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EVALUATION OF LONG-TERM CIDR-BASED ESTRUS SYNCHRONIZATION 

PROTOCOLS IN PRIMIPAROUS TWO-YEAR-OLD BEEF COWS 

 

Jillian Mae Abel 

Dr. David J. Patterson, Thesis Advisor 

 

ABSTRACT 

 

Development and comparison of strategies designed to enhance reproductive 

management of primiparous two-year-old beef cows coincide with the recent increase in 

heifer retention and the significant number of younger age females that are now entering 

the U.S. cow herd. Reproductive management of primiparous two-year-old cows presents 

a unique challenge in managing a beef herd, since this age group of females typically 

experiences the highest incidence of reproductive failure. Strategic management of 

replacement beef heifers and primiparous cows is necessary to ensure their continued long-

term reproductive success, which provides the opportunity for beef producers to increase 

retention rates, reduce input costs, and ultimately enhance production efficiency. 

Estrus synchronization and artificial insemination (AI) are important management 

tools available to producers that facilitate genetic improvement and enhance reproductive 

efficiency.  A list of recommended protocols may be used to facilitate fixed-time AI (FTAI) 

in beef cows and heifers, and we now know that specific protocols perform better among 

various age classes of females. Short-term controlled internal drug release (CIDR)-based 
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protocols are currently the preferred method to synchronize estrus prior to FTAI in 

postpartum beef cows. Alternatively, long-term CIDR-based protocols have been used with 

greater success in beef heifers. Progestin-based estrus synchronization protocols offer the 

potential to induce estrous cyclicity in anestrous postpartum cows and advance conception 

date.  

Experiment 1 was designed to compare the 14-d CIDR-PG (14-d) and 7-d CO-

Synch + CIDR (7-d) protocols on the basis of estrous response, pregnancy rates after fixed-

time AI (FTAI), and final pregnancy in primiparous two-year-old cows. Cows assigned to 

14-d (n = 355) received a CIDR insert on Day 0 with removal on Day 14. Cows assigned 

to 7-d (n = 349) received GnRH and CIDR inserts on Day 23. On Day 30 CIDRs were 

removed from 7-d cows and PGF2α was administered to all cows in each treatment.  On 

Day 33, 66 and 72 h after PGF2α, GnRH was administered concurrent with FTAI. 

Estrous response at FTAI was higher for 7-d compared to 14-d cows (74% vs 43%, 

respectively; P < 0.0001); however, pregnancy rates resulting from FTAI were similar (14-

d, 63%; 7-d, 64%; P = 0.52). Final pregnancy rates at the end of the breeding season were 

similar between treatments (14-d, 95%; 7-d, 96%; P = 0.93) with 87% and 88% of the 14-

d and 7-d treated cows, respectively, conceiving within the first 30 d of the breeding season. 

Similarities in pregnancy rates of cows resulting from FTAI between short- and long-term 

treated groups, despite significant differences in estrous response prior to AI, raised 

important questions regarding potential differences in follicular dynamics and endocrine 

secretion patterns among cows assigned to each protocol. Cows at location 1 were sampled 

to characterize physiological differences between the protocols that could be responsible 

for these inconsistencies. Mean dominant follicle diameter at PGF2α (P = 0.04) and FTAI 
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was smaller (P = 0.002) among 14-d than 7-d treated cows, and estradiol-17β (E2) at PGF2α 

(P = 0.06) and FTAI (P = 0.001) was greater for 14-d vs 7-d cows.  

The results from Experiment 1 suggested that split-time AI could be used to 

increase estrous response rates among cows treated with the 14-d CIDR-PG protocol. 

Experiment 2 was therefore conducted to evaluate estrous response and pregnancy rates in 

two-year-old beef cows resulting from FT- or Split-time AI (STAI) following 

synchronization of estrus with the 14-d protocol. Cows assigned to FTAI (n = 266) were 

inseminated 72 h after PGF2α with GnRH administered at AI regardless of estrus 

expression. Cows assigned to STAI (n = 257) were inseminated based on estrus expression 

at 72 h, using estrus detection aids (Estrotect). Cows assigned to STAI that exhibited estrus 

by 72 h were inseminated, however, AI was delayed 24 h until 96 h after PGF2α for non-

estrous cows. Cows assigned to the STAI treatment were administered GnRH 72 h after 

PGF2α. Total estrous response was increased for ST- vs FTAI treated cows (STAI, 64%; 

FTAI, 42%; P < 0.0001); pregnancy rates resulting from AI were similar (STAI, 55%; 

FTAI, 56%; P = 0.60).  

In conclusion, the results from Experiment 1 clearly demonstrate that the 14-d 

CIDR-PG and 7-d CO-Synch + CIDR protocols can be used successfully to synchronize 

estrus prior to FTAI in primiparous two-year-old beef cows. These data are compelling 

when considering the fact that 63% and 64% of the 14-d and 7-d treated cows became 

pregnant following FTAI, and furthermore, that 87% and 88% of the cows in each 

treatment, respectively, conceived within the first 30 days of the breeding season. These 

protocols should  be viewed not only from the perspective of expediting genetic 

improvement accomplished with FTAI, but in addition, the opportunity they provide in 
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facilitating enhanced reproductive management within a herd. Finally, from Experiment 2, 

although total estrous response was increased using STAI in conjunction with the 14-d 

CIDR-PG protocol, this strategy did not increase pregnancy rates compared to FTAI.  
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CHAPTER 1 

REVIEW OF LITERATURE  

 

INTRODUCTION 

 

Reproductive performance is the single most important economic trait in a beef cow 

herd. Estrus synchronization and artificial insemination (AI) are important management 

tools that enable beef producers to facilitate genetic improvement and enhance 

reproductive efficiency in their herds (Trenkle and Willham, 1977; Wiltbank, 1990). 

Reproductive efficiency is generally improved within herds that utilize estrus 

synchronization by increasing the number of opportunities for cows and heifers to express 

estrus during a defined breeding season, which helps to maintain a 365 day calving interval. 

This is an important consideration since failure of cows to become pregnant during the 

breeding season accounts for the single largest economic loss within a herd and is the 

primary (33%) reason cows are culled (Bellows and Short, 1990; NAHMS, 2008).  

Increased rates of estrous cyclicity at the beginning of the breeding season allow 

more cows to conceive early and subsequently calve early the following year. Cows that 

calve early have more days from calving to resumption of normal estrous cyclicity before 

the next breeding season begins, which increases the likelihood of cows being able to 

conceive during the breeding season, and reduces the number of cows that fail to become 

pregnant. Estrus synchronization and AI result in increased uniformity of a calf crop, and 

calves that are born earlier in the calving season are on average 13 d older and 9.5 kg 

heavier at weaning (Dzuik and Bellows, 1983; Schaffer et al., 1990). In addition to 
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enhancing reproductive efficiency, artificial insemination when used in conjunction with 

estrus synchronization, allows producers to make more rapid improvements in genetics 

within their herds by facilitating use of genetically superior sires with proven high 

accuracy, compared to lower accuracy natural service sires.  

 Expansion of the U.S. cow herd following the long-term decline in cattle numbers 

that resulted from severe drought conditions and associated high input costs has now led 

to a substantial increase in heifer retention (Patterson and Brown, 2013). This increase in 

young cow numbers warrants evaluation of protocols designed to synchronize estrus and 

ovulation within this specific age class of females, and is relevant to improving genetics 

and reproduction within the beef industry.   

 Development and comparison of strategies that are designed to enhance 

reproductive management of primiparous females coincides with the recent increase in 

heifer retention and the significant number of younger age females that are now entering 

cow herds across the U.S.  Development of a replacement beef heifer has been estimated 

to cost approximately $2,000 per animal (Hughes, 2014), and several reports indicate that 

it takes five years or five calves to pay for these development costs (Snelling et al., 1995; 

Brigham et al., 2007; Mousel et al., 2012). Management strategies that improve 

reproductive performance of young cows provide the opportunity for beef producers to 

increase retention rates and ultimately enhance production efficiency. 

Recent improvements in protocols designed to synchronize estrus and ovulation in 

beef cows and heifers led to the development of fixed-time AI (FTAI) which eliminates 

the need for estrus detection and allows insemination to be performed at a predetermined 

fixed time. Split-time AI (STAI), a recent modification to FTAI, was developed to improve 
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pregnancy rates resulting from AI by delaying insemination of non-estrous females 20 to 

24 h after the predetermined scheduled time (Thomas et al., 2014a, b). Several protocols 

are available that facilitate FTAI within different management systems, and we now know 

that certain protocols perform better among specific age classes of females.  

Successful management of replacement heifers and primiparous cows is necessary 

to ensure their continued long-term reproductive performance, and reduces culling rates of 

these young females. A reduction in culling rate also decreases the number of replacement 

heifers that are needed to enter the cow herd, which results in decreased input costs for 

producers.  Estrus synchronization and AI offer the potential to increase the number of 

females that conceive early in the breeding season, which should contribute to long-term 

improvements in reproductive performance and allow more flexibility in culling decisions.  

The literature review in support of this thesis provides an overview of factors 

related to control of the estrous cycle in cattle, available methods for facilitating 

synchronization of estrus and ovulation, and considerations related specifically to 

reproductive management of primiparous two-year-old beef cows.  

 

THE BOVINE ESTROUS CYCLE 

 

The estrous cycle. The bovine estrous cycle is a series of physiological events 

distinguished by the expression of behavioral estrus approximately every 21 d. The length 

of the bovine estrous cycle is on average 21 d, with a range from 17 to 24 d (Hansel and 

Convey, 1983; Senger, 2005). The estrous cycle consists of two distinct phases, the 

follicular and luteal phases. The follicular phase is relatively short and accounts for 

approximately 20% of the estrous cycle. The follicular phase includes the period of time 
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from regression of the corpus luteum (CL) until ovulation of the dominant follicle. The 

luteal phase is much longer than the follicular phase and comprises approximately 80% of 

the estrous cycle. The luteal phase spans the period from CL formation after ovulation to 

CL regression. The follicular phase is subdivided into two stages, proestrus and estrus, and 

the luteal phase is subdivided into metestrus and diestrus. Proestrus is characterized by 

formation of ovulatory follicles and secretion of estradiol-17β (E2), and estrus is the period 

of sexual receptivity that results from peak E2 secretion. During metestrus the CL is formed 

and begins to secrete progesterone (P4). The CL is fully functional and P4 secretion is 

highest during diestrus (Senger, 2005).  

The follicular phase. The proestrus stage of the follicular phase begins when 

circulating concentrations of P4 decline as a result of CL regression or luteolysis. Luteolysis 

is accomplished by a positive feedback mechanism between oxytocin and prostaglandin 

F2α (PGF2α; Schallenberger et al., 1984; Garverick et al., 1992; McCracken et al., 1996). 

Estradiol-17β and P4 indirectly control endometrial PGF2α synthesis by regulation of 

oxytocin receptors (McCracken et al., 1996). Late in the luteal phase, Day 16 or 17, P4 

downregulates its own receptor within the uterus, and concentrations of E2 increase 

following the removal of negative feedback from P4.  This leads to increased frequency of 

oxytocin pulses generated by the hypothalamus. High frequency pulses of oxytocin initiate 

release of low levels of uterine PGF2α which stimulate the secretion of oxytocin from the 

CL (McCracken et al., 1996). Luteal oxytocin enhances the secretion of uterine PGF2α 

which travels from the utero-ovarian vein to the ovary via a countercurrent transfer to 

initiate luteolysis (McCracken et al., 1996). Prostaglandin F2α binds to receptors on the 

large luteal cells within the CL causing further reduction in P4 concentrations (Pate, 1994; 
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McCracken et al., 1999) and increasing oxytocin secretion by the CL (Schallenberger et 

al., 1984; McCracken et al., 1996).  

Reduced concentrations of P4 during luteolysis removes the inhibition of 

gonadotropin releasing hormone (GnRH) secretion from the parvicellular neurons of the 

hypothalamus which stimulates gonadotrophic cells of the anterior pituitary to secrete 

luteinizing hormone (LH) and follicle stimulating hormone (FSH; Hansel and Convey, 

1983; Schallenberger et al., 1984; Savio et al., 1990; McCracken et al., 1999). This change 

stimulates an increase in the frequency and amplitude of LH pulses, and to a lesser extent 

the pulse frequency of FSH (Schallenberger et al., 1984; Stumpf et al., 1989; Cupp et al., 

1995). Increased pulse frequency of LH and FSH promotes follicular development (Walter 

and Schallenberger, 1984). Preovulatory follicular maturation results from the coordinated 

actions of LH and FSH on the thecal and granulosal cells (Hansel and Convey, 1983; 

Garverick and Smith, 1986). Androgens are synthesized in the theca interna in response to 

LH stimulation (Hansel and Convey, 1983), which are then converted to E2 by aromatase 

in the granulosa cells under the influence of FSH (Richards, 1980; Hansel and Convey, 

1983). As the preovulatory follicle grows and acquires more receptors for LH, it becomes 

more responsive to LH and secretes more E2 (Hansel and Convey, 1983).  

 Behavioral estrus is induced once E2 produced by the follicle reaches peak 

concentrations, preparing the uterine and vaginal environments for mating (Echternkamp 

and Hansel, 1973; Hansel and Convey, 1983; Senger, 2005). Once threshold concentrations 

of E2 are reached, positive feedback activates the parvicellular neurons in the surge center 

of the hypothalamus which release large quantities of GnRH (Hansel and Convey, 1983; 

Senger, 2005). Gonadotropin releasing hormone travels through the primary capillary 
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plexus in the median eminence to the gonadotrophs of the anterior pituitary, signaling the 

release of the preovulatory surge of LH and FSH (Kesner et al., 1981; Hansel and Convey, 

1983). The preovulatory surge of LH consists of high amplitude, high frequency pulses 

(Rahe et al., 1980) that are essential for the final maturation of the dominant follicle and 

ovulation of the oocyte (Schallenberger et al., 1984; Garverick and Smith, 1986; Ginther 

et al., 2000). 

 The luteal phase. Ovulation occurs 24 to 32 h following the onset of estrus 

(Wiltbank et al., 1967; Christenson et al., 1975; Senger, 2005). Concentrations of LH 

gradually decrease following ovulation (Hansel and Convey, 1983; Cupp et al., 1995), but 

LH remains important for ovarian function. Luteinizing hormone is the major luteotropic 

hormone required for normal development and function of the intraovarian endocrine 

gland, the CL (Hansel and Convey, 1983; Niswender and Nett, 1988; Wiltbank, 1994). 

Development of the CL is a continuation of follicular maturation, formed by the process of 

cellular and structural remodeling referred to as luteinization (Smith et al., 1994; Senger, 

2005). Luteal cells are derived from both the granulosa and theca interna layers of the 

follicular wall (Donaldson and Hansel, 1965; Alila and Hansel, 1984; O’Shea, 1987). The 

CL is composed of small and large luteal cells, fibroblasts, endothelial cells, and pericytes 

(Farin et al., 1986; Hansel et al., 1991). Large and small luteal cells are derived from the 

granulosa and thecal cells, respectively (Donaldson and Hansel, 1965; Alila and Hansel, 

1984; Smith et al., 1994), and both small and large luteal cells secrete P4 (Urseley and 

Leymarie, 1979; Hansel et al., 1987; Niswender and Nett, 1988; Milvae et al., 1991). Large 

luteal cells represent approximately 40% of the volume of the CL and 10% of the total cell 

number (Wiltbank, 1994); these cells are responsible for approximately 80% of the P4 
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produced by the CL (Niswender et al., 1985; Milvae et al., 1991). An important aspect of 

luteinization is the transition of the preovulatory follicle into a highly vascularized CL 

capable of secreting P4 (Smith et al., 1994). 

The CL produces significant amounts of P4 as it reaches maturity (Hansel and 

Convey, 1983; Garverick et al., 1992; Smith et al., 1994; Wiltbank, 1994). Progesterone 

suppresses the synthesis and secretion of other hormones, including LH and E2, which 

results in the inhibition of behavioral estrus and ovulation (Smith et al., 1994). 

Progesterone produced by the CL serves as an important regulator of estrous cycle length 

and is essential for maintenance of pregnancy (Niswender and Nett, 1988; Smith et al., 

1994). Progesterone concentrations begin to rise around Day 4 or 5 of the estrous cycle, 

and reach peak concentrations by Day 7 to 10 (Donaldson and Hansel, 1965). High 

concentrations of P4 are maintained for the duration of the lifespan of the CL; however, 

these concentrations decrease rapidly between Day 16 and 19 during luteolysis and remain 

at basal levels throughout the following follicular phase (Echternkamp and Hansel, 1973).  

Follicular development. Folliculogenesis is defined as the formation of Graafian 

follicles from a pool of primordial follicles (Spicer and Echternkamp, 1986). There are four 

types of follicles present within the ovary. Primordial follicles are the most immature 

follicles, and the oocyte within the primordial follicle is surrounded by a single layer of 

squamous granulosa cells. The primordial follicle develops into a primary follicle which 

contains an oocyte surrounded by a single layer of cuboidal granulosa cells. A secondary 

follicle has two or more layers of granulosa cells surrounding the oocyte with no evidence 

of an antrum. Once a follicle develops an antrum or fluid-filled cavity, it is classified as a 

tertiary follicle. The tertiary follicle becomes a Graafian follicle after it is selected as the 
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dominant follicle (Senger, 2005). Folliculogenesis is a repeated process throughout the 

bovine estrous cycle and occurs through a wave-like process. The bovine estrous cycle 

consists of two to three follicular waves (Pierson and Ginther, 1984, 1987; Savio et al., 

1988; Sirois and Fortune, 1988; Ginther et al., 1989; Knopf et al., 1989). Each follicular 

wave is characterized by three distinct phases: recruitment, selection, and dominance 

(Hodgen, 1982; Fortune et al., 1988; Driancourt, 2001).  

Recruitment. Recruitment of a cohort of follicles is stimulated by a transient 

increase in circulating concentrations of FSH (Adams et al., 1992; Hamilton et al., 1995). 

The recruited cohort is FSH dependent and consists of one to six follicles that are 4 to 5 

mm in diameter (Bao and Garverick, 1998; Ginther et al., 2001). Early in a follicular wave, 

FSH is the primary gonadotropin that stimulates follicular growth and E2 synthesis by the 

follicles (Lucy et al., 1992). Peak concentrations of FSH occur approximately 2.5 d before 

emergence, when the dominant follicle is first detected at 4 to 5 mm in diameter, and then 

decline afterward (Adams et al., 1992; Ginther et al., 1996). Follicles of the cohort grow at 

a similar rate for about 2 d, followed by preferential growth of the dominant follicle over 

other subordinate follicles following selection (Jaiswal et al., 2004). 

 Selection. Although all growing follicles are capable of becoming a dominant 

follicle (Ginther et al., 1996), a single follicle is selected as the dominant follicle during 

each follicular wave at the end of the common growth phase. Subordinate follicles then 

undergo atresia (Sirois and Fortune, 1988; Ginther et al., 2001). Decreased circulating 

concentrations of FSH are unable to sustain the growth of smaller follicles in the recruited 

pool (Ginther et al., 2001), and the change in FSH concentrations is important for selection 

of the dominant follicle. The selected dominant follicle shifts from FSH- to LH-dependence 
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(Ginther et al., 1996; Driancourt, 2001; Lucy, 2007), which is possible due to the presence 

of LH receptors in the granulosa and theca cells that develop once the follicle reaches 8 

mm in diameter (Bao and Garverick, 1998; Driancourt, 2001; Lucy, 2007). The decline in 

circulating concentrations of FSH is driven by E2 produced by the cohort of follicles and 

the dominant follicle at the time of deviation (Ireland and Roche, 1983; Ginther et al., 

2000). The growing follicle also produces inhibin. The combined actions of E2 and inhibin 

then lead to the continued decline in FSH via negative feedback on the hypothalamic-

pituitary axis (Martin et al., 1988; Knight and Glister, 2001).  

The selected dominant follicle often has a size advantage compared to other 

follicles in the cohort (Ginther et al., 1996; Driancourt, 2001; Jaiswal et al., 2004). 

Deviation, defined as the divergence in diameter and growth rate of the two largest 

follicles, begins when the largest follicle is 8.5 mm in diameter, which occurs 

approximately 2.5 to 3.0 d following emergence of a follicular wave (Ginther et al., 1996, 

1997, 1999, 2000; Jaiswal et al., 2004).  

 Dominance. The dominance phase is the phase during which a single follicle 

achieves and maintains its eminence over other recruited follicles which undergo atresia 

(Hodgen, 1982). The dominant follicle continues to grow and inhibits the growth of a new 

follicular wave. There are two fates for the dominant follicle. A dominant follicle that 

develops during the period of luteolysis will go on to ovulate, whereas a dominant follicle 

that develops mid-cycle when circulating concentrations of progesterone are high, becomes 

atretic (Sirois and Fortune, 1988; Lucy, 2007). The dominant follicle from the first 

follicular wave becomes atretic mid-cycle (Lucy, 2007). When these events occur, 

secretion of FSH is no longer suppressed, and with the subsequent rise in FSH, the second 
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follicular wave is recruited (Adams et al., 1992; Lucy, 2007). The dominant follicle 

ovulates for cows with two-wave estrous cycles; however, among cows that experience 

three follicular waves, the dominant follicle of the second follicular wave is regressed, and 

the third follicular wave produces the ovulatory follicle (Lucy, 2007).   

 

FACTORS AFFECTING POSTPARTUM ANESTRUS 

 

Anestrus. Postpartum anestrus is the period after parturition during which cows do 

not exhibit signs of behavioral estrus (Montiel and Ahuja, 2005; Senger, 2005). During 

anestrus the ovaries of cows are inactive (Senger, 2005), and even though some follicular 

development occurs, ovarian follicles that begin to grow at this time do not become mature 

enough to ovulate (Montiel and Ahuja, 2005). There are numerous factors involved in 

determining length of the interval from parturition to first estrus or duration of the 

postpartum interval. Suckling, body condition, parity, dystocia, and other minor factors 

collectively influence length of the postpartum interval (Dunn and Kaltenbach, 1980; Short 

et al., 1990; Yavas and Walton, 2000; Montiel and Ahuja, 2005); therefore, development 

of management strategies that focus on minimizing the negative effects of these factors are 

important in reducing its overall length. Prolonged anestrus reduces the number of cows 

experiencing normal estrous cycles at the beginning of the breeding season. Consequently, 

high rates of anestrus are a major determinant in the percentage of cows exposed for 

breeding that go on to become pregnant, which ultimately influence size of the resulting 

calf crop and economic loss or gain  (Lamming et al., 1981; Schallenberger, 1985; Nett, 

1987; Short et al., 1990; Williams, 1990). 
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Endocrine changes during postpartum anestrus. During late pregnancy, negative 

feedback of P4 and E2 produced by the CL and placenta suppress gonadotropin secretion 

from the hypothalamic-pituitary axis (Yavas and Walton, 2000). Stores of LH within the 

anterior pituitary are depleted (Nett et al., 1988), and recurrent transient rises of FSH that 

stimulate follicular growth are inhibited (Crowe et al., 1998; Ginther et al., 1996) resulting 

in accumulation of FSH within the anterior pituitary (Labhsetwar et al., 1964; Crowe et al., 

1998). Following parturition, the CL regresses, placental membranes are removed, and 

circulating concentrations of P4 and E2 decline to basal levels, eliminating negative 

feedback on the hypothalamus and anterior pituitary (Echternkamp and Hansel, 1973; Arije 

et al., 1974; Humphrey et al., 1983; Crowe et al., 1998; Yavas and Walton, 2000; Crowe, 

2008). These events allow resumption of recurrent transient increases in FSH 

concentrations (Crowe et al., 1998; Duffy et al., 2000), and a new follicular wave develops 

within 10 to 14 d after parturition (Murphy et al., 1990). 

Growth of the dominant follicle is dependent on pulsatile secretion of LH (Crowe, 

2008). After parturition the anterior pituitary is less responsive to GnRH resulting in 

decreased LH pulsatility (Crowder et al., 1982; Short et al., 1990). Low LH pulse frequency 

results in low circulating concentrations of LH. Androgen production in the follicle is 

limited by decreased LH levels (Fortune, 1986; Duffy et al., 2000), therefore, follicular E2 

production is also decreased. Loss of positive feedback of E2 on the anterior pituitary is not 

sufficient to induce the LH surge necessary to initiate ovulation (Duffy et al., 2000); 

consequently, the follicle becomes atretic and fails to ovulate (Roche et al., 1992; Williams 

and Griffith, 1994).  
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Establishment of frequent pulses of LH and replenishment of LH in the anterior 

pituitary following parturition are the primary factors that influence initiation of normal 

cyclic activity (Short et al., 1972; Moss et al., 1985; Nett et al., 1988; Rahe et al., 1988). 

Recovery of pulsatile release of gonadotropins throughout the postpartum period is similar 

to that seen at puberty and among seasonal breeders during the transition period from 

anestrus to the breeding season (Bronson, 1988; Foster, 1988; Thatcher and Hansen, 1993). 

Stores of LH in the anterior pituitary gradually increase through 15 to 20 d postpartum 

(Labhsetwar et al., 1964; Wagner et al., 1969; Lamming et al., 1981; Nett et al., 1988; 

Yavas and Walton, 2000), and reach levels observed during the estrous cycle by 30 d 

postpartum (Moss et al., 1985; Nett et al., 1988, Yavas and Walton, 2000). Increased LH 

pulsatility promotes production of E2 by the dominant follicle, inducing a positive feedback 

effect on LH release, resulting in the preovulatory LH surge and subsequent ovulation 

(Kesler et al., 1977). The first ovulation after parturition in many cases occurs in the 

absence of estrus (Menge et al., 1962). After the first signs of behavioral estrus are 

observed, the postpartum anestrus period concludes and estrous cyclicity resumes.  

Suckling. Suckled beef cows have an increased interval from parturition to first 

estrus and ovulation compared with nonsuckled beef cows (Short et al., 1990; Williams, 

1990; Lamb et al., 1999; Yavas and Walton, 2000). Once concentrations of LH within the 

anterior pituitary are restored between 15 to 30 d postpartum (Labhsetwar et al., 1964; 

Graves et al., 1968; Wagner et al., 1969; Lamming et al., 1981; Cermak et al., 1983; Moss 

et al., 1985; Nett et al., 1988), the presence of a suckling calf becomes a major determinant 

of postpartum interval length (Nett, 1987). Suckling, specifically the visual and/or 

olfactory cues involved in the maternal bond (Williams et al., 1993; Griffith and Williams, 
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1996), suppresses action of the GnRH pulse generator (Carruthers et al., 1980; Lamming 

et al., 1981; Walters et al., 1982a; Nett, 1987; Montiel and Ahuja, 2005) via negative 

feedback of E2 on the hypothalamus (Schallenberger and Peterson, 1982; Acosta et al., 

1983). Inhibition of GnRH secretion results in decreased LH pulse frequency and reduced 

mean serum concentrations of LH (Carruthers et al., 1980; Carruthers and Hafs, 1980; 

Lamming et al., 1981; Walters et al., 1982a; Nett, 1987). Reduced LH pulsatility prevents 

follicular maturation and ovulation. As length of the postpartum interval extends, 

sensitivity to the suckling stimulus by the GnRH pulse generator weakens (Garcia-Winder 

et al., 1984), resulting in increased frequency of LH pulses, increased concentration of 

follicular LH and FSH receptors, and ovulation (Yavas and Walton, 2000).     

The effects of suckling can be reduced by several management factors. Weaning 

calves of chronically suckled anestrus beef cows leads to a rapid increase in LH pulsatility 

within 48 to 96 h (Convey et al., 1982; Walters et al., 1982a, b; Whisnant et al., 1985, 1986; 

Myers et al., 1989; Shively and Williams, 1989; Griffith and Williams, 1996; Hoffman et 

al., 1996; Stagg et al., 1998). Restricted suckling to once daily was shown to increase 

frequency of LH pulses and up to 50% of cows may ovulate within the next 6 d (Short et 

al., 1990). Early weaning and restricted suckling require increased time, labor, and 

expense, and potentially reduce calf growth (Mukasa-Mugerwa et al., 1991; Williams et 

al., 1995). Producers should consider the effects of suckling in their management systems, 

and implementation of a defined breeding season will reduce the number of late calving 

cows within the herd. This increases the average number of days postpartum of the cow 

herd at the start of the breeding season, and therefore, allows adequate time for 
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restoration/recovery of the hypothalamic-pituitary axis. More cows will resume normal 

estrous cycles before the subsequent breeding season and calf removal can be avoided.  

Body condition. When nutrient intake is inadequate and body energy reserves are 

depleted, the interval from parturition to first estrus is extended (Wiltbank et al., 1962). 

Body condition is a useful indicator of body energy reserves and rebreeding performance 

(Dunn and Kaltenbach, 1980; Dzuik and Bellows, 1983; Houghton et al., 1990; Randel, 

1990; Morrison et al., 1999). Body condition scoring (BCS) utilizes a numeric score 

ranging from 1 to 9, with 1 = emaciated and 9 = obese (Richards et al., 1986). A body 

condition score is a subjective, visual evaluation of the animal based on muscle and fat 

thickness covering the vertebrae, tail head, pins, hooks, ribs, and brisket.  

 Nutrient partitioning is prioritized to maintain basic life processes such as basal 

metabolism, activity, and growth over reproductive processes, which include onset of 

estrous cyclicity and establishment and maintenance of pregnancy. (Richards et al., 1986; 

Short and Adams, 1988; Grimard et al., 1997; Guedon et al., 1999). Prepartum nutrition 

and BCS at parturition are more important than postpartum nutrition in determining length 

of the postpartum interval (Dunn and Kaltenbach, 1980; Dzuik and Bellows, 1983; Guedon 

et al., 1999). Cows in moderate to high body condition (BCS ≥ 5) at calving experience 

shorter postpartum intervals than thin cows (BCS 4; DeRouen et al., 1994). Reduced feed 

levels prior to parturition decrease cow weight and body condition (Bellows and Short, 

1978), therefore, diminishing energy reserves available for resumption of normal estrous 

cyclicity (Montiel and Ahuja, 2005). Mobilization of body energy reserves during the last 

four weeks prior to parturition has been associated with delayed first ovulation (Dunn et 

al., 1969; DeRouen et al., 1994; Guedon et al., 1999).  
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Reduced BCS is associated with decreased concentrations of LH (Richards et al., 

1989; Bishop et al., 1994), whereas increased body energy reserves stimulate pulsatile 

release of LH, which initiates ovarian follicular growth (Bishop et al., 1994). Energy status 

influences the synthesis and/or release of GnRH from the hypothalamus, which then affects 

pituitary gonadotropin release (Connor et al., 1990). Thin or nutritionally restricted cows 

exhibit a reduced  response to GnRH (Rutter and Randel 1984; Short and Adams, 1988) 

resulting in delayed and decreased LH release (Echternkamp et al., 1982) along with 

reduced circulating concentrations of E2 (Henricks et al., 1986). Reduced concentrations 

of LH and E2 delay follicular development and ovulation.  

Cows can be grouped by BCS during gestation and fed to attain target BCS by 

parturition (Dunn and Kaltenbach, 1980; Graham, 1982; Richards et al., 1986; Houghton 

et al., 1990) to prevent prolonged postpartum intervals that result from inadequate nutrition. 

A target BCS of ≥ 5 at calving is recommended for multiparous cows. This minimum BCS 

will ensure that body stores of nutrients are adequate for postpartum reproductive 

performance (Dzuik and Bellows, 1983; Richards et al., 1986). Continued growth 

combined with first lactation place higher demands on body energy reserves in primiparous 

cows, thus a target BCS of 6 at calving is recommended for younger age cows (DeRouen 

et al., 1994; Spitzer et al., 1995). Nutritional management of these different age groups is 

critical in determining length of the postpartum interval.  

Parity. Parity, or age, has an influential role on estrous cyclicity in the postpartum 

beef cow. Young cows (≤ 3 years of age) and older cows (≥ 7 years of age) experience 

reduced fertility, longer postpartum intervals, and increased prevalence of dystocia 

compared to middle aged cows (Laster et al., 1973; Bellows and Short, 1978; De Kruif, 
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1978; Doornbos et al., 1984; Short et al., 1990; Cavestany and Galina, 2001). Primiparous 

cows are an especially challenging group of females to manage within a herd. Postpartum 

anestrus was reported to continue 1 to 4 weeks longer in primiparous cows compared to 

multiparous cows (Lamming et al., 1981; Sharpe et al., 1986; Randel et al., 1990; Grimard 

et al., 1995; Fajersson et al., 1999; Guedon et al., 1999; Yavas and Walton, 2000). Secretion 

of LH (Grimard et al., 1995), LH pulse frequency (Grimard et al., 1995; Randel et al., 

1996), and follicular development (Grimard et al., 1995) are reduced in primiparous 

compared to multiparous cows during the postpartum period. These effects increase the 

length of time to first estrus and ovulation following parturition in primiparous compared 

to multiparous cows (Terqui et al., 1982; Sharpe et al., 1986; Randel, 1990; Short et al., 

1990; Guedon et al., 1999).  

Nutrition and dystocia exert a major influence on the length of the postpartum 

interval in primiparous cows. Inadequate energy reserves are detrimental to reproductive 

efficiency in primiparous cows because of increased demands for nutrients that support 

growth and lactation (Whitman, 1975; Carroll and Hoerlein, 1966). Primiparous cows with 

a BCS of 6 at calving had higher pregnancy rates during the subsequent breeding season 

than cows calving with a BCS of 5 (Spitzer et al., 1995). The incidence of dystocia is also 

much higher in primiparous than in multiparous cows (Brinks et al., 1973; Laster et al., 

1973), leading to an increased length of the postpartum interval and decreased fertility 

(Laster et al., 1973). Producers must account for these factors in their management systems 

in order to optimize reproductive efficiency of their herds. 

Dystocia. Dystocia is defined as an abnormal or difficult parturition (Senger, 2005) 

typically resulting from a disproportion between calf size and size of the birth canal of the 
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cow (Bellows et al., 1982). Multiparous cows have larger pelvic areas, which at parturition 

facilitates delivery of larger and heavier calves, compared to primiparous cows. This is 

evidenced by the fact that dystocia rates in heifers are 33 to 47% higher than in cows (Laster 

et al., 1973; Bellows et al., 1982; Doornbos et al., 1984). Cows that experience dystocia 

have depressed postpartum reproductive performance compared to cows that experience 

normal parturition (Brinks et al., 1973; Laster et al., 1973; Short et al., 1990). Dystocia is 

associated with longer postpartum anestrous intervals, decreased conception rates within a 

defined breeding season, and smaller calf weights at weaning (Brinks et al., 1973; Laster 

et al., 1973; Dzuik and Bellows, 1983; Doornbos et al., 1984). A number of management 

practices are available to minimize the occurrence of dystocia in a herd, including use of 

pelvic measurements to screen heifers with abnormally small or abnormally shaped 

pelvises, use of calving ease sires, adequate nutrition prepartum, and attentive observation 

of the herd during the calving period.  Collectively, these practices will lead to a decrease 

in the incidence and severity of dystocia and maximize reproductive efficiency. 

Minor factors. Other factors are reported to influence length of postpartum anestrus 

including genetic variation within or among breeds, stress, disease, presence of bulls, sire 

breed of calf, twin births, season, and retained placenta (Edgerton, 1980; Peters and Riley, 

1982; Vandeplassche, 1985; Short et al., 1990; Browning et al., 1996; Echternkamp and 

Gregory, 1999; Tauck et al., 2010; Wheeler et al., 1982; Doornbos et al., 1984). In addition, 

crossbred cows experience shorter postpartum intervals compared to straightbred cows 

(King and Macleod, 1984). Producers should be aware of these factors and implement 

management practices that will contribute to an improvement in reproductive performance 

of the entire herd. 
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ESTRUS SYNCHRONIZATION 

 

 Estrus synchronization. Development of effective estrus synchronization protocols 

requires precise control of the timing of follicular development and luteal regression. 

Synchronization of follicular waves in cattle may be accomplished by two methods: 

ovulating or ablating the dominant follicle, which initiates a new follicular wave, or 

prolonging the lifespan of the dominant follicle (Smith et al., 2015). Progestins, PGF2α, 

GnRH, and various combinations of these hormones or their analogs can be used to achieve 

precise control of the interval and timing of estrus following treatment with an estrus 

synchronization protocol (Patterson et al., 2003). 

 Progestins. The discovery that P4 inhibits ovulation (Ulberg et al., 1951) and 

follicular maturation (Nellor and Cole, 1956; Hansel et al., 1961; Lamond, 1964) provided 

the physiological basis for estrus synchronization. Progestins mimic the actions of 

endogenous P4 produced by the CL and inhibit estrus and ovulation until their removal. 

Endogenous P4 produced by the CL regulates the estrous cycle through negative feedback 

on hypothalamic GnRH and pituitary gonadotropin release (Hansel and Convey, 1983; 

Garverick et al., 1992). Maturation and ovulation of the dominant follicle and behavioral 

estrus are inhibited when circulating concentrations of P4 are high during the luteal phase 

of the estrous cycle (Nellor and Cole, 1956; Hansel et al., 1961; Lamond, 1964). When the 

CL regresses and P4 declines, circulating concentrations of E2 increase, the female exhibits 

behavioral estrus, and ovulation occurs. 

 Progestins induce estrous cyclicity. In addition to synchronizing estrus, progestins 

induce cyclicity in peripubertal heifers (Gonzalez-Padilla et al., 1975; Patterson et al., 

1990; Hall et al., 1997) and anestrous postpartum cows (Patterson et al., 1999; Yavas and 
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Walton, 2000). A short luteal phase usually occurs in peripubertal heifers and postpartum 

cows following the first ovulation (Perry et al., 1991; Werth et al., 1996).  Exposure to P4 

for a short duration is thought to be necessary for the development of normal estrous cycles 

in heifers and reprogramming the reproductive axis to resume normal estrous cyclicity in 

cows. Circulating concentrations of P4 increase during the initiation of puberty in heifers 

(Berardinelli et al., 1979) and before resumption of estrous cyclicity in postpartum suckled 

beef cows (Prybil, 1979; Rawlings et al., 1980). Progestins stimulate increased LH pulse 

frequency (Smith and Day, 1990; Imwalle et al., 1998) and down-regulate E2 receptors in 

the hypothalamus that mediate negative feedback of E2 on GnRH secretion (Anderson and 

Day, 1996; Anderson et al., 1996). The stimulatory effects of progestins on LH secretion 

are greatest after removal of the progestin (Hall et al., 1997; Imwalle et al., 1998). The 

ability of progestins to induce estrous cyclicity in peripubertal heifers and postpartum 

anestrous beef cows is beneficial in herds with a mixture of estrous cycling and anestrous 

females. 

 Progestin administration and formation of persistent follicles. Progestin 

administration in estrous cycling heifers and cows does not affect the timing of CL 

regression, but once CL regression has occurred, progestin administration delays the 

expression of estrus and ovulation until the progestin is removed (Smith et al., 2015). This 

extends the lifespan of the dominant follicle in cycling females (Sirois and Fortune, 1990; 

Savio et al., 1993; Stock and Fortune, 1993; Custer et al., 1994). Long-term progestin 

treatment was found to increase the incidence of persistent follicles, which is most likely 

due to increased LH pulse frequency (Taylor et al., 1993; Custer et al., 1994; Duchens et 

al., 1994; Sanchez et al., 1995; Bergfeld et al., 1996). Persistent follicles are characterized 
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by an extended lifespan of the dominant follicle, increased maximum diameter of the 

dominant follicle, and increased E2 production (Zimbelman and Smith, 1966a; Sirois and 

Fortune, 1990; Savio et al., 1993). Following removal of a long-term progestin treatment, 

ovulation of a persistent follicle occurs in a large proportion of cows (Rajamahendran and 

Taylor, 1991; Savio et al., 1993; Taylor et al., 1994), and insemination immediately after 

long-term progestin treatment is associated with decreased fertility (Mihm et al., 1994). 

 Progestin products available for estrus synchronization. Two progestin products 

are commercially available for estrus synchronization.  These include the feed additive, 

melengestrol acetate (MGA; Brown et al., 1988; Patterson et al., 1989; Jaeger et al., 1992; 

King et al., 1994; Yelich et al., 1995a, b) and the intravaginal insert, or controlled internal 

drug release insert (CIDR; Roche and Gosling, 1977; Roche, 1978; Roche et al., 1980; 

Lucy et al., 1990; Sirois and Fortune, 1990; Savio et al., 1993; Stock and Fortune, 1993; 

Hanlon et al., 1996; Cavalieri et al., 1998; Lammoglia et al., 1998; Rivera et al., 1998; 

Bridges et al., 1999). Feeding of MGA is specifically approved for estrus suppression in 

heifers only (Federal Register, 1997), and use of MGA as part of any estrus synchronization 

protocol in beef cows constitutes an extra-label use that is prohibited by the Animal 

Medicinal Drug Use and Clarification Act. Producers using MGA in cows should switch 

to estrus synchronization protocols using a labeled progestin product, such as the CIDR. 

The FDA authorized the use of CIDR inserts for synchronizing estrus in suckled beef cows 

and dairy and beef heifers, for the resumption of estrous cyclicity in dairy cows, and for 

the induction of puberty in beef and dairy heifers (FDA, 2002).   

Melengestrol acetate. Melengestrol acetate (Figure 1.1) is an orally-active 

progestational steroid originally developed for the purpose of improving rate of gain and 
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feed efficiency in feedlot heifers by allowing ovarian follicular development to occur, 

while suppressing estrus behavior and ovulation (Zimbelman and Smith, 1966b). Each 

female must receive adequate daily intake of MGA throughout the treatment period in order 

for MGA to be effective. Melengestrol acetate should be fed at a dose of 0.5 mg/hd/d in 

order to suppress behavioral estrus, inhibit the preovulatory LH surge and subsequent 

ovulation, and induce puberty in heifers (Zimbelman and Smith, 1966a, b; Patterson et al., 

1990; Imwalle et al., 2002).  

Effective utilization of MGA in estrus synchronization protocols involves several 

management considerations. Intake is most effective when the recommended daily dose of 

MGA is fed in a grain or protein supplement carrier of 1.4 to 2.3 kg/hd/d (Patterson et al., 

2003). Melengestrol acetate should not be top dressed onto a large amount feed such as 

silage (Smith et al., 2015). The MGA should be fed once daily and at the same time each 

day (Patterson et al., 2003). If cattle are on lush pasture it can be helpful to remove salt 

from the pasture and include salt (0.5 oz/hd/d) in the MGA carrier (Smith et al., 2015). 

Adequate bunk space (60 linear cm/hd) must be provided for each animal to ensure 

adequate daily intake of MGA (Patterson et al., 2003). Additionally, feeding the carrier 

alone for several days before adding the MGA allows cattle to become accustomed to the 

bunk; therefore, increasing the likelihood that each animal consumes the correct dosage of 

MGA during the treatment period.  

Controlled internal drug release insert. The EAZI-Breed controlled internal drug 

release inserts (CIDR) consist of a T-shaped nylon backbone that is coated with a silicon 

layer containing 1.38 g P4 (Zoetis, Madison, NJ; Chenault et al., 2003). The two wings of 

the T-shaped structure are pushed forward into a straight, flattened position within the 
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applicator to facilitate insertion into the vaginal vestibule following disinfection of the 

applicator and vulva. Once the CIDR is properly positioned, its wings bend back into the 

original T-shape and hold the CIDR in the vaginal vestibule. A CIDR functions as an 

artificial CL by releasing P4, thus suppressing estrus and ovulation until removal. 

Controlled internal drug release inserts are easily removed by pulling the nylon tail attached 

to the end of the T-shaped insert. The retention rate of CIDRs has been reported to be as 

high as 96 to 99% (Macmillan et al., 1988, 1991; Lucy et al., 2001). A small amount of 

vaginitis is a common observation at CIDR removal, however, fertility is not compromised 

(Smith et al., 2015).  

 Progesterone contained within a CIDR is continuously released and absorbed 

through the vaginal wall into the blood stream, and is sufficient to increase and maintain 

circulating concentrations of P4 in the blood at > 2.0 ng/mL in absence of a CL (Chenault 

et al., 2003). Controlled internal drug release inserts provide a constant and consistent dose 

of P4. Progesterone concentrations peak rapidly within 1 h after CIDR insertion and 

decrease between 12 to 24 h after CIDR removal (Perry et al., 2004; Larson et al., 2006). 

When compared to MGA removal from the feed, P4 from CIDR inserts clears the body 

faster (Tauck et al., 2007). Melengestrol acetate can be stored in adipose tissue and released 

at different rates for individual cattle after withdrawal of MGA from the feed (Neff, 1983); 

therefore, body condition and/or the amount of MGA consumed affects the clearance rate 

of MGA and consequently the timing of estrus and ovulation after the last day of MGA 

feeding. The consistent dose of P4 delivered by the CIDR leads to increased synchrony of 

estrus compared to MGA (Kojima et al., 2004; Tauck et al., 2007), and estrus 

synchronization protocols using a CIDR yield comparable pregnancy rates from FTAI 
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when compared to MGA treatment, while reducing labor required to feed MGA on a daily 

basis (Schafer et al., 2007).    

 Prostaglandin F2α and gonadotropin releasing hormone. Administration of PGF2α 

alone can be utilized to synchronize estrus in estrous cycling cows and heifers. Luteolytic 

capacity is not established until 4 d post-estrus (Tsai and Wiltbank, 1998); therefore, a 

single dose of PGF2α can initiate regression of a functional CL in females that are between 

Day 6 and 16 of their estrous cycles (Inskeep, 1973; Lauderdale, 1974). Prostaglandin F2α 

administration in prepubertal heifers or anestrous cows is not effective in eliciting an 

estrous response due to lack of luteal tissue (Inskeep, 1973; Lauderdale, 1974), and PGF2α 

will not induce cyclicity in these females. Assessment of the proportion of estrous cycling 

females in a herd before beginning treatment is important in order to facilitate successful 

synchronization of estrus. In herds with both estrous cycling and anestrous females or in 

herds where the proportion of estrous cycling females is unknown, the most effective estrus 

synchronization protocols combine treatment with a progestin and PGF2α (Smith et al., 

2015). 

 Variation in time from PGF2α administration to estrus is a direct effect of the stage 

of follicular development at the time PGF2α is administered (Macmillan and Henderson, 

1984; Sirois and Fortune, 1988). In order to reduce this variation, estrus synchronization 

protocols were developed that incorporate an injection of GnRH to synchronize follicular 

waves prior to the time PGF2α is administered. Administration of GnRH to cows at random 

stages of the estrous cycle may induce a preovulatory-like LH surge (Garverick et al., 1980; 

Bao and Garverick, 1998), which is capable of  inducing ovulation or luteinization of most 

large, dominant follicles ≥ 10 mm in diameter (Ryan et al., 1998; Sartori et al., 2001). 
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Following GnRH administration, a new follicular wave is initiated within approximately 

1.6 d  (Roche et al., 1998) and selection occurs 3 to 4 d later (Twagiramungu et al., 1995). 

Consequently, a new follicular wave is initiated in all cows within 2 to 3 d following GnRH 

administration (Smith et al., 2015). The ovulation that follows administration of GnRH 

results in formation of a new or accessory CL that produces P4 (Garverick et al., 1980; 

Pursley et al., 1995; Sartori et al., 2001). Luteal tissue that forms after GnRH administration 

is capable of undergoing PGF2α-induced luteolysis 6 or 7 d later (Thatcher et al., 1989; 

Twagiramungu et al., 1995). Administration of GnRH prior to PGF2α was found to improve 

estrus synchronization in both beef (Twagiramungu et al., 1992a, b) and dairy cattle 

(Thatcher et al., 1993).  

 

DEVELOPMENT OF SHORT-TERM CIDR-BASED ESTRUS 

SYNCHRONIZATION PROTOCOLS 

 

 Development of the 7-d Select Synch and CO-Synch + CIDR protocols. Cows 

treated with the Select Synch protocol (Figure 1.2) receive GnRH on d 0, with PGF2α 

administered 7 d later. The 7 d interval allows the newly formed luteal tissue to acquire the 

capacity to respond to PGF2α, resulting in improved synchrony of estrus following PGF2α 

administration (Thatcher et al., 1989; Twagiramungu et al., 1992b). Estrus detection should 

begin as early as 4 d after GnRH administration and continue through 6 d after PGF2α 

(Kojima et al., 2000). Artificial insemination is performed 12 h after observation of 

standing estrus. Although the Select Synch protocol successfully synchronizes estrus in 

postpartum beef cows, cows in the late luteal phase of the estrous cycle at the time GnRH 

is administered (5 to 15%) may exhibit estrus prior to or immediately after PGF2α 
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administration (Twagiramungu et al., 1995; Kojima et al., 2000; DeJarnette et al., 2001). 

Therefore, this protocol is somewhat limited in successfully synchronizing estrus prior to 

FTAI. Select Synch requires a longer period of estrus detection, leading to increased time 

and labor commitments, along with a reduced estrous response following the 

administration of PGF2α (Pursley et al., 1995; Twagiramungu et al., 1995).  

The CO-Synch protocol (Figure 1.3) is similar to Select Synch, except that all cows 

are inseminated at a predetermined fixed-time, rather than insemination based on the 

observation of standing estrus. Artificial insemination is performed 48 h after PGF2α is 

administered, and GnRH is administered at the time AI is performed (Geary et al., 2000). 

Pregnancy rates resulting from FTAI following estrus synchronization with the CO-Synch 

protocol range from 43 to 49% (Geary et al., 1998; Lamb et al., 2001; Larson et al., 2006). 

Fixed-time AI decreases the time and labor required for estrus detection, and reduces input 

costs involved with implementing this estrus synchronization protocol. 

 The 7-d Select Synch and CO-Synch + CIDR protocols (Figure 1. 4) are similar to 

the Select Synch and CO-Synch protocols described previously, except that a CIDR is 

inserted at the time GnRH is administered on Day 0, and removed at PGF2α on Day 7. 

Addition of the CIDR insert to the Select Synch and CO-Synch protocols prevents 

premature expression of estrus prior to or immediately following PGF2α in cows that are in 

the late luteal phase of the estrous cycle when GnRH is administered (Lamb et al., 2001; 

Larson et al., 2006). Synchrony of estrus is improved with the addition of a progestin to 

GnRH- and PGF2α-based protocols. The 7-d CO-Synch + CIDR protocol is effective in 

facilitating FTAI without estrus detection (Busch et al., 2008), and this protocol effectively 

induces estrous cyclicity in anestrous postpartum beef cows (Busch et al., 2008).   
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Development of CIDR-based protocols significantly improved pregnancy rates 

resulting from FTAI when compared with CO-Synch (Geary et al., 1998; Larson et al., 

2006). Pregnancy rates in cows resulting from FTAI following synchronization of estrus 

with the 7-d CO-Synch + CIDR protocol are reported to average 66 to 67% when 

insemination is performed 66 h after PGF2α and CIDR removal (Schafer et al., 2007; Busch 

et al., 2008; Wilson et al., 2010), whereas pregnancy  rates for cows treated with the 7-d 

Select Synch + CIDR protocol range from 56 to 72% (Bridges et al., 2008; Wilson et al., 

2010). 

Development of the 5-d Select Synch and CO-Synch + CIDR protocols. The 5-d 

Select Synch and 5-d CO-Synch + CIDR protocols (Figure 1.5) shorten the interval from 

GnRH to PGF2α administration from 7 to 5 d, which also reduces the time between CIDR 

insertion and removal to 5 d. This protocol requires that a second dose of PGF2α is 

administered 8 to 12 h after the first dose which is given at the time of CIDR removal. 

Collectively, administering two doses of PGF2α 8 to 12 h apart is required to facilitate 

complete luteolysis of accessory CL that form in response to GnRH (Bridges et al., 2012). 

Cows treated with this protocol are inseminated at a predetermined fixed time, 72 h after 

the first injection of PGF2α and CIDR removal.  

Modification of the 7-d CO-Synch + CIDR protocol to a shortened 5-d protocol 

was hypothesized to increase secretion of E2 by the ovulatory follicle and decrease the 

incidence of induced ovulation of follicles with reduced estrogenic activity. The proposed 

shortening in the duration of CIDR treatment would then result in improvements in 

pregnancy rates resulting from FTAI (Bridges et al., 2008). This hypothesis was based on 

the idea that Day 4 dominant follicles have higher intrafollicular concentrations of E2 and 
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a greater ability to produce E2 compared to older aged follicles (Valdez et al., 2005). 

Preovulatory concentrations of E2 tend to be greater in 5-d compared to 7-d treated cows 

that fail to respond to GnRH administered at CIDR insertion, and postovulatory 

concentrations of P4 were greater among 5-d compared to 7-d treated cows (Bridges et al., 

2009). Increased follicular concentrations of E2 and elevated postovulatory concentrations 

of P4 are associated with greater physiological maturity of the dominant follicle and result 

in increased pregnancy rates resulting from AI (Lopez et al., 2005; Perry et al., 2005). 

Several studies compared the 5-d and 7-d CO-Synch + CIDR protocols on the basis of 

pregnancy outcome and practical application in the field (Bridges et al., 2008; Wilson et 

al., 2010; Whittier et al., 2013). Although Whittier et al. (2013) showed a 3% higher 

pregnancy rate to FTAI in cows following treatment with the 5-d CO-Synch + CIDR 

protocol, outcomes reported from other studies demonstrate that the two treatments 

resulted in similar pregnancy rates following FTAI (Wilson et al., 2010). The 5-d protocol 

provides an effective alternative to the 7-d protocol for use in facilitating FTAI, however, 

producers should consider the increased labor and treatment costs associated with the 5-d 

protocol. 

 

DEVELOPMENT OF LONG-TERM CIDR-BASED ESTRUS 

SYNCHRONIZATION PROTOCOLS 

 

 Development of the CIDR Select protocol. The beneficial effects of 

presynchronization with a progestin (Patterson et al., 1995; Thatcher al., 2001) followed 

by GnRH (Sheffel et al., 1982; Smith et al., 1987) and PGF2α on follicular development 

and subsequent fertility in beef (Wood et al., 2001; Perry et al., 2002; Stegner et al., 2004) 
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and dairy cattle (Thatcher et al., 2001; Portaluppi and Stevenson, 2004) are well-

established. Kojima et al. (2004) evaluated the replacement of MGA with a CIDR in the 

MGA Select protocol. Heifers treated with the CIDR Select protocol (Figure 1.6) received 

a CIDR insert from Day 0 to 14, and GnRH and PGF2α were administered on Day 23 and 

30, respectively. Fixed-time AI was performed 72 h following PGF2α, and GnRH was 

administered concurrent with AI. Synchrony of estrus and pregnancy rate resulting from 

AI were greater among CIDR-treated heifers compared to MGA-treated heifers. Pregnancy 

rates to AI were 63% and 47% for CIDR- and MGA-treated heifers, respectively. 

Differences in response to these treatments result from a reduced interval from PGF2α to 

estrus (Macmillan and Peterson, 1993) and improved synchronization of follicular waves 

after CIDR removal compared with the end of MGA treatment (Kojima et al., 2004).  

 Studies were then designed to compare the 7-d CO-Synch + CIDR (Busch et al., 

2007) and Select Synch + CIDR (Leitman et al., 2008) protocols to the CIDR Select 

protocol in beef heifers. Synchronization of estrus and FTAI with the CIDR Select protocol 

resulted in increased estrous response, improved synchrony of estrus, and a higher 

pregnancy rate after FTAI compared with the CO-Synch + CIDR protocol (Busch et al., 

2007). Leitman et al. (2008) hypothesized that presynchronization with a progestin before 

GnRH and PGF2α would be more effective in synchronizing estrus compared with 7-d 

CIDR-based or GnRH-PGF2α protocols. Synchronization of estrus and ovulation were 

improved in CIDR Select-treated heifers compared to those treated with the Select Synch 

+ CIDR protocol (Leitman et al., 2008). The CIDR Select protocol resulted in a greater 

ovulatory response among mixed groups of estrous cycling and prepubertal heifers 

(Leitman et al., 2008), consequently, these results demonstrated that presynchronization 
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with a progestin before GnRH and PGF2α is more effective in synchronizing estrus among 

estrous cycling and prepubertal heifers than the Select Synch + CIDR protocol (Leitman et 

al., 2008). These results support the findings of Busch et al. (2007), which demonstrated 

improvements in FTAI pregnancy rates in beef heifers following presynchronization with 

a progestin before GnRH and PGF2α compared with the 7-d CO-Synch + CIDR protocol.       

 Development of the 14-d CIDR-PG protocol in heifers. The 14-d CIDR-PG 

protocol (Figure 1.6) is similar to the CIDR Select protocol. Heifers treated with the 14-d 

CIDR-PG protocol receive a CIDR insert from Day 0 to 14, and PGF2α is administered on 

Day 30. Fixed-time AI is performed concurrent with GnRH administration, 66 h after 

PGF2α. The CIDR Select and 14-d CIDR-PG protocols were compared to determine the 

need for administering GnRH on Day 23 in beef heifers that were either estrous cycling or 

prepubertal at the time treatments were initiated (Leitman et al., 2009). Estrous cycling and 

prepubertal heifers treated with the 14-d CIDR-PG protocol exhibited a more highly 

synchronized estrus compared to heifers treated with the CIDR Select protocol (Leitman 

et al., 2009). Although estrous response was similar following administration of both 

treatments, inclusion of GnRH in the CIDR Select protocol reduced the synchrony of estrus 

after PGF2α compared  to heifers assigned to the 14-d CIDR-PG protocol (Leitman et al., 

2009). These protocols were further evaluated on the basis of pregnancy rate resulting from 

FTAI (Mallory et al., 2011). The 14-d CIDR-PG treated heifers had higher pregnancy rates 

resulting from FTAI than those treated with the CIDR Select protocol (Mallory et al., 

2011). The data from this study support results reported by Leitman et al. (2009), indicating 

that GnRH is not required to successfully synchronize estrus prior to FTAI among heifers 

treated with the 14-d CIDR-PG protocol (Patterson et al., 2015). The 14-d CIDR-PG 
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protocol provides an effective alternative to the CIDR Select protocol in facilitating use of 

FTAI (Mallory et al., 2011). Furthermore, by reducing drug costs and animal handling, the 

protocol reduces overall costs associated with implementing an estrus synchronization and 

FTAI program.  

Development of the 14-d CIDR-PG protocol in cows. The 14-d CIDR-PG protocol 

was shown to effectively synchronize estrus and ovulation in beef heifers (Schafer et al., 

2007; Leitman et al., 2009; Mallory et al., 2011) and postpartum beef cows (Nash et al., 

2012, 2013). However, when the 14-d CIDR-PG protocol is used in cows the interval from 

PGF2α administration on Day 30 to FTAI is 72 h, rather than 66 h in heifers (Figure 1.7). 

Although estrous response following treatment with the 14-d CIDR-PG protocol is lower 

compared to that seen in cows treated with the 7-d CO-Synch + CIDR protocol (23% vs 

49%), pregnancy rates resulting from FTAI are similar (Nash et al., 2012).  

Martin et al. (2014) conducted an experiment to determine whether extending the 

interval from CIDR removal to PGF2α from 16 to 19 d in cows treated with the 14-d CIDR-

PG protocol (Figure 1.8) would increase estrous response following PGF2α, and improve 

pregnancy rates after FTAI. Cows treated with the 14-19 d CIDR-PG protocol exhibited a 

greater estrous response compared to those treated with the 14-16 d CIDR-PG protocol 

(Martin et al., 2014). Pregnancy rates following FTAI, however, were affected by cow age. 

Younger aged cows (≤ 3 years old) had similar pregnancy rates after FTAI for both the 14-

19 d and 14-16 d CIDR-PG treated groups, whereas mature cows (≥ 4 years old) had higher 

pregnancy rates after FTAI when treated with the 14-19 d CIDR-PG protocol (Martin et 

al., 2014).  



31 
 

Beef producers may be reluctant to implement long-term CIDR-based protocols in 

their herds, since these protocols are more challenging to use in herds with extended 

calving seasons. In addition, long-term CIDR-based protocols require an extra trip through 

the chute compared to the short-term 7-d or 5-d protocols. Long-term CIDR-based 

protocols, however, provide the opportunity to combine reproductive management with 

herd health, by administering pre-breeding vaccinations at the time of CIDR insertion. The 

results reported by Nash et al. (2012, 2013) and Martin et al. (2014) demonstrate that long-

term CIDR-based protocols are an effective alternative to short-term CIDR-based protocols 

in facilitating estrus synchronization and AI in postpartum beef cows.   

 

DEVELOPMENT OF SPLIT-TIME AI 

 

 Split-time AI.  Pregnancy rates resulting from FTAI differ among females based on 

expression of estrus prior to the time at which FTAI is performed. Females that fail to 

express estrus prior to FTAI have lower pregnancy rates than those that express estrus 

(Perry et al., 2005; Busch et al., 2007, 2008; Wilson et al., 2010; Mallory et al., 2011). 

Consideration of these results helped to form the hypothesis that managing females on the 

basis of estrous status at the time of AI and delaying insemination of females that are non-

estrous at the pre-determined fixed time would improve pregnancy rates during the AI 

period (Thomas et al., 2014a).  

Split-time AI following administration of the 7-d CO-Synch + CIDR protocol in 

cows. Delayed insemination of cows that were non-estrous at the standard fixed-time was 

first tested using sex-sorted semen (Thomas et al., 2014a). Pregnancy rate following 

insemination with sex-sorted semen is maximized when cows are inseminated after an 



32 
 

observed estrus (Seidel, 2007), therefore, FTAI without estrus detection is currently not 

recommended with sex-sorted semen (Seidel, 2011). In this study estrus was synchronized 

for all cows with the 7-d CO-Synch + CIDR protocol. Treatments included FTAI with 

conventional semen, FTAI with sex-sorted semen, and split-time AI (STAI) with sex-

sorted semen (Thomas et al., 2014a). Estrotect patches were used to determine whether 

cows expressed estrus after PGF2α and prior to AI. Cows assigned to FTAI treatments were 

inseminated 66 h after PGF2α concurrent with GnRH administration, regardless of estrus 

expression. Cows assigned to the STAI treatment that expressed estrus by 66 h were 

inseminated concurrent with GnRH administration, and those that failed to express estrus 

by 66 h were inseminated 20 h after GnRH was administered (Thomas et al., 2014a; Figure 

1.9). Pregnancy rates among cows that expressed estrus prior to FTAI were higher among 

cows inseminated with conventional semen (77%) compared to those inseminated with 

sex-sorted semen (51 and 42%; Thomas et al., 2014a). However, pregnancy rates among 

non-estrous cows inseminated with conventional semen at FTAI were similar to those 

among the non-estrous cows inseminated with sex-sorted semen when insemination was 

delayed 20 h (37 vs 36%; Thomas et al., 2014a). These data support the hypothesis that 

delayed insemination of non-estrous cows improves pregnancy rates resulting from TAI 

with sex-sorted semen (Thomas et al., 2014a).  

The STAI strategy was further evaluated (Thomas et al., 2014b) in cows that were 

inseminated with conventional semen following synchronization of estrus with the 7-d CO-

Synch + CIDR protocol. Cows assigned to the FTAI treatment were inseminated 

concurrent with GnRH administration 66 h after PGF2α and CIDR removal regardless of 

estrus expression.  Estrous cows assigned to the STAI treatment were inseminated and 
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received GnRH at the standard fixed-time, while non-estrous cows were inseminated 20 h 

after GnRH (Thomas et al., 2014b; Figure 1.9). Although pregnancy rates were improved 

with STAI when sex-sorted semen was used, pregnancy rates resulting from FTAI and 

STAI with conventional semen were similar (Thomas et al., 2014b).    

 Split-time AI following administration of the 14-d CIDR-PG protocol in heifers. 

Split-time AI was also evaluated in heifers inseminated with conventional semen after 

estrus was synchronized with the 14-d CIDR-PG protocol (Thomas et al., 2014b). Heifers 

assigned to the FTAI treatment were inseminated concurrent with GnRH administration 66 

h after PGF2α regardless of estrus expression. Estrous heifers assigned to the STAI 

treatment were inseminated and received GnRH at the standard fixed-time, while non-

estrous heifers were inseminated 20 h after GnRH (Thomas et al., 2014b; Figure 1.10). 

Heifers assigned to the STAI treatment had higher pregnancy rates (54%) than those 

assigned to the FTAI treatment (46%; Thomas et al., 2014b). This difference was attributed 

to an improvement in pregnancy rates of the non-estrous females in the STAI (49%) 

compared to the FTAI treatments (34%; Thomas et al., 2014b). The 20 h delay allowed 

more females to express estrus prior to FTAI, and estrus expression prior to AI is generally 

associated with improved fertility. The rise in E2 that precedes behavioral estrus (Allrich, 

1994) elicits a number of beneficial effects on the female reproductive system including 

effects on follicular cells, the oocyte, gamete transport, and preparation of the uterine 

environment; physiological changes that collectively support establishment and 

maintenance of pregnancy (Pohler et al., 2012). 
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SUMMARY 

 

The development of protocols used to synchronize estrus and ovulation that 

facilitate FTAI greatly reduce time and labor required to implement a breeding program. 

Estrus synchronization and AI allow producers to improve the genetics of their herds more 

rapidly compared with natural service breeding programs and reduce expenses that are 

incurred when purchasing bulls. Additionally, progestin-based protocols can be used to 

induce estrous cyclicity in both prepubertal heifers and postpartum anestrous cows. This 

practice proves to be advantageous in mixed groups of estrous cycling and non-cycling 

females. Reproductive management of primiparous two-year-old females presents a unique 

challenge in managing a beef herd, since this age group of females typically experience the 

highest incidence of reproductive failure. A reduction in culling rate of young females 

decreases the number of replacements that are needed, and ultimately reduces maintenance 

costs for the entire cow herd.  

Previous studies demonstrate that protocols used to synchronize estrus and 

ovulation differ on the basis of their effectiveness among various age classes of females.  

Short-term CIDR-based protocols are used extensively in postpartum beef cows, but long-

term CIDR-based protocols produce more consistent results after FTAI in beef heifers. 

Furthermore, long-term CIDR-based protocols provide the opportunity for producers to 

combine reproductive management and herd health into a single management step.  

Short- and long-term CIDR-based protocols were previously compared in mixed 

age groups of females. Although, estrous response was reduced in cows treated with the 

long- versus short-term CIDR-based protocols, no difference in pregnancy rate was 

observed among cows assigned to the two treatment schedules. As heifer retention rates 
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increased over the past several years, the number of primiparous females eligible for 

breeding has also increased. To date, there are no reported studies that compare short- 

versus long-term CIDR-based protocols in primiparous two-year-old beef cows on the 

basis of pregnancy rates resulting from FTAI or final pregnancy rate at the end of the 

breeding period. These considerations form the basis for the studies reported in this thesis.  
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Figure 1.1. Chemical structure of progesterone (P4) and melengestrol acetate (MGA). 
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Figure 1.2. Treatment schedule for the Select Synch protocol (from Geary et al., 2000). 
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CO-Synch 
 

 

 

Figure 1.3. Treatment schedule for the CO-Synch protocol (from Geary and Whittier, 

1998).  
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7-d Select Synch + CIDR 

 

 

 
 

7-d CO-Synch + CIDR 

 

 

 
 

 

Figure 1.4. Treatment schedule for the 7-d Select Synch and CO-Synch + CIDR protocols 

(from Lamb et al., 2001; Schafer et al., 2007).  
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5-d Select Synch + CIDR 

 

 

 
 

5-d CO-Synch + CIDR 
 

 
 

 

Figure 1.5. Treatment schedule for the 5-d Select Synch and CO-Synch + CIDR protocols 

(from Bridges et al., 2008).  
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14-d CIDR-PG 

 
  
 

Figure 1.6. Treatment schedule for the CIDR Select and 14-d CIDR-PG protocols in 

heifers (from Leitman et al., 2009; Mallory et al., 2011). 

  



42 
 

 

 

14-d CIDR-PG 

 

 

Figure 1.7. Treatment schedule for cows assigned to the 14-d CIDR-PG protocol in cows 

(from Nash et al., 2012). 
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14-19 d CIDR-PG 

 

 
 

 

Figure 1.8. Treatment schedule for cows assigned to the 14-19 d CIDR-PG protocol (from 

Martin et al., 2014). 
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7-d CO-Synch + CIDR 
 

 
 
 
 

Modification for non-estrous cows in STAI treatment  
 

 

 
 

 

Figure 1.9. Treatment schedule for cows assigned to FTAI and STAI treatments following 

estrus synchronization with the 7-d CO-Synch + CIDR protocol (from Thomas et 

al., 2014b). 
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14-d CIDR-PG 

 
 
 

Modification for non-estrous heifers in STAI treatment  
 

 

 

 
 

 

Figure 1.10. Treatment schedule for heifers assigned to FTAI and STAI treatments 

following estrus synchronization with the 14-d CIDR-PG protocol (from Thomas 

et al., 2014b). 
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CHAPTER 2 

EVALUATION OF LONG-TERM CIDR-BASED ESTRUS SYNCHRONIZATION 

PROTOCOLS IN PRIMIPAROUS TWO-YEAR-OLD BEEF COWS 

 

ABSTRACT 

 

Two experiments evaluated long-term controlled internal drug release (CIDR)-

based protocols to synchronize estrus in primiparous two-year-old beef cows. Experiment 

1 compared the 14-d CIDR-PG (14-d) and 7-d CO-Synch + CIDR (7-d) protocols on the 

basis of estrous response, pregnancy rates after fixed-time AI (FTAI), and final pregnancy. 

Cows assigned to 14-d (n = 355) received a CIDR insert on Day 0 with removal on Day 

14. Cows assigned to 7-d (n = 349) received GnRH and CIDR inserts on Day 23. On Day 

30 CIDRs were removed from 7-d cows and PGF2α was administered to all cows in each 

treatment.  On Day 33, 66 and 72 h after PGF2α, GnRH was administered concurrent with 

FTAI. Days postpartum (DPP) and BCS were similar for cows in each treatment.  Estrous 

response at FTAI was higher for 7-d compared to 14-d cows (74% vs 43%, respectively; P 

< 0.0001); however, pregnancy rates resulting from FTAI were similar (14-d, 63%; 7-d, 

64%; P = 0.52). Ovaries were mapped and serum estradiol-17β (E2) concentrations were 

evaluated at one location to compare follicular dynamics and hormone profiles of cows 

assigned to each protocol. The 14-d cows had smaller dominant follicle diameters at PGF2α 

(P = 0.04) and FTAI (P = 0.002) than 7-d cows, and serum concentrations of E2 at PGF2α 

(P = 0.06) and FTAI (P = 0.001) were greater for 14-d vs 7-d treated cows. Experiment 2 

compared estrous response and pregnancy rates in two-year-old beef cows resulting from 
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FT- or Split-time AI (STAI) following synchronization of estrus with the 14-d protocol. 

Treatments were assigned and balanced according to BCS and DPP. Cows assigned to 

FTAI (n = 266) were inseminated at a fixed-time concurrent with GnRH at 72 h after PGF2α 

regardless of estrus expression, while cows assigned to STAI (n = 257) were inseminated 

based on estrus expression at 72 h, using estrus detection aids (Estrotect). Cows assigned 

to STAI that exhibited estrus by 72 h were inseminated; however, AI was delayed 24 h 

until 96 h after PGF2α for non-estrous cows. Total estrous response was increased for ST- 

vs FTAI treated cows (STAI, 64%; FTAI, 42%; P < 0.0001); however, pregnancy rates 

resulting from AI were similar (STAI, 55%; FTAI, 56%; P = 0.60). In summary, the 14-d 

CIDR-PG and 7-d CO-Synch + CIDR protocols can be used effectively to synchronize 

estrus prior to FTAI in primiparous two-year-old beef cows. Although expression of estrus 

can be increased using STAI in conjunction with the 14-d protocol this strategy did not 

increase pregnancy rates compared to FTAI. 

 

INTRODUCTION 

 

 Expansion of the U.S. cow herd following the long-term decline in cattle numbers 

that resulted from severe drought conditions and associated high input costs has now led 

to a substantial increase in heifer retention (Patterson and Brown, 2013). Costs associated 

with development of a beef replacement heifer are approximately $2,000 per animal 

(Hughes, 2014), and several reports indicate that it takes five years or five calves to recover 

these development costs (Snelling et al., 1995; Brigham et al., 2007; Mousel et al., 2012).  
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Reproductive management of primiparous two-year-old cows presents a unique 

challenge in managing a beef herd, since this age group of females typically experiences 

the highest incidence of reproductive failure (Roberts et al., 2015). Successful management 

of replacement beef heifers and primiparous cows is necessary to ensure their continued 

long-term reproductive performance, which provides an opportunity for beef producers to 

increase retention rates, reduce input costs, and ultimately enhance production efficiency. 

The significant increase in young cow numbers warrants evaluation of protocols designed 

to synchronize estrus and ovulation within this specific age class of females, and is relevant 

to improving genetics and reproduction within the beef industry. 

Therefore, the aim of Experiment 1 was to compare short- versus long-term CIDR-

based protocols in primiparous two-year-old beef cows on the basis of pregnancy rates 

resulting from FTAI and final pregnancy rate at the end of the breeding period. Ovaries 

were mapped and serum estradiol-17β concentrations were evaluated at one location to 

characterize differences in follicular dynamics and hormonal profiles between these 

protocols.  

Split-time AI (STAI), a recent modification to FTAI, was developed to improve 

pregnancy rates resulting from AI by delaying insemination of non-estrous females 20 to 

24 h after the predetermined scheduled time (Thomas et al., 2014a, b). These studies 

evaluated the split-time AI strategy following synchronization of estrus with the 14-d 

CIDR-PG protocol in heifers and the 7-d CO-Synch + CIDR protocol in mixed age groups 

of cows (Thomas et al., 2014b). Experiment 2 was designed to test the hypothesis that 

STAI following synchronization of estrus with the 14-d CIDR-PG protocol in primiparous 

two-year-old beef cows would increase low estrous response rates in cows synchronized 
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with this protocol which would then result in improved pregnancy rates following 

treatment.   

 

MATERIALS AND METHODS 

 

All experimental procedures were approved by the University of Missouri Animal 

Care and Use Committee. 

Experiment 1 

Experimental design. Primiparous, crossbred, postpartum beef cows (n = 704) at 

four locations were randomly assigned to one of two treatments (Figure 2.1) with similar 

days postpartum (DPP) and body condition scores (BCS; 1 to 9 scale, 1 = emaciated, 9 = 

obese; Richards et al., 1986) for cows in each treatment. Cows assigned to the 14-d CIDR-

PG protocol (n = 355) received an EAZI-Breed CIDR insert [1.38 g progesterone (P4); 

Zoetis, Madison, NJ] on Day 0 with removal on Day 14. Sixteen days after CIDR removal, 

on Day 30, cows were administered PGF2α (25 mg, i.m.; Lutalyse, Zoetis). On Day 33, 72 

h after PGF2α administration, GnRH (100 µg, i.m.; OvaCyst; Bayer, Whippany, NJ) was 

administered concurrent with AI. Cows assigned to the 7-d CO-Synch + CIDR protocol (n 

= 349) received GnRH (100 µg) and CIDR inserts (1.38 g P4) on Day 23.  Prostaglandin 

F2α (25 mg) was administered at CIDR removal on Day 30. At the time AI was performed 

on Day 33, 66 h after PGF2α and CIDR removal, GnRH was administered. All cows were 

inseminated by one of two experienced technicians, and technicians and sires were 

assigned to cows within treatment by DPP and BCS. One sire was used at location 1, 2, 
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and 4, and two sires were used at location 3 with four sires used overall. Cows were 

exposed to fertile bulls 10 to 14 d after FTAI for the remainder of the 65 d breeding season.  

Blood collection and RIA. Blood samples were collected via jugular venipuncture 

on Day -9 and 0 relative to treatment initiation to determine pretreatment estrous cyclicity 

status among cows at location 1. Blood samples were allowed to clot and stored at 4ºC for 

24 h. Serum was collected by centrifugation and stored at -20ºC. Cows were considered to 

be estrous cycling when P4 concentrations were ≥ 0.5 ng/mL at one or both of the 

pretreatment blood sampling times. Serum concentrations of P4 were determined via a 

validated radioimmunoassay (RIA; Pohler et al., 2016). The intra-assay CV was less than 

5%. 

Blood samples were also collected on Day 30 at PGF2α and again on Day 33 at 

FTAI. Blood samples were allowed to clot and stored at 4ºC for 24 h. Serum was collected 

by centrifugation and stored at -20ºC. These samples were assayed in triplicate 

determinations for estradiol, using the liquid-phase double-antibody RIA procedures 

originally described by Rozell and Keisler (1990) with modifications as follows. All assay 

buffers consisted of 0.1% gelatin, 0.01 M EDTA, 0.9% NaCl, 0.01 M PO4, 0.01% sodium 

azide, 0.05%Tween-20, pH = 7.1 (PABET). As a standard measure of assay quality control 

and performance pooled bovine sera was assayed in triplicate at 25, 40, 60, 100, 175, 200, 

and 300 µL volumes, which performed in parallel to the standard curves. The estradiol 

assay utilized 3-125Iodo-Estradiol-17B (MP Biomedicals # 07138226) and rabbit anti-

estradiol antisera (MP Biomedicals #07138216). A pre-precipitated sheep anti-rabbit 

second antibody was used for precipitation.  The intra-assay CV was less than 5%.  
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Ultrasonography of dominant follicles. Dominant follicle diameters were measured 

for each cow at location 1 via transrectal ultrasonography (SonoSite EDGE equipped with 

a L52 10.0-5.0 MHz linear-array transducer; SonoSite Inc., Bothell, WA) on Day 30 at the 

time PGF2α was administered, and again on Day 33 at FTAI. 

Estrus detection. Estrus detection aids (Estrotect; Rockway Inc. Spring Valley, WI) 

were applied at the time PGF2α was administered on Day 30, and expression of estrus was 

recorded at the time GnRH was administered on Day 33. Estrus was defined as removal of 

≥ 50% of the rub-off coating on the Estrotect. 

Pregnancy diagnosis. Pregnancy rate resulting from FTAI and final pregnancy rate 

were determined by transrectal ultrasonography (SonoSite EDGE equipped with a L52 

10.0-5.0 MHz linear-array transducer; SonoSite Inc., Bothell, WA) between 78 and 96 d 

after FTAI, or 30 d after the end of the breeding season.  

Statistical analyses. Differences between treatments for estrous response were 

analyzed by ANOVA using the statistical model with treatment, location, and the treatment 

by location interaction (PROC GLIMMIX; SAS Inst. Inc. Cary, NC). Additionally, 

pregnancy rates resulting from FTAI were analyzed by ANOVA using the statistical model 

with treatment, location, estrous response, the treatment by location interaction, and the 

treatment by estrous response interaction (PROC GLIMMIX; SAS Inst. Inc., Cary, NC). 

Additionally, final pregnancy rate at the end of the breeding season was analyzed by 

ANOVA using the statistical model with treatment, location, and treatment by location 

interaction (PROC GLIMMIX; SAS Inst. Inc., Cary, NC). A contingency X2 analysis was 

used to analyze pre-treatment estrous cyclicity status indicated by serum P4 concentrations 

> 0.5 ng/mL at one or both of the pretreatment blood sampling times for cows at location 
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1 (PROC FREQ; SAS Inst. Inc., Cary, NC). Serum concentrations of E2 and differences in 

mean dominant follicle diameter for cows at location 1 at PGF2α and FTAI were analyzed 

by PROC MIXED (SAS Inst. Inc., Cary, NC). 

 Experiment 2  

Experimental design. Estrus was synchronized using the 14-d CIDR-PG protocol 

for Angus, primiparous, postpartum beef cows (n = 523) at five locations. Cows received 

an EAZI-Breed CIDR insert (1.38 g P4) on Day 0 with removal on Day 14. Sixteen days 

after CIDR removal, on Day 30, cows were administered PGF2α (25 mg). All cows were 

administered GnRH (100 µg) on Day 33 at 72 h after PG administration. Cows within each 

location were randomly assigned to one of two treatments (Figure 2.2) based on days 

postpartum (DPP) and body condition score (BCS; 1 to 9 scale, 1 = emaciated, 9 = obese; 

Richards et al., 1986). Cows assigned to the FTAI treatment (n = 266) were artificially 

inseminated at a fixed-time concurrent with GnRH administration at 72 h after PGF2α 

regardless of estrus expression, while cows assigned to the split-time AI (STAI) treatment 

(n = 257) were inseminated using STAI (Thomas et al., 2014a, b) based on estrus 

expression observed at 72 h. Cows in the STAI treatment that exhibited estrus by 72 h were 

inseminated, whereas insemination of cows failing to express estrus was delayed 

approximately 24 h until 96 h after PGF2α. Estrus detection aids remained attached 

following GnRH at 72 h for all non-estrous cows assigned to the STAI treatment, and estrus 

expression during the delayed time period was recorded. Times for which PGF2α and GnRH 

were administered and AI was performed were recorded for each cow. Technicians and AI 

sires were assigned to treatments at each location based on DPP and BCS. Cows were 

exposed to fertile bulls beginning 14 d after AI.  
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Estrus detection. Estrus detection aids (Estrotect) were applied at the time PGF2α 

was administered on Day 30, and expression of estrus was recorded at the time GnRH was 

administered on Day 33. Estrus was defined as removal of ≥ 50% of the rub-off coating on 

the Estrotect. 

Pregnancy diagnosis. Pregnancy rate to FTAI was determined by transrectal 

ultrasonography (SonoSite EDGE equipped with a L52 10.0-5.0 MHz linear-array 

transducer, SonoSite Inc., Bothell, WA) 70 to 90 d after FTAI, or 30 d after the end of the 

breeding season.  

Statistical analyses. Estrous response by 72 h and total estrous response were 

analyzed by ANOVA using the statistical model with treatment, location, and the treatment 

by location interaction (PROC GLIMMIX; SAS Inst. Inc., Cary, NC). An ANOVA 

analysis using the statistical model with treatment, location, total estrous response, and the 

treatment by location interaction was performed to evaluate AI pregnancy rate (PROC 

GLIMMIX; SAS Inst. Inc., Cary, NC). Additionally, final pregnancy rates were analyzed 

by ANOVA using the statistical model with treatment, location, and the treatment by 

location interaction (PROC GLIMMIX; SAS Inst. Inc., Cary, NC). Variables of BCS and 

DPP did not differ based on treatments by the TTEST procedure of SAS (SAS Inst. Inc., 

Cary, NC).  
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RESULTS 

 

Experiment 1 

Treatment summary. The number of cows, BCS, and DPP of cows for each 

location and treatment are shown in Table 2.1. There were no differences between 

treatments in BCS (P = 0.97) or DPP (P = 0.86). For cows assigned to the 14-d CIDR-PG 

and 7-d CO-Synch + CIDR treatments, the intervals from PGF2α to FTAI and GnRH 

(mean ± SEM) were 72.1 ± 0.6 and 66.1 ± 0.6 h, respectively.  

Estrous response. Estrous response within each location and treatment is shown in 

Table 2.2. Estrous response at FTAI was greater (P < 0.0001) for cows assigned to the 7-d 

CO-Synch + CIDR protocol compared to 14-d CIDR-PG treated cows. Location affected 

estrous response (P < 0.0001), but there was no treatment by location interaction effect on 

estrous response (P = 0.20). 

Pregnancy rates. Pregnancy rate to FTAI based on location and treatment is shown 

in Table 2.3. Pregnancy rates to FTAI were similar (P = 0.52) between treatments (14-d 

CIDR-PG = 63%; 7-d CO-Synch + CIDR = 64%). Location did not affect FTAI pregnancy 

rate (P = 0.33), and there was no treatment by location interaction effect on FTAI 

pregnancy rate (P = 0.14). Pregnancy rates resulting from FTAI based on location, estrous 

response, and treatment are shown in Table 2.4. Pregnancy rates were influenced by estrus 

expression, and cows that expressed estrus after PGF2α and prior to FTAI achieved greater 

(P < 0.0001) FTAI pregnancy rates than those that did not express estrus (72% vs 51%). 

There was no interaction between estrus expression and treatment (P = 0.63) on pregnancy 

rate resulting from FTAI. Pregnancy rate resulting from FTAI was not affected by sire or 
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AI technician. Final pregnancy rates at the end of the breeding season were similar (P = 

0.93) for cows in each treatment (14-d CIDR-PG = 95%; 7-d CO-Synch + CIDR = 96%; 

Table 2.5). Mean gestational age when calculated for pregnant cows in each treatment was 

similar (P = 0.19), and the average number of days pregnant for cows assigned to the 14-d 

CIDR-PG and 7-d CO-Synch + CIDR treatments were 84.9 ± 15.6 d and 85.6 ± 14.5 d, 

respectively. Pregnancy diagnosis via transrectal ultrasonography was performed 78 to 96 

d following FTAI, or 30 d after the end of the breeding season, therefore, the average 

pregnancy date indicates that when considering cows that became pregnant, 87% and 88% 

of the cows in the 14-d and 7-d treated groups, respectively, became pregnant to AI or the 

first repeat estrus during the natural service clean-up period.  

Pre-treatment estrous cyclicity status. The number, proportion of estrous cycling 

cows, BCS, and DPP of cows in each treatment at location 1 are shown in Table 2.6. 

There were no differences between treatments for pretreatment estrous cyclicity status (P 

= 0.51), BCS (P = 0.19), or DPP (P = 0.87).  

Dominant follicle diameters. Cows treated with the 7-d CO-Synch + CIDR protocol 

had larger (P = 0.04) mean dominant follicle diameters at the time PGF2α was administered 

compared to those treated with the 14-d CIDR-PG protocol (11.9 ± 0.4 mm vs 10.9 ± 0.3 

mm; Table 2.7). Dominant follicle diameter was greater (P = 0.002) at FTAI for cows in 

the 7-d CO-Synch + CIDR (14.5 ± 0.3 mm) than the 14-d CIDR-PG treatment (13.0 ± 0.3 

mm).   

Serum estradiol-17β concentrations. Mean concentrations of E2 at PGF2α and 

FTAI are shown in Table 2.8. Cows treated with the 14-d CIDR-PG protocol tended (P = 

0.06) to have higher mean concentrations of E2 at PGF2α than cows treated with the 7-d 
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CO-Synch + CIDR protocol. Furthermore, 14-d treated cows had greater (P = 0.001) mean 

concentrations of E2 at FTAI compared to 7-d treated cows.  Mean concentrations of E2 

were greater (P = 0.004) among 14-d compared to 7-d treated cows that exhibited estrus 

prior to FTAI, and were also greater (P = 0.05) among 14-d compared to 7-d treated cows 

that failed to express estrus.  

Experiment 2 

Treatment summary. The number of cows, BCS, and DPP of cows for each 

location and treatment are shown in Table 2.9. There were no differences between 

treatments in BCS (P = 0.60) or DPP (P = 0.27). For cows assigned to the FTAI and 

STAI treatments that exhibited estrus after PGF2α and prior to FTAI, the intervals from 

PGF2α to FTAI and GnRH (mean ± SEM) were 72.3 ± 0.3 h and 72.3 ± 0.3 h, 

respectively. For STAI treated cows that failed to exhibit estrus by 72 h, in which case 

insemination was delayed, the interval from GnRH to AI was 23.1 ± 0.1 h, or 95.4 ± 0.1 h 

after PGF2α.  

Estrous response. Estrous response for cows within each location and treatment is 

shown in Table 2.10. Estrous response at 72 h did not differ (P = 0.33) between treatments 

(FTAI = 42%; STAI = 40%). Delayed insemination to 96 h after PGF2α of STAI treated 

cows that failed to exhibit estrus prior to the standard FTAI at 72 h increased (P < 0.0001) 

total estrous response (FTAI = 42 %; STAI = 64%). There was a significant effect of 

location on estrous response at the standard FTAI and total estrous response (P < 0.0001); 

however, there was no treatment by location effect on estrous response at 72 h (P = 0.47) 

or total estrous response (P = 0.61). 
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Pregnancy rates. Pregnancy rates to AI based on location, estrous response, and 

treatment are shown in Table 2.11. Cows that exhibited estrus by either the standard fixed-

time at 72 h or the delayed time ~24 h later achieved higher pregnancy rates (P < 0.0001) 

than those that failed to exhibit estrous (66% vs 43%). Pregnancy rates resulting from AI 

were similar for each treatment (P = 0.60). There was no treatment by location effect on 

AI pregnancy rate (P = 0.41). Pregnancy rate resulting from FTAI was not affected by sire 

or AI technician. Final pregnancy rates at the end of the breeding season were similar for 

each treatment (P = 0.65; FTAI = 91%; STAI = 90%; Table 2.12). 

 

DISCUSSION 

 

Development and comparison of strategies that are designed to enhance 

reproductive management of primiparous two-year-old beef cows coincide with the recent 

increase in heifer retention and the significant number of younger age females that are now 

entering the U.S. cow herd. Young cows experience reduced fertility, longer postpartum 

intervals, increased prevalence of dystocia, and greater nutrient requirements compared to 

middle aged cows (Laster et al., 1973; Bellows and Short, 1978; De Kruif, 1978; Doornbos 

et al., 1984; Short et al., 1990; Cavestany and Galina, 2001).  

Several management strategies are available to improve reproductive efficiency of 

these young females as they enter the cow herd. Heifers that calve early have an increased 

likelihood of rebreeding early during the subsequent breeding season and tend to maintain 

early calving patterns as cows. As is the case with replacement beef heifers, primiparous 

cows in many cases are maintained as a separate management group which affords the 
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opportunity to impose breeding strategies on these younger females that support 

improvements in their subsequent reproductive performance. Progestin-based estrus 

synchronization protocols offer the potential to induce estrous cyclicity in anestrous 

postpartum cows and advance conception date (Patterson et al., 1999; Schafer et al., 2007).  

This is an important consideration since primiparous cows typically experience the highest 

incidence of reproductive failure.   

This study was designed to evaluate short- and long-term CIDR-based protocols to 

synchronize estrus and ovulation in primiparous beef cows. The objective of the study was 

aimed at evaluating the protocols on the basis of pregnancy rates resulting from FTAI, but 

as importantly, how the protocols would compare in terms of reproductive management of 

these young females based on pregnancy status at the end of the breeding season. We 

hypothesized that extended P4 exposure using the 14-d CIDR-PG protocol would improve 

pregnancy rates to FTAI and final pregnancy rate at the end of the breeding season by 

increasing the proportion of females that conceive early in the breeding season.  

Previous research demonstrated that protocols used to synchronize estrus and 

ovulation differ on the basis of their effectiveness among various age classes of females. 

Short-term CIDR-based protocols are generally the preferred method to synchronize estrus 

in postpartum beef cows (Larson et al., 2006; Wilson et al., 2010), whereas long-term 

CIDR-based protocols produce more consistent results after FTAI in beef heifers (Busch 

et al., 2007; Leitman et al., 2008; Mallory et al., 2011; Thomas et al., 2015). Long-term 

CIDR-based protocols, however, have been used successfully in beef cows (Nash et al., 

2012, 2013; Martin et al., 2014). Although Nash et al. (2012) compared the 7-d CO-Synch 

+ CIDR and the 14-d CIDR-PG protocols in mixed age groups of postpartum beef cows, 
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there are no reported studies that specifically compare these short- versus long-term 

protocols in primiparous two-year-old cows.  

In the current study, cows treated with the 7-d CO-Synch + CIDR protocol 

displayed a 31% higher estrous response prior to FTAI than cows treated with the 14-d 

CIDR-PG protocol. Despite this significant difference in estrous response among cows 

assigned to each of these protocols there was no difference in pregnancy rate between 

groups after FTAI. Low estrous response rates were observed in previous studies that 

evaluated long-term CIDR-based protocols in mixed age groups of beef cows, however, 

despite the low numbers of cows that exhibited estrus, pregnancy rates resulting from FTAI 

were acceptable (Nash et al., 2013; Martin et al., 2014). Final pregnancy rates at the end of 

the breeding season were similar between treatments with 87% and 88% of 14-d and 7-d 

treated cows conceiving within the first 30 days of the breeding season. These data provide 

further evidence that implementation of a progestin-based estrus synchronization protocol 

can increase the proportion of females that conceive early in the breeding season and 

contribute to reduced culling rates due to reproductive failure. The authors do 

acknowledge, however, that cows involved in this experiment were well managed from the 

standpoint of BCS at FTAI, and the average number of DPP for cows at the time treatments 

were initiated was perhaps longer than would be the case in other breeding programs.   

Pretreatment estrous cyclicity status of cows at location 1 was assessed to determine 

the effect of these protocols on induction of estrous cyclicity. Due to the high proportion 

of cows that were estrous cycling before treatments were initiated, these protocols were 

not compared on the basis of pretreatment estrous cyclicity status. The authors 

acknowledge the potential for misclassification of cows on the basis of estrous cyclicity 
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status determined from two blood samples taken prior to treatment initiation, and the use 

of progesterone values of ≥ 0.5 ng/mL to confirm estrous cyclicity. However, potential for 

committing a Type II error is greatly reduced by classifying cows as anestrus when using 

a 0.5 ng/mL limit.  

Several studies have established that cows that exhibit estrus prior to AI achieve 

higher pregnancy rates than those that fail to exhibit estrus (Perry et al., 2005; Busch et al., 

2008; Nash et al., 2012; Thomas et al., 2014a, b). Cows in Experiment 1 that exhibited 

estrus in both treatment groups prior to AI achieved higher pregnancy rates than those that 

failed to exhibit estrus. Similarities in pregnancy rates of cows resulting from FTAI 

between short- and long-term treated groups, despite significant differences in estrous 

response prior to AI, raise important questions regarding potential differences in follicular 

dynamics and endocrine secretion patterns among cows assigned to each protocol.  A key 

question arising from these differences relates to how long-term treated cows that exhibit 

such low estrous response rates prior to AI achieve pregnancy rates that are comparable to 

short-term treated cows that exhibit much higher estrous response rates prior to the time at 

which AI is performed. Cows at location 1 were sampled to characterize physiological 

differences between the protocols that could be responsible for these inconsistencies. 

We know from previous studies that as diameter of the ovulatory follicle increases, 

circulating concentrations of E2 also increase (Vasconcelos et al., 2001; Atkins et al., 2008, 

2010a, b). In the current study, dominant follicle diameter increased during the interval 

from PGF2α to FTAI for cows in both treatment groups, and serum concentrations of E2 

increased as well. Mean dominant follicle diameter was greater at PGF2α and FTAI for 

cows assigned to the 7-d compared to 14-d treated cows. Although cows assigned to the 
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14-d protocol that failed to exhibit estrus prior to FTAI had follicles that were on average 

1.9 mm smaller than their counterparts in the 7-d group, mean dominant follicle diameter 

for non-estrous cows that were induced to ovulate was 12.5 ± 0.5 mm.  This point is worth 

considering, since Perry et al. (2005) reported that when GnRH was used to induce 

ovulation of follicles ≤ 11mm in diameter, lower circulating concentrations of E2 on the 

day of insemination were observed which then correlated to  decreased pregnancy rates 

compared to cows with larger size follicles. 

In the present study, circulating concentrations of E2 at FTAI were higher among 

estrous and non-estrous cows assigned to the 14-d protocol compared to 7-d treated cows. 

Higher concentrations of E2, despite smaller dominant follicle diameters among 14-d 

treated cows, suggests  that dominant follicles of cows within this treatment group may yet 

perhaps be in an  active growth  stage compared to 7-d treated cows in which growth of the 

dominant follicle has plateaued. Data from Valdez et al. (2005) support the results from 

the current study, since aromatase activity is decreased in granulosa cells when growth of 

the dominant follicle has plateaued compared to follicles that are actively growing.  

Cows with elevated serum concentrations of E2 at GnRH and FTAI were found to 

have increased pregnancy rates regardless of whether they were induced to ovulate large 

or small dominant follicles (Perry et al., 2005). Increased follicular concentrations of E2 

and elevated postovulatory concentrations of P4 are associated with greater physiological 

maturity of the dominant follicle and result in increased AI pregnancy rates (Lopez et al., 

2005; Perry et al., 2005). These data (Lopez et al., 2005; Perry et al., 2005) and results 

from this study support the concept that pre-ovulatory follicles among cows assigned to 

the 14-d protocol were in all likelihood physiologically mature at the time GnRH was 
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administered and FTAI was performed. It is important to note that circulating 

concentrations of E2 around the time of ovulation influence events involved in the 

establishment of pregnancy, including sperm transport (Hawk, 1983), uterine pH (Perry 

and Perry 2008a, b), follicular cell maturation (McNatty, 1979), and improved oviductal 

(Buhi, 2002) and uterine environments (Miller and Moore, 1976; Ing and Tornesi, 1997). 

Serum concentrations of P4 are reduced in the luteal phase following induced ovulation of 

small (Perry et al., 2005; Atkins et al., 2008; Busch et al., 2008) or immature (Burke et al., 

2001; Mussard et al., 2007) dominant follicles, and inadequate luteal function may interfere 

with interferon-τ production (Mann and Lamming, 2001) or uterine secretions important 

to embryo development (Garrett et al., 1988).  Although progesterone concentrations were 

not measured during the subsequent luteal phase in this study, it appears that the potential 

for these concerns influencing pregnancy establishment and maintenance were not an issue. 

 Levels of estradiol-17β observed in this experiment are similar to those reported 

from studies using long- (Nash et al., 2013; Martin et al., 2014) or short-term (Atkins et 

al., 2010a, b) CIDR-based protocols in mixed age groups of cows. It is not clear, however, 

whether these differences are increased in cows treated with 14-d protocol or decreased in 

cows treated with the 7-d protocol.  Fralix et al. (1996) found that cows synchronized with 

MGA for 14 d had increased E2 concentrations and normal P4 levels during the second 

estrous cycle after MGA withdrawal. Changes in E2 production may result from differences 

in the environment in which the dominant ovulatory follicle matures. Follicles maturing in 

the presence of subluteal-phase P4 concentrations resulted in increased pregnancy rates 

following AI compared to those that matured during luteal-phase P4 concentrations 

(Stevenson and Lamb, 2015). Progesterone exposure during the 7-d protocol could be 
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responsible for lower levels of E2 produced by dominant follicles. Bridges et al. (2008) 

hypothesized that increased E2 production by the ovulatory follicle would result from a 

greater potential of younger age follicles to secrete E2 compared to older age follicles when 

the 7-d CO-Synch + CIDR protocol was modified to 5-d.  It was further demonstrated that 

cows treated with the 5-d CO-Synch + CIDR protocol tended to produce greater E2 

concentrations compared to 7-d treated cows (Bridges et al., 2009). This suggests that cows 

in this study that were treated with the 7-d protocol that failed to respond to the first 

injection of GnRH at CIDR insertion had older age follicles secreting reduced levels of E2. 

Results from this study and those reported by Nash et al. (2012) clearly demonstrate 

that estrous response rates prior to FTAI following treatment with the 14-d protocol are 

low compared with 7-d treated cows. Martin et al. (2014) increased estrous response in 

mixed age groups of beef cows assigned to a 14-d protocol by extending the interval from 

CIDR removal to PGF2α from 16 to 19 d. Cows assigned to the 14-19 d protocol exhibited 

higher estrous response rates prior to FTAI compared to 14-16 d treated cows. Pregnancy 

rates, however, were improved only among cows ≥ 4 years of age.  

The results from this study and those reported by Martin et al. (2014) suggested 

that STAI may afford the opportunity to increase estrous response rates among cows 

assigned to the 14-d protocol and hence improve pregnancy rates resulting from AI.  Split-

time AI was developed as a breeding management strategy to manage females on the basis 

of estrous response (Thomas et al., 2014a, b). When STAI is used in a breeding program, 

insemination of females that fail to exhibit estrus at the standard fixed-time is delayed 20 

to 24 h (Thomas et al., 2014a, b). This strategy improved pregnancy rates in heifers 

following treatment with the 14-d CIDR-PG protocol using conventional semen, and 
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among cows synchronized with the 7-d CO-Synch + CIDR protocol using sex-sorted 

semen (Thomas et al., 2014a, b).  

Delayed insemination of non-estrous cows by 24 h in Experiment 2, from 72 to 96 

h after PGF2α, increased total estrous response in cows assigned to the STAI treatment; 

however, increased estrous response among STAI treated cows did not lead to an 

improvement in pregnancy rates.  Bishop et al. (2015) recently reported an improvement 

in estrous response among cows assigned to a STAI treatment, when administration of 

GnRH to cows that were non-estrous at the predetermined fixed time was postponed for 24 

h at which time cows were inseminated. These authors proposed that delayed 

administration of GnRH increases the proportion of cows that express estrus during the 

delayed interval to AI by postponement of negative feedback effects of GnRH on E2 

production that result in an increased estrous response (Bishop et al., 2015). Therefore, 

since GnRH was administered at 72 h in this study, and not postponed until 96 h among 

the STAI treated cows, estrus expression was most likely suppressed among a percentage 

of the non-estrous cows which may have contributed to differences in resulting pregnancy 

rates.  

The results from these studies indicate that the 14-d CIDR-PG and 7-d CO-Synch 

+ CIDR protocols effectively synchronize estrus prior to FTAI in primiparous two-year-

old postpartum beef cows. Total estrus expression can be increased by using STAI with 

the 14-d CIDR-PG protocol, but these data suggest that this strategy failed to result in a 

significant improvement in pregnancy rates compared to FTAI. Some beef producers may 

be reluctant to implement long-term CIDR-based protocols, since these protocols are more 

challenging to use in herds with extended calving seasons. Long-term CIDR-based 
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protocols require an extra trip through the chute compared to short-term protocols, 

however, labor inputs can be reduced by providing the opportunity to combine reproductive 

management with herd health into a single management step. As a final consideration, the 

results from Experiment 1 are compelling when considering the fact that 63% and 64% of 

the 14-d and 7-d treated cows became pregnant following FTAI, and furthermore, that 87% 

and 88% of the cows in each treatment, respectively, conceived within the first 30 days of 

the breeding season.  These protocols should  be viewed not only from the perspective of 

expediting genetic improvement accomplished with FTAI, but in addition, the opportunity 

they provide in  facilitating enhanced reproductive management within the herd.  
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Figure 2.1. Treatment schedule for the 14-d CIDR-PG and 7-d CO-Synch + CIDR 

protocols. Cows assigned to the 14-d CIDR-PG protocol received a 

controlled internal drug release (CIDR) insert (1.38 g progesterone) on Day 

0, CIDR removal on Day 14, and administration of PGF2α (25 mg i.m.) on 

Day 30. Cows assigned to the 7-d CO-Synch + CIDR protocol received 

GnRH (100 μg i.m.) on Day 23 concurrent with CIDR insertion. 

Prostaglandin F2α was administered at CIDR removal on d 30. Artificial 

insemination was performed concurrent with GnRH administration at 

predetermined fixed-times (72 h, 14-d CIDR-PG protocol; 66 h, 7-d CO-

Synch + CIDR protocol). 
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14-d CIDR-PG with FTAI 

 

 
 

 

14-d CIDR-PG with STAI 

 

 

 

 
 

Figure 2.2. Treatment schedule for the 14-d CIDR-PG protocol. Cows in each treatment 

received a controlled internal drug release (CIDR) insert (1.38 g 

progesterone) on Day 0 through Day14. Prostaglandin F2α (PGF2α; 25 mg, 

i.m.) was administered 16 d after CIDR removal on Day 30. Cows in both 

treatments received GnRH (100 μg i.m.) on Day 33, 72 h after PGF2α. Cows 

assigned to FTAI were inseminated at a fixed-time concurrent with GnRH 

at 72 h after PGF2α regardless of estrus expression, while cows assigned to 

STAI were inseminated based on estrus expression at 72 h, using estrus 

detection aids (Estrotect). Cows assigned to STAI that exhibited estrus by 

72 h were inseminated; however, AI was delayed 24 h until 96 h after PGF2α 

for non-estrous cows. 
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Table 2.1. Cow body condition score and days postpartum based on location and 

treatmenta. 

 n BCSb DPPc 

Location 1    

        14-d CIDR-PG 19 5.5 ± 0.2 74.8 ± 0.7 

        7-d CIDR CO-Synch 18 5.5 ± 0.1 75.7 ± 0.7 

Location 2    

        14-d CIDR-PG 108 5.1 ± 0.03 83.0 ± 0.4 

        7-d CIDR CO-Synch 105 5.2 ± 0.04 85.7 ± 0.3 

Location 3    

        14-d CIDR-PG 104 5.2 ± 0.04 85.3 ± 0.3 

        7-d CIDR CO-Synch 106 5.1 ± 0.03 86.5 ± 0.2 

Location 4    

        14-d CIDR-PG 124 5.2 ± 0.04 68.2 ± 1.2 

        7-d CIDR CO-Synch 120 5.5 ± 0.04 69.0 ± 1.2 

Total     

        14-d CIDR-PG 355 5.2 ± 0.02 78.0 ± 0.6 

        7-d CIDR CO-Synch 349 5.3 ± 0.02 79.7 ± 0.6 
    

Data presented as mean values (±SEM). 

Abbreviations: BCS, body condition score; DPP, days postpartum. 
aCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug 

release (CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, 

and administration of PGF2α (25 mg i.m.) on Day 30. Cows assigned to the 7-d CO-

Synch + CIDR protocol received GnRH (100 μg i.m.) on Day 23 concurrent with 

CIDR insertion. Prostaglandin F2α was administered at CIDR removal on d 30. 

Artificial insemination was performed concurrent with GnRH administration at 

predetermined fixed-times (72 h, 14-d CIDR-PG protocol; 66 h, 7-d CO-Synch + 

CIDR). 

See Figure 2.1 for a description of treatment protocols. 

bBCS 1 to 9 scale, where 1 = emaciated and 9 = obese. 

cDPP calculated from calving date to Day 0.  
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Table 2.2. Estrous responsea based on location and treatmentb.  

 Treatment 

 14-d CIDR-PG 7-d CO-Synch + CIDR 

 Proportion % Proportion % 

Location 1 10/19 53 10/18 56 

Location 2 45/108 42c 77/105 73d 

Location 3 31/104 30c 69/106 65d 

Location 4 66/124 53c 103/120 86d 

Total  152/355 43c 259/349 74d 

aEstrous response prior to fixed-time AI (FTAI), as determined by activation of an 

estrus detection aid (Estrotect, Rockway Inc., Spring Valley, WI). 
bCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug 

release (CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, and 

administration of PGF2α (25 mg i.m.) on Day 30. Cows assigned to the 7-d CO-Synch 

+ CIDR protocol received GnRH (100 μg i.m.) on Day 23 concurrent with CIDR 

insertion. Prostaglandin F2α was administered at CIDR removal on d 30. Artificial 

insemination was performed concurrent with GnRH administration at predetermined 

fixed-times (72 h, 14-d CIDR-PG protocol; 66 h, 7-d CO-Synch + CIDR). 

See Figure 2.1 for a description of treatment protocols. 
c,dEstrous response rates within rows with different superscripts differ (P < 0.0001). 
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Table 2.3. Pregnancy ratea resulting from FTAI based on location and treatmentb. 

 Treatment 

 14-d CIDR-PG 7-d CO-Synch + CIDR 

 Proportion % Proportion % 

Location 1 14/19 74 10/18 56 

Location 2 66/108 61 74/105 71 

Location 3 65/104 63 57/106 54 

Location 4 78/104 63 81/120 68 

Total 223/355 63 222/349 64 

Abbreviations: FTAI, fixed-time AI. 
aPregnancy rate to FTAI determined by ultrasound 78 to 96 d after AI. 

bCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug 

release (CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, 

and administration of PGF2α (25 mg i.m.) on Day 30. Cows assigned to the 7-d 

CO-Synch + CIDR protocol received GnRH (100 μg i.m.) on Day 23 concurrent 

with CIDR insertion. Prostaglandin F2α was administered at CIDR removal on d 

30. Artificial insemination was performed concurrent with GnRH administration 

at predetermined fixed-times (72 h, 14-d CIDR-PG protocol; 66 h, 7-d CO-Synch 

+ CIDR). 

See Figure 2.1 for a description of treatment protocols. 
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Table 2.4. Pregnancy ratea resulting from FTAI based on location, estrous response, and 

treatmentb. 

  Treatment 

  14-d CIDR-PG 7-d CO-Synch + CIDR 

 Estrous response Proportion % Proportion % 

Location 1 Estrous 8/10 80 5/10 50 

 Non-estrous 6/9 67 5/8 63 

Location 2 Estrous 33/45 73 59/77 77 

 Non-estrous 33/63 52 15/28 54 

Location 3 Estrous 28/31 90 44/69 64 

 Non-estrous 37/73 51 13/37 35 

Location 4 Estrous 47/66 71 71/103 69 

 Non-estrous 31/58 53 10/17 59 

Total Estrous 116/152 76c 179/259 69c 

 Non-estrous 107/203 53d 43/90 48d 

Abbreviations: FTAI, fixed-time AI. 
aPregnancy rate to FTAI determined by ultrasound 78 to 96 d after AI. 

bCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug release 

(CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, and 

administration of PGF2α (25 mg i.m.) on Day 30. Cows assigned to the 7-d CO-Synch + 

CIDR protocol received GnRH (100 μg i.m.) on Day 23 concurrent with CIDR insertion. 

Prostaglandin F2α was administered at CIDR removal on d 30. Artificial insemination 

was performed concurrent with GnRH administration at predetermined fixed-times (72 

h, 14-d CIDR-PG protocol; 66 h, 7-d CO-Synch + CIDR). 

See Figure 2.1 for a description of treatment protocols. 
c,dPregnancy rates with different superscripts within columns differ (P < 0.0001). 
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Table 2.5. Final pregnancy ratea at the end of the breeding season based on location and 

treatmentb.  

 Treatment 

 14-d CIDR-PG 7-d CO-Synch + CIDR 

 Proportion % Proportion % 

Location 1 18/19 95 13/18 72 

Location 2 105/108 97 102/105 97 

Location 3 99/104 95 105/106 99 

Location 4 117/124 94 114/120 95 

Total  339/355 95 334/349 96 

aFinal pregnancy rate determined by ultrasound 30 d after the end of the breeding 

season.  
bCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug 

release (CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, and 

administration of PGF2α (25 mg i.m.) on Day 30. Cows assigned to the 7-d CO-Synch 

+ CIDR protocol received GnRH (100 μg i.m.) on Day 23 concurrent with CIDR 

insertion. Prostaglandin F2α was administered at CIDR removal on d 30. Artificial 

insemination was performed concurrent with GnRH administration at predetermined 

fixed-times (72 h, 14-d CIDR-PG protocol; 66 h, 7-d CO-Synch + CIDR). 

See Figure 2.1 for a description of treatment protocols. 
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Table 2.6. Number of cows, proportion and percent of estrous cycling cows, body 

condition score, and days postpartum of cows prior to treatmenta initiation at location 1. 

 Treatment 

 14-d CIDR-PG 7-d CO-Synch + CIDR 

No. of cows 19 18 

  Cows with elevated 

progesteroneb 

  

  Proportion 18/19 16/18 

  % 94.7% 88.9% 

BCSc 5.5 ± 0.2 5.5 ± 0.1 

DPPd 74.8 ± 0.7 75.7 ± 0.7 

Data presented as mean values (±SEM). 

Abbreviations: BCS, body condition score; DPP, days postpartum. 
aCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug release 

(CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, and 

administration of PGF2α (25 mg i.m.) on Day 30. Cows assigned to the 7-d CO-Synch + 

CIDR protocol received GnRH (100 μg i.m.) on Day 23 concurrent with CIDR insertion. 

Prostaglandin F2α was administered at CIDR removal on d 30. Artificial insemination 

was performed concurrent with GnRH administration at predetermined fixed-times (72 

h, 14-d CIDR-PG protocol; 66 h, 7-d CO-Synch + CIDR).  

See Figure 2.1 for a description of treatment protocols. 
bEstrous cyclicity is equal to the number of cows with elevated (≥ 0.5 ng/mL) 

concentrations of progesterone in blood serum prior to treatment initiation. Cows were 

considered to be estrous cycling if progesterone was elevated in either one or both blood 

samples collected on Day -9 and Day 0. 
cBody condition scores of cows on Day 0 (1 to 9 scale; 1 = emaciated, 9 = obese). 
dNumber of days postpartum on Day 0. 
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Table 2.7. Diameter of the dominant follicle at PGF2α
a and FTAI for cows at location 1. 

 Treatmentb 

 14-d CIDR-PG 7-d CO-Synch + CIDR 

No. of cows 19 17c 

Follicle diameter at PGF2α, mm 10.9 ± 0.3d 11.9 ± 0.4e 

Exhibited estrus after PGF2α 

and before FTAI 11.1 ± 0.5 12.2 ± 0.5 

Failed to exhibit estrus after 

PGF2α and before FTAI 10.6 ± 0.5 11.7 ± 0.6 

Follicle diameter at FTAI, mm 13.0 ± 0.3f 14.5 ± 0.3g 

Exhibited estrus after PGF2α 

and before FTAI 13.4 ± 0.4h  14.7 ± 0.4i 

Failed to exhibit estrus after 

PGF2α and before FTAI 12.5 ± 0.5j 14.4 ± 0.5k 

Data presented as mean values (±SEM). 

Abbreviations: FTAI, fixed-time artificial insemination.  
a25 mg, i.m. Lutalyse; Zoetis; Madison, NJ. 
bCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug release 

(CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, and 

administration of PGF2α (25 mg i.m.) on Day 30. Cows assigned to the 7-d CO-Synch + 

CIDR protocol received GnRH (100 μg i.m.) on Day 23 concurrent with CIDR insertion. 

Prostaglandin F2α was administered at CIDR removal on d 30. Artificial insemination 

was performed concurrent with GnRH administration at predetermined fixed-times (72 

h, 14-d CIDR-PG protocol; 66 h, 7-d CO-Synch + CIDR).  

See Figure 2.1 for a description of treatment protocols. 
cMeasurements were not obtained for one cow.  
d,eFollicle diameters within a row with different superscripts differ (P = 0.04). 
f,gFollicle diameters within a row with different superscripts differ (P = 0.002). 
h,iFollicle diameters within a row with different superscripts differ (P = 0.05). 

j,kFollicle diameters within a row with different superscripts differ (P = 0.01). 
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Table 2.8. Estrous responsea, serum concentrations of estradiol-17β at PGF2α
b and FTAI, and 

pregnancy ratec resulting from FTAI for cows at location 1. 

 Treatmentd 

 14-d CIDR-PG 7-d CO-Synch + CIDR 

No. of cows 19 18 

Estrous response at FTAI 10/19 (53%) 10/18 (56%) 

Serum concentrations of  

estradiol-17β at PGF2α (pg/mL)  
3.7 ± 0.4e 2.5 ± 0.4f 

      Exhibited estrus after PGF2α and 

prior to FTAI 
3.7 ± 0.6g 2.1 ± 0.6h 

Failed to exhibit estrus after PGF2α 

and prior to FTAI 
3.6 ± 0.6 2.9 ± 0.7 

Serum concentrations of  

estradiol-17β at FTAI (pg/mL)  
8.0 ± 0.7j 4.2 ± 0.8k 

      Exhibited estrus after PGF2α and 

prior to FTAI 
8.1 ± 1.0m 3.8 ± 1.0n 

Failed to exhibit estrus after PGF2α 

and prior to FTAI 
7.8 ± 1.1p 4.7 ± 1.1q 

Pregnancy rate resulting from FTAI 14/19 (74%) 10/18 (56%) 

Data presented as mean values (±SEM). 

Abbreviations: FTAI, fixed-time artificial insemination.  
aEstrous response prior to fixed-time AI (FTAI), as determined by activation of an estrus detection aid 

(Estrotect, Rockway Inc., Spring Valley, WI). 
b25 mg, i.m. Lutalyse; Zoetis; Madison, NJ. 
cPregnancy rate to FTAI determined by ultrasound 78 to 96 d after AI.  

dCows assigned to the 14-d CIDR-PG protocol received a controlled internal drug release (CIDR) insert 

(1.38 g progesterone) on Day 0, CIDR removal on Day 14, and administration of PGF2α (25 mg i.m.) on 

Day 30. Cows assigned to the 7-d CO-Synch + CIDR protocol received GnRH (100 μg i.m.) on Day 23 

concurrent with CIDR insertion. Prostaglandin F2α was administered at CIDR removal on d 30. Artificial 

insemination was performed concurrent with GnRH administration at predetermined fixed-times (72 h, 

14-d CIDR-PG protocol; 66 h, 7-d CO-Synch + CIDR).  

See Figure 2.1 for a description of treatment protocols. 
e,fSerum concentrations of estradiol-17β at PGF2α within a row with different superscripts tend to differ (P 

= 0.06). 

g,hSerum concentrations of estradiol-17β at  PGF2α within a row with different superscripts tend to differ 

(P = 0.06). 
j,kSerum concentrations of estradiol-17β at FTAI within a row with different superscripts differ (P = 0.001). 
m,nSerum concentrations of estradiol-17β at FTAI within a row with different superscripts differ (P = 

0.004). 

p,qSerum concentrations of estradiol-17β at FTAI within a row with different superscripts differ (P = 0.05). 
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 Table 2.9. Cow body condition score and days postpartum based on 

location and treatmenta. 

 n BCSb DPPc 

Location 1    

FTAI 62 5.3 ± 0.7 78.3 ± 0.9 

STAI 56 5.3 ± 0.6 76.6 ± 1.3 

Location 2    

FTAI 34 5.8 ± 0.6 55.7 ± 1.9 

STAI 34 5.8 ± 0.6 52.5 ± 2.0 

Location 3    

FTAI 51 6.5 ± 0.3 91.2 ± 1.2 

STAI 51 6.5 ± 0.3 91.3 ± 1.2 

Location 4    

FTAI 58 6.0 ± 0.3 75.5 ± 2.9 

STAI 57 6.0 ± 0.3 74.6 ± 2.9 

Location 5    

FTAI 61 5.1 ± 0.5 51.6 ± 1.7 

STAI 59 5.1 ± 0.5 49.9 ± 1.7 

Total     

FTAI 266 5.7 ± 0.7 71.2 ± 1.2 

STAI 257 5.7 ± 0.7 69.8 ± 1.2 

Data presented as mean values (±SEM). 

Abbreviations: BCS, body condition score; DPP, days postpartum; 

FTAI, fixed-time AI; STAI, split-time AI. 

aCows in each treatment received a controlled internal drug release 

(CIDR) insert (1.38 g progesterone) on Day 0 through Day 14. 

Prostaglandin F2α (PGF2α; 25 mg, i.m.) was administered 16 days after 

CIDR removal on Day 30.  Cows in both treatments received GnRH (100 

μg i.m.) on Day 33, 72 h after PGF2α. Cows assigned to FTAI were 

inseminated at a fixed-time concurrent with GnRH at 72 h after PGF2α 

regardless of estrus expression, while cows assigned to STAI were 

inseminated based on estrus expression at 72 h using estrus detection 

aids (Estrotect). Cows assigned to STAI that exhibited estrus by 72 h 

were inseminated; however, AI was delayed 24 h until 96 h after PGF2α 

for non-estrous cows. 

See Figure 2.2 for a description of treatment protocols. 
 bBCS (1 to 9 scale, where 1 = emaciated and 9 = obese). 

cDPP calculated from calving date to Day 0. 
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Table 2.10. Estrous responsea 72 h after PGF2α administration and total estrous 

responseb based on location and treatmentc. 

 Estrous by 72 h Total estrous response 

 Proportion % Proportion % 

Location 1     

FTAI 24/62 39 24/62 39 

STAI 24/56 43 38/56 68 

Location 2     

FTAI 14/34 41 14/34 41 

STAI 7/34 21 19/34 56 

Location 3     

FTAI 36/51 71 36/51 71 

STAI 35/51 69 41/51 80 

Location 4     

FTAI 15/58 26 15/58 26 

STAI 13/57 23 26/57 46 

Location 5     

FTAI 23/61 38 23/61 38 

STAI 24/59 41 41/59 69 

Total      

FTAI 112/266 42 112/266 42d 

STAI 103/257 40 165/257 64e 

Abbreviations: FTAI, fixed-time AI; STAI, split-time AI. 

aEstrous response as determined by activation of an estrus detection aid (Estrotect, 

Rockway Inc., Spring Valley, WI). 
bTotal estrous response up to 72 and 96 h after PGF2α administration for FTAI and STAI 

treatments, respectively.  
cCows in each treatment received a controlled internal drug release (CIDR) insert (1.38 

g progesterone) on Day 0 through Day 14. Prostaglandin F2α (PGF2α; 25 mg, i.m.) was 

administered 16 days after CIDR removal on Day 30. Cows in both treatments received 

GnRH (100 μg i.m.) on Day 33, 72 h after PGF2α. Cows assigned to FTAI were 

inseminated at a fixed-time concurrent with GnRH at 72 h after PGF2α regardless of 

estrus expression, while cows assigned to STAI were inseminated based on estrus 

expression at 72 h, using estrus detection aids (Estrotect). Cows assigned to STAI that 

exhibited estrus by 72 h were inseminated; however, AI was delayed 24 h until 96 h 

after PGF2α for non-estrous cows. 

See Figure 2.2 for a description of treatment protocols. 
d,eTotal estrous response rates with different superscripts within a column are different  

(P < 0.0001). 
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Table 2.11. Pregnancy ratea resulting from AI based on location, estrous responseb, and 

treatmentc. 

  Treatment 

  FTAI STAI 

Location Estrous response Proportion % Proportion % 

Location 1 Estrous 19/24 79 22/38 58 

 Non-estrous 20/38 53 7/18 39 

 
Total 

 

39/62 

 

63 

 

29/56 

 

52 

 

Location 2 Estrous 8/14 57 13/19 68 

 Non-estrous 13/20 65 7/15 47 

 Total 

 

21/34 

 

62 

 

20/34 

 

59 

 

Location 3 Estrous 29/36 81 25/41 61 

 Non-estrous 8/15 53 5/10 50 

 Total 

 

37/51 

 

73 

 

30/51 

 

59 

 

Location 4 Estrous 8/15 53 18/26 69 

 Non-estrous 17/43 40 10/31 32 

 Total 

 

25/58 

 

43 

 

28/57 

 

49 

 

Location 5 Estrous 15/23 65 27/41 66 

 Non-estrous 13/38 34 7/18 39 

 Total 

 

28/61 

 

46 

 

34/59 

 

58 

 

Total Estrous 79/112 71d 105/165 64d 

 Non-estrous 71/154 46e 36/92 39e 

 Total 

 

150/266 

 

56 

 

141/257 

 

55 

 

Abbreviations: FTAI, fixed-time AI; STAI, split-time AI. 
aPregnancy rate to AI determined by ultrasound 70 to 90 d after AI. 
bEstrous response up to 72 and 96 h after PGF2α administration for FTAI and STAI 

treatments, respectively. 
cCows in each treatment received a controlled internal drug release (CIDR) insert (1.38 

g progesterone) on Day 0 through Day 14. Prostaglandin F2α (PGF2α; 25 mg, i.m.) was 

administered 16 days after CIDR removal on Day 30. Cows in both treatments received 

GnRH (100 μg i.m.) on Day 33, 72 h after PGF2α. Cows assigned to FTAI were 

inseminated at a fixed-time concurrent with GnRH at 72 h after PGF2α regardless of 

estrus expression, while cows assigned to STAI were inseminated based on estrus 

expression at 72 h, using estrus detection aids (Estrotect). Cows assigned to STAI that 

exhibited estrus by 72 h were inseminated; however, AI was delayed 24 h until 96 h 

after PGF2α for non-estrous cows. 

See Figure 2.2 for a description of treatment protocols. 
d,ePregnancy rates with different superscripts within columns differ (P < 0.0001). 
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Table 2.12. Final pregnancy ratea at the end of the breeding season based on location and 

treatmentb. 

 Treatment 

 FTAI STAI 

 Proportion % Proportion % 

Location 1 57/62 92 52/56 93 

Location 2 32/34 94 32/34 94 

Location 3 49/51 96 47/51 92 

Location 4 53/58 91 50/57 88 

Location 5 51/61 84 51/59 86 

Total  242/266 91 232/257 90 

Abbreviations: FTAI, fixed-time AI; STAI, split-time AI. 
aFinal pregnancy rate determined by ultrasound 30 d after the end of the breeding 

season. 
bCows in each treatment received a controlled internal drug release (CIDR) insert (1.38 

g progesterone) on Day 0 through Day 14. Prostaglandin F2α (PGF2α; 25 mg, i.m.) was 

administered 16 days after CIDR removal on Day 30. Cows in both treatments received 

GnRH (100 μg i.m.) on Day 33, 72 h after PGF2α. Cows assigned to FTAI were 

inseminated at a fixed-time concurrent with GnRH at 72 h after PGF2α regardless of 

estrus expression, while cows assigned to STAI were inseminated based on estrus 

expression at 72 h, using estrus detection aids (Estrotect). Cows assigned to STAI that 

exhibited estrus by 72 h were inseminated; however, AI was delayed 24 h until 96 h 

after PGF2α for non-estrous cows. 

See Figure 2.2 for a description of treatment protocols. 
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