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To determine the effects of pre-synchronization and delayed fixed-time artificial insemination (TAI) on pregnancy rates (PR/AI) with sexed semen, 1,844 beef heifers were enrolled in a completely randomized design at 12 locations. Within a location, the heifers were randomly assigned to one of the five treatments: (1 and 2), heifers were administered prostaglandin F2α (PGF) on Day -7, gonadotropin-releasing hormone (GnRH), and a controlled internal drug releasing (CIDR) insert on Day 0, PGF at CIDR removal on Day 7, and a second injection of GnRH at TAI 72 h later with either conventional (CTRL72-CNV) or sexed semen (CTRL72-SEX); (3 and 4), treated the same as CTRL72 but received a CIDR insert on Day -7 at PGF administration and TAI at 60 h with either conventional (CIDR60-CNV) or sexed semen (CIDR60-SEX); (5), treated the same as CIDR60 but had TAI delayed to 72 h with sexed semen (CIDR72-SEX). Estrus detection patches were applied to all heifers on Day 7 and were evaluated for activation at TAI. Estrus expression did not differ (p = 0.92) between CIDR60 and CIDR72 heifers, but was greater (p<0.001) in CIDR60 and CIDR72 heifers compared with CTRL72 heifers. Among treatments, PR/AI differed (p < 0.001) and were greater (p ≤ 0.003) in CTRL72-CNV and CIDR60-CNV heifers than CIDR60-SEX and CIDR72-SEX heifers (51.6 and 48.1 vs. 37.5 and 25.3%, respectively). In addition, PR/AI were greater (p < 0.001) in CTRL72-SEX and CIDR60-SEX heifers when compared with CIDR72-SEX (42.0 and 37.5 vs. 25.3%, respectively) heifers but only tended (p = 0.09) to differ between CTRL72-SEX and CIDR60-CNV heifers. No differences (p = 0.33) were determined between CTRL72-CNV and CIDR60-CNV or between CTRL72-SEX and CIDR60-SEX heifers (p = 0.22). In conclusion, no differences were determined between heifers pre-synchronized with only PGF and those pre-synchronized with PGF and a CIDR insert when inseminated with either conventional or sexed semen. Therefore, the use of a CIDR insert for an additional 7 days was not beneficial to PR/AI when heifers were TAI at 60 h with either conventional or sexed semen. Furthermore, delaying TAI to 72 h with sexed semen after pre-synchronization with both PGF and a CIDR insert had a negative impact on PR/AI.
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INTRODUCTION

Utilization of sexed semen is becoming increasingly popular in the beef industry, yet pregnancy rates to artificial insemination (PR/AI) with sexed semen are typically between 10 and 20% points lower than those of conventional semen when used in fixed-time artificial insemination (TAI) protocols (Thomas et al., 2019; Perry et al., 2020; Oosthuizen et al., 2021). This reduction in PR/AI has been attributed to the premature onset of sperm capacitation, which leads to a reduced sperm cell lifespan in the female reproductive tract, and may require artificial insemination with sexed semen to be performed at a time that is more synchronous with ovulation (Mocé et al., 2006; Carvalho et al., 2013; Bombardelli et al., 2016). Consequently, delayed timing of insemination after estrus synchronization has been investigated as a method to deposit sexed sperm closer to the time of ovulation and has resulted in improved PR/AI in dairy cows (Bombardelli et al., 2016). Strategies to increase the expression of estrus prior to TAI also have the potential to improve PR/AI when sexed semen is utilized since PR/AI are greater in females that express estrus (Richardson et al., 2016; Perry et al., 2020; Oosthuizen et al., 2021).

Presynchronization programs, which involve additional hormone administration prior to the initiation of an estrus synchronization protocol, have been researched as potential methods to improve PR/AI with both conventional and sexed semen (Grant et al., 2011; Perry et al., 2012; Oosthuizen et al., 2018, 2020, 2021). The purpose of pre-synchronization is to increase the proportion of females at a certain stage of the estrous cycle before estrus synchronization and has the potential to improve the synchrony of follicular development and improve estrus expression, with the ultimate goal of increasing PR/AI. Previously, when beef heifers were administered prostaglandin F2α (PGF) 7 days before the 7-day CO-Synch + controlled internal drug release (CIDR) protocol with TAI delayed to 72 h, the expression of estrus was increased and, as a result, PR/AI tended to be greater with the conventional semen (Oosthuizen et al., 2020). In the same study, heifers that were pre-synchronized with both a CIDR insert and PGF had greater estrus expression prior to TAI and greater PR/AI. Further research evaluating the use of sexed semen after pre-synchronization reported a 9.2% increase in PR/AI when beef heifers were exposed to a combination of pre-synchronization with PGF and delayed TAI (Oosthuizen et al., 2021). Nevertheless, the combination of pre-synchronization with both PGF and a CIDR insert, and TAI with sexed semen has not yet been explored in replacement beef heifers. Therefore, the objectives of this experiment were: (1) to determine if pre-synchronization with both PGF and a CIDR insert would increase PR/AI after insemination with sexed semen, and (2) to compare PR/AI with conventional and sexed semen in varying pre-synchronization protocols. It was hypothesized that PR/AI with both conventional and sexed semen would be greater in heifers pre-synchronized with PGF and a CIDR insert when compared with heifers pre-synchronized with only PGF. In addition, it was hypothesized that delaying insemination with sexed semen after pre-synchronization with both PGF and a CIDR insert would increase PR/AI.



MATERIALS AND METHODS


Animals and Treatments

All heifers were handled in accordance with procedures approved by Texas A&M University's Animal Care and Use Committee. A total of 1,844 spring-born Bos taurus beef heifers (between 12 and 15 months of age) from 12 locations in South Dakota (Table 1) were enrolled in a completely randomized design. Within location, the heifers were randomly assigned to one of five treatments (Figure 1): treatments 1 and 2, heifers were estrus synchronized using the PG-7 7-day CO-Synch + CIDR protocol (Oosthuizen et al., 2020, 2021) as a control (CTRL) wherein they were administered 2 ml PGF (500 μg im; Estrumate; cloprostenol; Merck & Co., Kenilworth, NJ) on Day -7, 2 ml GnRH (100 μg im; Fertagyl; gonadorelin acetate; Merck & Co.), and a CIDR insert (EAZI-BREED CIDR; 1.38 g progesterone; Zoetis Animal Health) on Day 0, 2 ml PGF at CIDR removal on Day 7, and 2 ml GnRH at TAI 72 ± 2 h later with either conventional (CTRL72-CNV; n = 359) or sexed semen (CTRL72-SEX; n = 363); treatments 3 and 4, heifers were treated the same as CTRL72 but received a CIDR insert on Day -7 concurrent with PGF administration and were TAI 60 ± 2 h after CIDR removal with either conventional (CIDR60-CNV; n = 384) or sexed semen (CIDR60-SEX; n = 366); and treatment 5, treated the same as CIDR60 heifers but had TAI delayed to 72 ± 2 h with sexed semen (CIDR72-SEX; n = 372). No conventional semen was utilized for a CIDR72-CNV treatment, as previous research reported significantly reduced PR/AI in beef heifers through the use of that estrus synchronization protocol (Oosthuizen et al., 2020). Breeding indicator patches (Estrotect; Rockway Inc., Spring Valley, WI) were applied to all heifers at CIDR removal and were evaluated for activation at TAI to determine if estrus had been expressed. Breeding indicator patches were considered activated when at least 50% of the rub-off coating was removed from the patch or when the patch was missing. On Day -7, heifer body weight (BW) was recorded at 4 locations (n = 526). The time of CIDR removal and TAI were recorded for each heifer at 5 locations (n = 1,070); therefore, the time between these two points could be calculated. Each location provided their own insemination technician(s) and received both conventional and sexed semen (Sexcel™, gender-ablated semen) from their respective bull(s) of choice, which was provided by a commercial semen company (ABS Global, DeForest, WI). In total, conventional (~15 × 106 sperm cells per 0.25 ml straw before freezing) and sexed (~3 × 106 sperm cells per 0.25 ml straw before freezing) semen were used from 4 different sires. Within each location, conventional and sexed semen were derived from the same sires and were equally represented in each treatment. Clean-up bulls were introduced no less than 10 days after TAI at each location. Transrectal ultrasonography (Ibex portable ultrasound, 5.0-MHz curved linear multi-frequency transducer, Ibex, E.I. Medical Imaging, Loveland, CO) was performed at each location between 30 and 55 days after TAI to determine PR/AI. Artificial insemination and clean-up bull pregnancies were differentiated based on differences in crown-to-rump length (Riding et al., 2008; Fontes et al., 2019).


Table 1. Descriptive data by location.
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FIGURE 1. Schematic of treatments. GnRH, gonadotropin-releasing hormone; PGF, prostaglandin F2α; CIDR, controlled internal drug releasing insert (progesterone). CTRL72, PG-7 7-d CO-Synch + CIDR protocol; CIDR60, same as CTRL72 but CIDR inserted on Day −7 and TAI performed 60 h after CIDR removal; CIDR72, same as CIDR60 but TAI delayed to 72 h after CIDR removal; CNV, conventional semen used for TAI; and SEX, sexed semen used for TAI. Estrus patches = Breeding indicator patches (Estrotect; Rockway Inc., Spring Valley, WI) were applied to all heifers at CIDR removal and were evaluated for activation at their respective time of TAI.




Statistical Analyses

All data were analyzed as a completely randomized design using the SAS statistical package (version 9.4; SAS/STAT, SAS Inst. Inc., Cary, NC, USA). Heifer was the experimental unit in all analyses. The GLIMMIX procedure of SAS was used to analyze the binary response (estrus expression and PR/AI) and continuous descriptive (BW) variables. Heifers were simplified into estrus synchronization groups (CTRL72, CIDR60, and CIDR72) for the analysis of estrus expression as estrus expression was recorded prior to heifers receiving their respective semen types. The model for estrus expression included the fixed effect of the estrus synchronization group and the random effect of the location. The initial model for PR/AI included the fixed effects of treatment, estrus expression, and the respective interaction as well as the random effect of the location. The treatment × estrus expression interaction was determined to be non-significant (p > 0.05), and was therefore removed from the model. Denominator degrees of freedom were adjusted using the Satterthwaite adjustment for the tests of fixed effects. For all models, when significance (p ≤ 0.05) was determined for a fixed effect, least-squares means were separated by the PDIFF option of SAS. Insemination technician (s) and sire were equally distributed among treatments and, consequently, were not included in any of the models.

The probability of heifers in each treatment group of becoming pregnant to TAI was evaluated according to the time between CIDR removal and TAI. The GLM procedure of SAS was initially used to determine if each individual measurement influenced PR/AI linearly, quadratically, or cubically. The LOGISTIC procedure was used to generate a regression model and to determine the intercept and slope(s) values according to maximum likelihood estimates from each significant continuous order effect. The probability of pregnancy was determined according to the following equation: probability = (elogistic equation)/(1 + elogistic equation). Logistic curves were constructed according to the values detected for each variable. Statistical significance was declared at p ≤ 0.05, with 0.05 < p ≤ 0.10 considered a tendency. Least square means ± SEM are reported.




RESULTS

Heifer BW (405.2 ± 52.4 kg) at 4 locations did not differ (p = 0.52) based on treatments on Day 7, but differed (p < 0.001) by location and ranged from 331.9 to 455.7 kg. The percentage of heifers expressing estrus, as determined by activated breeding indicator patches, differed (p < 0.001) among estrus synchronization groups, which is depicted in Figure 2. Estrus expression was greater (p < 0.001) in CIDR60 and CIDR72 when compared with CTRL72 heifers, yet it did not differ (p = 0.92) between CIDR60 and CIDR72 heifers. Overall, 83.5% of heifers exhibited estrus, which ranged from 64.1 to 91.8% among locations (Table 1).
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FIGURE 2. Estrus expression by synchronization treatment. CTRL72, PG-7 7-d CO-Synch + CIDR protocol; CIDR60, same as CTRL72 but CIDR inserted on Day −7 and TAI performed 60 h after CIDR removal; CIDR72, same as CIDR60 but TAI delayed to 72 h after CIDR removal; Estrus patches, Breeding indicator patches (Estrotect; Rockway Inc., Spring Valley, WI) were applied to all heifers at CIDR removal and were evaluated for activation at their respective time of TAI. Least square means ± SEM are reported. a, bRows with different superscripts differ (P ≤ 0.05).


The main effect (p = 0.002) of estrus was determined on PR/AI, where a greater proportion of heifers that expressed estrus became pregnant (45.9 ± 2.2%) than those which did not (35.9 ± 3.4%). The proportion of heifers pregnant to TAI are depicted in Figure 3, which differed (p < 0.001) among treatment groups. In particular, PR/AI were greater (p ≤ 0.003) in CTRL72-CNV and CIDR60-CNV heifers compared with CIDR60-SEX and CIDR 72-SEX heifers, yet it did not differ (p = 0.33) between CTRL72-CNV and CIDR60-CNV heifers. Furthermore, PR/AI were greater (p < 0.001) in CTRL72-SEX and CIDR60-SEX heifers when compared with CIDR72-SEX heifers, but did not differ (p = 0.22) between CTRL72-SEX and CIDR60-SEX heifers. Pregnancy rates to TAI were greater (p = 0.008) in CTRL72-CNV when compared with CTRL72-SEX heifers, yet PR/AI only tended (p = 0.09) to differ between CTRL72-SEX and CIDR60-CNV heifers. Overall, 42.8% of the heifers became pregnant to TAI, and PR/AI ranged from 30.7 to 52.0% among locations (Table 1).
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FIGURE 3. Pregnancy rates to fixed-time artificial insemination (TAI) among treatments. CTRL72, PG-7 7-d CO-Synch + CIDR protocol; CIDR60, same as CTRL72 but CIDR inserted on Day −7 and TAI performed 60 h after CIDR removal; CIDR72, same as CIDR60 but TAI delayed to 72 h after CIDR removal; CNV, conventional semen used for TAI; and SEX, sexed semen used for TAI. Pregnancy rates were determined via transrectal ultrasonography between 30 and 45 d after TAI. Least square means ± SEM are reported. a, b, c, dBars with different superscripts differ (P ≤ 0.05). *Indicates a tendency (0.05 < P ≤ 0.10) for treatment differences.


The time between CIDR removal and TAI ranged from 57.7 to 62.4 h in CIDR60-CNV and CIDR60-SEX heifers, with a mean of 59.9 ± 0.2 h. In addition, the time between CIDR removal and TAI ranged from 70.1 to 75.1 h in CTRL72-CNV, CTRL72-SEX, and CIDR72-SEX heifers with a mean of 72.0 ± 0.2 h. No relationships (p ≥ 0.20) between the probability of pregnancy and the time between CIDR removal and TAI were determined for CTRL72-CNV, CIDR60-CNV, CIDR60-SEX, or CIDR72-SEX heifers; however, there was a tendency (p = 0.06) for a positive linear relationship between the probability of pregnancy and the time between CIDR removal and TAI in CTRL72-SEX heifers.

When probabilities of pregnancy according to the time between CIDR removal and TAI were analyzed by whether or not estrus was expressed, no relationships (p ≥ 0.31) were determined between the probability of pregnancy and time between CIDR removal and TAI for any treatment when estrus was not expressed. When estrus was expressed, no relationships (p ≥ 0.12) were determined for CTRL72-CNV, CIDR60-CNV, CIDR60-SEX, or CIDR72-SEX heifers between the probability of pregnancy and the time between CIDR removal and TAI, yet there was a tendency (p = 0.07) for a positive linear relationship in CTRL72-SEX heifers.



DISCUSSION

The purpose of the present experiment was to determine the effects of pre-synchronization with PGF and progesterone, as well as delayed TAI on PR/AI with sexed semen in replacement beef heifers. It was hypothesized that PR/AI would be greater in heifers pre-synchronized with both PGF and a CIDR insert (CIDR60) when compared with heifers pre-synchronized with PGF only (CTRL72) after insemination with both conventional and sexed semen. Contrary to our hypothesis, results indicate that PR/AI did not differ between CTRL72-CNV and CIDR60-CNV or between CTRL72-SEX and CIDR60-SEX heifers. It was also hypothesized that delaying insemination to 72 h with sexed semen after pre-synchronization with both PGF and progesterone (CIDR72-SEX) would increase PR/AI when compared with females who underwent TAI at 60 h (CIDR60-SEX); however, results contradict this hypothesis as PR/AI were significantly reduced in CIDR72-SEX heifers compared with all other treatments.

Pre-synchronization involves the administration of exogenous hormones prior to the start of an estrus synchronization protocol, and it has been utilized as a tool to increase the proportion of females at a particular stage of the estrous cycle prior to estrus synchronization, to increase estrus expression before insemination, and to increase PR/AI in both beef cows and heifers (Perry et al., 2012; Giles et al., 2013; Oosthuizen et al., 2020, 2021; Andersen et al., 2021). In the CTRL72 treatment, it is likely that a large proportion of heifers responded to the initial injection of PGF on Day -7 and would have expressed estrus before Day 0 as 62–70% of beef heifers expressed estrus when administered PGF at a random stage of their estrous cycle (Oosthuizen et al., 2018, 2020). Heifers that responded to the PGF would likely have ovulated and initiated a new follicular wave before Day 0. A proportion of heifers may have had follicles large enough to respond to the injection of GnRH on Day 0 and would have initiated a new follicular wave thereafter, of which the dominant follicle may have ovulated spontaneously or been induced to ovulate through the injection of GnRH at TAI. Alternatively, the dominant follicle that developed during this new follicular wave may have been too small to respond to GnRH administration on Day 0 since it is less likely that smaller follicles (<10.1 mm) will ovulate in response to an injection of GnRH (Perry et al., 2007). It is also likely that this dominant follicle underwent atresia between Day 0 and 7 as a result of the elevated circulating concentrations of progesterone produced by the newly formed corpus luteum in combination with that of the new CIDR insert (Adams et al., 2008). Due to the greater circulating concentrations of progesterone, the subsequent dominant follicle would likely have developed to a lesser extent by the time of CIDR removal on Day 7 and would require more time to reach a size capable of inducing behavioral estrus (Cerri et al., 2011; Mercadante et al., 2015). In the CIDR60 and CIDR72 treatments, a large proportion of heifers would have responded to the injection of PGF on Day -7 and would have undergone luteolysis; however, if a dominant follicle was present in the ovary, we speculate that instead of ovulating between Day -7 and 0, the follicle would have continued to grow due to the subluteal circulating concentrations of progesterone from the CIDR insert and would have formed a persistent follicle (Sirois and Fortune, 1990). This follicle likely responded to the injection of GnRH on Day 0, as others have shown a greater proportion of cows and heifers responding to the GnRH injection after pre-synchronization with both PGF and a CIDR insert (Bonacker et al., 2020; Mercadante et al., 2021, unpublished). Subsequently, a new follicular wave would have been initiated between Day 0 and 7 during which the dominant follicle would likely have developed under lower circulating concentrations of progesterone as a result of the reduced amount of progesterone being emitted from the CIDR insert after 7 days of use (Chacher et al., 2017). Therefore, the dominant follicles developing between Day 0 and 7 were likely older and larger at CIDR removal on Day 7 in CIDR60 and CIDR72 heifers than in CTRL72 heifers due to a greater proportion of heifers initiating a follicular wave sooner after responding to the injection of GnRH on Day 0. Furthermore, follicles in CIDR60 and CIDR72 heifers are also likely larger at CIDR removal than the dominant follicles in the CTRL72 treatment because follicles that develop under lower concentrations of progesterone develop at a faster rate (Mercadante et al., 2015). The expression of estrus did not differ between CIDR60 and CIDR72 heifers, which indicates that most heifers express estrus between CIDR removal and 60 h when pre-synchronized with both PGF and a CIDR insert, and that few heifers express estrus between 60 and 72 h. Furthermore, pre-synchronization with both PGF and a CIDR insert resulted in ~14% more heifers expressing estrus (CIDR60 and CIDR72) compared with heifers pre-synchronized with PGF only (CTRL72). These results are consistent with those from previous research, wherein beef heifers that were pre-synchronized with both PGF and a CIDR insert had between 13 and 55.5% greater expression of estrus when compared with heifers that were only pre-synchronized with PGF and where estrus expression did not differ between heifers pre-synchronized with both PGF and a CIDR insert when TAI was performed at either 54 or 72 h (Oosthuizen et al., 2020). Therefore, the differences in estrus expression between heifers pre-synchronized with both PGF and a CIDR insert and those pre-synchronized with only PGF can likely be attributed to the size of the dominant follicle at the time of CIDR removal, where follicles in CIDR60 and CIDR72 heifers are likely larger at CIDR removal than those of CTRL72 heifers.

It has been well-documented that PR/AI are greater in females that express estrus prior to insemination and can partially be attributed to improved sperm transportation and improved embryo quality (Perry et al., 2007, 2020; Larimore et al., 2015; Richardson et al., 2016). Therefore, it is unsurprising that PR/AI were greater in heifers that exhibited estrus in the present study when compared with those which did not. Yet, even though estrus expression was greater in heifers pre-synchronized with both PGF and a CIDR insert when compared with those pre-synchronized with PGF only, PR/AI did not differ between CTRL72-CNV and CIDR60-CNV or between CTRL72-SEX and CIDR60-SEX heifers. Similarly, previous research using conventional semen reported no differences in PR/AI between beef heifers pre-synchronized with both PGF and a CIDR and inseminated at 54 h or pre-synchronized with PGF only and inseminated at 72 h (Oosthuizen et al., 2020). Considering the results in the present study and those from previous research, shifting TAI from 54 to 60 h after pre-synchronization with both PGF and a CIDR insert does not appear beneficial to PR/AI when compared with pre-synchronization with only PGF. Furthermore, utilization of a CIDR insert for an additional 7 days does not seem advantageous to pregnancy success with either conventional or sexed semen when TAI is performed at 60 h.

Utilization of sexed semen in TAI protocols is known to result in reduced PR/AI, which are usually in the range of 75–85% of those with conventional semen (Crites et al., 2018; Thomas et al., 2019; Perry et al., 2020). This disparity in PR/AI has been partially attributed to acrosomal alterations that can occur during the semen sorting process, premature sperm capacitation, a reduction in the number of sperm cells with intact membranes, and lower post-thaw sperm motility (Mocé et al., 2006; Schenk et al., 2009; Carvalho et al., 2010). In the present study, PR/AI were reduced when sexed semen was utilized within each estrus synchronization treatment and were 81.4 and 78.0% (a reduction of 9.6 and 10.6%) of those with conventional semen (CTRL72-CNV vs. CTRL72-SEX and CIDR60-CNV vs. CTRL72-SEX, respectively). These results are similar to those reported previously in beef heifers wherein PR/AI with sexed semen ranged from 73.2 to 88.0% of those with conventional semen (Oosthuizen et al., 2021). Since PR/AI only tended to differ between CTRL72-SEX and CIDR60-CNV heifers, further evidence is provided that the additional 7 days of CIDR use is not required when inseminating beef heifers with sexed semen.

Due to a potentially decreased lifespan in the female reproductive tract, it has been suggested that sexed semen should be deposited at a time that is more synchronous with the timing of ovulation to maximize pregnancy success (Maxwell et al., 2004; Mocé et al., 2006; Carvalho et al., 2013; Bombardelli et al., 2016). Dairy cows inseminated with sexed semen closer to the expected time of ovulation had greater pregnancy success than those inseminated closer to the time of estrus onset (45.6 vs. 20.0%, respectively; Bombardelli et al., 2016). Furthermore, beef cows inseminated within 12 h of ovulation had greater PR/AI with sexed semen than those inseminated 12–24 h, or more than 24 h from ovulation (37.9 vs. 19.4 and 5.8%, respectively, Sales et al., 2011). In the present study, although estrus expression did not differ between CIDR60 and CIDR72 heifers, PR/AI were reduced in CIDR72-SEX heifers when compared with both CIDR60-CNV and CIDR72-SEX heifers. Previous research in beef heifers also reported a reduction in PR/AI after presynchronization with both PGF and a CIDR insert and insemination at 72 h with conventional semen when compared with those inseminated at 54 h (38.4 vs. 50.4%, respectively; Oosthuizen et al., 2020). The reduction in PR/AI after pre-synchronization with both PGF and a CIDR insert is likely due to heifers ovulating too far in advance for insemination at this time point, which is supported by the fact that only a small proportion of heifers expressed estrus between 60 and 72 h. Therefore, insemination performed 72 h after CIDR removal in heifers exposed to pre-synchronization with both PGF and progesterone is too delayed for acceptable PR/AI with both conventional and sexed semen.

To further explore the potential influence of the interval between CIDR removal and TAI on PR/AI, the present study evaluated the relationships between the time of insemination and the probability of pregnancy; however, no significant relationships were determined. Previous research also reported no significant relationships between the time of insemination and the probability of pregnancy in beef heifers pre-synchronized with PGF and TAI at 72 h with conventional semen and in heifers pre-synchronized with both PGF and a CIDR insert and TAI at either 54 or 72 h with conventional semen (Oosthuizen et al., 2020). In the present study, it is plausible that data was collected from too few heifers within each treatment or that heifers were inseminated in a time range too narrow to adequately detect differences in the probabilities of pregnancy. Nevertheless, according to these results, TAI can be performed ~2 h earlier or later than the specified TAI time (54 or 72 h) in each treatment without any negative effects on PR/AI.

In conclusion, PR/AI were greater in heifers artificially inseminated with conventional semen compared with sexed semen within pre-synchronization treatments. No differences were determined between heifers exposed to the PG-7 7-day CO-Synch + CIDR protocol and those pre-synchronized with both PGF and a CIDR insert when inseminated with either conventional or sexed semen. Subsequently, the utilization of a CIDR insert for an additional 7 days does not appear beneficial to fertility in replacement beef heifers when TAI is performed at 60 h with either conventional or sexed semen. Moreover, delaying TAI to 72 h with sexed semen after pre-synchronization with both PGF and a CIDR insert has a negative impact on fertility and is therefore, not recommended as a pre-synchronization strategy in beef heifers. Further research is required to overcome the reduction in PR/AI with sexed semen and to determine the optimal timing of insemination for conventional and sexed semen after pre-synchronization with both PGF and a CIDR insert in replacement beef heifers.
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Location® No. heifers Breed(s) Bull(s) utilized Overall Estrus Expression, %" Overall PR/AI, %°

¥ 197 Limousin x Angus A 684425 307 £35
2 74 Angus, Angus x Hereford A 823 +4.1 457 £58
3 64 Angus, Angus x Hereford A 895445 416+£6.3
4 121 Angus B 918£32 520£4.6
5 199 Angus c 865425 337+£36
6 49 Angus c 878£5.1 516£70
7 101 Angus A 734+36 421 £49
8 115 Angus A 64.1£33 427 £45
9 593 Angus, Angus x Hereford AD 902+156 387+24
10 104 Angus, Angus x Hereford B 80.1£35 51648
1 95 Black Gelbvieh, Maine c 852+37 322+6.1
12 132 Black Gelbvieh, Maine c 837 £3.1 37.7+£43

Body weights were collected at Locations 5, 10, 11, and 12.

©Overall estrus expression across all reatments (60% of heifers were inseminated 72 h after GIDR removal and 40% were inseminated 60 after GIDRremoval)at each location. Breeding
indicator patches (Estrotect; Rockway Inc., Spring Valley, W) were applied to all heifers at CIDR removal and were evaluated for activation at fixed-time artifcial insemination (TA).
“Overall pregnancy rate to TAI across all treatments (60% of helers received sexed semen and 40% received conventional semen) at each location. Least square means  SEM
are reported.
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