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ABSTRACT 

The Bos indicus species of beef cattle presents a number of unique reproductive 

challenges, especially with regard to those that influence reproductive efficiency 

including timely attainment of puberty, response to certain pharmaceutical drugs used to 

control estrus and ovulation, and response to physiological stressors. Cattle of this 

biological type comprise a substantial percentage of the beef cattle population in southern 

regions of the United States because of their ability to withstand high ambient 

temperatures and relative humidity. Additionally, Bos indicus cattle are regarded to 

exhibit increased parasite and disease resistance, resulting in improved production in 

subtropical climates as compared to Bos taurus cattle in those same regions. Research 

utilizing composite breeds of Bos taurus and Bos indicus beef heifers has been limited in 

the United States, and adoption of reproductive technologies such as artificial 

insemination and estrus synchronization has been sluggish compared to Bos taurus cattle 

in other regions of the country. 

To help answer a number of questions about this biological type, an experiment 

was designed to evaluate reproductive performance of Bos indicus-influenced heifers (n = 

1,456). Weights and reproductive tract scores (RTS; Scale 1-5) were obtained for heifers 
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prior to assignment of one of five treatments: Non-synchronized + natural service (NS); 

melengestrol acetate + natural service (MGA + NS; 0.5 mg∙animal
-1

∙d
-1

); 14-d controlled 

internal drug release + natural service (CIDR + NS; 1.38g progesterone); 14-d MGA-PG 

+ fixed-time AI (FTAI); and 14-d CIDR-PG + FTAI. Heifers in the three NS treatments 

were exposed to fertile bulls for 65 d, beginning 10 d after progestin removal for CIDR + 

NS and MGA + NS groups. Heifers in FTAI treatments were administered PGF2α (PG; 25 

mg, IM) 16 or 19 d following CIDR or MGA removal. Fixed-time AI was performed 66 

and 72h after PG for CIDR-PG and MGA-PG treatments, respectively. Gonadotropin-

releasing hormone (GnRH; 100μg, i.m.) was administered at FTAI. Estrus detection aids 

were applied at PG for heifers in FTAI treatments and evaluated at AI. Heifers in FTAI 

treatments were exposed to fertile bulls 12 d following FTAI. Blood samples were 

collected and ovarian ultrasounds performed at PG administration and FTAI to compare 

serum concentrations of estradiol and progesterone and to evaluate follicular dynamics 

among a subset of heifers assigned to FTAI treatments. Pregnancy status was determined 

at the end of a 65-d breeding period. Data were analyzed using PROC FREQ and 

GLIMMIX procedures of SAS. Mean concentrations of estradiol at AI differed between 

MGA- versus CIDR-treated heifers (P = 0.04; 8.2 versus 6.6 pg/ml), however estrous 

response after PG (52% versus 53%) and pregnancy rates after FTAI (40%) did not differ 

between MGA- and CIDR-PG treatments, respectively. Across all treatments, pregnancy 

rates were compared on 21, 30 and 60 d of the breeding period based on pubertal status 

(prepubertal RTS = 1 and 2; peripubertal RTS = 3; pubertal RTS = 4 and 5). Pregnancy 

rates differed at each time point based on pretreatment pubertal status (P ≤ 0.02) and 

weight (P ≤ 0.05). No differences were apparent with regard to progestin type at any time 
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point, although higher pregnancy rates (P ≤ 0.004) were observed among NS treatments 

than FTAI followed by NS exposure at Days 30 and 60.   

This experiment is the largest comprehensive field trial conducted in the United 

States and reported in the literature involving Bos indicus-influenced beef heifers 

utilizing estrus synchronization prior to natural service or FTAI. This study reinforced 

results from previous studies, however raises a number of questions yet to be answered 

for heifers of this biological type. These data should be used as a basis for improvements 

in reproductive management of Bos indicus-influenced beef heifers prior to their first 

breeding season, and creates a number of possibilities for future research trials that build 

upon results reported in this thesis. Selection, management, and post-weaning to pre-

breeding development of Bos indicus-influenced replacement beef heifers should involve 

the cooperative efforts of beef producers, veterinarians, and research scientists to further 

investigate methods to improve reproductive efficiency and genetic merit of these herds.  
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CHAPTER 1 

 

REVIEW OF LITERATURE 

 

INTRODUCTION 

 

Reproduction is the single most important economic trait in a cow/calf operation. 

Beef heifers must conceive by 15 months of age and calve by 24 months in order to 

maximize lifetime performance measured by pounds of calf weaned. Consequentially, 

heifers that calve early in their first calving season are more productive than those that 

calve late (Lesmeister et al., 1973; Perry and Cushman, 2013). Calves that are born late in 

the calving season are usually lighter in weight by weaning, which typically occurs at a 

fixed time when calves of various weights and ages are weaned as a group (Lesmeister et 

al., 1973; Patterson and Decker et al., 2015). Further, cows that calve late in the calving 

season tend to calve late or even fail to calve the following year (Burris and Priode, 

1958).  

To abate these inherent production concerns, current best management practices 

recommend that heifers be bred to calve prior to mature cows, which allows for increased 

labor at calving, and the opportunity to provide more time for younger age cows to 

resume estrous cyclicity following calving. Cows that calve early experience longer 

postpartum intervals before rebreeding, which tends to increase first service conception 

rates in primiparous cows (Wiltbank, 1970). 
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Early attainment of puberty is essential in order to meet the 15 month benchmark. 

As such, prebreeding exams can be used to assess the reproductive status of heifers prior 

to the first breeding season. Estrus synchronization programs that include a progestin are 

an effective means of accelerating age at puberty of pre- and peri-pubertal beef heifers, 

thereby increasing the proportion of females that become pregnant early in the breeding 

season. Estrus synchronization offers the potential to shorten the breeding and calving 

seasons, resulting in more uniform calf crops (Dziuk and Bellows, 1983; Patterson et al., 

2017a).   

Over the last 10 years, the beef industry has seen a gradual increase in the number 

of heifers that receive at least one AI service (USDA NAHMS, 2007; Patterson et al., 

2017). This resulted from development of protocols that effectively synchronize estrus 

and ovulation and facilitate fixed-time artificial insemination (FTAI). Fixed-time AI 

concentrates time and labor for herd managers which historically was a major factor 

hindering the adoption of reproductive technologies in the beef industry (USDA 

NAHMS, 2007). Most of this growth, however, has occurred within the Bos taurus 

population of beef cattle in the US. This is due in part to the larger body of research 

involving taurine females. Limited research has examined the use of protocols designed 

to facilitate FTAI in Bos indicus-influenced beef heifers with pharmaceuticals approved 

by the US Food and Drug Administration (FDA).  

Widespread adoption of AI within the beef industry requires that protocols 

designed to synchronize estrus are cost effective, easy to administer, minimize cattle 

handling, and yield consistent and acceptable pregnancy rates, all while fitting within an 

operation’s management goals and labor resources (Yelich and Bridges, 2012). Protocols 
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designed to effectively synchronize estrus and ovulation result in a large proportion of 

females exhibiting estrus over a narrow window of time which eliminates time and labor 

required for detection of estrus, increases conception rate to AI, and produces older, 

heavier calves at weaning (Patterson et al., 2017a). The development of protocols that 

achieve these goals in Bos taurus females progressed rapidly and should now be 

expanded to include Bos indicus-influenced breeds to improve herds nationwide. 

Beef producers in the southern and southeastern United States benefit from 

incorporating Bos indicus genetics into their herds where these cattle are better adapted to 

tropical and subtropical environmental conditions. These benefits include improved heat 

tolerance, increased parasite and disease resistance, and subsequent improved production 

in subtropical climates (Sartori et al., 2010; Yelich and Bridges, 2012). Bos indicus-

influenced females are unique from Bos taurus females based on their distinct 

reproductive physiology (Saldarriaga et al., 2007). Bos indicus-influenced heifers reach 

puberty at later ages than Bos taurus females (Chenoweth, 1994), exhibit differences in 

timing of ovarian events including follicular wave emergence and preovulatory follicle 

diameters (Bó et al., 2003), and exhibit differences in sensitivity to pharmaceuticals 

utilized in estrus synchronization (Sartori et al., 2010).  

Limited research has been conducted to evaluate controlled breeding strategies in 

Bos indicus-influenced beef heifers, including use of long-term progestin-based estrus 

synchronization protocols followed by exposure for natural service or FTAI. This review 

of the literature provides an overview of the physiology and endocrinology of the bovine 

estrous cycle, factors involved with timing of puberty onset in replacement beef heifers, 



 

 

4 

 

and special consideration of the unique differences in reproductive physiology comparing 

Bos indicus and Bos taurus breeds and biological types of cattle.    

 

REVIEW OF THE BOVINE ESTROUS CYCLE 

 

Physiology of the onset of puberty 

 Senger (2012) defines puberty as 1) age at first estrus 2) age at first ovulation, or 

3) age at which a female can support pregnancy without deleterious effects. While it is 

easy to determine behavioral estrus, the first ovulation is generally not accompanied by 

expression of estrus (Parish et al., 2010, Senger, 2012). Therefore, the age at first estrus 

may not accurately represent actual attainment of puberty. Alternatively, observing first 

ovulation requires a much more intensive and less practical study via transrectal palpation 

or ovarian ultrasonography to determine precisely when ovulation occurred.  

 The regulation of ovarian function and the onset of puberty are primarily 

influenced by the hypothalamus. Reproductive maturity, in part, begins at the level of the 

hypothalamus, as the number and distribution of GnRH neurons within the hypothalamus 

and GnRH receptors within the pituitary increase (Day et al., 1987). The prepubertal 

heifer is able to respond to the predominant reproductive hormones (LH, FSH, E2, and 

P4) months prior to the first ovulation. By 5 to 6 months of age, heifers are able to 

develop follicles as a result of LH and FSH treatment, produce an LH surge, and ovulate 

(Seidel et al., 1971; Schillo et al., 1983; McLeod et al., 1985).  

 The prepubertal hypothalamus is highly sensitive to the negative feedback effect 

of estradiol on GnRH release, even in the face of low concentrations of estradiol 
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produced by small ovarian follicles. This sensitivity is reduced as the heifer matures due 

to a decrease in the number of E2 receptors in the hypothalamus. Decreased sensitivity to 

estradiol negative feedback results in a sufficient release of LH and FSH to cause an 

increase in pulse amplitude, frequency, and regularity of LH pulses (Day et al., 1987; 

Smith et al., 2007). 

 Prepubertal heifers have yet to develop a normal pattern of LH release from the 

anterior pituitary, as increased LH pulse frequency is the determining factor for sexual 

maturity in heifers (Day et al., 1987). Gonadotropin-releasing hormone (GnRH) from the 

hypothalamus controls the release of LH in a pulsatile fashion until the preovulatory LH 

surge, and frequency and amplitude of LH pulses determines the growth or decline of 

follicles. In pubertal heifers, LH and FSH release is affected by feedback of circulating 

concentrations of estradiol, progesterone, and inhibin; however, in prepubertal heifers, 

estradiol is the primary hormone responsible for inhibiting GnRH release and subsequent 

control of LH and FSH secretion (Kiser et al., 1981; Day et al., 1984).  

Although a heifer is capable of ovulating at 5 to 6 months of age in response to 

LH and FSH treatment (Seidel et al., 1971; Schillo et al., 1983; McLeod et al., 1985), the 

limiting factor in determining whether a heifer will assume normal estrous cyclicity, is 

dependent upon her ability to form and maintain a corpus luteum of normal lifespan 

(Smith et al., 2007). Furthermore, Byerley et al. (1987) noted that heifers often reach 

maximum fertility on their third versus first estrus. Treatment of prepubertal heifers with 

progestins was shown to be effective in advancing age to puberty, thereby increasing the 

number of estrous cycles expressed by heifers prior to breeding (Gonzalez-Padilla et al., 
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1975; Patterson et al., 1990; Anderson et al., 1996; Imwalle et al., 1998; Lucy et al., 

2001). 

 

Endocrinology of the Estrous Cycle  

 The estrous cycle. The bovine estrous cycle relies upon a continuous series of 

physiological and endocrine-associated changes involving various organs from neurons 

in the hypothalamus to cumulus cells in the ovary. These changes result in a recurring 

pattern of estrus ranging from 17 to 24 d in length with an average of 21 days depending 

on the specific female (Table 1.1; Plasse et al., 1970; Senger, 2012). Changes in ovarian 

structures are produced by endocrine effects which result in two distinct phases of the 

estrous cycle: the luteal and follicular phases. The luteal phase is characterized by the 

presence of a CL and comprises 80 percent of the entire cycle length, which begins at CL 

formation and continues until CL regression. The remainder of the estrous cycle is known 

as the follicular phase and occurs from CL regression until ovulation. 

The Follicular Phase: Endocrine and Ovarian Dynamics of Estrus  

 Estrus. Defined as the period of sexual receptivity, the cow exhibits estrus for 12 

to 21h (Wiltbank et al., 1967). Behavioral estrus is associated with the interaction of a 

number of hormones which collectively culminate in ovulation and associated biological 

responses that assist sperm in their trek to the site of fertilization. Estradiol 17β (E2) is a 

steroid hormone produced by growing and dominant follicles on the ovary. Estradiol is 

responsible for expression of estrus and prepares the female reproductive tract for mating 

and sperm transport (Hawk, 1983). The preovulatory LH surge begins with the rise in E2 

from preovulatory follicles (Schallenberger et al., 1984), and a threshold level of E2 is 
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required to initiate positive feedback on the hypothalamus. Once this threshold 

concentration is reached, the hypothalamic surge center is activated, resulting in the 

release of large amounts of LH from the anterior pituitary as a consequence of GnRH 

release (Moenter et al., 1991; Cupp et al., 1995). Often mistaken as a single large release 

of LH, the preovulatory LH surge is more correctly identified by frequent, high amplitude 

pulses of LH (Rahe et al., 1980). The surge comes to an end, even in the presence of 

residual GnRH secretion, when the pituitary becomes desensitized and/or LH reserves are 

depleted (Moenter et al., 1991). The preovulatory LH surge is necessary for final 

maturation of the dominant follicle and resulting ovulation. 

The Luteal Phase: Metestrus and Diestrus 

 Metestrus. Ovulation of the dominant follicle occurs 24-32 h after the onset of 

estrus (Wiltbank et al., 1967), at which point LH concentrations decline (Garverick et al., 

1971; Cupp et al., 1995). Residual cells of the ovulated follicle then undergo a 

remodeling process known as luteinization. These structural and functional changes result 

in the formation of a corpus luteum (CL) which produces the hormone progesterone 

(Garverick and Smith, 1986; Garverick et al., 1992). Cellular remodeling is assisted by 

luteinizing hormone, as follicular theca and granulosa cells are transformed into small 

and large luteal cells, respectively (Romereim et al., 2017). Large luteal cells contribute 

to the greatest amount (80 percent) of progesterone (P4) produced by the CL, whereas 

small luteal cells produce the remaining 20 percent (Garverick and Smith, 1986; 

Garverick et al., 1988). During this time, development of a vascularized network within 

the CL is essential for progesterone secretion and later becomes important in future 
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processes of the estrous cycle (Smith et al., 1994). Formation of the CL during metestrus 

marks the beginning of the luteal phase. 

 Diestrus. The bulk of the luteal phase occurs during diestrus. During this time, 

progesterone is the dominant reproductive hormone with regard to relative concentrations 

and is responsible for secretion of other hormones, inhibition of behavioral estrus, and 

maintenance of pregnancy (Garverick et al., 1992; Smith et al., 1994; Wiltbank, 1994; 

Driancourt, 2001). Concentrations of P4 begin to increase by d 4 of the estrous cycle, 

increase to maximal concentrations on d 7 to 12 and remain constant until luteolysis on d 

18 or 19 of the cycle (Donaldson and Hansel, 1965; Hansel and Convey, 1983). 

Progesterone concentrations decline following luteolysis and remain low until the 

formation of a new CL in the subsequent metestrus (Wettemann et al., 1972; 

Echternkamp and Hansel, 1973). Progesterone acts on the hypothalamus to maintain low 

frequency pulsatile release of GnRH, inhibiting the development of preovulatory follicles 

and the resulting increase in E2 (Hansel and Convey, 1983). Progesterone inhibits the 

expression of estrus, prevents uterine contractions, and stimulates uterine endometrial 

glands to support the plausible conceptus (Hafez, 1980). 

The Follicular Phase: Proestrus and the late luteal phase  

 Proestrus. During the luteal phase of the estrous cycle, elevated concentrations of 

P4 impede estradiol’s ability to enhance expression of uterine endometrial oxytocin 

receptors; however, P4 eventually downregulates its own receptor in the late luteal phase, 

removing the inhibitory effect on oxytocin receptors. Estradiol then induces the formation 

of endometrial oxytocin receptors and stimulates the release of oxytocin from the 

pituitary, producing low levels of prostaglandin F2α (PG; McCracken et al., 1995). Luteal 
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oxytocin is released as a result of low levels of PG, resulting in the amplification of PG 

release from the uterine endometrium (McCracken et al., 1996). Prostaglandin F2α from 

the uterus exerts its effects by way of a vascular countercurrent exchange on the CL as it 

travels from the uterus via the uterine vein where molecules are passed to the ovarian 

artery, transported to the ovary, and act to lyse the CL (McCracken et al., 1996; Lee et 

al., 2010). Luteolysis occurs as a result of reduced blood flow to the CL, diminishing the 

supply of nutrients, luteotropic support, and substrates for steroidogenesis (Pharriss et al., 

1970; Lee et al., 2010). 

 As the CL is lysed, circulating concentrations of P4 decrease rapidly over a two d 

period, resulting in luteolysis and marking the end of the luteal phase around d 18 of the 

estrous cycle (Hansel and Convey, 1983). The negative feedback of P4 on the 

hypothalamic surge center is thereby removed, resulting in high frequency pulses of 

GnRH from the hypothalamus, signaling the anterior pituitary to release LH and FSH 

(Hansel and Convey, 1983; Schallenberger et al., 1984; Spicer and Echternkamp, 1986). 

These two gonadotropic hormones are implicated in the “two-cell, two-gonadotropin 

model” (Fortune and Quirk, 1988).  

To illustrate this model, the two gonadotropes (LH and FSH) act on two cells 

within the ovary, the follicular theca and granulosa cells, respectively. The binding of LH 

to its receptors on the surface of theca cells initiates a cascade of events that ultimately 

lead to production of testosterone within the theca cell (Fortune et al., 1988; Allen et al., 

2016). Testosterone diffuses across the thecal basement membrane into a layer of 

granulosa cells. The binding of FSH to its receptors on the granulosa cell provides a 

series of events that allows testosterone to be converted to E2 by way of the enzyme 
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aromatase (Hansel and Convey, 1983; Rouiller et al., 1998). Positive feedback of E2 from 

growing ovarian follicles acts on the hypothalamus and anterior pituitary, stimulating 

gonadotropin release (Schallenberger et al., 1984; Walter and Schallenberger, 1984; 

Spicer and Echternkamp, 1986; Stumpf et al., 1989). Estradiol reaches maximum 

concentration 3 d following completion of luteolysis and the subsequent decrease in P4 

(Savio et al., 1990; Garverick et al., 1992; Cupp et al., 1995). Together, E2 and the 

gonadotrophs promote continued development and maintenance of preovulatory follicles.  

Ovarian Dynamics 

 Folliculogenesis. As ovarian structures change in response to endocrine signals, 

new follicles must develop in order to precipitate a continuous estrous cycle. 

Folliculogenesis involves the formation of mature follicles originating from a pool of 

primordial follicles. At birth, a set number of primordial follicles, which developed in 

utero, are present on the ovaries. These primordial follicles contribute continuously to the 

formation and development of dominant follicles in the process of follicular wave 

dynamics (Hansel and Convey, 1983). Follicular waves include three distinct stages: 

recruitment, selection, and dominance. Cows exhibit 2 to 3 waves per estrous cycle, 

where the final follicular wave before estrus produces the ovulatory follicle (Sirois and 

Fortune, 1988). 

 Recruitment. Gonadotropin stimulation is essential to the maturation of follicles. 

A cohort of follicles, typically comprised of 1 to 6 small follicles 4 to 5 mm in diameter, 

develops from a reserve of primordial follicles. While the activation of primordial 

follicles is not yet fully understood, current research shows that the protein kinase mTOR 

and the PI3K signaling pathway are responsible in part for follicular activation (Zengh et 
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al., 2012). In mouse ovaries treated with these activators, nearly complete activation and 

eventual depletion of primordial follicles was observed (Kim, 2012; Sun et al., 2015). 

The mechanism by which only certain follicles are selected for each cohort is not well 

known.  

 Selection. Once a cohort of follicles has been established, a single follicle per 

wave is selected to become dominant. This process occurs 36 to 48 h following initiation 

of a follicular wave (Bao et al., 1997) when the largest follicle within the cohort reaches 

approximately 8.5 mm in diameter (Ginther et al., 1997). This large follicle secretes 

increasing amounts of E2 along with the hormone inhibin. Inhibin works at the level of 

the anterior pituitary, providing negative feedback on the secretion of FSH. Declining 

FSH works to prevent follicular development of other follicles within the cohort, shifting 

the dependency of the large follicle from FSH to LH. The first emergence of a follicular 

wave consistently occurs on d 0 (Mapletoft et al., 2002; Aerts et al., 2008). Emergence of 

the second wave occurs on d 9 or 10 for two-wave cycles or d 8 or 9 for three-wave 

cycles. A third wave materializes on d 15 or 16 in three-wave cycles. 

 Dominance. The large follicle that is selected from the cohort and develops is 

referred to as the dominant follicle. Remaining small follicles within the cohort become 

atretic, and production of inhibin from the dominant follicle prevents emergence of a new 

follicular wave (Hodgen, 1982; Ginther et al., 1996). Depending upon stage of the estrous 

cycle, the 10-15 mm follicle will either undergo atresia or ovulate (Webb et al., 1992). 

Dominance occurs in two-wave cows on d 6 and 15 and d 7, 14, and 21 in three-wave 

cows (Pierson and Ginther, 1984; Savio et al., 1990; Driancourt, 2001; Lucy et al., 2001).   
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 Once dominance is achieved, endocrine dependency of the dominant follicle 

transitions from FSH to LH. Luteinizing hormone receptors in the theca and granulosa 

cell layers increase expression, making the dominant follicle dependent on LH (Bao and 

Garverick, 1998; Webb et al., 1999). Pulse frequency of LH determines the fate of the 

dominant follicle, leading to atresia or ovulation. In order to achieve ovulation, the 

follicle must establish an adequate number of LH receptors. Sufficient numbers of 

receptors for ovulatory capacity are typically achieved when the follicle reaches a 

minimum diameter of 10mm (Sartori et al., 2001). Pulses of LH are controlled by 

negative feedback of P4 and positive feedback of E2. Action of LH on the follicle 

stimulates the production of androgen precursors from the thecal cells. These precursors 

are responsible for controlling the health and maintenance of the dominant follicle 

(Garverick and Smith, 1986; Garverick et al., 1988; 1992). The phase of the estrous cycle 

during which dominance is achieved dictates the fate of the dominant follicle. Those 

follicles that reach dominance during the luteal phase of the estrous cycle maintain 

dominance for 3 to 6 d before undergoing atresia (Ginther et al., 1989; Knopf et al., 

1989). Large follicles that reach dominance late during the luteal phase and coincident 

with regression of the corpus luteum progress to ovulation (Kastelic et al., 1990).  

 

USE OF PROGESTINS IN ESTRUS SYNCHRONIZATION SYSTEMS 

 

It is well established that P4 is responsible for inhibiting ovulation and maturation 

of preovulatory ovarian follicles (Nellor and Cole, 1956; Hansel et al., 1961; Lamond, 

1964). Ulberg et al. (1951) first noted the effect P4 injections had on ovarian dynamics of 
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heifers, which opened the door to the development of methods to control the bovine 

estrous cycle. Progesterone inhibits ovulation and follicular maturation via negative 

feedback on the hypothalamic release of GnRH and subsequent release of LH from the 

anterior pituitary (Hansel and Convey, 1983; Jainudeen and Hafez, 1987). The negative 

feedback effect of progesterone inhibits the preovulatory LH surge which is required for 

final maturation and ovulation of a dominant follicle (Schallenberger et al., 1984; 

Garverick and Smith, 1986; Ginther et al., 2000). 

Methods that were initially developed to synchronize estrus involved the 

administration of exogenous progestins, sometimes in combination with estrogens and 

PG to control CL lifespan. At this time, regulation of the estrous cycle was believed to be 

controlled by the CL (Thimonier et al., 1975). Years later, however, the use of transrectal 

ultrasonography to examine ovarian follicular dynamics throughout the estrous cycle 

revealed that effective means of estrus synchronization required the control of luteal 

lifespan and manipulation of follicular waves (Savio et al., 1990). 

Induction of puberty with progestins. Early attainment of puberty in beef cattle is 

critical, given that age at puberty is the most important production trait contributing to 

lifetime productivity. Treatment of pre- and peri-pubertal heifers with progestins was 

shown to be effective in inducing puberty (Gonzalez-Padilla et al., 1975; Patterson et al., 

1990) by preparing the uterus for pregnancy and establishing patterns of gonadotropin 

secretion that mimic those of cycling heifers (Smith et al., 2007). Exposure to a progestin 

for a period of 7 to 10 days can be effective in inducing cyclicity in pre- or peripubertal 

heifers (Anderson et al., 1996; Imwalle et al., 1998) and becomes more effective the 
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closer a heifer is to natural attainment of puberty (Short et al., 1976; Tanaka et al., 1995; 

Hall et al., 1997).  

Circulating concentrations of progesterone increase as heifers attain puberty 

(Berardinelli et al., 1979). The first ovulation a heifer experiences is generally followed 

by a short luteal phase (Gonzalez-Padilla et al., 1975) and results in a transient increase in 

P4. Exposure to elevated concentrations of P4 is required to establish normal estrous 

cyclicity in heifers, and among cows following parturition (Short et al., 1974; Rawlings et 

al., 1980). Treatment with progestins is associated with an increase in diameter of the 

largest follicle (Imwalle et al., 1996; Hall et al., 1997) and increased follicular growth, 

resulting in amplified E2 production by ovarian follicles (Hendricks et al., 1973; 

Wettemann and Hafs, 1973; Sheffel et al., 1982; Garcia-Winder et al., 1986). Treatment 

with a progestin results in increased frequency of LH pulses, especially following 

withdrawal of the progestin (Smith and Day, 1990; Anderson and Day, 1996; Imwalle et 

al., 1996; Hall et al., 1997). Additionally, E2 receptors are downregulated in the 

hypothalamus, removing negative feedback on LH secretion, and allowing for final 

maturation and ovulation of a dominant follicle (Anderson et al., 1996; Anderson and 

Day, 1996). 

Presently, there are two exogenous progestins used in estrus synchronization 

systems: Melengestrol Acetate (MGA) and Controlled Internal Drug Release (CIDR) 

inserts. 

Melengestrol Acetate. Melengestrol acetate is an orally active synthetic progestin 

(6-methyl-17-alpha-acetoxy-16-methylene-preg-4, 6-diene-3, 20-dione; Figure 1.1) 

developed in 1962 as a means of controlling behavioral estrus. Melengestrol acetate 
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became popular in the feedlot industry as it improves feed efficiency and rate of gain in 

heifers by allowing follicular development, but preventing estrus expression and 

ovulation (Zimbelman and Smith, 1966). MGA is delivered in a grain carrier of varying 

type and quantity, but the progestin itself must be consumed at a rate of 0.5 mg/hd
-1

/d
-1

 in 

a single feeding. Current best management practices recommend feeding at 

approximately the same time daily, with adequate bunk space to ensure proper intake 

(Patterson et al., 2003). Proper feeding management is essential for successful 

administration of MGA.  

 Melengestrol acetate replaced the orally active progestin analogue, 

medroxyprogesterone acetate (MAP; 6-alpha-methyl-17-alpha-acetoxy-pregn-4-ene-3, 

20-dione; Figure 1.1), which was less effective in suppressing estrus and ovulation 

compared to MGA (Zimbelman et al., 1970). Melengestrol acetate has been used 

successfully for years in estrus synchronization protocols to suppress estrus, prevent the 

preovulatory LH surge, inhibit ovulation, (Zimbelman and Smith, 1966; Zimbleman et 

al., 1970; Imwalle et al., 2002) and induce estrous cyclicity in pre- and peripubertal 

heifers (Patterson et al., 1990; Imwalle et al., 1998).  

 During MGA treatment, the development of non-ovulatory persistent dominant 

follicles (Anderson and Day, 1994; Custer et al., 1994; Yelich et al., 1997) and pulsatile 

release of LH were detected, even in the face of sufficient P4 levels to inhibit estrus. 

When fed at the recommended level, MGA is not effective at blocking pulsatile LH 

release; larger doses (1.5 to 5.0 mg) of MGA can be administered to prevent pulsatile LH 

release (Kojima et al., 1995; Hageleit et al., 2000); however, feeding at such high levels 

is not required because the preovulatory LH surge and ovulation are inhibited when 



 

 

16 

 

MGA is administered at a dosage of 0.5 mg per animal per day. Melengestrol acetate is 

effective at low levels because of an 11.1-fold higher binding affinity for the 

progesterone receptor than progesterone (Perry et al., 2005). Furthermore, when 

administered at 1000-fold higher dose than the recommended rate, MGA was shown to 

bind the estrogen receptor (Perry et al., 2005), suggesting that the mechanisms 

controlling the LH surge are more sensitive to MGA compared to those controlling 

pulsatile LH release (Imwalle et al., 2002). 

Controlled Internal Drug Release. The intravaginal progesterone-releasing 

device referred to as the CIDR (controlled internal drug release) is effective in preventing 

ovulation and expression of estrus and is approved for use in both heifers and cows in the 

United States. The T-shaped nylon skeleton is coated with silicon containing 1.38 g of P4 

(Figure 1.1) for CIDRs marketed in the US and 1.9 g of P4 in other countries, including 

Canada and Brazil. Progesterone is released uniformly across a 15 d treatment period 

(Macmillan and Peterson, 1993). Blood concentrations of P4 are maintained at 

concentrations greater than 2.0 ng/mL during treatment and are dependent upon stage of 

the estrous cycle when CIDRs are administered (Macmillan and Thatcher, 1991). Some 

studies reported P4 concentrations of 1.2 ng/ml (Hatler et al., 2008) when CIDRs were 

administered in the absence of a CL.  

When CIDRs are compared to treatment with MGA, differences and slight 

advantages with regard to management exist. The greatest advantage is the consistency of 

P4 exposure throughout the CIDR insertion period. Circulating P4 increases rapidly to 

near peak concentrations approximately 1 h after CIDR insertion and decline rapidly over 

a 12-24 h period upon CIDR removal (Perry et al., 2004; Lamb and Larson, 2006). 
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Macmillan et al. (1991) used a 1.9 g CIDR over a 15 d period, and noted P4 

concentrations peaked at 8.7 ng/mL after 6 h and maintained an average concentration of 

5.7 ng/mL in ovariectomized heifers throughout the treatment period. Hatler et al. (2008) 

reported circulating concentrations of progesterone during CIDR treatment as low as 0.3 

and 0.45 ng/ml prevented ovulation in up to 48 percent of lactating dairy cows and serum 

concentrations of at least 0.7 ng/ml were shown to be sufficient in preventing ovulation in 

100 percent of cows. Retention rates reported in heifers treated for 4 to 15 d ranged from 

96-99 percent (Macmillan et al., 1991, 1988; Lucy et al., 2001).  

Mallory et al. (2010) noted differences in the variance for interval to estrus and 

resulting synchrony of estrus in beef heifers following long-term treatment with MGA or 

CIDR. The authors reported mean expression of estrus following CIDR removal occurred 

4 d earlier than in MGA-treated heifers. Furthermore, distribution of estrus following 

progestin removal differed between treatments, as CIDR-treated heifers exhibited estrus 1 

to 2 d after insert removal as compared to MGA-treated heifers where estrus expression 

ranged from 2 to 8 d following withdrawal of MGA from the feed (Mallory et al., 2010). 

Pregnancy rate to AI did not differ between MGA- and CIDR-treated heifers in multiple 

studies (Tauck et al., 2007; Mallory et al., 2010).  

  Differences in synchrony of estrus between MGA and CIDR treated heifers 

following treatment withdrawal can be explained by the rate at which these two 

progestins are cleared from the animal’s body. Following CIDR removal, P4 

concentrations decline rapidly over a 12 to 24 h period (Perry et al., 2004). In contrast, 

fecal concentrations of MGA are 1.4 times higher at 24 h than at 12 h post-feeding 

(Schiffer et al., 2001). This suggests that MGA remains active for a longer period of time 
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after withdrawal from feed compared to the rapid clearance of progesterone following 

CIDR removal. This is most likely due to passage rate of MGA through the digestive 

tract; MGA cannot be immediately removed from the body in contrast to the rapid 

removal of a CIDR. 

 

DEVELOPMENT OF LONG-TERM PROGESTIN-BASED METHODS TO 

SYNCHRONIZE ESTRUS IN BEEF HEIFERS 

 

 Development of the MGA-PG protocol. In 1966, Zimbelman and Smith noted that 

MGA successfully suppressed estrus and ovulation when administered orally on a daily 

basis. A feeding period of 10 to 18 d yielded a similar proportion of MGA-treated heifers 

exhibiting estrus over a 6 d period following withdrawal of MGA compared to a control 

group of heifers observed over a 20 d period. A reduction in first service conception rate 

was observed when insemination was performed at the first estrus following withdrawal 

of MGA from the feed (Zimbleman et al., 1970).  

 Prostaglandin F2α and its analogues were combined with progestins to better 

control the estrous cycle in cattle and improve results from estrus synchronization 

(Lauderdale, 1972; Louis et al., 1972; Rowson et al., 1972). Short term feeding of MGA 

for 5 to 7 d combined with PG administration at MGA withdrawal was developed by 

Beal and Good (1986) and Patterson et al. (1989). These authors noted a reduction in 

pregnancy rates for heifers that began treatment in the late luteal stage of the estrous 

cycle. Numerous studies suggested that decreased fertility resulted from extended 
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interovulatory intervals and the formation of persistent follicles (Beal and Good, 1986; 

Beal et al., 1988;; Patterson et al., 1989).  

 The MGA-PG protocol now recommended and used extensively by the industry 

consists of a 14-d feeding period of MGA followed by administration of PG 19 d after 

removal of MGA from the feed (Figure 1.2). While a 19-d interval provides optimal 

results, 17- to 19-d intervals from MGA withdrawal to PG administration provide 

acceptable results (Brown et al., 1988; Nix et al., 1998; Deutscher, 2000; Lamb et al., 

2000). Authors of these studies speculated that improvements in fertility using a 19-d 

interval may be related to preovulatory follicle size at PG administration which may be a 

result of differences in follicular dynamics in relation to stage of a follicular wave at the 

time PG is administered (Martin et al., 2014). In comparison with other treatments, 

Patterson et al. (1995) observed an improvement in estrous response and increased 

conception and pregnancy rates of beef cows during the synchronized period compared 

with PG administration alone. Several studies over the years utilized the progestin 

norgestomet in combination with estradiol valerate in the Syncro-Mate B protocol and 

reported high estrous response rates following treatment, but highly variable first service 

pregnancy rates (Odde, 1990). Nonetheless, MGA-PG produced greater synchronized 

conception and pregnancy rates when compared to Syncro-Mate B (Brown et al., 1988).  

 Development of MGA Select. The MGA Select protocol was developed in an 

effort to improve synchrony of estrus following administration of the MGA-PG protocol. 

The MGA Select protocol involves a 14 d feeding period of MGA with GnRH 

administered 12 d after MGA withdrawal on d 26 and PG administration on d 33 of 

treatment (Figure 1.2). Wood et al. (2001) hypothesized that addition of GnRH to the 
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MGA-PG protocol would increase synchrony of estrus and ovulation of beef heifers 

assigned to an MGA Select protocol. Heifers that were administered GnRH on d 26 

ovulated in response to the injection and initiated a new follicular wave 2 d later. This 

resulted in an improvement in the synchronized development of follicular waves 

following treatment with MGA and prior to the administration of PG (Wood et al., 2001). 

Estrous cycling heifers exhibited improved synchrony of estrus following treatment with 

the MGA Select protocol compared to prepubertal heifers (Wood-Follis et al., 2004). 

 Development of CIDR Select. An experiment was designed by Kojima et al. 

(2004) to compare pre-synchronization with MGA versus CIDR prior to the 

administration of GnRH and PG. Heifers received a CIDR insert for 14 d or were placed 

on a 14 d feeding regimen of MGA. Gonadotropin releasing hormone was administered 

on d 23 or 26 following treatment with CIDR or MGA, respectively (Figure 1.2). No 

differences were observed between treatment groups on the basis of estrous response 

following PG; however, pre-synchronization with the CIDR improved synchrony of 

estrus and conception and pregnancy rates compared with MGA Select-treated heifers. 

Improvements observed among CIDR-treated heifers likely stem from a reduced interval 

to estrus (Macmillian and Peterson, 1993) and enhanced synchronization of follicular 

waves following CIDR removal.  

 Development of CIDR-PG. Leitman et al. (2008) hypothesized that 

presychronization with a CIDR for 14 d prior to GnRH and PG would result in improved 

synchrony of estrus compared with 7-d CIDR-based or GnRH-PG estrus synchronization 

protocols. Leitman et al. (2008) compared one long-term CIDR treatment (CIDR Select), 

two short-term CIDR treatments, both 7-d in length, and GnRH-PG treatment. The 



 

 

21 

 

authors found that long-term CIDR treatment was more effective in inducing an 

ovulatory response among mixed groups of estrous cycling and prepubertal heifers 

compared to GnRH-PG or CIDR treatment alone for 7 d (Leitman et al., 2008).   

Leitman et al. (2008) found that nine d following CIDR removal, 88 percent of 

heifers were reported to be on d 7 or 8 of the estrous cycle which supported a study 

reported by Schafer et al. (2006). A number of studies revealed that response to GnRH is 

most influenced by day of the estrous cycle when GnRH is administered (Martinez et al., 

2000; Moreira et al., 2000; Atkins et al., 2008). The greatest ovulatory response to GnRH 

is realized from follicles on d 5 of the estrous cycle, followed in order by d 15, 10, 18, 

and 2 (Atkins et al., 2008).  

 Leitman et al. (2009a) later questioned whether the addition of GnRH to the 

CIDR-PG protocol was necessary to improve synchrony of estrus following PG (Figure 

1.2; Leitman et al., 2009b). Heifers assigned to a CIDR-PG protocol exhibited greater 

synchrony of estrus compared to heifers assigned to CIDR Select, and AI pregnancy rate 

was greater for heifers assigned to CIDR-PG than heifers assigned to CIDR Select 

(Leitman et al., 2009b). While both protocols are effective in synchronizing estrus 

regardless of pubertal status, the addition of GnRH is not required following long-term 

CIDR treatment. 

 CIDR vs MGA as a progestin source. Tauck et al. (2007) and Mallory et al. 

(2010) compared pre-sychronization with MGA and CIDR prior to the administration of 

PG. Treatments were compared on the basis of synchrony of estrus, estrous response, and 

pregnancy rate. Both studies reported an increased estrous response and reduced interval 

to estrus after PG resulting from CIDR-PG treatment (Tauck et al., 2007; Mallory et al., 
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2010); however, there appeared to be no difference between treatments in conception rate 

to AI, AI pregnancy rate, or pregnancy rate at the end of a breeding period. As such, 

producers can be confident in utilizing either MGA or CIDR as effective methods of pre-

synchronization. 

CIDR-PG vs MGA-PG for Fixed-Time Artificial Insemination. Fixed-time 

artificial insemination concentrates time and labor for beef producers and provides the 

opportunity to utilize AI without the need to detect estrus (Patterson et al., 2017). Vraspir 

et al. (2013) designed a study to describe differences between CIDR-PG and MGA-PG 

treatments followed by FTAI (Figure 1.3). The authors reported similar pregnancy rates 

to FTAI between CIDR- and MGA-treated heifers (61 vs 62 percent, respectively). 

Heifers that failed to become pregnant to the initial FTAI were detected for estrus and 

inseminated 12 to 18 h after estrus onset. Similar numbers of CIDR- and MGA-treated 

heifers returned to estrus (26 vs 27 percent, respectively), but a greater pregnancy rate to 

the second AI service was reported in heifers previously treated with MGA than CIDR 

(66 vs 56 percent, respectively; Vraspir et al., 2013). Collectively, these studies (Tauck et 

al., 2007; Mallory et al., 2010; Vraspir et al., 2013) demonstrated that FTAI yielded 

pregnancy rates that were similar to those resulting from artificial insemination 

performed on the basis of detected estrus utilizing long-term MGA or CIDR based 

protocols. 
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USE OF PREBREEDING EXAMS TO TIME ESTRUS SYNCHRONIZATION 

PROGRAMS 

 

 Prebreeding examinations that include reproductive tract scores (RTS) provide the 

opportunity to assess reproductive development and determination of possible abnormal 

situations that may limit a heifer’s reproductive potential (Patterson et al., 1999; Lamb, 

2013; Patterson et al., 2013). Thomas et al. (2017) recently reported that many of the 

differences in pregnancy outcomes among Brahman-influenced heifers are explained by 

differences in pubertal status of heifers determined by RTS. 

 Anderson et al. (1991) developed the RTS scoring system to assist beef producers 

in selecting replacement heifers and more appropriately time estrus synchronization 

programs (Table 1.2). The reproductive tract scoring (RTS) system assesses pubertal 

status of heifers by transrectal palpation of the uterus and ovaries. Heifers are evaluated 

on a scale of one to five, where a RTS of one and two are considered to be “prepubertal” 

and are likely greater than 30 days from attaining puberty. Peripubertal heifers are 

assigned a RTS of three and are likely within 30 days of attaining puberty. Estrous 

cycling, or pubertal females are assigned scores of four or five and are considered to be in 

the follicular or luteal phases of the estrous cycle, respectively.  

 Upon palpation, a heifer that is assigned a RTS of one, presents an infantile 

reproductive tract with small, toneless uterine horns (< 20 mm in diameter) and small 

ovaries devoid of palpable follicles. A heifer assigned a score of two will have slightly 

larger uterine horns (20 to 25 mm in diameter) and ovaries with follicles in the range of 8 

mm in size. Heifers assigned an RTS of three are noted as having increased uterine 
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diameter (25 to 30 mm) and follicle size (8 to 10 mm). Heifers assigned a score of 4 are 

considered to be estrous cycling, and are distinguished on the basis of coiled, turgid 

uterine horns (30 mm in diameter) and the presence of a palpable preovulatory size 

follicle (> 10 mm in diameter). Heifers with a palpable CL are assigned a RTS of five and 

present uterine diameters similar to those with RTS of four. Figure 1.4 combines the 

associated endocrine and ovarian changes that occur as a heifer approaches puberty in 

addition to the corresponding RTS that would be assigned at respective points in 

development (Patterson et al., 2002).  

Reproductive tract scoring was reported to be a repeatable and accurate means of 

determining pubertal status in heifers (sensitivity = 82%, specificity = 69%; Rosenkrans 

and Hardin, 2003). Reproductive tract scoring may be used effectively as a predictor of 

heifer fertility, and correlates well with pregnancy rate to FTAI, 50-d pregnancy rates, 

and calf weaning weight (Pence and BreDahl, 1998; Pence et al., 2007; Holm et al., 

2009). The RTS system can be used effectively to assist producers in selecting young 

females for lifetime cow production, even before the start of the first breeding season.  

 

NATURAL SERVICE BREEDING STRATEGIES 

 

Despite continued progress toward improving estrus synchronization and AI 

technologies, the most recent USDA NAHMS (2009) survey cites natural service as the 

most common breeding strategy in the US, representing 79 and 94 percent of heifers and 

cows serviced, respectively. Very few heifers and cows are serviced only by AI (3.9 and 
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1.1 percent, respectively), so the importance of natural service to breeding programs 

nationwide is significant, and arguably underrepresented with regard to current research.  

Induction of puberty with bull introduction. Research of a “bull effect” on 

inducing puberty in heifers conducted over the last 30 years is limited and has yielded 

mixed results. Roberson et al. (1987) reported that there was no significant influence of 

the presence of mature bulls on the age and weight at puberty of peripubertal beef heifers. 

In a later study, however, Roberson et al. (1991) showed a 70 day exposure to bulls 

significantly reduced age at which a functional corpus luteum developed. Furthermore, a 

study performed in South America reported a greater number of cyclic heifers and 

subsequently higher pregnancy rates when Bos indicus females were exposed to deviated 

mature bulls prior to AI (Quadros and Lobato, 2004). This was confirmed by a number of 

other studies which observed decreased age at puberty in both Bos indicus and Bos taurus 

females (Olivera et al., 2009; Fiol et al., 2010). 

The ambiguous results provided from studies involving bull exposure and its 

effect on puberty attainment in beef heifers pale in comparison to the known effects of 

presence of the male in other livestock species. A great deal of research was conducted in 

swine production systems with consistent results reported in the literature (Williams et 

al., 2005; Filha et al., 2009; Patterson et al., 2002b). It was shown repeatedly that 

exposure to boars, either via direct or fenceline contact, had a significant influence on the 

attainment of puberty in peripubertal gilts. These data suggest that more studies are 

needed to develop strategies that utilize bull exposure to advance sexual development in 

later maturing breeds of beef heifers.   
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Bull-to-Female Ratio. The current recommendation for bull-to-female ratios 

(BFR) in beef mating systems is a 1:20 to 1:30 ratio for mature bulls and a 1:15 to 1:20 

ratio for yearling bulls (Ellis, 2008). These ratios are in line with current BFR reported by 

producers which claim 1:17 and 1:25 average BFR for yearling and mature bulls, 

respectively (USDA NAHMS, 2009). A number of studies examined a variety of BFR 

and suggest that the main driver of reproductive performance is primarily based on 

reproductive status, sexual and social behavior, and environmental constraints (Rupp et 

al., 1977; Pexton et al., 1990; Ellis, 2008). Rupp et al. (1977) compared single- and multi-

sire BFR at 1:25, 1:44, and 1:60, noting that fertility, libido and mating ability of the 

individual sires were more important factors than ratio itself. These authors suggested a 

BFR of 1:60 was adequate, provided bulls were mature and highly fertile, with adequate 

scrotal circumference (Rupp et al., 1977). The Society for Theriogenology sets threshold 

measurements for adequate scrotal circumference for various age classes of young bulls 

(Table 1.3; Chenoweth et al., 2010). Additionally, single-sire mating can eliminate bull 

competition and conflicts, which detract from effective breeding (Ellis, 2008). 

Natural Service with Estrus-Synchronized Females. Bulls can be introduced 

following administration of an estrus synchronization protocol to produce a greater 

number of early calving cows. Research has demonstrated that natural service is an 

effective alternative to AI in estrus synchronization systems (Farin et al., 1982, 1989; 

Pexton et al., 1989). Nevertheless, estrus synchronization places unique pressure on bulls 

when large numbers of females express estrus within a relatively short period of time.  

Considerations for natural service breeding during a synchronized period include 

several factors influenced by both males and females. When FTAI is performed, the goal 
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of estrus synchronization is to maximize the number of females that express estrus within 

a narrow window of time. The opposite is true with regard to estrus synchronization 

followed by natural service. In this case, a protocol that produces a more extended 

synchronized period (Ellis, 2008) would be preferred in an effort to spread bull power out 

over several additional days. Prostaglandin F2α is utilized in nearly all estrus 

synchronization protocols currently recommended and used in the U.S. The addition of 

PG often leads to a concentrated period of estrous expression, however administration of 

PG is typically contraindicated in natural service programs (Healy et al., 1993; Stegner et 

al., 2002). One strategy to distribute estrus more widely during a synchronized period 

would be to introduce bulls after the initial synchronized period, thereby reducing 

breeding pressure during the subsequent estrus. Additionally, long term progestin-based 

estrus synchronization protocols can be used in beef heifers without the addition of PG, 

in which case bulls are introduced 10 d following removal of CIDR or MGA (Stegner et 

al., 2002).  

BFR is important in synchronized natural service mating systems because of the 

potential to overwork bulls or deplete semen reserves (Ellis, 2008; Stegner et al., 2002). 

Healy et al. (1993) reported no difference between BFR of 1:16 and 1:25, but noted that a 

higher ratio of 1:50 reduced pregnancy rates of estrous synchronized heifers. Bulls may 

be used for intense 2 to 5 d breeding periods, but should then be rested for 2 to 3 weeks 

prior to further breeding (Ellis, 2008).  
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CONSIDERATIONS FOR REPRODUCTIVE MANAGEMENT OF BOS 

INDICUS-INFLUENCED BEEF HEIFERS 

 

 Roughly 40 percent of our nation’s beef herd is maintained in relatively hot and 

humid subtropical environments of the southern and southeastern regions of the US 

(Cundiff et al., 2012). As such, the influence of Bos indicus genetics plays an important 

role in the adaptation of cattle to these regions. The Bos indicus species is known for its 

ability to tolerate high solar energy, high ambient temperatures and relative humidity, 

parasite and disease challenges, and high fiber forage diets (Koger, 1963; Randel, 2005; 

Sartori et al., 2010; Yelich and Bridges, 2012). These important production 

considerations make Bos indicus breeds and their crosses a central component of 

subtropical beef production systems. 

 Although the introduction of Bos indicus genetics provide an improvement in 

environmental adaption in subtropical regions of the US, differences exist between Bos 

indicus and Bos taurus breeds with regard to attainment of puberty, sensitivity to 

pharmaceuticals used to synchronize estrus, expression of estrus, and endocrine 

dynamics.  

Puberty. Many heifers produced in the tropics are raised on low quality forages 

with deficiencies in protein, energy, and/or mineral availability (Sartori et al., 2010). 

Many of these animals, regardless of biological type, have difficulty reaching puberty 

until 2 years of age, while contemporaries fed in a temperate climate can reach puberty as 

early as 9 to 12 months of age (Fajersson et al., 1991). Independent of nutrition, however, 

Nogueira (2004) proposed an underlying genetic factor accounting for these differences, 
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since some females of similar biological type managed under the same conditions 

become pregnant earlier than others.   

Bos taurus heifers generally reach puberty at 10 to 18 months of age (Smith et al., 

2007). In stark contrast, purebred Bos indicus heifers in the subtropics typically reach 

puberty between 16 and 40 months, with a mean of 25 months (Sartori et al., 2010). One 

of the landmarks of sexual maturity in cattle is the decrease in negative feedback of 

estradiol on LH release. This occurs coincidentally with the onset of puberty attainment 

in both Bos taurus and Bos indicus, but LH pulsatility begins earlier in Bos taurus 

heifers, especially during the initial period of weight gain (Rodrigues et al., 2002). 

Unfortunately, selection pressure for age at puberty has been much less intensive when 

compared to Bos taurus breeds (Eler et al., 2002). Age at first conception and heifer 

pregnancy are highly heritable traits (h
2
 = 0.44 to 0.67 and h

2
 = 0.58 to 0.66, respectively; 

Eler et al., 2006; Pereira et al., 2007), suggesting that improvements in these traits may be 

realized in Bos indicus influenced heifers if appropriate selection pressure is imposed. 

Nutrition plays an important role in early attainment of puberty in late maturing 

biological types or breeds of cattle, including Bos indicus. Patterson et al. (1989, 1991) 

manipulated energy levels fed to Bos indicus-influenced heifers during the postweaning 

to prebreeding development phase in order for heifers to attain either 55 or 65 percent of 

mature body weight prior to the breeding period. Bos indicus-influenced heifers fed to 

reach 65 percent of mature body weight reached puberty earlier and became pregnant 

earlier during the breeding season (Patterson et al., 1989a, 1991). The difference between 

postweaning energy treatment is less pronounced in many of the Bos taurus breeds 

suggesting that Bos indicus influenced heifers are particularly sensitive to nutritional 
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deficiencies prior to breeding. Nutritional management of Bos indicus-influenced heifers 

designed for them to reach at least 60 percent of mature body weight will ensure a 

majority of females are cycling prior to initiation of the breeding period (Dale et al., 

1959; Patterson et al., 1992). 

Ovarian Dynamics. Differences are evident between biological types of cattle 

with regard to follicular wave dynamics and estrous cycle patterns. A number of studies 

identified the majority of Bos indicus heifers exhibit three follicular waves, but have 

observed animals with 2 to 5 waves during a particular cycle (Figueiredo et al., 1997; 

Alvarez et al., 2000; Mollo et al., 2007). The number of follicular waves influences the 

interestrous interval, where studies have shown that females with two-wave cycles 

experience shorter interestrous intervals than three-wave females (Savio et al., 1988, 

1990; Sirois & Fortune 1988; Alvarez et al., 2000; Townson et al., 2002; Sartori et al., 

2004). Regardless of the number of follicular waves a heifer experiences, the average 

interestrus interval for both Bos taurus and Bos indicus females is 21 d (Bó et al., 2003 

and Sartori et al., 2004). 

Estrous Behavior. Historically, detection of estrous activity was required to 

facilitate use of artificial insemination, although development of estrus synchronization 

protocols used for appointment breeding reduces or eliminates the need for estrous 

detection. Nevertheless, accurate timing of estrus onset and duration of estrus requires 

more careful evaluation in Bos indicus influenced breeds of cattle compared to Bos 

taurus breeds (Rae et al., 1999).  

A study by Mizuta (2003) compared estrous behavior of Nelore (Bos indicus) and 

Angus cows (Bos taurus) using Heat-Watch radiotelemetry. Nelore cows stood to be 
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mounted for a shorter period of time compared to Angus cows (12.9 ± 2.9 vs 16.3 ± 4.8 

h, respectively; Mizuta, 2003), and a majority of Nelore cows exhibited estrus during the 

late evening and at night (Pinheiro et al., 1998). These features, unique to Bos indicus, 

complicate the efficiency of estrus detection when insemination is based on detected 

estrus.   

Sensitivity to Pharmaceuticals. Bos indicus breeds of heifers are known to 

maintain higher circulating concentrations of progesterone than Bos taurus females 

(Carvalho et al., 2008). These females are more sensitive to high circulating 

concentrations of progesterone and exogenous gonadotropins than Bos taurus females 

(Randel, 1984; Carvalho et al., 2008). This creates a number of concerns with regard to 

LH pulsatility, follicular growth, and ovulatory capacity. 

When administered at prescribed concentrations, treatment with MGA or CIDR 

prevents maturation and ovulation of preovulatory ovarian follicles and resulting 

expression of estrus (Nellor and Cole, 1956; Hansel et al., 1961; Lamond, 1964). 

Progesterone provides negative feedback on the pulsatile release of GnRH from the 

hypothalamus, thereby suppressing LH and FSH secretion and decreasing the number of 

GnRH receptors on the anterior pituitary (Hansel and Convey, 1983). Because Bos 

indicus females are particularly sensitive to the effects of progesterone, these females are 

more likely to have suppressed LH and FSH pulsatile secretion. Bos indicus breeds have 

an inherently low capacity to secrete LH and a much greater sensitivity to exogenous 

gonadotropins than Bos taurus breeds (Randel, 1984). Because the growing follicle is 

dependent on both of these gonadotropes during development, a reduction in the 
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secretion of LH and FSH can further diminish size of the ovulatory follicle following 

progestin treatment (Sartori et al., 2010). 

Strategies were designed to reduce endogenous P4 production or limit exogenous 

P4 administration during treatment with a short-term progestin-based estrus 

synchronization protocol in an effort to improve pregnancy outcomes in Bos indicus-

influenced females exposed for AI (Carvalho et al., 2008; Peres et al., 2009; Mantovani et 

al., 2010; Cipriano et al., 2011; Williams et al., 2012). Carvalho et al. (2008) noted that 

the addition of PG at treatment onset reduced serum P4 concentrations and increased 

dominant follicle size and ovulation rate of Bos indicus and Bos indicus-influenced 

heifers. A modified 5-d CO-Synch + CIDR protocol developed by Williams et al. (2012), 

referred to as “Bee Synch”, (Figure 1.5) increased pregnancy rates to FTAI in Brahman 

influenced cows when PG was administered at CIDR insertion to decrease circulating 

concentrations of P4 during the treatment period. Similar improvements were not reported 

in Brahman influenced heifers. 

 Transrectal Ovarian Palpation. A number of studies noted the challenge in 

accurately determining CL presence determined via transrectal palpation in Bos indicus 

influenced heifers, and (Symington and Hale, 1967) suggest that ovarian hormonal 

activity and morphological changes of the ovary are less pronounced than in Bos taurus 

cattle. Berardinelli et al. (1979) proposed that small, non-palpable luteal tissue embedded 

deeply in ovaries of Bos indicus heifers produces a short rise in P4 among prepubertal 

females. Therefore, accurately identifying Bos indicus females with developed luteal 

tissue can be difficult by transrectal palpation alone. 
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 Response to Physiologic Stress. Bos indicus-influenced cattle exhibit increased 

susceptibility to stress associated events, and stress induced by animal handling and 

frequent sorting has the potential to result in decreased pregnancy rates among some Bos 

indicus-influenced heifers (Galina et al., 1996; Dobson and Smith, 2000; Cooke et al., 

2009, 2012; Cooke, 2014). A number of studies were designed to examine the effects of 

stressors on reproductive performance and suggested management schemes to abate 

them. 

 Cortisol is produced in response to stress and blood cortisol concentrations are 

reported to be higher in temperamental cattle compared to cattle that are calm (Cooke et 

al., 2009a; 2009b; Cooke et al., 2012a; Francisco et al., 2012a). Elevated concentrations 

of cortisol are associated with a decrease in LH pulsatility by inhibiting pituitary 

responsiveness to GnRH (Breen and Karsch, 2003). As a result, detrimental effects on 

follicular growth and maturity may be potentiated by increased stressors around breeding 

in Bos indicus females. 

Recently, research has demonstrated that acclimation to stressors reduced cortisol, 

increased prepubertal P4, and hastened puberty onset (Cooke et al., 2009, 2012, 2014). 

Heifers that were acclimated to human handling exhibited improved temperament, 

reduced cortisol, and attained puberty and became pregnant earlier compared to non-

acclimated heifers (Cooke et al., 2009b, 2010b). Acclimation to human interaction seems 

to be exclusive to heifers, as cows subjected to acclimation did not improve temperament 

or reproductive performance (Cooke et al., 2009a). Additionally, heritability of 

temperament was shown to be moderately to highly heritable (h
2 

= 0.4; O’Bleness et al., 

1960). Therefore, improvements in temperament to reduce physiological stress can be 
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achieved by culling heifers with poor temperaments and acclimating heifers to human 

interaction prior to breeding.  
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SUMMARY 

 

Limited information is available to assist beef producers in southern regions of the 

United States in implementing breeding management strategies that improve reproductive 

performance of Bos indicus-influenced breeds of beef heifers managed in these 

environments during their first breeding season. Currently, only one study is reported in 

the literature from research conducted in the U.S. that evaluated long-term progestin 

treatment of Bos indicus-influenced beef heifers prior to FTAI (Thomas et al., 2017). 

Given this consideration, it is essential to gain a better understanding of ways in which to 

better manage and control puberty induction, estrus, and ovulation in breeding systems 

involving natural service or artificial insemination focused specifically on these breeds 

and/or biological types of cattle. To date, no comprehensive studies are reported in the 

literature that involve consideration of these factors in total. These considerations form 

the basis for the research presented in this thesis. 
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Table 1.1. Characteristics of the bovine estrous cycle.* 

Stage Day of the estrous cycle Characteristics 

Estrus 0 Behavioral estrus (heat) 

Metestrus 1 to 4 Ovulation and CL formation 

Diestrus 5 to 16 
CL growth and maintenance, 

Progesterone secretion 

Proestrus 17-21 
Luteolysis and rapid follicular 

growth 

* Plasse et al., 1970; Senger, 2012. 
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Figure 1.1. Chemical structures of progesterone (P4), medroxyprogesterone acetate 

(MAP), and melengestrol acetate (MGA). 
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MGA 
 GnRH PGF2α 

1            14              26                                   33   

  12 

…12 d…                         …7 d… 

MGA Select 

Wood et al. (2001) 

CIDR 
 GnRH PGF2α 

0            14        23                       30    

 12 

…9 d…                  …7 d… 

CIDR Select 

Busch et al. (2007) 

Lamb et al. (2000) 

…19 d…                                   

1                        14                                        33                                                     

        12 

PGF2α 

MGA 

MGA-PG 

0            14                                  30                    

CIDR 
 PGF2α 

CIDR-PG 

…16 d…                         

Leitman et al. (2009b) 

Treatment Days 

Figure 1.2. Treatment schedules for MGA Select, CIDR Select, MGA-PG and 

CIDR-PG. 
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…19 d…                                  …72 h… 

FTAI 

1                        14                             33                              36                           

        12 
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FTAI 

0            14         30                       33   
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…16 d…                        …66 h… 

Figure 1.3. Treatment schedules for MGA-PG and CIDR-PG utilizing a FTAI 

approach  (Vraspir et al., 2013). 
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Table 1.2. Characteristics associated with the reproductive tract scoring system.* 

Pubertal Group RTS Cycling status Uterine horns Ovaries 

Prepubertal 

1 Infantile no tone 
No palpable 

follicles 

    

2 

Non-cycling 

> 30 d to 

puberty 

no tone 
8 mm 

follicles 

     

Peripubertal 3 

Non-cycling 

< 30 d to 

puberty 

slight tone 
8-10 mm 

follicles 

     

Pubertal 

4 

Estrous 

cycling; 

Follicular 

phase 

coiled 
> 10 mm 

follicles 

    

5 

Estrous 

cycling; 

Luteal phase 

distended 

>10 mm 

follicles, corpus 

luteum present 

*Anderson et al., 1991. 
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Figure 1.4. A conceptual model for endocrine and ovarian changes associated with 

onset of puberty in heifers (Day and Anderson, 1998). 
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Table 1.3. Scrotal circumference by age in bulls.* 

Age Scrotal Circumference 

≤ 15 mo. 30 cm 

> 15 mo. ≤ 18 mo. 31 cm 

> 18 mo. ≤ 21 mo. 32 cm 

> 21 mo. ≤ 24 mo. 33 cm 

> 24 mo. 34 cm 

*Society for Theriogenology guidelines established 1993; 

Chenoweth et al., 2010. 
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CIDR 
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8 ± 2 h          …66 h… 

GnRH 
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Figure 1.5. Treatment schedule for “BEE Synch” or PG 5-d CO-SYNCH + CIDR 

utilizing a FTAI approach (Williams et al., 2012). 
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CHAPTER 2 

 

COMPARISON OF LONG-TERM PROGESTIN-BASED PROTOCOLS 

TO SYNCHRONIZE ESTRUS PRIOR TO FIXED-TIME ARTIFICIAL 

INSEMINATION OR NATURAL SERVICE IN BOS INDICUS-INFLUENCED 

BEEF HEIFERS 

 

ABSTRACT 

An experiment was designed to evaluate reproductive performance of Bos 

indicus-influenced beef heifers (n = 1,456). Weights and reproductive tract scores (RTS; 

Scale 1-5) were obtained for heifers prior to assignment of one of five treatments: Non-

synchronized + natural service (NS); melengestrol acetate + natural service (MGA + NS; 

0.5 mg∙animal
-1

∙d
-1

); 14-d controlled internal drug release + natural service (CIDR + NS; 

1.38g progesterone); 14-d MGA-PG + fixed-time AI (FTAI); and 14-d CIDR-PG + 

FTAI. Heifers in the three NS treatments were exposed to fertile bulls for 65 d, beginning 

10 d after progestin removal for CIDR + NS and MGA + NS treatments. Heifers in FTAI 

treatments were administered PGF2α (PG; 25 mg, IM) 16 or 19 d following CIDR or 

MGA removal. Fixed-time AI was performed 66 and 72h after PG for CIDR-PG and 

MGA-PG treatments, respectively. Gonadotropin-releasing hormone (GnRH; 100μg, 

i.m.) was administered at FTAI. Estrus detection aids were applied at PG for heifers in 

FTAI treatments and evaluated at AI. Heifers in FTAI treatments were exposed to fertile 

bulls 12 d following FTAI. Blood samples were collected and ovarian ultrasounds 

performed at PG administration and FTAI to compare serum concentrations of estradiol 
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and progesterone and to evaluate follicular dynamics among a subset of heifers assigned 

to FTAI treatments. Pregnancy status was determined at the end of a 65-d breeding 

period. Data were analyzed using PROC FREQ and GLIMMIX procedures of SAS. 

Mean concentrations of estradiol at AI differed between MGA- versus CIDR-treated 

heifers (P = 0.04; 8.2 versus 6.6 pg/ml), however estrous response after PG (52% versus 

53%) and pregnancy rates after FTAI (40%) did not differ between MGA- and CIDR-PG 

treatments, respectively. Across all treatments, pregnancy rates were compared on 21, 30 

and 60d of the breeding period based on pubertal status (prepubertal RTS = 1 and 2; 

peripubertal RTS = 3; pubertal RTS = 4 and 5). Pregnancy rates differed at each time 

point based on pretreatment pubertal status (P ≤ 0.02) and weight (P ≤ 0.05). No 

differences were apparent with regard to progestin type at any time point, although higher 

pregnancy rates (P ≤ 0.004) were observed among NS treatments than FTAI followed by 

NS exposure at Days 30 and 60. These data can be used as a basis for recommending 

improvements in reproductive management of Bos indicus-influenced heifers. 

 

Key Words. Estrus synchronization, Bos indicus, beef heifer, natural service 

 

1. INTRODUCTION 

 

Bos indicus breeds of beef cattle are known for their ability to thrive in 

subtropical environments, and percentage Bos indicus breed composition accounts for a 

large proportion of the cattle population in the southern United States and worldwide 

(Sartori et al., 2010; Cundiff et al., 2012). However, with the influence of Bos indicus 
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genetics come inherent concerns relative to reproductive efficiency in comparison to Bos 

taurus contemporaries. These concerns include later attainment of puberty, heightened 

response to physiological stress, and differing response of Bos indicus-influenced heifers 

to certain reproductive treatments (Cooke et al., 2009a, 2009b, 2010a, 2010b; Sartori et 

al., 2010; Vasconcelos et al., 2013). 

South American researchers developed several protocols for use in synchronizing 

estrus in purebred Bos indicus breeds of beef cattle. However, these protocols generally 

employ estradiol products that are not currently approved for use by the United States 

Food and Drug Administration. In the United States, adoption of AI has been limited in 

regions with a high prevalence of Bos indicus-influenced genetics, likely due to a lack of 

estrus synchronization approaches that are effective in these breeds or breed crosses. For 

Bos taurus heifers, long-term progestin-based estrus synchronization protocols using 

melengestrol acetate (MGA) or Controlled Internal Drug Release (CIDR) inserts are 

well-characterized (Brown et al., 1988; Lamb et al., 2000; Leitman et al., 2008; Mallory 

et al., 2010) and have been widely adopted across the United States. In Bos indicus-

influenced heifers, however, long-term progestin-based estrus synchronization protocols 

have been evaluated less extensively by comparison, with use of the CIDR-PG protocol 

in Bos indicus-influenced heifers investigated only recently (Thomas et al., 2017).  

Treatment with exogenous progestins accelerates attainment of puberty and 

improves pregnancy rates among pre- and peripubertal heifers (Gonzalez-Padilla et al., 

1975; Patterson et al., 1990). Exposure to progesterone increases LH pulsatility and is 

associated with an increase in the diameter of the largest follicle present on the ovary 

(Hansel and Convey, 1983). Although long-term progestin treatment often results in the 
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formation of a persistent follicle with reduced fertility (Sirios and Fortune, 1990; 

Anderson and Day, 1996; Yelich et al., 1997), the reduction in fertility following long-

term progestin treatment is not a concern due to the design of long-term progestin 

protocols, as heifers are not exposed for breeding until the subsequent estrus. 

Additionally, because pregnancy rates were shown to be higher in a subsequent estrus 

following a heifer’s pubertal estrus (Byerley et al, 1987), long-term progestin-based 

protocols may offer advantages over short-term protocols in that estrous cyclicity is 

induced among pre- and peri-pubertal heifers earlier in the treatment schedule.  

This experiment was designed to evaluate the efficacy of long-term progestin-

based treatments for Bos indicus-influenced beef heifers and to characterize effects 

relative to pubertal status, progestin type, and breeding service type. The 14-d CIDR and 

14-d MGA based estrus synchronization protocols were compared in conjunction with 

natural service (NS) or fixed-time artificial insemination (FTAI), with results compared 

to a non-synchronized NS treatment. We hypothesized that use of long-term progestin 

treatments would result in a greater number of heifers becoming pregnant early in the 

breeding season as compared to non-synchronized NS treated heifers, and that 

pretreatment pubertal status would play a critical role in breeding success following 

FTAI. 

 

2. MATERIALS AND METHODS 

All experimental procedures were performed under guidelines established by the 

University of Missouri-Columbia Animal Care and Use Committee. 
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2.1 Animals. Bos indicus-influenced beef heifers utilized in this experiment were 

1/8 to 3/8 Brahman (Bos indicus) with varying proportions of Angus, Red Poll and/or 

South Devon (Bos taurus). Heifers (n = 1456) ranged in age from 12 to 15 months, 

although no individual birthdate information was available. Heifers were managed on 

pasture in five treatment groups with approximately equal numbers of heifers per pasture. 

All heifers received a corn silage-based partial mixed ration (PMR) and had equal access 

to ryegrass pasture throughout the treatment period. Individual reproductive tract scores 

(RTS; scale 1-5; Anderson et al., 1991; Rosenkrans and Hardin, 2003; Holm et al., 2009) 

and weights were obtained for all heifers prior to treatment initiation.  

 

2.2 Experimental Treatments. Heifers remained within their group of origin as 

presented at RTS and one of five treatments (Fig. 1) was randomly assigned to each pen 

of heifers: 1) NS only 2) MGA + NS 3) CIDR + NS 4) MGA-PG + FTAI and 5) CIDR-

PG + FTAI. Heifers assigned to the NS only (n = 299) treatment did not receive estrus 

synchronization treatment and were exposed to experienced, fertile 2-yr-old bulls at the 

rate of one bull per 25 heifers on Day 0. The 14-d MGA (0.5 mg∙animal
-1

∙d
-1

 

melengestrol acetate; n = 295) + NS treatment consisted of a 14 d feeding regimen of 

MGA in a 4 kg pelleted corn gluten carrier fed prior to feeding of the PMR. Heifers were 

exposed to fertile bulls on Day 0, 10 d following cessation of MGA treatment. A second 

treatment involving estrus synchronization and natural service was imposed using a 1.38 

g progesterone intravaginal insert (CIDR; Zoetis, Madison, NJ) that remained inserted for 

a 14 d period (14-d CIDR + NS; n = 289). Heifers were exposed to fertile bulls on Day 0, 

10 d following CIDR removal. The final two treatments included the CIDR-PG and 



 

 

49 

 

MGA-PG protocols followed by FTAI. Heifers in the CIDR-PG treatment (n = 278) 

received a CIDR insert for 14 d and prostaglandin F2α (PG; 25 mg im; Lutalyse Sterile 

Solution, Zoetis, Madison, NJ) was administered 16 d after CIDR removal. FTAI was 

performed 66 h following PG administration. For heifers assigned to the MGA-PG 

treatment (n = 295), MGA was fed as described previously and PG was administered 19 d 

following removal of MGA from the diet. On Day 0, FTAI was performed 72 h after PG 

administration. Gonadotropin releasing hormone (GnRH; 100 μg im; Cystorelin, Merial, 

Athens, GA) was administered concurrent with FTAI in both FTAI treatment groups. 

Heifers assigned to the three treatments that did not receive MGA were fed the same 4 kg 

pelleted corn gluten supplement and PMR. 

 

2.3 Artificial Insemination. Insemination was performed by two experienced 

technicians using conventional frozen-thawed semen from a single AI sire. Technicians 

were balanced across both FTAI treatments and were preassigned to individual heifers 

based on RTS and weight. Twelve d following FTAI, heifers in both FTAI treatments 

were exposed to fertile bulls at a ratio of one bull per 25 heifers.  

 

2.4 Estrus Detection. Estrus detection aides (Estrotect™, Rockway Inc., Spring 

Valley, WI) were applied at PG to heifers in FTAI treatment groups. Estrus detection 

aides were evaluated at FTAI to determine estrous response following PG, with estrus 

defined as ≥50% of the scratch-off coating removed from the Estrotect™.  
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2.5 Blood Collection and RIA. Among a subset of heifers in the two FTAI 

treatments (CIDR-PG n = 48; MGA-PG n = 47), blood samples were collected at PG and 

FTAI via jugular venipuncture to determine progesterone (P4) and estradiol-17β (E2) 

concentrations. Blood samples were allowed to clot and stored at 4 °C for 24 hours. 

Serum was collected by centrifugation and stored at −20 °C. Serum concentrations of 

P4 were determined via a validated radioimmunoassay (RIA; Pohler et al., 2016). The 

intra- and inter-assay coefficient of variation was less than 3%.  

Blood samples collected at PG and FTAI were assayed in triplicate 

determinations for estradiol, using the liquid-phase double-antibody RIA procedures 

described by Rozell and Keisler (1990) with the following modifications: 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-
125

Iodo-Estradiol-17B (MP Biomedicals 

#07138226) and rabbit anti-estradiol antisera (MP Biomedicals #07138216). A 

preprecipitated sheep anti-rabbit second antibody was used for precipitation. The intra- 

and inter-assay coefficient of variation was less than 5%. 

 

2.6 Ovarian Ultrasonography. Presence of corpora lutea and diameter of the 

largest follicle present on the ovary (largest follicle diameter [LFD]) were measured at 

PG and FTAI for a subset of heifers in both FTAI treatments (CIDR-PG n = 21; MGA-

PG n = 22) via transrectal ultrasonography (SonoSite EDGE equipped with a L52 10.0- 
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to 5.0-MHz linear array transducer; SonoSite Inc., Bothell, WA, USA). Heifers in the 

subset were randomly selected to represent similar proportions of RTS and weight from 

both FTAI treatments. 

 

2.7 Pregnancy Diagnosis. Initial pregnancy diagnosis was performed by 

transrectal ultrasonography (SonoSite EDGE equipped with a L52 10.0-5.0 MHz linear-

array transducer; SonoSite Inc., Bothell, WA) when first-service pregnancies ranged from 

70-75 d of gestation. Pregnancies resulting from FTAI were distinguished from natural 

service pregnancies on the basis of fetal size, as heifers were not exposed to bulls until 12 

d after insemination was performed (Curran et al., 1986; Poock and Payne, 2013). Heifers 

without positive sign of pregnancy at the initial examination were reexamined 28 d later, 

when later-conceived pregnancies ranged from 45-55 d of gestation.  

 

2.8 Statistical Analysis. Treatment differences for RTS and weight were analyzed 

using the TTEST procedure of SAS (SAS Inst. Inc., Cary, NC). Differences between 

FTAI treatments relative to estrous response and AI pregnancy rate, and pregnancy rate at 

21, 30, and 60 d of the breeding season were analyzed using the GLIMMIX procedure of 

SAS (SAS Inst. Inc., Cary, NC) with treatment, pubertal status (prepubertal RTS = 1 and 

2; peripubertal RTS = 3; pubertal RTS = 4 and 5), weight, and the treatment x pubertal 

status interaction included in the model. Steroid concentrations and follicle diameters 

were analyzed using SAS (PROC GLIMMIX; SAS Inst. Inc., Cary, NC) with compressed 

variables of treatment, pubertal status, estrous response, and FTAI pregnancy outcome in 

the model.  
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3. RESULTS 

 

Mean weights and RTS are listed for each treatment in Table 1. Treatment groups 

differed with respect to both weight and RTS. Treatment groups ranged in weight from 

298 to 313 kg. Heifers in both synchronized natural service treatments were heavier (P ≤ 

0.003), on average, than those in the other three treatments. Differences also existed 

among treatments relative to RTS (P ≤ 0.007), where mean RTS ranged from 2.9 ± 0.1 to 

3.3 ± 0.1 across treatments. To account for these differences, weight and pubertal status 

were included in the statistical model.  

 

3.1 Pregnancy rates. Pregnancy rates at 21, 30, and 60 d of the breeding season 

are listed for each treatment in Table 2. Overall, pretreatment pubertal status had a 

significant influence (P ≤ 0.0006) on pregnancy rate at 21, 30, and 60 d of the breeding 

season, where more heifers that were pubertal prior to initiation of treatments became 

pregnant than heifers that were prepubertal. On Day 21, pregnancy rate was again 

affected by pubertal status (P = 0.0001) and the interaction of pubertal status by service 

type (P = 0.03; Table 3). By Day 21, pubertal heifers assigned to FTAI treatments tended 

to achieve higher pregnancy rates compared to NS (P = 0.07), whereas prepubertal 

heifers achieved higher pregnancy rates when exposed for NS rather than FTAI (P = 

0.07).  

Pregnancy rate on Day 30 was influenced by pubertal status (P = 0.0002), service 

type (P = 0.002), the interaction of progestin source by service type (P = 0.05), and the 

interaction of pubertal status by service type (P = 0.04). A greater (P = 0.002) number of 
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heifers became pregnant by Day 30 of the breeding season in treatments involving NS 

preceded by either MGA or CIDR (66%; 384/584) compared to treatments in which 

FTAI was performed prior to the introduction of bulls following FTAI (58%; 331/573). 

The progestin by service type interaction is based on higher pregnancy rates being 

achieved by heifers in the CIDR + NS treatment. While there was no difference between 

service type among pubertal heifers, the pubertal status by service type interaction stems 

from higher pregnancy rates observed among prepubertal heifers receiving NS (63%; 

128/202) rather than to FTAI followed by NS (P = 0.0004; 45%; 82/183). Very few 

prepubertal heifers that were assigned to FTAI treatments became pregnant between 

Days 21 and 30. By Day 60, more heifers that were peripubertal or pubertal prior to 

treatment became pregnant than those that were prepubertal (P ≤ 0.003). Additionally, 

more heifers became pregnant by Day 60 in NS treatments (P = 0.004) than in treatments 

in which FTAI was performed prior to NS. This was again due to a greater number of 

pre- and peripubertal heifers becoming pregnant following natural service than to FTAI 

followed by natural service (P ≤ 0.05), even though pubertal heifers performed similarly 

with regard to service type. 

In FTAI treatment groups, pregnancy rates resulting from FTAI (Table 4) were 

influenced by pubertal status and estrous response (P ≤ 0.04), and interactions between 

pubertal status and estrous response, and weight and treatment (P ≤ 0.04). Timed AI 

pregnancy rates did not differ based on technician. Pubertal heifers achieved higher 

pregnancy rates to FTAI than prepubertal heifers (P = 0.01), with intermediate results 

observed among peripubertal heifers. A greater proportion of heifers that expressed estrus 

prior to FTAI became pregnant than those that failed to express estrus by appointment 
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breeding (P < 0.0001; 172/302, 57% vs 56/269, 21%). The influence of pubertal status on 

estrous response was more apparent among non-estrous heifers at FTAI, as pregnancy 

rates of non-estrous heifers were highest among pubertal heifers (38%) than peri- (17%) 

and prepubertal heifers (P ≤ 0.02; 8%; Table 4).  

 Melengestrol acetate and CIDR performed similarly and overall pregnancy rates 

did not differ at any time point between MGA- or CIDR-treated heifers (Table 3). 

Pregnancy rates did not differ within service type with regard to progestin, suggesting 

that both sources are effective means of pre-synchronizing estrus prior to natural service 

or FTAI.  

 

3.2 Estrous response. Estrous response rates at FTAI are shown in Table 4. The 

MGA-PG + FTAI and CIDR-PG + FTAI treatments performed similarly (P = 0.8) with 

52% and 53% of the heifers exhibiting estrus by FTAI, respectively. While numeric 

differences exist within pubertal status groups with regard to treatment, there was no 

effect of treatment or pubertal status on estrous response at FTAI. Weight had a 

significant influence (P = 0.02) on estrous response at FTAI where heavier heifers 

exhibited estrus at a higher frequency than lightweight heifers.  

 

3.3 Endocrinology and Follicular Dynamics. Mean serum E2 and P4 

concentrations for a subset of heifers in each of the FTAI treatments are shown in Table 

5. Heifers that exhibited estrus by FTAI had higher serum concentrations of progesterone 

(P = 0.006; 8.6 versus 4.5 ng/ml) and larger dominant follicle diameters (LFD; 9.2 versus 

7.5 mm; P = 0.01) at PG than those that failed to express estrus. At FTAI, LFD was 
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influenced by pretreatment pubertal status (P = 0.02), where pubertal heifers exhibited 

larger LFD than pre- and peripubertal heifers. Heifers assigned to the MGA-PG + FTAI 

treatment had higher serum concentrations of P4 at PG (8.1 versus 5.0 ng/ml; P = 0.04) 

than CIDR-PG + FTAI treated heifers. Serum concentrations of E2 at FTAI were higher 

(P = 0.04) among MGA- versus CIDR-treated heifers; however, LFD at FTAI among 

estrous heifers tended to be larger among CIDR- than MGA-treated heifers (P = 0.08; 11 

± 0.5 versus 9.3 ± 0.8). Heifers that expressed estrus by FTAI had larger follicle 

diameters at both PG and FTAI than non-estrous heifers (P ≤ 0.01; Table 6). 

 

4. DISCUSSION 

 

 These data highlight the importance of puberty attainment among heifers prior to 

the start of the breeding season, especially when implementing FTAI programs. The 

interaction between pubertal status (prepubertal RTS = 1 and 2; peripubertal RTS = 3; 

pubertal RTS = 4 and 5) and service type at 21 and 30 d of the breeding season 

emphasizes the importance of and need for management practices that result in adequate 

reproductive development of heifers, especially among breeds of cattle that are later 

maturing.  

 Reproductive tract scores are performed to assess reproductive status of heifers 

prior to breeding and can be the foundation for improving reproductive efficiency of 

subsequent generations of replacement females. A common recommendation for 

management of Bos taurus heifers is that ≥50% of heifers receive a RTS of 4 or 5 at the 

time estrus synchronization is applied (Smith et al., 2011). In the present study, only 33% 
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(487/1456) of heifers were assigned a RTS of 4 or 5. Moreover, the most commonly 

assigned RTS among heifers in this trial was an RTS of 3 (32%; 467/1456). Heifers 

classified as RTS 3 are generally considered to be less than 30 d from attainment of 

puberty. Low pregnancy rates to FTAI are generally observed in prepubertal heifers, as 

evidenced by data (Patterson et al., 2017) from the Missouri Show-Me Select
®
 

Replacement Heifer Program. Many of the heifers that were assigned a reproductive tract 

score of 1 or 2 in the Missouri dataset were synchronized using the 14-d CIDR-PG + 

FTAI protocol used in this experiment and achieved pregnancy rates following FTAI of 

8% (8/97) and 32% (182/572), respectively. Similar results were reported from the 

Missouri program following treatment with the 14-d MGA-PG protocol used in 

conjunction with FTAI. Estrous cycling heifers achieved significantly higher pregnancy 

rates (47%, 265/564) to FTAI compared to heifers that were non-cycling prior to 

treatment initiation (35%, 81/230; Locke et al., 2016). The low number of RTS 1 and 2 

heifers reported from the Missouri program is in large measure a function of the fact that 

beef producers now realize the reduced reproductive performance of prepubertal heifers 

and in many cases elect to cull these heifers prior to the breeding season. This strategy is 

optimal, as it places greater selection pressure on puberty attainment. An alternative 

management strategy worth considering to optimize pregnancy rates of mixed groups of 

estrous cycling and pre- or peripubertal heifers would be to assign RTS 4 and 5 heifers to 

FTAI and use estrous synchronization followed by natural service for the pre-and 

peripubertal heifers.  

The RTS system is a useful tool in assessing the reproductive status of Bos taurus 

heifers prior to the first breeding season and subsequently time estrus synchronization 
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programs. The RTS system is a repeatable and accurate means of determining pubertal 

status in heifers (sensitivity = 82%, specificity = 69%; Rosenkrans and Hardin, 2003), 

and relies on accurate description of ovarian structures and uterine horn dimensions 

determined via transrectal palpation of the uterus and ovaries. Determination of RTS in 

this study was performed by experienced technicians and utilized the same metrics for 

assignment of RTS that have long been tested and validated in Bos taurus beef heifers. It 

is worth noting however, that differences are reported in the literature between Bos taurus 

and Bos indicus-influenced breeds of cattle as they pertain to ovarian morphology and 

detectable presence of luteal tissue. Ovarian steroid secretion patterns and morphological 

changes of the ovary are considered to be less pronounced in Bos indicus breeds 

(Sygmington and Hale, 1967), and small, non-palpable luteal tissue can be deeply 

embedded in ovaries of Bos indicus heifers (Berardinelli et al. 1979). Because of these 

less prominent ovarian structures determined at the time RTS is performed, pubertal 

status of Bos indicus heifers may be misjudged in the absence of obvious large follicles 

or corpora lutea. Therefore, accurately describing pubertal status in Bos indicus-

influenced beef heifers may be complicated based on these different yet distinct ovarian 

characteristics. In the present study, estrous response at FTAI was influenced by weight 

and not by pubertal status. The fact that weight was of more predictive value on 

pregnancy rate than pubertal status may suggest that the sensitivity and specificity of 

RTS classification of Bos indicus-influenced heifers is lower than that previously 

described for Bos taurus heifers.   

The effects of limited energy supplementation of Bos indicus-influenced beef 

heifers during the postweaning phase are more apparent in Bos indicus-influenced heifers 
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than Bos taurus heifers, especially with regard to age at puberty onset and pregnancy 

rates at the end of a 45 d breeding period (Patterson et al., 1991). While heifers in this 

study received ad libitum access to pasture and a balanced PMR, many Bos indicus-

influenced heifers lack adequate nutritional supplementation during the postweaning to 

prebreeding phase development phase (Sartori et al., 2010). The mean weight of heifers 

presented in this research (306 kg) is generally lighter than target weights established for 

earlier maturing Bos taurus heifers (Hall and Glaze, 2017) and ranged in weight from 217 

to 436 kg. Prior to the beginning of the breeding season, the average weight of these 

heifers was approximately 56 percent of mature body weight assuming a 545 kg mature 

weight. The long-standing recommendation for mature body weight prior to breeding is 

65 percent (Patterson et al., 1992). Recently, some researchers have argued that this 

target is excessive, requiring unnecessary supplementation and higher feed costs to 

achieve the higher prebreeding weight (Funston, 2004; Larson et al., 2009; Roberts et al., 

2009). Developing heifers to lower target weights would further complicate management 

of heifers to attain puberty, especially among younger heifers and later maturing breeds. 

Arguably, improvements in reproductive performance of heifers in this study may have 

been realized if fed to the upper range of recommended target weights to maximize 

growth during the postweaning phase. Strategies that increase both nutritional 

management and selection pressure for earlier attainment of puberty would likely result 

in increased pregnancy rates following FTAI and greater numbers of heifers becoming 

pregnant early in the breeding season to natural service.  

In this study, the addition of progestins appeared to be useful for inducing puberty 

in pre- and peripubertal heifers (Table 2) as evidenced by higher pregnancy rates 
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observed among CIDR + NS and MGA + NS treatments compared to NS only by d 21. 

Additionally, the use of progestins was an effective method to presynchronize cycling 

heifers, as a greater number of cycling heifers became pregnant within the first 21 d of 

the breeding season when treated with either CIDR or MGA and AI than NS only, 

supporting the use of estrus synchronization and FTAI to increase the number of heifers 

that conceive early in the breeding season.  

When FTAI is performed, the goal of estrus synchronization is to maximize the 

number of females that express estrus within a narrow window of time. This same 

consideration does not necessarily apply in situations involving estrus synchronization 

followed by natural service. In these cases, protocols that produce a more extended 

synchronized period would be preferred in an effort to spread bull power out over several 

additional days (Ellis, 2008). Although PG is utilized in nearly all protocols designed to 

synchronize estrus that are currently recommended, the addition of PG often leads to a 

concentrated period of estrous expression, so administration of PG is typically 

contraindicated in synchronized natural service programs (Healy et al., 1993; Stegner et 

al., 2002). 

An important consideration related to interpretation of results from this study 

pertains to synchrony of estrus on the return estrus following FTAI among those heifers 

that failed to conceive to the FTAI service. Estrous expression among these heifers would 

have remained highly synchronized and the bull-to-female ratio (BFR) of 1:25 may not 

have been adequate to service the large number of heifers that expressed estrus during the 

short window of time. Busch et al. (2007) reported that heifers failing to become pregnant 

to FTAI following treatment with a long-term CIDR-based treatment returned to estrus 
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over a four to five day period. Based on the number of heifers that conceived to FTAI, it 

is conceivable that a maximum average of 34 heifers per day may have exhibited estrus 

throughout the 4 to 5 day period during which a repeat estrus occurred. Given the 

behavior of multi-sire natural service groups, dominant bulls may perform nearly all the 

breeding, depleting semen quantity and quality; however, research examining BFR 

following estrus synchronization reported no difference between ratios of 1:16 and 1:25 

(Healy et al., 1993), suggesting that the BFR used in this study should have been 

adequate.  

Unexpectedly, pregnancy rates among heifers in the NS control treatment were 

not different from those observed in the FTAI treatments (Table 2). These differences 

however were not apparent among the three NS treatments. The question arises as to 

whether introduction of bulls into the NS treatments influenced attainment of puberty, 

and if so, to what extent. Effects of bull exposure with respect to attainment of puberty 

were evaluated over the last 30 years, but experiments have yielded mixed results. 

Previous studies that support the effects of bull introduction relative to puberty induction 

were based on exposure periods of 35 to 70 d (Roberson et al., 1991; Quadros and 

Lobato, 2004; Fiol et al., 2010). Given these mixed data regarding the effects of bull 

exposure on puberty induction coupled with the fact that bulls were exposed to NS 

treatments only 12 d longer than FTAI treatments, this relatively short amount of time is 

unlikely to have resulted in improvements in reproductive performance. Nonetheless, 

analysis of this effect should be examined more thoroughly in Bos indicus breeds and 

their crosses. 
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Higher pregnancy rates to FTAI (Table 4) were observed among heifers that 

exhibited estrus (57%) prior to FTAI than non-estrous heifers (21%). Ultimately, reduced 

breeding performance of the FTAI treatments stems from suboptimal pregnancy rates to 

FTAI. Therefore, strategies that would potentially increase pregnancy rates to FTAI 

could alleviate any potential concerns related to bull power in the natural service phase of 

the breeding season. For these reasons, use of a split-time (STAI; Thomas et al., 2014a, 

2014b; Bishop et al., 2016, 2017) rather than a FTAI approach may enhance estrous 

response and pregnancy rates to timed AI. Split-time AI has not been evaluated in Bos 

indicus-influenced breeds of beef heifers but could potentially produce a number of 

benefits due to the generally low rates of estrous response and inherently reduced LH 

production among Bos indicus-influenced females. If non-estrous heifers are permitted to 

further generate LH stores prior to the GnRH-induced LH surge, improved follicular 

growth and maturity may result. For this reason, use of GnRH at FTAI may be limiting 

the success of non-estrous females in particular, as evidenced by the extremely low 

pregnancy rates presented in Table 4, by prematurely inducing the preovulatory LH 

surge. Use of ST rather than FTAI also reduces reliance on GnRH to induce ovulation 

(Bishop et al., 2017). GnRH was reported to produce inconsistent results among Bos 

taurus heifers (Macmillan et al., 1991; Pursley et al., 1997), and response to exogenous 

GnRH has been noted to diminish with increasing percentages of Bos indicus breeds 

(Portillo et al., 2008). Examination of a STAI approach has not been studied in Bos 

indicus-influenced heifers, but merits further investigation to better understand the role it 

might play in optimizing preovulatory LH production, follicular growth, and ovulation. 
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Additional causes for reduced pregnancy rates among non-estrous heifers lie within the 

behavioral responses to human interaction of this biological type. 

Bos indicus breeds of cattle are unique from Bos taurus in their characteristic 

response to physiological stressors, and, as a result, exhibit increased levels of cortisol in 

situations involving human interaction and animal handling (Cooke et al., 2009a, 2009b, 

2010a, 2010b). Cortisol reduces response to GnRH (Breen and Karsch, 2003) and 

subsequent LH and FSH release to support changes in follicular dynamics, oocyte 

maturation, and ovulation (Randel, 2005). Non-estrous heifers in this study may have 

been particularly sensitive to physiological stressors, thereby increasing circulating 

cortisol and decreasing estrous response and reproductive performance. While 

implementation of STAI may enhance endogenous GnRH and LH release, increased 

handling associated with this approach may be detrimental because of the potential for 

stress-induced release of cortisol. Administration of protocols designed to synchronize 

estrus, especially those involving multiple handing events (e.g. four handling events in 

the 14-d CIDR-PG protocol), increase human-animal interaction and create the potential 

for stress-related effects on reproduction. Alternatively, repeated handling was reported 

to decrease cortisol and accelerate attainment of puberty in Bos taurus and Bos indicus-

influenced heifers that were subjected to thrice weekly handling over a four-week period 

(Cooke et al., 2009, 2012). In the present study, heifers in the NS only and MGA + NS 

treatments were handled once in the prebreeding phase to assess individual RTS; those 

heifers assigned to CIDR-PG + FTAI were handled a total of five times from RTS to 

FTAI over approximately a four-week period. While determination of physiological 

stress and cortisol were not measured in this study, these effects should be carefully 
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considered when handling heifers involving Bos indicus influenced breeds or biological 

types. 

Differences between endocrine and follicular dynamics of Bos indicus and Bos 

taurus heifers are reported in the literature and results from this study raise a number of 

questions that warrant further investigation pertaining to these differences. Follicle 

diameters observed in the subset of heifers (Table 6) that were sampled were smaller than 

those reported for Bos taurus heifers of similar ages (Bishop et al., 2017; Holm et al., 

2016); measurements were, however, similar to those reported for purebred Bos indicus 

heifers (Monteiro et al., 2013). CIDR-treated heifers that exhibited estrus prior to FTAI 

had greater mean LFD at both PG and FTAI, and heifers that became pregnant to FTAI 

tended to have increased concentrations of E2 at the time inseminations were performed. 

Interestingly, MGA-treated heifers had higher concentrations of P4 at PG and E2 at AI 

than CIDR-treated heifers (Table 5), which differs from studies involving Bos taurus 

breeds subjected to the same protocols, in which case steroid concentrations at these time 

points were reportedly higher in CIDR-treated heifers (Mallory et al., 2010). These data 

also raise questions regarding differences in response among Bos indicus-influenced 

breeds of heifers based on their response to the two progestins used in this study. Similar 

proportions of heifers in both treatments exhibited estrus despite differences between 

mean LFD and E2 at AI, in which case CIDR-treated heifers had larger follicles but lower 

circulating concentrations of E2 at AI. Treatment with MGA was followed by higher 

serum concentrations of P4 at PG, which may have contributed to decreased follicle 

diameters among MGA- versus CIDR-treated heifers at PG. Differences in estradiol 
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production may be a product of differences between how the two progestins affect LH 

pulsatility and resulting follicular development.   

Bos indicus females are uniquely sensitive to progesterone as it affects LH 

pulsatility, so minimizing the suppressive effect of P4 on LH and FSH release may 

improve both follicle size and E2 production. One of the questions that arises from this 

study is the way in which to use progestins to suppress estrus and ovulation while 

maximizing follicular growth and maturation throughout treatment. This would be 

perhaps best accomplished with use of MGA, as the dosage can easily be manipulated.  

Research that led to the 0.5 mg∙animal
-1

∙d
-1

 concentration of MGA (Zimbleman and 

Smith, 1966) was developed using Bos taurus females, and no research has examined the 

optimal dosage that suppresses ovulation and maximizes follicular activity in Bos 

indicus-influenced beef heifers. Previous studies have shown that a 0.5 mg concentration 

is effective in Bos indicus-influenced heifers (Patterson et al., 1990), but no further 

research has been conducted to evaluate differences in follicular dynamics or steroid 

hormone production. Support for decreased concentration of progestins for estrus 

synchronization of Bos indicus comes from Brazilian studies in which multiple-use CIDR 

inserts increased follicular diameter and resulted in increased pregnancy rates (Claro et 

al., 2010). Because of their heightened sensitivity to progesterone, investigation of 

varying concentrations of progesterone or MGA required to inhibit estrus and ovulation 

among Bos indicus breeds and their composites may be useful to improve results 

following treatment. This will require carefully designed studies involving frequent blood 

sampling and ovarian ultrasonography to fully assess and characterize potential 

differences.  
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This experiment is the largest comprehensive field trial conducted in the United 

States and reported in the literature involving Bos indicus-influenced beef heifers 

utilizing estrus synchronization prior to natural service or FTAI. These results reinforce 

previously reported studies conducted with Bos taurus breeds, but at the same time raise 

a number of questions that have yet to be answered for heifers of this biological type. 

Careful oversight of nutritional and reproductive management of Bos indicus-influenced 

beef heifers are essential considerations in managing heifers among these breeds or 

biological types given their propensity for attainment of puberty at older ages and heavier 

weights. Strategies that increase selection pressure and nutritional management for 

attainment of puberty will likely result in improved reproductive efficiency among these 

heifers and should be a priority of beef producers and researchers alike. Encouraging 

utilization of pre-breeding exams to assess reproductive maturity and the ultimate success 

of a development program will assist beef producers in making informed decisions 

regarding which females to cull and the appropriate time at which to initiate treatments 

designed to synchronize estrus. Further, incorporating new strategies to facilitate use of 

artificial insemination among Bos indicus breeds and their crosses (i.e. STAI) may result 

in higher pregnancy rates to AI. These data clearly show that long-term progestin-based 

protocols can be used effectively to synchronize estrus prior to natural service or FTAI in 

Bos indicus-influenced beef heifers and offer the added benefit of inducing puberty in 

pre- or peripubertal heifers prior to treatment initiation. However, these practices alone 

fail to compensate for inadequacies in selection and management of these heifers prior to 

breeding. Given these considerations, management of Bos indicus-influenced beef heifers 

in the United States should involve the collective efforts of beef producers, veterinarians, 
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and research scientists to further investigate methods to improve reproductive efficiency 

and genetic merit of these herds.  
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Figure 2.1. Treatment schedules for NS, MGA + NS, CIDR + 

NS, MGA-PG + FTAI, and CIDR-PG + FTAI. 
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Table 2.1. Number of heifers, mean weight (Wt), and 

reproductive tract score (RTS) by treatment. 

Treatment N Wt. Kg ± SE RTS ± SE 

NS 299 298 ± 2
ac 

3.0 ± 0.1
b 

MGA + NS 295 312 ± 1
b 

3.3 ± 0.1
ac 

CIDR + NS 289 313 ± 2
b 

2.9 ± 0.1
b 

MGA-PG + AI 295 305 ± 2
ad 

3.0 ± 0.1
ab 

CIDR-PG + AI 278 302 ± 2
a 

3.2 ± 0.1
a 

abcd
Values within column with different superscripts differ (P ≤ 

0.05).  
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Table 2.2. Pregnancy rates of heifers within treatment based on pubertal status and day(s) of the breeding season. 

 

Pubertal  

status 

 

Breeding 

period 

Control + NS MGA + NS CIDR + NS 
MGA-PG + 

FTAI 

CIDR-PG + 

FTAI 
Total 

N % N % N % N % N % N % 

 Day 21 45/117 38
 a
 42/81 52^ 60/121 50* 48/102 47

 a
 29/81 36

 a
^* 224/502 45

 a
 

Prepubertal Day 30 64/117 55
 c13

 50/81 62
13

 78/121 64
1
 52/102 51

c23
 30/81 37

 c2
 274/502 55

 d
 

 Day 60 92/117 79
1
^ 69/81 85

1
 89/121 74

12
 73/102 72

2
^ 54/81 67

 f2
 377/502 75

 g
 

              

 Day 21 44/91 48
 ab

 51/97 53 51/89 57 53/98 54
 ab

 45/92 49
 ab

 244/467 52
 b
 

Peripubertal Day 30 55/91 60
 cd

 61/97 63 63/89 71^ 58/98 59
 cd

 50/92 54
d
^ 287/467 61

 e
 

 Day 60 73/91 80 83/97 86 79/89 89^ 81/98 83 72/92 78
 fg

^ 388/467 83
 gh

 

              

 Day 21 57/91 63
 b
 64/117 55

1
 47/79 59 61/95 64

 b
 71/105 68

2b
 300/487 62

 c
 

Pubertal Day 30 67/91 74
 d
 74/117 63 58/79 73 64/95 67

 d
 73/105 70

 e
 336/487 69

 f
 

 Day 60 81/91 89 94/117 80 71/79 90 79/95 83 91/105 87
 g
 416/487 85

 h
 

              

Total  246/299 82 246/295 83 239/289 83*^ 233/295 79* 217/278 78^ 1181/1456 81 
abcdefg

Pregnancy rates at each time point within column with different superscripts differ (P ≤ 0.05).  
12

Pregnancy rates at each time point within row with different superscripts differ (P ≤ 0.04).  

^*Denotes tendency within row (P ≤ 0.08). 
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Table 2.3. Pregnancy rates of heifers based on progestin and service type. 

  Progestin type Service type 

Pubertal  status  
Breeding 

period 

CIDR MGA AI NS 

N % N % N % N % 

 Day 21 89/202 44
a 

90/183 49
a 

77/183 42
a1

 102/202 50
2 

Prepubertal  Day 30 108/202 53
a
 102/183 56

a
 82/183 45

a
 128/202 63 

 Day 60 143/202 71
a
 142/183 78 127/183 69

a
 158/202 78 

          

 Day 21 96/181 53
b 

104/195 53
a 

98/190 52
b
 102/186 55 

Peripubertal  Day 30 113/181 62
b
 119/195 61

ab
 108/190 57

b
 128/186 69 

 Day 60 151/181 83
b
 164/195 84 153/190 81

b
 162/186 87 

          

 Day 21 118/184 64
c 

125/212 59
b 

132/200 66
c1

 111/196 57
2 

Pubertal  Day 30 131/184 71
b
 138/212 65

b
 137/200 69

c
 132/196 67 

 Day 60 162/184 88
b
 173/212 82 170/200 85

b
 165/196 84 

          

Total  461/567 81 483/590 82 447/573 78
1
 494/584 85

2
 

abc
Values within column at each breeding period with different superscripts differ (P ≤ 0.05). 

12
Values within row with different superscripts differ (P ≤ 0.004). 
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Table 2.4 Estrous response after PG and pregnancy rates after FTAI among heifers assigned to FTAI treatments 

based on treatment and pretreatment pubertal status. 

Pubertal  

Status 

FTAI 

treatment  

Estrous response 

at FTAI 
Pregnancy rate 

Pregnancy rate 

estrous 

Pregnancy rate 

non-estrous 

  N % N % N % N % 

Prepubertal 
CIDR-PG  45/81 56 22/81 27

a 
19/45 42

1
 3/36 8

a2
 

MGA-PG  46/101 46 34/101 34 30/46 65
1
 4/55 7

a2
 

          

Peripubertal 
CIDR-PG  45/91 49 35/91 38

ab
 27/45 60

1
 8/46 17

ab2
 

MGA-PG  51/98 52 39/98 40 31/51 61
1
 8/47 17

ab2
 

          

Pubertal 
CIDR-PG  58/105 55 54/105 51

b
 34/58 59 20/47 42

b
 

MGA-PG  57/95 60 44/95 46 31/57 54
1
 13/38 34

b2
 

          

Total CIDR-PG  148/277 53 111/277 40 80/148 54
1
 31/129 24

2
 

 MGA-PG  154/294 52 117/294 40 92/154 59
1
 25/140 18

2
 

ab
Values within column with different superscripts differ (P ≤ 0.05). 

12
Values within row with different superscripts differ (P ≤ 0.05). 
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Table 2.5. Steroid concentrations of heifers assigned to FTAI treatments based on estrous response and 

pregnancy status. 

Pubertal status FTAI treatment N % 
P4 at PG 

(ng/ml) ± SE 

E2 at PG 

(pg/ml) ± SE 

E2 at AI 

(pg/ml) ± SE 

Prepubertal 

CIDR-PG  18 38 5.7 ± 2.5
 

10.0 ± 1.1 7.3 ± 1.6 

Estrous 9/18 50 9.2 ± 4.6 13.3 ± 2.1
a
 9.1 ± 2.8 

Non-estrous 9/18 50 3.7 ± 1.7 6.4 ± 0.7
b
 5.6 ± 0.9

a
 

Pregnant 2/18 11 9.2 ± 4.6 13.3 ± 2.1
x
 9.1 ± 2.8 

Non-pregnant 16/18 89 3.7 ± 1.7 6.4 ± 0.7
y
 5.8 ± 0.9^ 

MGA-PG  18 38 6.7 ± 2.0
 

5.6 ± 0.9 10.6 ± 1.3
 

Estrous 5/18 28 9.2 ± 3.8 5.1 ± 1.7 12.4 ± 2.3 

Non-estrous 13/18 72 5.9 ± 1.7 6.0 ± 0.7 8.4 ± 1.0
b
 

Pregnant 3/18 17 9.2 ± 3.8 5.1 ± 1.7 12.4 ± 2.3 

Non-pregnant 15/18 83 5.9 ± 1.7 6.0 ± 0.7 8.4 ± 1.0^ 

Peripubertal 

CIDR-PG  16 33 5.1 ± 1.6 6.2 ± 0.8 6.9 ± 1.1 

Estrous 9/16 56 7.8 ± 2.5 6.0 ± 1.1 8.0 ± 1.5 

Non-estrous 7/16 44 2.3 ± 2.2 6.5 ± 1.0 6.2 ± 1.3 

Pregnant 7/16 44 7.8 ± 2.5 6.0 ± 1.1 8.0 ± 1.5 

Non-pregnant 9/16 56 2.3 ± 2.2
x
 6.5 ± 1.0 6.2 ± 1.3 

MGA-PG  13 28 5.2 ± 2.1 6.5 ± 1.0 7.1 ± 1.4 

Estrous 5/13 38 4.1 ± 3.3 7.5 ± 1.7 8.2 ± 2.3 

Non-estrous 8/13 62 8.9 ± 2.1 6.1 ± 0.9 6.2 ± 1.2 

Pregnant 3/13 23 4.1 ± 3.8 7.5 ± 1.7 8.2 ± 2.3 

Non-pregnant 10/13 77 8.9 ± 2.1
y
 6.1 ± 0.9 6.2 ± 1.2 

Pubertal 

CIDR-PG  14 29 5.9 ± 2.2 6.7 ± 1.1 6.3 ± 1.4 

Estrous 11/14 79 7.5 ± 2.0 6.4 ± 0.9 6.6 ± 1.2 

Non-estrous 3/14 21 5.0 ± 3.8 6.1 ± 1.7 7.3 ± 2.3 

Pregnant 11/14 79 7.5 ± 2.0 6.4 ± 0.9 6.6 ± 1.2 

Non-pregnant 3/14 21 5.0 ± 3.8 6.1 ± 1.7 7.3 ± 2.3 

MGA-PG  16 34 6.8 ± 1.9 6.8 ± 0.8 8.5 ± 1.1 

Estrous 11/16 69 9.9 ± 2.0 5.9 ± 0.9 8.8 ± 1.2 

Non-estrous 5/16 31 4.1 ± 3.3 7.7 ± 1.3 7.9 ± 1.8 

Pregnant 11/16 69 9.9 ± 2.0 5.9 ± 0.9 8.8 ± 1.2 

Non-pregnant 5/16 31 4.1 ± 3.3 7.7 ± 1.3 7.9 ± 1.8 

Total 

CIDR-PG  48 -- 5.3 ± 1.0 6.6 ± 0.4 6.6 ± 0.6
x
 

Estrous 29/48 60 6.7 ± 1.2
a^

 6.6 ± 0.6 7.3 ± 0.7 

Non-estrous 19/48 40 2.8 ± 1.5
b
 6.7 ± 0.7 5.5 ± 0.9

a
 

Pregnant 20/48 42 7.5 ± 2.2
ax

 7.8 ± 1.1 6.5 ± 0.9 

Non-pregnant 28/48 58 3.6 ± 1.2
bx

 6.4 ± 0.6 6.2 ± 0.8 

MGA-PG  47 -- 7.4 ± 1.0 6.2 ± 0.4 8.2 ± 0.6
y
 

Estrous 21/47 45 11.5 ± 1.5
a^

 6.4 ± 0.7 8.4 ± 0.8 

Non-estrous 26/47 55 5.2 ± 1.2
b
 6.1 ± 0.6 8.0 ± 0.8

b
 

Pregnant 17/47 36 10.2 ± 2.3
y
 6.2 ± 1.1 10.1 ± 1.5

a
 

Non-pregnant 30/47 64 10.1 ± 1.4
y
 6.7 ± 0.7 7.2 ± 0.9

b
 

ab
Values within column with different superscripts differ (P ≤ 0.05). 

xy
Values within column with different superscripts differ (P ≤ 0.05). 

^Denotes tendency (P = 0.07). 
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Table 2.6. Diameter of the largest follicle (LFD) and estradiol concentration (E2) at FTAI based on treatment and 

estrous response. 

 Treatment  

Item CIDR-PG + FTAI MGA-PG + FTAI P-value 

N 20 23  

LFD at PG (mm) ± SE 8.6 ± 0.4 7.8 ± 0.4 0.2 

Estrous 9.6 ± 0.6
a
 8.2 ± 0.7 0.2 

Non-estrous 7.4 ± 0.6
b  

7.6 ± 0.5 0.7 

E2 at PG (pg/ml) ± SE 7.6 ± 0.7
1
 5.8 ± 0.7

2
 0.09 

Estrous 7.6 ± 1.0 5.9 ± 1.4 0.3 

Non-estrous 7.5 ± 1.2 5.8 ± 0.9 0.2 

LFD at FTAI (mm) ± SE 10.1 ± 0.4 9.7 ± 0.4 0.6 

Estrous 11.2 ± 0.5
a
 10.3 ± 0.7 0.3 

Non-estrous 8.9 ± 0.6
b
 9.2 ± 0.5 0.8 

E2 at FTAI (pg/ml) ± SE 10.3 ± 0.8 9.5 ± 0.8 0.2 

Estrous 8.7 ± 1.0
a
 8.3 ± 1.4 0.8 

Non-estrous 5.3 ± 1.1
b1

 7.9 ± 0.9
2
 0.08 

ab
Values within column with different superscripts differ (P ≤ 0.03). 

12
Denotes tendency (P ≤ 0.09). 
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