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a b s t r a c t

Two long-term, CIDR-based estrus synchronization protocols were evaluated among Bos indicus-influenced
and Bos taurus beef heifers. Treatments were evaluated on the basis of estrous response and pregnancy rate
resulting from fixed-time artificial insemination (FTAI), and these outcomes were analyzed retrospectively
relative to reproductive tract score (RTS; Scale 1e5) at treatment initiation. Estruswas synchronized for 1139
heifers in three locations, and heifers were assigned to one of two treatments within each location based on
RTS. Heifers assigned to the 14-d CIDR-PG protocol received a controlled internal drug release (CIDR) insert
(1.38gprogesterone)onDay0,CIDRremovalonDay14,administrationofprostaglandinF2a (PG;25mg im)on
Day 30, and administration of gonadotropin-releasing hormone (GnRH; 100 mg im) concurrent with FTAI on
Day 33, 66 h after PG. Heifers assigned to the 9-d CIDR-PG protocol received administration of PG concurrent
withCIDRinsertiononDay5, administrationof PGconcurrentwithCIDRremovalonDay14, administrationof
PGonDay30, andadministrationofGnRHconcurrentwithFTAI onDay33, 66h after PG. Estrusdetection aids
were applied at CIDR removal on Day 14 and at PG on Day 30 to evaluate estrous response rate. Mean RTS
differed (P< 0.0001) based on biological type due to higher rates of estrous cyclicity (RTS 4 and 5) among Bos
taurus heifers (72%; 416/574) than among Bos indicus-influenced heifers (27%; 150/565). The proportion of
heifers expressing estrus following CIDR removal was greater (P ¼ 0.01) among heifers assigned to the 14-
d CIDR-PG treatment (88%; 492/559) compared to the 9-d CIDR-PG treatment (83%; 480/580). Estrous
response following CIDR removal was also higher (P< 0.0001) among Bos taurus (95%; 547/574) compared to
Bos indicus-influenced (75%; 425/565)heifers. Rate of estrous responseprior to FTAIdidnotdiffer significantly
based on treatment but was higher (P < 0.0001) among Bos taurus heifers (60%; 344/574) than among Bos
indicus-influenced heifers (45%; 253/565). However, the effect of biological type on estrous responsewas not
significant when RTS was included in the model, as RTS significantly (P < 0.0001) affected the rate of estrous
response both at CIDR removal and prior to FTAI. Across treatments and biological types, heifers that
expressed estrus prior to AI achieved higher (P < 0.0001) AI pregnancy rates than heifers failing to express
estrus. Pregnancy rates to FTAI did not differ significantly based on treatment in either biological type. Higher
rates of estrous cyclicity among Bos taurus heifers resulted in higher FTAI pregnancy rates among Bos taurus
(51%; 290/574) compared to Bos indicus-influenced heifers (39%; 218/565). However, pregnancy rates of
respective RTS did not differ based on biological type. In summary, long-term CIDR-based protocols provide a
simple, effective method of estrus synchronization in Bos indicus-influenced and Bos taurus beef heifers.
Moreover, these results highlight the importance ofmanagement practices that result in high rates of estrous
cyclicity prior to protocol initiation, particularly among later maturing breeds and biological types.

© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

Development of protocols to synchronize estrus and ovulation
prior to fixed-time artificial insemination in crossbred beef heifers
of Bos indicus influence has been limited in comparison to Bos
taurus beef heifers. Bos indicus-influenced cattle are generally
regarded to exhibit increased susceptibility to stress associated
events and are unique from Bos taurus females based on their
distinct reproductive physiology [1,2]. Bos indicus-influenced
heifers generally reach puberty at later ages than Bos taurus fe-
males and differ from Bos taurus females in preovulatory follicular
diameter, timing of follicular wave emergence, and sensitivity to
progesterone effects on LH pulsatility [3e5]. These differences
between biological types complicate the development of systems
to effectively control the estrous cycles of Bos indicus-influenced
cattle and have therefore limited the expanded use of AI in regions
of the United States where these cattle are better adapted to
tropical and subtropical environmental conditions [1,2]. Although
several protocols have been developed in South America for syn-
chronization of estrus in Bos indicus cattle [6], these protocols
generally use estradiol products not currently approved by the
United States Food and Drug Administration for use in estrus
synchronization.

The 14-d CIDR-PG protocol is a long-term CIDR-based estrus
synchronization protocol that has been widely adopted for use
among Bos taurus beef heifers in many parts of the United States.
Estrous response rate following this protocol has been well
characterized among Bos taurus beef heifers [7e9], and the syn-
chrony and rate of estrous response provides a platform for
effective use of fixed-time artificial insemination (FTAI). However,
despite extensive use of the 14-d CIDR-PG protocol among Bos
taurus replacement beef heifers, there are no published studies to
date involving use of the protocol in Bos indicus-influenced
heifers.

The 9-d CIDR-PG protocol is a similar long-term CIDR-based
estrus synchronization protocol that was recently developed for
use in mature beef cows. Preliminary evaluation suggested that the
incorporation of prostaglandin F2a (PG) treatment at CIDR insertion
and removal facilitated a decreased length of progestin treatment
and enhanced estrous response [10], and subsequent work found
that pregnancy rate to FTAI was increased among 9-d CIDR-PG
treated compared to 14-d CIDR-PG treated cows [11]. However,
the 9-d CIDR-PG protocol has not yet been evaluated among either
Bos indicus-influenced or Bos taurus beef heifers.

Treatment of prepubertal heifers with exogenous progesterone
hastens attainment of puberty and enhances conception rates
among both Bos taurus [12e15] and Bos indicus [16] heifers. How-
ever, high levels of circulating progesterone decrease LH pulsatility
and therefore have a suppressive effect relative to ovarian follicular
development [17e20]. With the hypothesis that this effect is
particularly consequential among Bos indicus-influenced females,
previous studies evaluated strategies to reduce endogenous pro-
gesterone production or limit exogenous progesterone adminis-
tration during treatment with a short-term progestin-based estrus
synchronization protocol as a means of improving success among
Bos indicus-influenced females [5,21e24].

This experiment was designed to characterize the relative
effectiveness of long-term CIDR-based protocols among Bos indi-
cus-influenced and Bos taurus heifers in their respective production
systems in the midwestern and southeastern United States. We
hypothesized that the 9-d CIDR-PG protocol would increase estrous
response and FTAI pregnancy rates among Bos taurus and/or Bos
indicus-influenced heifers in comparison to the 14-d CIDR-PG
protocol.
2. Materials and methods

All experimental procedures were approved by the University of
Missouri Animal Care and Use Committee.

2.1. Animals

On Day 0 prior to protocol initiation, individual animal weights
and reproductive tract scores (RTS; Scale 1e5) [25e27] were ob-
tained for beef replacement heifers (14e15 months of age) at three
locations. In each location, heifers identified as having an abnormal
or infantile (RTS 1) reproductive tract were culled and not exposed
for estrus synchronization and AI (Location 1: n ¼ 18; Location 2:
n ¼ 3; Location 3: n ¼ 104). The remaining 1139 heifers were
assigned within location to treatments (Fig. 1) based on source and
RTS. Location 1 (n ¼ 533) and Location 2 (n ¼ 41) consisted of
exclusively Bos taurus commercial Angus heifers, and Location 3
(n ¼ 565) consisted of exclusively crossbred heifers of Bos indicus
influence, ranging from 1/8th to 3/8th Brahman. Heifers assigned to
the 14-d CIDR-PG protocol received an Eazi-Breed CIDR insert
(1.38 g progesterone; Zoetis, Madison, NJ) on Day 0 and CIDR
removal on Day 14. Heifers assigned to the 9-d CIDR-PG protocol
were administered prostaglandin F2a (PG; 25 mg im; Lutalyse,
Zoetis, Madison, NJ) concurrent with CIDR insertion on Day 5 and
concurrent with CIDR removal on Day 14. Heifers in both treat-
ments were administered PG on Day 30, and fixed-time artificial
insemination (FTAI) was performed on Day 33, 66 h after PG
administration. Gonadotropin-releasing hormone (GnRH; 100 mg
im; Cystorelin, Merial, Athens, GA) was administered to heifers in
both treatments concurrent with FTAI. Time of PG administration
on Day 30 and time of FTAI on Day 33 was recorded for each heifer.
Within each location, insemination was performed using conven-
tional frozen-thawed semen sourced from a single AI sire. In
Location 1 and Location 3, two technicians were pre-assigned and
balanced across treatments based on heifer source, RTS, and
weight. In Location 2, a single technician performed all in-
seminations. Fourteen d after AI, heifers were exposed to fertile
bulls for the remainder of the breeding season.

2.2. Estrus detection

Estrus detection aids (Estrotect, Rockway Inc, Spring Valley, WI)
were applied at CIDR removal on Day 14 and evaluated at PG
administration on Day 30 to determine rate of estrous response
following CIDR removal. A new estrus detection aid was applied at
PG administration on Day 30 and evaluated at FTAI on Day 33 to
determine rate of estrous response following PG administration.
Estrus was defined as removal of >50% of the scratch-off coating on
the Estrotect.

2.3. Pregnancy diagnosis

Pregnancy rate to FTAI was determined by transrectal ultraso-
nography (SonoSite EDGE equipped with a L52 10.0e5.0 MHz
linear-array transducer; SonoSite Inc., Bothell, WA) 62 de90 d after
FTAI. Pregnancies resulting from AI were distinguished from those
resulting from natural service based on fetal size [28], as heifers
were not exposed to natural service bulls until 14 d after AI.

2.4. Statistical analysis

Treatment differences for RTS, weight, and timing of insemi-
nation were analyzed using the TTEST procedure of SAS (SAS Inst.
Inc., Cary, NC). Chi-square contingency tables (PROC FREQ; SAS Inst.
Inc., Cary, NC) were used to initially assess potential differences in



Fig. 1. Treatment schedule for the 14-d CIDR-PG and 9-d CIDR-PG protocols. Heifers assigned to the 14-d CIDR-PG protocol received a controlled internal drug release (CIDR) insert
[1.38 g progesterone] on Day 0 and CIDR removal on Day 14. Heifers assigned to the 9-d CIDR-PG protocol received prostaglandin F2a (PG) concurrent with CIDR insertion on Day 5
and PG concurrent with CIDR removal on Day 14. In both treatments, PG was administered 16 d after CIDR removal on Day 30, and FTAI was performed on Day 33, 66 h after PG
administration. Gonadotropin-releasing hormone (GnRH; 100 mg im) was administered to all heifers concurrent with FTAI.
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Locations 1 and 2 relative to estrous response and AI pregnancy
rate. Locations 1 and 2, each containing Bos taurus heifers under
similar management conditions, did not differ significantly;
therefore, treatments were compared relative to biological type
rather than location. Estrous response rate after CIDR removal,
estrous response rate after PG administration, and pregnancy rate
to FTAI were analyzed using a generalized linear model with the
GENMOD procedure of SAS (SAS Inst. Inc., Cary, NC) using the
binomial distribution, link logit function. Each model included
treatment, biological type, and RTS in the class statement, and the
model included RTS, weight, treatment, biological type, and the
Table 1
Heifer weight (Wt), reproductive tract score (RTS), and timing of insemination (PG - AI in
taurus heifers.

Treatmenta N Wt, kg RTSb

14-d CIDR-PG 559 308 ± 2 3.6 ± 0.1
Bos indicus-influenced 277 292 ± 2 3.0 ± 0.1
Bos taurus 282 323 ± 2 4.1 ± 0.1
9-d CIDR-PG 580 306 ± 2 3.6 ± 0.1
Bos indicus-influenced 288 289 ± 2 3.0 ± 0.1
Bos taurus 292 322 ± 2 4.1 ± 0.1

a Heifers assigned to the 14-d CIDR-PG protocol received a controlled internal drug rele
assigned to the 9-d CIDR-PG protocol received prostaglandin F2a (PG) concurrent with
treatments, PG was administered 16 d after CIDR removal on Day 30, and FTAI was per
(GnRH; 100 mg im) was administered to all heifers concurrent with FTAI.

b RTS (1e5 scale, where 1 ¼ immature and 5 ¼ luteal phase) of the heifers, evaluated
c Estrous response after CIDR removal, as determined by activation of an estrus detec
d Estrous response by 66 h after PG administration, as determined by activation of an
following interactions: treatment x biological type, treatment x
RTS, and treatment x RTS x biological type.

3. Results

Heifer weight, mean RTS, timing of insemination, and estrous
response rates are shown for each treatment and within each
biological type in Table 1. Heifers did not differ based on treatment
for RTS or weight. However, mean weight differed based
(P < 0.0001) based on biological type, with higher weights
observed at protocol initiation among Bos taurus heifers. Likewise,
terval), and estrous response based on treatment for Bos indicus-influenced and Bos

PG e AI, h Estrous After CIDR
Removalc

Estrous Prior to FTAId

Proportion % Proportion %

67.5 ± 0.1 492/559 88 301/559 54
67.5 ± 0.1 220/277 79 127/277 46
67.4 ± 0.1 272/282 96 174/282 62
67.6 ± 0.1 480/580 83 296/580 51
67.7 ± 0.1 205/288 71 126/288 44
67.5 ± 0.1 275/292 94 170/292 58

ase (CIDR) insert [1.38 g progesterone] on Day 0 and CIDR removal on Day 14. Heifers
CIDR insertion on Day 5 and PG concurrent with CIDR removal on Day 14. In both
formed on Day 33, 66 h after PG administration. Gonadotropin-releasing hormone

at CIDR insertion on Day 0.
tion aid (Estrotect).
estrus detection aid (Estrotect).



Table 3
Pregnancy ratesa to fixed-time artificial insemination (FTAI) based on treatmentb,
biological type, and estrous responsec prior to FTAI.

Treatmentb Overall Estrous Non-Estrous

Proportion % Proportion % Proportion %

14-d CIDR-PG 262/559 47 181/301 60 81/258 31
Bos indicus-influenced 114/277 41 76/127 60 38/150 25
Bos taurus 148/282 51 105/174 60 43/108 40

9-d CIDR-PG 246/580 42 177/296 60 69/284 24
Bos indicus-influenced 104/288 36 69/126 55 35/162 22
Bos taurus 142/292 49 108/170 64 34/122 28

a Pregnancy rate to AI determined by transrectal ultrasonography 62 de90 d after
FTAI.

b Heifers assigned to the 14-d CIDR-PG protocol received a controlled internal
drug release (CIDR) insert [1.38 g progesterone] on Day 0 and CIDR removal on Day
14. Heifers assigned to the 9-d CIDR-PG protocol received prostaglandin F2a (PG)
concurrent with CIDR insertion on Day 5 and PG concurrent with CIDR removal on
Day 14. In both treatments, PG was administered 16 d after CIDR removal on Day 30,
and FTAI was performed on Day 33, 66 h after PG administration. Gonadotropin-
releasing hormone (GnRH; 100 mg im) was administered to all heifers concurrent
with FTAI.

c Estrous response by 66 h after PG administration, as determined by activation of
an estrus detection aid (Estrotect).
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mean RTS differed (P < 0.0001) based on biological type, with
higher rates of estrous cyclicity (RTS 4 and 5) observed at protocol
initiation among Bos taurus heifers (72%; 416/574) than among Bos
indicus-influenced heifers (25%; 141/565). The interval from PG to
FTAI did not differ based on treatment or biological type. Within
locations with two technicians, timed AI pregnancy rates did not
differ based on technician.

Estrous response rates following CIDR removal based on treat-
ment, biological type, and RTS are presented in Table 2. Using a
generalized linear model, estrous response rate following CIDR
removal was significantly influenced by weight (P < 0.001), RTS
(P < 0.0001), biological type (P < 0.0001), and the interaction of
treatment x RTS x biological type (P¼ 0.02). In this analysis, estrous
response rate following CIDR removal did not differ significantly
based on treatment for Bos taurus heifers (P ¼ 0.38). However,
among Bos indicus-influenced heifers, estrous response rate
following CIDR removal tended (P ¼ 0.08) to be higher among
heifers assigned to the 14-d CIDR-PG treatment. For each treatment,
estrous response rate after CIDR removal was higher (P < 0.0001)
among Bos taurus compared to Bos indicus-influenced heifers.

While numerically higher rates of estrous response prior to FTAI
were observed among Bos taurus (60%; 344/574) compared to Bos
indicus-influenced heifers (45%; 253/565), rate of estrous response
prior to FTAI was not affected by biological type, treatment, or any
interaction in the generalized linear model. Only RTS significantly
(P < 0.0001) affected rate of estrous response prior to FTAI, and the
effect of weight was not significant when RTS was included in the
model.

Pregnancy rates to FTAI based on treatment, biological type, and
estrous response are shown in Table 3. In each treatment, heifers
that expressed estrus prior to AI achieved higher (P < 0.0001)
pregnancy rates than heifers failing to express estrus. While
numerically higher pregnancy rates to FTAI were observed among
Bos taurus (51%; 290/574) compared to Bos indicus-influenced
heifers (39%; 218/565), the effect of biological type was not signif-
icant (P¼ 0.79) when the effect of RTS (P < 0.001) was included in a
generalized linear model. Similarly, pregnancy rate to FTAI was not
significantly affected by weight, treatment, or any interactionwhen
RTS was included in the model. Pregnancy rates to FTAI based on
RTS, treatment, and biological type are presented in Table 4.
Although lower rates of estrous cyclicity among Bos indicus-influ-
enced heifers resulted in lower overall pregnancy rates to FTAI in
comparison to Bos taurus females, FTAI pregnancy rates did not
differ within respective RTS based on treatment or biological type.

4. Discussion

When comparing the 14-d CIDR-PG and 9-d CIDR-PG treatments
in heifers of either biological type, no improvement in FTAI
Table 2
Estrous response1 rates after CIDR removal based on treatment2, biological type, and rep

Treatment2 Biological type RTS 2 RTS

Proportion % Pro

14-d CIDR-PG Bos indicus-influenced 84/111 76ab 73/
Bos taurus 19/21 90b 50/

9-d CIDR-PG Bos indicus-influenced 76/117 65a 72/
Bos taurus 19/22 86ab 50/

1Estrous response after CIDR removal, as determined by activation of an estrus detection
2Heifers assigned to the 14-d CIDR-PG protocol received a controlled internal drug releas
assigned to the 9-d CIDR-PG protocol received prostaglandin F2a (PG) concurrent with
treatments, PG was administered 16 d after CIDR removal on Day 30, and FTAI was per
(GnRH; 100 mg im) was administered to all heifers concurrent with FTAI.
3RTS (1e5 scale, where 1 ¼ immature and 5 ¼ luteal phase) of the heifers, evaluated at
abcPercentages within column with different superscripts differ (P < 0.05).
pregnancy rate was noted using the 9-d CIDR-PG protocol. It is the
opinion of the authors that use of the 9-d CIDR-PG protocol in
heifers should be discouraged in favor of the 14-d CIDR-PG protocol,
considering that the 14-d CIDR-PG treatment schedule requires two
fewer doses of PG per animal. Moreover, protocol compliance
problems may be less likely with the simpler 14-d CIDR-PG pro-
tocol, in that CIDRs are removed on the same day of the week two
weeks after the day of insertion. Nevertheless, the shorter 9-
d CIDR-PG protocol may have some limited applications in
heifers, such as in situations when a producer has missed the
necessary date of protocol initiation for the 14-d CIDR-PG protocol
but still intends to keep the target breeding date.

The similar pregnancy outcomes obtained among heifers across
treatments are in contrast to those obtained when comparing the
14-d CIDR-PG and 9-d CIDR-PG protocols among mature Bos taurus
cows. Previous work from our lab found that pregnancy rate to FTAI
was improved among Bos taurus cows treatedwith the 9-d CIDR-PG
protocol compared to the 14-d CIDR-PG protocol [11]. Improve-
ments in FTAI pregnancy rate were attributed to previously re-
ported [10] indications of improved synchronization success
among mature cows using the 9-d CIDR-PG protocol, namely an
improvement in estrous response after CIDR removal and after PG.
Although timing of estrus expression was not characterized in the
present study, estrous response rates were not improved among 9-
d CIDR-PG-treated heifers at either time point.

We hypothesize that differences in the relative effectiveness of
roductive tract score3 (RTS) prior to treatment initiation.

3 RTS 4 RTS 5

portion % Proportion % Proportion %

95 77b 29/33 88b 34/38 89b

57 88b 70/70 100c 133/134 99c

101 71ab 25/33 76ab 32/37 87b

58 86ab 70/70 100c 136/142 96bc

aid (Estrotect) on Day 30.
e (CIDR) insert [1.38 g progesterone] on Day 0 and CIDR removal on Day 14. Heifers
CIDR insertion on Day 5 and PG concurrent with CIDR removal on Day 14. In both
formed on Day 33, 66 h after PG administration. Gonadotropin-releasing hormone

CIDR insertion on Day 0.



Table 4
Pregnancy ratesa to fixed-time artificial insemination (FTAI) based treatmentb, biological type, and reproductive tract scorec (RTS) prior to treatment initiation.

Treatmentb RTS 2 RTS 3 RTS 4 RTS 5 Overall

Proportion % Proportion % Proportion % Proportion % Proportion %

14-d CIDR-PG 44/132 33 65/152 43 54/103 52 99/172 58 262/559 47
Bos indicus-influenced 39/111 35 37/95 39 17/33 52 21/38 55 114/277 41
Bos taurus 5/21 24 28/57 49 37/70 53 78/134 58 148/282 51
9-d CIDR-PG 46/139 33 57/159 36 49/103 48 94/179 53 246/580 42
Bos indicus-influenced 40/117 34 32/101 32 15/33 45 17/37 46 104/288 36
Bos taurus 6/22 27 25/58 43 34/70 49 77/142 54 142/292 49

a Pregnancy rate to AI determined by transrectal ultrasonography 62 de90 d after FTAI.
b Heifers assigned to the 14-d CIDR-PG protocol received a controlled internal drug release (CIDR) insert [1.38 g progesterone] on Day 0 and CIDR removal on Day 14. Heifers

assigned to the 9-d CIDR-PG protocol received prostaglandin F2a (PG) concurrent with CIDR insertion on Day 5 and PG concurrent with CIDR removal on Day 14. In both
treatments, PG was administered 16 d after CIDR removal on Day 30, and FTAI was performed on Day 33, 66 h after PG administration. Gonadotropin-releasing hormone
(GnRH; 100 mg im) was administered to all heifers concurrent with FTAI.

c RTS (1e5 scale, where 1 ¼ immature and 5 ¼ luteal phase) of the heifers, evaluated at CIDR insertion on Day 0.

Table 5
Pregnancy ratesa to fixed-time artificial insemination (FTAI) following the 14-d CIDR-PG protocolb on the basis of reproductive tract score (RTS)c: Data obtained among Bos
indicus-influenced heifers compared to data from Bos taurus heifers in the Show-Me-Select Replacement Heifer Program.d

Biological Type RTS 1 RTS 2 RTS 3 RTS 4 RTS 5

Proportion % Proportion % Proportion % Proportion % Proportion %

Bos indicus-influenced NA 39/111 35 37/95 39 17/33 52 21/38 55
Bos taurus
Show-Me-Select

8/97 8 182/572 32 2219/4773 46 2778/5604 50 3249/6266 52

a Pregnancy rate to AI determined by transrectal ultrasonography 62 de90 d after FTAI.
b 14-d CIDR-PG protocol consists of a controlled internal drug release (CIDR) insert [1.38 g progesterone] on Day 0 and CIDR removal on Day 14. PG is administered 16 d after

CIDR removal on Day 30, and FTAI is performed on Day 33, 66 h after PG administration. Gonadotropin-releasing hormone (GnRH; 100 mg im) is administered to all heifers
concurrent with FTAI.

c RTS (1e5 scale, where 1 ¼ immature and 5 ¼ luteal phase) of the heifers.
d Adapted from Locke et al., 2016.
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the 9-d CIDR-PG and 14-d CIDR-PG protocols can be explained
largely by general differences between mature cows and heifers in
length of ovarian follicular waves, overall length of the estrous
cycle, and rate of estrous cyclicity at protocol initiation. Cyclic cows
in the early luteal phase likely benefit from induced luteolysis in the
9-d CIDR-PG presynchronization schedule, therefore exhibiting
estrus earlier following CIDR removal. We speculate that, in
contrast to mature cows, spontaneous luteolysis occurs sufficiently
early during the 14-d CIDR-PG treatment among even cyclic heifers
in the early luteal phase. Consequently, few cyclic, early luteal
phase heifers may benefit from the induced luteolysis in the 9-
d CIDR-PG treatment.

While biological type is inherently confounded by location in
the design of this trial, this dataset provides an opportunity to
highlight similarities in the effectiveness of the 14-d CIDR-PG
protocol across both biological types in their respective produc-
tion systems. Differences in geographical area, climate, nutritional
development practices, and heifer phenotype should be recognized
as sources of variance given the different environments. However,
given the climate tolerance advantages of Bos indicus genetics in
subtropical environments and the performance advantages of Bos
taurus genetics in temperate environments, industry use of these
biological types is likewise practically confounded by geographical
location and associated nutritional development practices based on
regional feed availability. Data relative to biological type are
therefore presented relative to cyclicity status, so as to compare
protocol effectiveness across biological types while accounting for
management differences that influence cyclicity status of heifers.
Overall pregnancy rates to FTAI following the 14-d CIDR-PG pro-
tocol were lower among Bos indicus-influenced compared to Bos
taurus heifers. However, differences in FTAI pregnancy rate appear
to be explained by differences in pubertal status at protocol initi-
ation, as evidenced by the lack of significant effect due to biological
type when RTS was included in the model for FTAI pregnancy rate.
When comparing results within RTS (Table 4), FTAI pregnancy rates
were similar across biological types. Moreover, these results ob-
tained using the 14-d CIDR-PG protocol among Bos indicus-influ-
enced heifers are similar to those in a very large field dataset [29] of
Bos taurus heifers in the Missouri Show-Me-Select® Replacement
Heifer Program (Table 5). Note that higher rates of estrous cyclicity
(RTS ¼ 4 or 5) at the start of estrus synchronization are observed
among the Bos taurus heifers in the Show-Me-Select® Program
(69%; 11,870/17,312) than were observed among the Bos indicus-
influenced heifers assigned to the 14-d CIDR-PG protocol in this
study (26%; 71/277). However, the pregnancy rates for heifers
within the respective RTS categories are quite similar, suggesting
similar effectiveness of the 14-d CIDR-PG protocol in this biological
type when accounting for estrous cyclicity at protocol initiation.

While progestin treatment can effectively induce puberty
among a large proportion of peripubertal Bos indicus-influenced
and Bos taurus heifers [30], a common recommendation for Bos
taurus heifers is that�50% of heifers have a RTS of 4 or 5 at the time
estrus synchronization is initiated [31]. Management strategies and
selection practices that increase the proportion of Bos indicus-
influenced heifers cycling (RTS ¼ 4 or 5) prior to the start of the
breeding season would likely result in AI pregnancy rates more
comparable to those typically obtained among Bos taurus heifers.
The low percentage of Bos indicus-influenced heifers that were
pubertal at the time treatments were imposed in this study is in all
likelihood related to the postweaning to prebreeding nutritional
status of these heifers, as reflected in lower bodyweights compared
to the Bos taurus heifers (Table 1). Postweaning nutritional treat-
ments were reported [32] to have more immediate effects among
Bos indicus-influenced heifers than Bos taurus heifers, best illus-
trated by differences in age at puberty onset and pregnancy rates at
the end of a 45 day breeding period. In this study, heifers with
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infantile reproductive tracts (RTS 1) were culled and not exposed
for estrus synchronization and AI. Note also that a very sizeable
proportion of Bos indicus-influenced heifers (Location 3) were
culled due to low RTS, as heifers with infantile reproductive tracts
are poor candidates for estrus synchronization and AI (Table 5). Use
of reproductive tract scoring to identify these late-maturing ani-
mals provides an opportunity to improve reproductive perfor-
mance of replacement heifers and to place some level of genetic
selection on earlier attainment of puberty.

For both biological types, the relationship between estrous
status at FTAI and FTAI pregnancy rate (Table 3) mirror results in the
literature for Bos taurus females, as expression of estrus prior to
FTAI is associated with higher pregnancy rates [33]. Breeding based
upon detected estrus rather than using FTAI would theoretically
allow maximum expression of estrus among the synchronized
herd. However, breeding programs based on detected estrus
generally require a significant labor and time commitment relative
to cattle handling and observation, and there may be potential for
decreased pregnancy rates among some Bos indicus-influenced
heifers due to stress induced by frequent animal sorting [34,35].
One alternative may be to use split-time AI [36e39] rather than
fixed-time AI. This approach maximizes the proportion of heifers
allowed to express estrus prior to insemination while only
requiring a single sort based on estrous status at 66 h after PG.
Future work should evaluate the effectiveness and feasibility of
using split-time AI following the 14-d CIDR-PG protocol in Bos
indicus-influenced heifers.

In summary, long-term, CIDR-based protocols are an effective
form of estrus synchronization among both Bos indicus-influenced
and Bos taurus beef heifers. In contrast to results previously ob-
tained among mature Bos taurus beef cows, pregnancy rate to FTAI
was not improved among beef replacement heifers following the 9-
d CIDR-PG protocol compared to the 14-d CIDR-PG protocol.
However, these results highlight similar pregnancy rates to FTAI
following the 14-d CIDR-PG protocol when accounting for differ-
ences in estrus cyclicity among Bos indicus-influenced and Bos
taurus beef heifers. These similarities are noteworthy and suggest
an opportunity for expanded use of the 14-d CIDR-PG protocol in
conjunction with management and selection for decreased age at
puberty among Bos indicus-influenced beef heifers.
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