored with a herd management system (Alpro 2000, DeLaval, Sweden).  

Study Design 

Body condition score (BCS) was determined using a 5-point (1= thin to 5 = fat) scoring system at the onset of Ovsynch 

in all cows (Ferguson et al. 1994). Average milk production for each cow was recorded from the 7 d before to the 7 d 

after AI. Seasons were defined as warm (June to August) and cool season (September to May). Daily temperature and 

humidity records were taken in order to evaluate heat stress (Whether online, 2019). Temperature Humidity Index 

(THI) was calculated by the formula according to NRC (1971). THI was also determined in the 74–80 range in warm 

season. Ultrasonographic examinations of ovaries were performed to determine the noncyclic cows at 7 d intervals (d -

7 and d 7). The cow had no luteal tissue such as corpus luteum or luteal cyst and was described as non-cyclic. 

Following the description of noncyclic cows, Ovsynch was initiated with a GnRH treatment (buserelin acetate, 10 μg 

i.m., MSD, USA) followed by PGF2α (cloprostenol, 500 μg i.m., Egevet, Turkey) 7 d later. A second GnRH was 

administered 56 h after the PGF2α, and all cows were inseminated at a fixed time (FTAI; 16 to 18 h) after the second 

GnRH. All cows were inseminated by technicians with frozen-thawed conventional semen.  

Ultrasonographic examinations were also performed to determine the preovulatory follicle at the onset of Ovsynch. 

Preovulatory follicle sizes were classified as small (8-15 mm), medium (16-24 mm), and large (>24 mm) at the onset 

of Ovsynch (Gumen et al. 2003). Following the first GnRH injection (d 0), disappearance of preovulatory follicle and 

formation of corpus luteum at the PGF2α (d 7) were defined as an ovulatory response to the GnRH1. Preovulator 

follicle size was determined at the time of FTAI. Cows were reexamined to determine ovulatory response to the 

GnRH2 7 d after FTAI (d 17). Pregnancy diagnosis was performed 31 d and 62 d after FTAI using transrectal 

ultrasonography. 

Statistical Analysis  

The SPSS 23.0 software (SPSS Inc, USA) was used for all statistical procedures. Days in milk, milk yields, body 

condition scores, and follicle size between groups (warm and cool seasons) were analyzed with independent samples t-

test. The chi-square was used to compare all proportional data and the results were interpreted by taking Pearson chi-

square or Fisher exact test. Statistical significance level was considered at P ≤ 0.05 and statistical tendencies were 

defined at 0.05 < P < 0.10. 

RESULTS  

There was no difference in average lactation number (1.77 ± 0.1 vs. 1.88 ± 0.1), milk yield (35.8 ± 1.1 kg/d vs. 36.1 ± 

1.4 kg/d), BCS (2.65 ± 0.04 vs. 2.69 ± 0.05), and number of insemination (1.16 ± 0.2 vs. 1.23 ± 0.2) in cool and warm 

season, respectively (P > 0.05). However, days in milk (DIM) were different (P < 0.05) between warm (95.8 ± 8.9 d) 

and cool seasons (133.2 ± 9.1 d). In Table 1, follicle size at the onset of Ovsynch for warm season is 19.1 ± 1.1 mm, 

while cool season is 20.8 ± 0.9 mm. According to classification for follicle size, distributions of preovulatory follicle 

size groups (small, medium, large) were 37.2%, 44.2%, 18.6% in warm season and 18.6%, 54.3%, 27.1% in cool 

season. The percentage of small follicle size was statistically higher in warm season compared to that in cool season (P 

< 0.05). The results in Tables 2 and 3 are grouped as small, medium, and large for follicle size at the onset of Ovsynch. 
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However, there was no difference in preovulatory follicle size among small (13.5 ± 0.5 mm vs. 12.9 ± 0.5 mm), 

medium (18.5 ± 0.3 mm vs. 18.9 ± 0.5 mm), and large (31.4 ± 1.6 mm vs. 31.6 ± 2.0 mm) follicular size groups at the 

onset of Ovsynch according to warm (Table 2) and cool (Table 3) seasons, respectively (P >0.05). At the time of FTAI, 

preovulatory follicle size was not different (P >0.05) in warm (15.3 ± 0.3 mm) and cool (15.8 ± 0.3 mm) seasons 

(Table 1).  

Table 1. Ovulatory response, follicle size, and pregnancy rate in noncyclic cows that received Ovsynch during warm 

and cool season 

Parameters 

Warm season 

(n=43 )  

Cool season 

(n=70) 
P  

Follicle size at the onset of Ovsynch (mm)        19.1 ± 1.1     20.8 ± 0.9 NS 

Response to the GnRH1 (%, n/n) 90.7 (39/43) 81.4 (57/70) NS 

Response to the GnRH2 (%, n/n) 83.7 (36/43) 87.1 (61/70) NS 

Follicle size at FTAI (mm)        15.3 ± 0.3      15.8 ± 0.3 NS 

Pregnancy rate on d 31(%, n/n) 34.9 (15/43)   35.7 (25/70) NS 

Pregnancy rate on d 62 (%, n/n) 25.6 (11/43)   32.9 (23/70) NS 

Pregnancy loss (%, n/n)       26.7 (4/15)  8.0 (2/25) NS 

Irrespective of seasonal effect, 84.9% of cows responded to GnRH1 of Ovsynch in this study. Besides, ovulatory 

response to the GnRH1 of Ovsynch was not different (P > 0.05) during warm (90.7%, 39/43) and cool (81.4%, 57/70) 

seasons. Besides, ovulatory response to the GnRH2 of Ovsynch was similar (P > 0.05) during warm (83.7%, 36/43) 

and cool (87.1%, 61/70) seasons, respectively (Table 1). Although there was a tendency (P = 0.05) for higher ovulatory 

response to the GnRH1 in primiparous cows during warm season (95.4%) compared to cool season (75.7%), there was 

no difference in ovulatory response to the GnRH2 (81.8% vs. 86.5%), respectively (P > 0.05). In multiparous cows, 

similar ovulatory response to the GnRH1 (85.7% vs. 87.9%) and GnRH2 (85.7% vs. 87.9%) was found during warm 

and cool seasons, respectively. Irrespective of seasonal effect and parity, ovulatory responses to the GnRH1 in small, 

medium and large follicular size groups were 93.1%, 84.2%, and 77.8%, respectively. Preovulatory follicular size 

(small, medium, large) at the onset of Ovsynch did not affect (P > 0.05) the ovulatory response to the GnRH1 during 

warm (100%, 89.5%, 75%, Table 2) and cool seasons (86.4%, 81.6%, 78.9%, Table 3), respectively. The second 

ovulatory response to the GnRH2 for small, medium, and large follicle size groups were 62.5%, 94.7%, 100% in warm 

season (Table 2), and 92.3%, 78.9%, %100 in cool season (Table 3). Although there was no difference in the second 

ovulatory response among different size follicles during cool season, the second ovulatory response was lower in cows 

that had small-size follicles than in cows that had medium and large-size follicles during warm season (P < 0.05). 

Table 2. Effect of follicle size at the onset of Ovsynch on ovulatory response and pregnancy rate in noncyclic cows 

during warm season 

  Follicle size 

Response to the Ovsynch 
Small Medium Large 

8-15 mm 16-24 mm ≥24 mm 

Response to the GnRH1 (%) 100 (16/16) 89.5 (17/19) 75 (6/8) 

Response to the GnRH2 (%)      62.5 (10/16)a 94.7 (18/19)b 100 (8/8)b 

Follicle size at FTAI (mm) 13.5 ± 1.2        15.7 ± 0.5 15.7 ± 1.4 

Pregnancy rate on d 31 (%)   31.3 (5/16)        47.4 (9/19) 12.5 (1/8) 

Pregnancy rate on d 62 (%)   31.3 (5/16)        26.3 (5/19) 12.5 (1/8) 
a, b: Values within a row with different superscripts differ (P < 0.05). 

Table 3. Effect of follicle size at the onset of Ovsynch on ovulatory response and pregnancy rate in noncyclic cows 

during cool season 

  Follicle size 

Response to the Ovsynch 
Small  Medium Large 

8-15 mm 16-24 mm ≥24 mm 

Response to the GnRH1 (%) 84.6 (11/13) 81.6 (31/38)        78.9 (15/19) 

Response to the GnRH2 (%)   92.3 (12/13)ab 78.9 (30/38)a 100 (19/19)b 

Follicle size at FTAI (mm)         15.0 ± 0.6A        15.6 ± 0.4A        16.8 ± 0.6B 

Pregnancy rate on d 31 (%)         23.1 (3/13) 31.6 (12/38) 52.6 (10/19) 

Pregnancy rate on d 62 (%) 15.4 (2/13)A   28.9 (11/38)A   52.6 (10/19)B 
a, b: Values within a row with different superscripts differ (P < 0.05). 
A, B: Values within a row with different superscripts show tendency (0.05 < P < 0.10). 
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Pregnancy rate on d 31 was similar (P > 0.05) during the warm (34.9%, 15/43) and cool seasons (35.7%, 25/70; Table 

1). Similarly, parity was not influenced by the season (P > 0.05). Pregnancy rates on day 31 were 36.4; (8/22) vs. 

37.8%; (14/37) in primiparous cows and 33.3%; (7/21) vs. 33.3%; (11/33) in multiparous cows during warm and cool 

seasons, respectively. Cows that had an ovulatory response to the GnRH1 (36.5%; 35/96) had a 7.1% greater 

pregnancy rate (P >0.05) than cows that did not have an ovulatory response (29.4%; 5/17). The pregnancy rates and 

ovulatory response to the GnRH1 and GnRH2 in cows that had different follicle sizes at the onset of Ovsynch were 

shown in Table 2 and Table 3. There was no difference (P > 0.05) in pregnancy rate at d 62 in (25.6%, 11/43) warm 

and cool seasons (32.9%, 23/70). There was no difference in pregnancy loss (P > 0.05) between warm (26.7%, 4/15) 

and cool season (8%, 2/25; Table 1). 

DISCUSSION        

In the present study, it was aimed to evaluate the effect of season on hormonal response and pregnancy rates in 

noncyclic dairy cows that were synchronized with Ovsynch. Comfort zone was reported at 5 to 25 °C in dairy cows 

(McDowell et al. 1979) and a higher ambient temperature than 25 °C increases the adverse effect of heat stress on 

reproductive performance (Roth et al. 2001). Thorton et al. (2021) reported that Holstein cows were susceptible to heat 

stress due to higher core temperature, lower skin surface to mass ratio, and higher milk yield compared to other dairy 

breeds. It was reported that forecast data of meteorology are mostly estimated rectal temperature of individual cows 

and these values show the severity of heat stress and its adverse effect (Dikmen and Hansen 2009). Consistent with the 

previous study (Dikmen and Hansen 2009), environmental temperature and relative humidity were obtained from 

meteorological service and THI was higher than 72 during warm season in this study.  

Heat stress impairs balance in the activity of the hypothalamo-hypophyseal-ovarian axis (De Rensis et al. 2017). Heat 

stress disrupts not only pre-antral follicles, but also steroidogenic capacity, oocyte quality, and development of the 

preovulatory follicle (De Rensis et al. 2021; Keskin et al. 2016; Schüller, et al. 2017). Roth et al. (2000) reported that 

plasma inhibin concentration was lower in cows exposed to heat stress. Lower plasma inhibin concentration caused a 

delayed regression of subordinate follicles and increased plasma follicle stimulating hormone (FSH) concentration 

(Wolfenson et al. 1995). Increased preovulatory follicle size (16.4 vs. 14.5 mm) and reduced subordinate follicle size 

(7.9 vs. 10.1 mm) were reported in heat-stressed cows that were assigned to shade (Badinga et al. 1993). Additionally, 

previous studies reported that heat stress seriously decreased size of dominant follicles and increased number of large 

follicular size (Badinga et al. 1993; Roth et al. 2000; Wolfenson et al. 1995). Schüller et al. (2017) found that 

increment of each unit of THI decreased follicle size by 0.1 mm at the time of insemination. Consistent with the 

previous studies, a statistically lower percentage of small-sized follicles (about %20) in warm season could be a 

significant factor compared to cool season in this study. Besides, the average preovulatory follicle size at the onset of 

synchronization protocol was 1.7 mm lower in warm season compared to that in cool season.  

Ovulation synchronization protocols such as Ovsynch synchronize ovarian follicular dynamic and have been proposed 

as a plausible approach to improving reduced fertility in heat stress (Roth et al. 2001; Wolfenson and Roth 2019). 

Since ovulation failure is higher (12.4 vs. 3.4%) under heat stress (López-Gatius et al. 2005), the first GnRH of 

Ovsynch is required to induce ovulation (Dirandeh 2014; Sartori et al. 2001). The fertility success of Ovsynch is 

positively associated with ovulatory response to the GnRH1 and achievement of higher progesterone concentrations 

before PGF2α injection. Ovulation following GnRH1 results in the onset of a new follicular wave and ensures the 

synchronization with  healthy preovulatory follicles (Bello et al. 2006; Bisinotto et al. 2010). Ovulatory response to the 

GnRH1 highly ranged from 56 to 97% at random stages at the onset of Ovsynch (Bello et al. 2006; Bisinotto et al. 

2010; Carvalho et al. 2015; Chebel et al. 2006; Dirandeh 2014; Keskin et al. 2011; Vasconcelos et al. 1999). Besides, it 

was reported that noncyclic cows had higher ovulatory response to the GnRH1 than cyclic cows (Carvalho et al. 2015; 

Gumen et al. 2003; Moreira et al., 2001). Gumen et al. (2003) and Carvalho et al. (2015) reported that noncyclic cows 

(88% and 81.1%) had approximately 20% higher ovulatory response than cyclic cows (62% and 60.3%), respectively. 

Consistent with the previous studies (Carvalho et al. 2015; Gumen et al. 2003; Moreira et al. 2001), a large proportion 

of noncyclic cows (84.9%) responded to GnRH1 of Ovsynch in this study. In addition, there was no difference in 

ovulatory response to the GnRH1 regarding seasonal effect (90.7% for warm and 81.4% for cool season) in the present 

study. Besides, the difference in follicle sizes at the onset of protocol did not affect the ovulatory response to the 

GnRH1 of Ovsynch. 

It was well known that hypothalamo-pituitary-ovarian axis activity and secretion of gonadotropins are negatively 

affected during heat stress (Hansen 2019; Schüller et al. 2017; Wolfenson and Roth 2019). The presence of more than 

10 mm follicle size did not guarantee ovulation following administration of the first GnRH of Ovsynch (Bello et al. 

2006),. The majority (75% in warm and 78.9% cool seasons) of cows had follicular cyst (large-size follicle group) 
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responded to first GnRH of Ovsynch in this study. Consistent with our results, Gumen et al. (2003) reported that 72 to 

90% of noncyclic cows with follicular cyst responded to GnRH administration.   

It was reported that cows had a higher ovulatory response to the GnRH2 than the first GnRH in Ovsynch (Vasconcelos 

et al. 1999). Ovulatory response to the GnRH2 ranged from 75.9 to 100% in previous studies (Carvalho et al. 2015; 

Dirandeh 2014; Gumen et al. 2003; Moreira et al. 2001; Stevenson et al. 2006; Vasconcelos et al. 1999). In this study, 

our results for ovulatory response to GnRH2 in noncyclic cows were consistent (87.1%, for warm season and 83.7% 

for cool season) with the previous studies. However, the second ovulatory response was lower in cows that had small-

size follicles at the onset of protocol compared to cows that had large and medium sized follicles during the warm 

season. It is well known that GnRH induces LH release and the lack of ovulation in response to GnRH may have been 

due to the stage of follicle development at the time of administration (Wijma et al. 2017). Heat stress and/or other 

factors that resulted in the small follicle diameter at the onset of the protocol may have continued to adversely affect 

the development of these follicles at the time of the second GnRH.  

As in this study, the cooling approach based on evaporation from the skin from with fans following short-term spraying 

of water is the first strategy to prevent hyperthermia and disruptions of heat stress on fertility in dairy herds 

(Wolfenson and Roth 2019). Fertility was influenced by the efficiency of the cooling approach in cows that were 

exposed to heat stress (Roth 2008; Hansen 2019). While the pregnancy rate was 25-27% in Oklahoma and Kansas in 

heat-stressed cows (Voelz et al. 2016) that were housed with shade in a study, the pregnancy rate was 32% in Florida 

in heat-stressed cows that were housed with fans and sprinklers in another study (Zolini et al. 2019). Besides, Schüller 

et al. (2017) showed that exposure the higher (>72) THI one day before insemination caused a reduced pregnancy rate 

from 31 to 12% in cows. Although it was hypothesized that heat stress has a negative effect on reproductive 

performance (De Rensis et al. 2017; Schüller et al. 2017; Wolfenson and Roth 2019), there was no difference in 

pregnancy rate between warm and cool seasons in this study. Administration of GnRH at the onset of ovulation 

synchronization protocols is recommended to improve fertility due to low LH surge and ovulation failure during 

summer (Wolfenson and Roth 2019). A higher progesterone concentration before and after timed AI is critical for 

embryo establishment and a greater pregnancy rate  at timed-AI protocols (Wiltbank et al. 2014). The use of timed AI 

protocol and higher response to the GnRH1 in warm season might have prevented the difference in fertility between 

seasons in this study. Higher ovulatory response to the GnRH1 is a potential indicator of a greater pregnancy rate in 

cows (Carvalho et al. 2015; Chebel et al. 2006). Carvalho et al. (2015) found a 16.4% greater pregnancy rate in cows 

that ovulatory response to the GnRH1 than in cows that did not ovulate. Similar to the previous report, although there 

was no statistical difference, the difference in pregnancy rate was 7.1% between cows that ovulated after GnRH1 and 

did not ovulate. However, similar body condition scores and follicle sizes at the time of FTAI might have contributed 

to explaining the similar pregnancy rate between warm and cool seasons (Keskin et al. 2016; Santos et al. 2001). 

Furthermore, delaying the time of insemination (>90 days) due to higher negative energy balance in early lactation 

might have contributed to obtaining higher fertility in cows subjected to Ovsynch during warm season (Wiltbank et al. 

2008). Cows had peak milk yield in early lactation (approximately 45 to 70 days) and had greater metabolic heat stress 

than cows that had low milk yield (Wheelock et al. 2010). It was well known that continuation of the negative energy 

balance during peak milk yield and the adverse effect of heat stress could prevent the obtaining optimal pregnancy rate 

in noncyclic cows received Ovsynch protocol (Santos et al. 2009; Wiltbank et al. 2002). Wiltbank et al. (2008) stated 

that the pregnancy rate of noncyclic cows was similar to cyclic cows when Ovsynch protocol started after postpartum 

day 100. Delaying the onset of protocol (Wiltbank et al. 2008) and optimal precautions such as cooling approach (Roth 

2008) and nutrition could tolerate the deleterious effect of heat stress on pregnancy rate in this study during warm 

season.  

Although there was a great percentage of difference in pregnancy loss between warm season (26.7%) and cool season 

(8%), the lack of statistical difference might have resulted from the small number of animals in this study. Previous 

studies revealed that heat stress leading to elevated body temperature directly damages oocyte and also leads to early 

embryo death (Nanas et al. 2021). The results of the previous study clearly demonstrated that the warm season resulted 

in significantly more pregnancy loss when compared to cool season (Alnimer et al. 2009; Hansen 2002; Nanas et al. 

2021; Wolfenson and Roth 2019). Although a low number of animals in groups might have masked the statistical 

difference, pregnancy rate on d 62 was relatively 22.2% (a difference of 7.3%) lower in this study. 

CONCLUSIONS 

The seasonal difference did not affect the first and second ovulatory response to the GnRH and pregnancy rate in 

noncyclic Holstein cows that received Ovsynch protocol. Pregnancy loss was relatively higher in warm season than 

cool season. It was concluded that delayed the onset of synchronization protocol, higher ovulatory response to GnRH 
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of Ovsynch, and cooling strategies may offer similar fertility in noncyclic cows during warm season compared to that 

during cool season. Comprehensive future studies are needed to increase ovulation response and fertility under heat 

stress in noncyclic cows treated with the Ovsynch protocol. 
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