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a b s t r a c t

An experiment was designed to evaluate endocrine parameters, ovarian dynamics, and pregnancy rates
to fixed-time artificial insemination (FTAI) following the 9-d CIDR-PG protocol in comparison to the 14-
d CIDR-PG protocol. While both are long-term protocols using CIDR treatment for presynchronization,
the 9-d CIDR-PG protocol differs from the 14-d CIDR-PG protocol in that prostaglandin F2a (PG) is
administered at CIDR insertion and removal to facilitate a decreased length of progestin treatment and
potentially enhance response to the presynchronization treatment. Estrus was synchronized for 393
mature beef cows across five locations. Treatments were represented in each location, and cows within
each location were randomly assigned to one of the two protocols based on age, days postpartum (DPP),
and body condition score (BCS). Cows assigned to the 14-d CIDR-PG treatment received a CIDR insert
(1.38 g progesterone) on Day 0 with removal of CIDR on Day 14, and 25 mg PG 16 d after CIDR removal on
Day 30. Cows assigned the 9-d CIDR-PG treatment received 25 mg PG and a CIDR insert (1.38 g pro-
gesterone) on Day 5; 25 mg PG and removal of CIDR on Day 14; and 25 mg PG 16 d after CIDR removal on
Day 30. In both treatments, cows received FTAI on Day 33, 72 h after PG. All cows were administered
100 mg gonadotropin-releasing hormone (GnRH) concurrent with insemination. For a subset of animals
in each treatment, ovarian ultrasound was performed and blood samples were collected for determi-
nation of serum estradiol concentrations at CIDR removal, PG administration, and FTAI. Protocols were
compared on the basis of estrous response and pregnancy rate resulting from FTAI. Serum estradiol
concentrations, follicle size, and estrous response did not differ based on treatment. However, cows
assigned to the 9-d CIDR-PG protocol tended to achieve greater FTAI pregnancy rates than cows assigned
to the 14-d CIDR-PG protocol (62% versus 52%; P ¼ 0.07). Across treatments, greater pregnancy rates
tended (P ¼ 0.10) to be achieved by cows that expressed estrus prior to FTAI (69% for 9-d CIDR-PG, 58%
for 14-d CIDR-PG) than by cows that failed to express estrus (55% for 9-d CIDR-PG, 47% for 14-d CIDR-PG).
In summary, the 9-d CIDR-PG protocol is an effective protocol for synchronization of estrus among
mature beef cows, and pregnancy rates to FTAI tended to be improved through use of the 9-d CIDR-PG
compared to the 14-d CIDR-PG protocol.

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

The 14-d CIDR-PG protocol is a simple, highly effective protocol
for synchronization of estrus among beef replacement heifers. Due
to the high rate of estrous response and synchrony of estrus
observed following the 14-d CIDR-PG protocol, acceptable
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Fig. 1. Treatment schedule for the 14-d CIDR-PG and 9-d CIDR-PG protocols. Cows
assigned to the 14-d CIDR-PG protocol received a controlled internal drug release
(CIDR) insert [1.38 g progesterone] on Day 0 and CIDR removal on Day 14. Cows
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, 72 h after PG administration. Gonadotropin-releasing hormone
(GnRH; 100 mg im) was administered to all cows concurrent with FTAI.
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pregnancy rates can be obtained using fixed-time artificial insem-
ination (FTAI) among beef heifers following this protocol [1e3]. In
contrast, when the 14-d CIDR-PG protocol is used among mature
beef cows, lower rates of estrous response are observed after PG
administration prior to FTAI [4,5]. While pregnancy rates to FTAI
have been acceptable among cows even in the absence of high
estrous response, differences in response between cows and heifers
suggest that this protocolmay not be optimized for all age classes of
beef females.

In the 14-d CIDR-PG estrus synchronization protocol, a 14 d
period of CIDR treatment is used for presynchronization prior to
prostaglandin F2a (PG) administration 16 d after CIDR removal on
Day 30 of the protocol, at which point the majority of females
should have a large, second-wave dominant follicle and a mature
corpus luteum (CL). The length of the CIDR treatment is intended to
establish large preovulatory follicles among the majority of fe-
males, so as to generate a synchronous initial estrus event following
CIDR removal. However, comparing data previously published
among cows to those published among heifers, estrus expression
after CIDR removal is less synchronous among mature cows, and
mean interval to estrus after CIDR removal is extended [6]. This
variation in timing of estrus expression may indicate a higher
proportion of cows fail to undergo luteolysis by the end of a 14 d
CIDR treatment or undergo luteolysis very late in CIDR treatment.
As development of a persistent follicle during progesterone treat-
ment is contingent upon spontaneous luteolysis, this could
potentially result in more variation in physiological maturity of the
dominant follicle at the time of CIDR removal. We hypothesize that
these differences in timing of estrus expression after CIDR removal
largely explain the less synchronous estrus expression observed
among mature cows following PG, as the initial estrus expression
and subsequent ovulation after CIDR removal serves to pre-
synchronize follicular waves prior to administration of PG on Day
30 of the protocol.

In a previous pilot study, we found that administration of PG at
CIDR insertion and removal facilitated a decrease in the length of
CIDR treatment from 14 to 9 d [7]. This was proposed as being
advantageous for producers attempting to use long-term protocols
among cows with varying postpartum intervals, given the manu-
facturer's recommendation that a CIDR device not be utilized
among females <20 d postpartum. Moreover, in addition to
achieving follicular dynamics similar to those obtained when using
the 14-d CIDR-PG protocol, the shortened 9-d CIDR-PG protocol
resulted in enhanced estrous response rate after PG. Pregnancy
rates also tended to be increased among 9-d CIDR-PG treated cows
compared to 14-d CIDR-PG treated cows. However, that experi-
ment, which had been designed primarily to characterize follicular
dynamics and timing of estrous response, lacked sufficient power
to make meaningful interpretations of potential differences in
pregnancy rate based on treatment. Similarly, insemination was
performed using split-time AI (STAI) rather than FTAI so as to
maximize estrous response [8e10]. Therefore, the present experi-
ment was designed as a larger scale field trial to compare the 9-
d CIDR-PG and 14-d CIDR-PG protocols based on endocrine pa-
rameters, ovarian dynamics, and pregnancy rates to FTAI.

2. Materials and methods

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

2.1. Animals

Estrus was synchronized for suckled beef cows (n ¼ 393) of
varying age and parity across five locations. Location 1 consisted of
two-year-old primiparous suckled cows; Locations 2e4 consisted
of cows of varying age and parity; and Location 5 consisted of
mature, non-lactating multiparous cows. Within each location,
cows were assigned to one of two treatments (Fig. 1) based on age
and days postpartum (DPP). Cows assigned to the 14-d CIDR-PG
protocol received an Eazi-Breed CIDR insert (1.38 g progesterone;
Zoetis, Madison, NJ) on Day 0, CIDR removal on Day 14, and PG
(25 mg im; Lutalyse, Zoetis, Madison, NJ) on Day 30. Cows assigned
to the 9-d CIDR-PG protocol received PG concurrent with CIDR
insertion on Day 5, PG concurrent with CIDR removal on Day 14,
and PG on Day 30. In both treatments, FTAI was performed on Day
33, 72 h after PG administration. Gonadotropin-releasing hormone
(GnRH; 100 mg im; Cystorelin, Merial, Athens, GA) was adminis-
tered to all cows concurrent with FTAI. Body condition scores (BCS)
were assigned to each animal on Day 0 using a 1 to 9 scale
(1¼ emaciated and 9¼ obese) [11]. Times of PG administration and
FTAI were recorded for each cow. Units of conventional semen
(approximately 20� 106 live cells per 0.5ml straw prior to freezing)
from a single AI sire were used for FTAI within each location. Two
technicians performed inseminations in Location 1, with techni-
cians pre-assigned and balanced across treatments based on cow
age, DPP, and BCS. Within remaining locations, a single technician
performed all inseminations. Fourteen d after AI, cows were
exposed to fertile bulls for the remainder of a 60 d breeding season.
2.2. Estrus detection

Estrus detection aids (Estrotect, Rockway Inc, Spring Valley, WI)
were applied at PG administration on Day 30 and evaluated at FTAI
on Day 33. Estrus expressionwas defined as removal of >50% of the
rub-off coating on the estrus detection aid.



Table 1
Cow age, days postpartum (DPP), body condition score (BCS), and estrous response
based on treatment and location.

Treatment1 N Age DPP BCS3 Estrous
Response Prior
to FTAI4

Location2 Proportion %

14-d CIDR-PG 199 3.3 ± 0.1 86.2 ± 2.2 5.3 ± 0.1 93/199 47

Location 1 101 2.2 ± 0.1 90.8 ± 1.2 5.1 ± 0.1 54/101 53
Location 2 32 4.6 ± 0.5 77.0 ± 1.9 5.8 ± 0.1 14/32 44
Location 3 13 5.5 ± 0.9 87.0 ± 3.2 5.3 ± 0.1 6/13 46
Location 4 36 4.1 ± 0.3 81.2 ± 2.3 5.4 ± 0.1 11/36 31
Location 5 17 3.5 ± 0.1 5.3 ± 0.1 8/17 47

9-d CIDR-PG 194 3.4 ± 0.1 86.4 ± 2.2 5.3 ± 0.1 97/194 50

Location 1 98 2.2 ± 0.1 91.5 ± 1.2 5.1 ± 0.1 55/98 56
Location 2 25 5.0 ± 0.5 79.0 ± 2.1 6.0 ± 0.1 11/25 44
Location 3 17 5.2 ± 0.7 83.7 ± 3.0 5.3 ± 0.1 5/17 29
Location 4 36 4.5 ± 0.4 79.1 ± 2.4 5.4 ± 0.1 14/36 39
Location 5 18 3.4 ± 0.1 5.3 ± 0.1 12/18 67

1Cows 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.
Cows assigned to the 9-d CIDR-PG protocol received prostaglandin F2a (PG) con-
current 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
fixed-time artificial insemination (FTAI) was performed on Day 33, 72 h after PG
administration. Gonadotropin-releasing hormone (GnRH; 100 mg im) was admin-
istered to all cows concurrent with FTAI.
2Location 1 consisted of exclusively two-year-old primiparous suckled cows; Lo-
cations 2 and 3 consisted of suckled cows of varying age and parity; and Location 4
consisted of mature, non-lactating multiparous cows.
3BCS evaluated at CIDR insertion on Day 0.
4Estrous response prior to FTAI, as determined by activation of an estrus detection
aid (Estrotect) by 72 h after PG administration. Estrus expression was defined as
removal of >50% of the rub-off coating on the estrus detection aid.
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2.3. Blood collection and RIA

Among a subset of cows at Location 4 (n ¼ 39), blood samples
were collected via jugular venipuncture on Day �10 and 0 to
determine pretreatment estrous cyclicity status by progesterone
concentrations and on Days 14, 30, and 33 to determine serum
estradiol (E2) concentrations at CIDR removal, PG, and FTAI
respectively. Blood samples were allowed to clot and stored at 4 �C
for 24 h, with serum collected by centrifugation for 20 min at
1500 g and stored at �20 �C. Serum concentrations of progesterone
were determined via a validated radioimmunoassay (RIA) [12]. The
intra-assay CV was less than 5%. Cows were considered to be
estrous cycling when P4 concentrations were �0.5 ng/mL at one or
both of the pretreatment blood sampling times. Blood samples
collected at PG and FTAI were assayed in triplicate for estradiol,
using the liquid-phase double-antibody RIA procedures described
by Rozell and Keisler [13] with modifications as follows. All assay
buffers consisted of 0.1% gelatin, 0.01 M EDTA, 0.9% NaCl, 0.01 M
PO4, 0.01% sodium azide, 0.05%Tween-20, pH ¼ 7.1 (PABET). As a
standard measure of assay quality control and performance, pooled
bovine serawas assayed in triplicate at 25, 40, 60, 100,175, 200, and
300 mL volumes, which performed in parallel to the standard
curves. The estradiol assay utilized 3-125Iodo-Estradiol-17b (MP
Biomedicals # 07138226) and rabbit anti-estradiol antisera (MP
Biomedicals #07138216). A pre-precipitated sheep anti-rabbit
second antibody was used for precipitation. The intra-assay CV
was less than 15%.

2.4. Ovarian ultrasonography

Transrectal ultrasonography (SonoSite EDGE equipped with a
L52 10.0e5.0 MHz linear-array transducer; SonoSite Inc., Bothell,
WA) was performed to assess ovarian follicle size and presence of
corpora lutea. Follicles were measured, and measurements re-
ported are the largest follicle diameter (LFD). Ultrasonography was
performed at CIDR removal on Day 14, at PG administration on Day
30, and at FTAI on Day 33.

2.5. 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) 81e98 d after
FTAI.

2.6. Statistical analysis

Treatment differences for age, DPP, BCS, and timing of insemi-
nation relative to PG were analyzed using the TTEST procedure of
SAS (SAS Inst. Inc., Cary, NC). Results are reported as
mean ± standard error of the mean unless otherwise indicated.
Significance was defined as P � 0.05, and a probability of
0.05 > P � 0.10 indicated that significance was approached. Serum
concentrations of estradiol-17b and differences in mean LFD were
analyzed as a two by two factorial for treatment and cyclicity status
using PROC MIXED (SAS Inst. Inc., Cary, NC). Chi-square contin-
gency tables (PROC FREQ; SAS Inst. Inc., Cary, NC) were used to
analyze treatment differences in estrous response rates prior to
FTAI, final pregnancy rate at the breeding season, as well as FTAI
pregnancy rates by technician within Location 1. Pregnancy rate to
FTAI was analyzed using a generalized linear model via the GLIM-
MIX procedure of SAS (SAS Inst. Inc., Cary, NC) using the binomial
distribution, link logit function. The error termwas specified as the
treatment x location interaction. Variables tested for inclusion in
the model were treatment, location, technician, age, DPP, BCS,
estrous response prior to FTAI, and the following interactions:
treatment x age, treatment x DPP, treatment x BCS, treatment x
technician, and treatment x estrous response. Variables that did not
significantly (P > 0.10) affect pregnancy rate to STAI were removed
from the model. The final model for pregnancy rate to FTAI con-
sisted of treatment, DPP, technician, and estrous response prior to
FTAI. Least squares means were generated using this model and
compared using Fisher's least significant difference.

3. Results

Cow age, BCS, DPP, and estrous response rates are shown for
each treatment and location in Table 1. Age, BCS, and DPP did not
differ between treatments. Timing of FTAI did not differ between
the 9-d CIDR-PG and 14-d CIDR-PG treatments (72.7 ± 0.1 h and
72.8 ± 0.1 h after PG administration). Within Location 1, pregnancy
rates differed between technicians; however, there was no inter-
action of treatment x technician, as technicians were preassigned
within treatments based on age, DPP, and BCS. Therefore, the effect
of technician was included in the GLIMMIX model for pregnancy
rate to FTAI. Pregnancy rate to FTAI tended to be affected by estrous
response prior to FTAI (P ¼ 0.10) and was significantly affected by
DPP (P¼ 0.018); however, there was no interaction of either estrous
response or DPP with treatment.

Ovarian and endocrine data collected at CIDR removal, PG
administration, and FTAI are presented in Tables 3e5. Treatments
did not differ with respect to LFD at CIDR removal, PG adminis-
tration, or FTAI. However, among cows assigned to the 14-d CIDR-
PG protocol, LFD was larger (P < 0.05) at CIDR removal among
anestrous cows (15.5 ± 0.8 mm) than among estrous cycling cows
(13.0 ± 0.8 mm). Neither treatment nor pre-treatment cyclicity
status affected LFD at PG administration or FTAI, and all cows had



Table 2
Pregnancy rates1 to fixed-time artificial insemination (FTAI) based treatment2 and
estrous response3 prior to FTAI.

Treatment Overall Estrous Non-Estrous

Proportion % Proportion % Proportion %

14-d CIDR-PG 104/199 52a 54/93 58 50/106 47

Location 1 50/101 50 30/54 56 20/47 43
Location 2 19/32 59 7/14 50 12/18 67
Location 3 4/13 31 4/6 67 0/7 0
Location 4 18/36 50 7/11 64 11/25 44
Location 5 13/17 76 6/8 75 7/9 78

9-d CIDR-PG 120/194 62b 67/97 69 53/97 55

Location 1 58/98 59 37/55 67 21/43 49
Location 2 17/25 68 6/11 55 11/14 79
Location 3 10/17 59 3/5 60 7/12 58
Location 4 20/36 56 10/14 71 10/22 45
Location 5 15/18 83 11/12 92 4/6 67

1Pregnancy rate to AI determined by transrectal ultrasonography 81e92 d after
FTAI.
2Cows 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.
Cows assigned to the 9-d CIDR-PG protocol received prostaglandin F2a (PG) con-
current 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
fixed-time artificial insemination (FTAI) was performed on Day 33, 72 h after PG
administration. Gonadotropin-releasing hormone (GnRH; 100 mg im) was admin-
istered to all cows concurrent with FTAI.
3Estrous response prior to FTAI, as determined by activation of an estrus detection
aid (Estrotect).
abAcross locations, overall pregnancy rate to FTAI tended to be greater (P ¼ 0.07)
among 9-d CIDR-PG treated cows.

Table 4
Ultrasound data1 collected and serum estradiol concentrations at PG administration
based on treatment and pre-treatment cyclicity status.

Treatment2 LFD CL present Serum E2 concentrations

mm Proportion % pg/ml

14-d CIDR-PG 11.6 ± 0.5 20/20 100 5.2 ± 0.5
Anestrous 11.7 ± 0.6 7/7 100 5.8 ± 1.1
Estrous cycling 11.5 ± 0.6 13/13 100 4.9 ± 0.5

9-d CIDR-PG 10.9 ± 0.5 19/19 100 4.8 ± 0.3
Anestrous 9.8 ± 0.5 6/6 100 5.2 ± 0.9
Estrous cycling 11.3 ± 0.7 13/13 100 4.7 ± 0.3

1Transrectal ultrasonography was performed to assess ovarian follicular dynamics
and presence of corpora lutea. Dominant follicles were measured, and measure-
ments reported are the largest follicle diameter (LFD).
2See Table 1 for description of treatment protocols.
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corpora lutea at PG administration. Serum concentrations of
estradiol-17b did not differ based on treatment or pretreatment
cyclicity status at CIDR removal, PG administration, or FTAI.

Pregnancy rates to FTAI based on treatment and estrous
response are shown in Table 2. Cows assigned to the 9-d CIDR-PG
protocol tended to achieve greater FTAI pregnancy rates than
cows assigned to the 14-d CIDR-PG protocol (62% versus 52%;
P ¼ 0.07). Estrous response prior to FTAI did not differ between
treatments (9-d CIDR-PG ¼ 50%; 14-d CIDR-PG ¼ 47%). Across
treatments, greater pregnancy rates tended (P ¼ 0.10) to be ach-
ieved by cows that expressed estrus prior to FTAI (69% for 9-d CIDR-
PG, 58% for 14-d CIDR-PG) than among cows that failed to express
estrus (55% for 9-d CIDR-PG, 47% for 14-d CIDR-PG). Final preg-
nancy rate at the end of a 60 d breeding period did not differ be-
tween cows assigned to the 14-d CIDR-PG (93%; 186/199) and 9-
d CIDR-PG (95%; 184/194) treatments.
Table 3
Ultrasound data1 collected at CIDR removal and estrous response following CIDR remov

Treatment2 LFD at
CIDR removal

CL present at
CIDR removal

mm Proportion %

14-d CIDR-PG 13.9 ± 0.7 3/20 15
Anestrous 15.5 ± 0.8a 0/7 0
Estrous cycling 13.0 ± 0.8b 3/13 23

9-d CIDR-PG 13.9 ± 0.6 4/19 21
Anestrous 13.9 ± 0.5 0/6 0
Estrous cycling 14.0 ± 0.9 4/13 31

1Transrectal ultrasonography was performed to assess ovarian follicular dynamics and
reported are the largest follicle diameter (LFD).
2See Table 1 for description of treatment protocols.
abDiameter of the largest ovarian follicle present at CIDR removal was greater (P ¼
presynchronization.
4. Discussion

In long-term progestin-based estrus synchronization protocols,
presynchronization is achieved through a synchronous, yet sub-
fertile estrus that occurs following progestin withdrawal. The 9-
d CIDR-PG protocol makes use of a unique approach to presynch-
ronization, employing PG administration at progesterone device
insertion and removal. In addition to reducing the length of the
protocol by 5 d, the use of PG for induction of luteolysis may
improve presynchronization response among mature cows
compared to the standard 14-d CIDR-PG protocol, which relies on
spontaneous luteolysis [7]. The results presented here support
those previously published, as pregnancy rate to FTAI tended to be
increased following the 9-d CIDR-PG protocol compared to the 14-
d CIDR-PG protocol.

Although the 14-d CIDR-PG protocol is highly effective for syn-
chronization of estrus among beef heifers, results from previous
publications suggest the treatment schedule is not optimized for
mature cows. For example, when using the 14-d CIDR-PG protocol
among mature cows �4 years of age, use of a 19 d rather than 16 d
interval to PG significantly improved estrous response prior to FTAI
(47.4% vs 29.7%; P < 0.01) and tended to improve pregnancy rates to
FTAI [14]. However, this modification adds 3 d in length to the
protocol and did not improve results in young cows. In contrast, the
9-d CIDR-PG protocol reduces the length of the treatment schedule
by 5 d, and the tendency for improved pregnancy rates to FTAI was
observed uniformly across varying age classes of cows.

Regarding estrous response prior to FTAI, a previous pilot study
comparing the 9-d CIDR-PG and 14-d CIDR-PG protocols evaluated
a larger time period of potential estrus expression (until 96 h after
PG) and found that total estrous response rate after PG was
al based on treatment and pre-treatment cyclicity status.

Serum E2 concentrations at CIDR removal Estrous response
following CIDR removal

pg/ml Proportion %

5.6 ± 0.4 17/20 85
5.8 ± 0.8 4/7 57
5.5 ± 0.6 13/13 100

5.3 ± 0.4 18/19 95
5.6 ± 1.1 6/6 100
5.2 ± 0.4 12/13 92

presence of corpora lutea. Dominant follicles were measured, and measurements

0.05) for anestrous compared to estrous cycling cows following the 14-d CIDR



Table 5
Ultrasound data1 collected, serum estradiol concentrations, estrous response, and pregnancy rate to FTAI based on treatment and pre-treatment cyclicity status.

Treatment2 LFD Serum E2 concentrations Estrous response Pregnancy rate to FTAI

mm pg/ml Proportion % Proportion %

14-d CIDR-PG 12.7 ± 0.6 6.9 ± 0.8 5/20 25 9/20 45
Anestrous 12.3 ± 0.6 7.9 ± 2.1 1/7 14 2/7 29
Estrous cycling 12.9 ± 0.8 6.4 ± 0.8 4/13 31 7/13 54

9-d CIDR-PG 13.4 ± 0.6 5.9 ± 0.5 5/19 26 11/19 58
Anestrous 13.0 ± 0.9 5.3 ± 0.5 2/6 33 5/7 71
Estrous cycling 13.5 ± 0.8 6.2 ± 0.7 3/12 25 6/12 50

1Transrectal ultrasonography was performed to assess ovarian follicular dynamics and presence of corpora lutea. Dominant follicles were measured, and measurements
reported are the largest follicle diameter (LFD).
2See Table 1 for description of treatment protocols.
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improved following the 9-d CIDR-PG protocol compared to the 14-
d CIDR-PG [7]. This work also noted exceptional synchrony in the
timing of estrus onset, with 91% of cows detected in estrus over a
32 h time period (59e91 h after PG) following the 9-d CIDR-PG
protocol. The improvement in estrous response and synchrony
was attributed to the presynchronization approach used in the 9-
d CIDR-PG protocol [7]. In the present study, estrous response
rate up to the point of FTAI did not differ based upon treatment.
However, it should be noted that estrous response was character-
ized using Estrotect estrus detection aids rather than HeatWatch
transmitters, so any differences in timing of estrus expression
cannot be evaluated in the present study. More importantly, the full
distribution of estrus expression was not observed, as FTAI was
conducted at 72 h after PG. Therefore, improved synchronization
success would likely not be manifest as increased estrous response
rate prior to FTAI in the present study. This interpretation may be
supported by the greater pregnancy rate achieved among cows
irrespective of estrous status following the 9-d CIDR-PG protocol
compared to the 14-d CIDR-PG protocol (Table 2).

Given the tendency for improved AI pregnancy rate observed in
the absence of demonstrable improvements in estrous response rate,
it remains possible that improved fertility following the 9-d CIDR-PG
protocol results from other factors rather than enhanced estrous
response. The 9-d CIDR-PG protocol makes use of PG administration
during the presynchronization treatment schedule, and other au-
thors have proposed that PG administration in and of itself may have
favorable impacts on fertility among anestrous cows through
mechanisms independent of luteolysis [15]. However, while cyclicity
status was not robustly characterized for all animals in this dataset,
there was no interaction of treatment with factors known to be
associated with anestrous, such as age, DPP, or BCS.

It is also possible that protocols involving presynchronization
may have differing effects in the subsequent estrous cycle occurring
after presynchronization. For example, a 14 d feeding of melen-
gestrol acetate (MGA) resulted in increased circulating estradiol
concentrations among cows during the second estrous cycle after
MGA withdrawal [16]. Similarly, in recent work comparing the 14-
d CIDR-PG and 7-d CO-Synch þ CIDR protocols specifically in two-
year-old postpartum beef cows, circulating estradiol concentrations
at PG administration and FTAI were markedly higher among cows
following the long term 14-CIDR-PG compared to the short term 7-
d CO-Synch þ CIDR protocol [17]. Moreover, pregnancy rates were
similar between protocols despitemarkedly lower estrous response
rates observed among 14-d CIDR-PG treated cows [17]. These re-
sults raise questions relative to the potential effect of presynchro-
nization treatments on circulating estradiol concentrations and
fertility in the subsequent estrous cycle. However, it should be
noted that no differences in circulating estradiol concentrations or
ovarian follicle size were detected between the 14-d CIDR-PG and
9-d CIDR-PG treatments in the present experiment.
Given these results with long-term CIDR-based protocols,
further work is needed to evaluate fertility in comparison to more
commonly used short-term protocols, such as the 5-d and 7-d CO-
Synch þ CIDR protocols. Although these protocols generate
acceptable pregnancy rates, the timing of progesterone treatment
may be less than optimal for several reasons, including the po-
tential for aged ovarian follicles among a proportion of cows not
responding to GnRH administration on Day 0 of the protocol
[18,19]. Moreover, in contrast to the timing of progesterone
administration in long-term protocols involving progestin-based
presynchronization, administration of progesterone in short-term
CIDR-based protocols occurs during development of the ovulatory
follicle. Elevated circulating progesterone concentrations during
follicular development were demonstrated to affect ovulatory fol-
licle size and may impair fertility through decreased steroidogenic
capacity of the follicle and subsequent CL [20e25]. Previous pub-
lications have evaluated the long-term 14-d CIDR-PG protocol in
comparison to the short-term 7-d CO-Synch þ CIDR protocol, with
results published specifically for primiparous two-year-old beef
cows [17] and for mature beef cows of varying age and parity [4]. In
both publications, estrous response prior to FTAI was lower
following the 14-d CIDR-PG protocol but pregnancy rates to FTAI
were comparable between protocols. Given the pregnancy rates
observed in the present experiment, further research efforts are
warranted to directly compare the 9-d CIDR-PG protocol to more
commonly used short-term protocols.

Lastly, although acceptable pregnancy rates were obtained
when FTAI was conducted at 72 h after PG in this experiment, the
optimal time point at which FTAI should be performed following
the 9-d CIDR-PG protocol is unknown. Timing of AI relative to
estrus onset is consequential, as inseminating too early relative to
ovulation results in decreased fertilization rate, while inseminating
too late results in lower embryo quality [26e28]. Elsewhere we
have proposed that the optimal time point for FTAI is the point at
which estrous response rate is maximized but those animals
expressing estrus earliest in the distribution are not inseminated
too late relative to ovulation [29]. Although the optimal time point
must be determined through experimental efforts comparing
different FTAI times, we speculate that optimal timing of FTAI
following the 9-d CIDR-PG protocol may be later than 72 h after PG
based on the previously characterized distribution of estrus onset
times [7]. In the absence of research efforts to determine the
optimal time point for FTAI, producers electing to use the 9-d CIDR-
PG protocol in conjunction with timed AI may be advised to
conduct inseminations using a STAI rather than FTAI approach to
achieve maximum pregnancy rates [7e10].

In summary, the 9-d CIDR-PG protocol is an effective long-term
CIDR-based protocol for synchronization of estrus among mature
beef cows. While requiring two additional doses of PG per cow, the
9-d CIDR-PG protocol offered a 5 d reduction in protocol length and
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tended to result in increased pregnancy rates to FTAI when
compared to the 14-d CIDR-PG protocol.
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