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Two experiments evaluated controlled internal drug release (CIDR)-based protocols to
synchronize estrus in primiparous 2-year-old beef cows. In each experiment, treatments
were balanced according to body condition score and days postpartum. Experiment 1
compared the 14-day CIDR-PG (14-d) and 7-day CO-Synch þ CIDR (7-d) protocols on the
basis of estrous response, pregnancy rates afterfixed-time artificial insemination (FTAI), and
final pregnancy rate. Cows assigned to 14-d (n ¼ 355) received a CIDR insert on Day 0 with
removal onDay14. Cows assigned to7-d (n¼349) receivedgonadotropin releasinghormone
(GnRH) and a CIDR insert on Day 23. On Day 30, CIDRs were removed from 7-d cows, and
PGF2a was administered to all cows in each treatment. On Day 33, GnRH was administered
concurrent with FTAI at 66 and 72 hours after PGF2a for 7-d and 14-d treated cows, respec-
tively. Estrous response before FTAI was higher for 7-d compared with 14-d cows (74% vs.
43%, respectively; P < 0.0001); however, pregnancy rates resulting from FTAI were similar
(14-d 63%; 7-d 64%; P ¼ 0.52). Ovarian follicular dynamics and serum estradiol-17b con-
centrations were evaluated among a subset of cows assigned to each protocol. Dominant
follicle diameter was smaller at PGF2a (P ¼ 0.04) and FTAI (P ¼ 0.002) among 14-d cows
comparedwith7-d cows; however, estradiol-17b at PGF2a (P¼0.06) and FTAI (P¼0.001)was
greater for 14-d versus 7-d treated cows. Experiment 2 compared estrous response and
pregnancy rates in2-year-old beef cowsafter FTAI- or split-timeartificial insemination (STAI)
following synchronization of estrus with the 14-day protocol. Cows assigned to FTAI
(n ¼ 266) were inseminated at a fixed time concurrent with GnRH at 72 hours after PGF2a
regardless of estrus expression, whereas cows assigned to STAI (n ¼ 257) were inseminated
based on estrus expression as determined by activation of an estrus detection aid. Cows
assigned to STAI that exhibited estrus by 72 hours were inseminated; however, AI was
delayed until 24 hours after GnRH (96 hours after PGF2a) for nonestrous cows. Total estrous
responsewas increased for STAI- versus FTAI-treated cows (STAI 64%; FTAI 42%; P< 0.0001);
pregnancy rates resulting from AI were similar (STAI 55%; FTAI 56%; P ¼ 0.60). In summary,
the 14-day CIDR-PG and 7-day CO-Synch þ CIDR protocols can be used effectively to syn-
chronize estrus before FTAI in primiparous 2-year-old beef cows. Although expression of
estrus was increased using STAI in conjunction with the 14-day protocol, this approach did
not increase pregnancy rates compared with FTAI.
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1. Introduction

After a long period of decline in cattle numbers due to
severe drought conditions and associated high input costs,
expansion of the US cow herd has led to a substantial in-
crease in heifer retention [1]. Costs associated with devel-
opment of a beef replacement heifer are approximately
$2000 per animal [2], and several reports indicate that it
takes 5 years or five calves to recover these development
costs [3]. Reproductive management of primiparous 2-
year-old cows presents a unique challenge in managing a
beef herd because this age group of females typically ex-
periences the highest incidence of reproductive failure [4].
Successful management of replacement beef heifers and
primiparous cows is necessary to ensure their continued
long-term reproductive performance, which provides an
opportunity for beef producers to increase retention rates,
reduce input costs, and ultimately enhance production ef-
ficiency. Many farms and ranches manage this age class of
females as a separate management group, and given the
significant numbers of young cows entering the US beef
herd, the experiments outlined here provide timely and
relevant results applicable to the industry. Therefore, the
aim of experiment 1 was to compare short- versus long-
term CIDR-based protocols in primiparous 2-year-old beef
cows on the basis of pregnancy rates resulting from FTAI
and final pregnancy rate at the end of the breeding period.

Split-time artificial insemination (STAI), a recent modi-
fication to FTAI, was developed to improve pregnancy rates
resulting from AI by delaying insemination of nonestrous
females 20 to 24 hours after the predetermined scheduled
time [5,6]. These studies evaluated the STAI strategy
following synchronization of estrus with the 14-day
CIDR-PG (14-d) protocol in heifers and the 7-day
CO-Synch þ CIDR (7-d) protocol in mixed age groups of
cows [6]. As STAI has not been evaluated among this age
class of females using a long-term CIDR-based protocol,
experiment 2 was designed to test the hypothesis that STAI
would increase estrous response and AI pregnancy rates
among primiparous 2-year-old cows when used in
conjunction with the 14-day CIDR-PG protocol.

2. Materials and methods

All experimental procedures were approved by the
University of Missouri Animal Care and Use Committee
(University of Missouri ACUC 7713).

2.1. Experiment 1

2.1.1. Experimental design
Primiparous, Angus crossbred beef cows (n ¼ 704) at

four locations, one location in Missouri and three locations
in Montana were managed and synchronized on pasture
representative of the various geographic locations. Cows
were randomly assigned to one of two treatments (Fig. 1)
with similar days postpartum (DPP) and body condition
score (BCS; 1–9 scale,1¼ emaciated, 9¼ obese) [7] for cows
in each treatment. Cows assigned to the 14-day CIDR-PG
protocol (n ¼ 355) received an EAZI-Breed CIDR insert
(1.38 g progesterone [P4]; Zoetis, Madison, NJ, USA) on Day
0 with removal on Day 14. Sixteen days after CIDR removal,
on Day 30, cows were administered PGF2a (25 mg, intra-
muscular; Lutalyse; Zoetis). On Day 33, 72 hours after PGF2a
administration, gonadotropin releasing hormone (GnRH)
(100 mg, intramuscular; OvaCyst; Bayer, Whippany, NJ, USA)
was administered concurrent with AI. Cows assigned to the
7-day CO-Synch þ CIDR protocol (n ¼ 349) received
GnRH and CIDR inserts on Day 23. Prostaglandin F2a was
administered at CIDR removal on Day 30. At the time AI
was performed on Day 33, 66 hours after PGF2a and
CIDR removal, GnRH was administered. All cows were
inseminated by one of two experienced technicians, and
technicians and sires were assigned to cows within treat-
ment by DPP and BCS. One sirewas used at location 1, 2, and
4, and two sires were used at location 3 with four
sires used overall. Cows were exposed to fertile bulls
10 to 14 days after FTAI for the remainder of the 65-day
breeding season.

2.1.2. Blood collection and RIA
Among cows at location 1 (n ¼ 37), blood samples were

collected via jugular venipuncture on Day �9 and 0 to
determine pretreatment estrous cyclicity status by pro-
gesterone concentrations and on Day 30 and 33 to deter-
mine serum estradiol-17b (E2) concentrations at PGF2a and
FTAI, respectively. Blood samples were allowed to clot and
stored at 4 �C for 24 hours. Serum was collected by
centrifugation and stored at �20 �C. Cows were considered
to be estrous cycling when P4 concentrations were greater
than or equal to 0.5 ng/mL at one or both of the pretreat-
ment blood sampling times. Serum concentrations of P4
were determined via a validated radioimmunoassay (RIA)
[8]. The intra-assay coefficient of variationwas less than 5%.

Blood samples collected at PGF2a and FTAI were assayed
in triplicate determinations for estradiol, using the liquid-
phase double-antibody RIA procedures described by Rozell
and Keisler [9] 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 Bio-
medicals #07138216). A preprecipitated sheep anti-rabbit
second antibody was used for precipitation. The intra-
assay coefficient of variation was less than 5%.

2.1.3. Ultrasonography of dominant follicles
Diameter of the largest follicle present on the ovary

(largest follicle diameter [LFD]) was measured for each cow
at location 1 (n ¼ 36) via transrectal ultrasonography
(SonoSite EDGE equipped with a L52 10.0- to 5.0-MHz
linear array transducer; SonoSite Inc., Bothell, WA, USA)
on Day 30 at the time PGF2a was administered and on Day
33 at FTAI.

2.1.4. Estrus detection
Estrus detection aids (Estrotect; Rockway Inc. Spring

Valley, WI, USA) were applied at the time PGF2a was



Fig. 1. Treatment schedule for the 14-day CIDR-PG and 7-day CO-Synch þ CIDR protocols. Cows assigned to the 14-day CIDR-PG protocol received a controlled
internal drug release (CIDR) insert (1.38 g progesterone) on Day 0, CIDR removal on Day 14, and administration of PGF2a (25 mg intramuscularly [im]) on Day 30.
Cows assigned to the 7-day CO-Synch þ CIDR protocol received GnRH (100 mg im) on Day 23 concurrent with CIDR insertion. Prostaglandin F2a was administered
at CIDR removal on Day 30. Artificial insemination was performed concurrent with GnRH administration at predetermined fixed times (72 hours, 14-day CIDR-PG
protocol; 66 hours, 7-day CO-Synch þ CIDR protocol). AI, artificial insemination; GnRH, gonadotropin releasing hormone.
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administered on Day 30, and the expression of estrus was
recorded at the time GnRH was administered on Day 33.
Estrus was defined as removal of greater than or equal to
50% of the rub-off coating on the Estrotect.

2.1.5. Pregnancy diagnosis
Pregnancy rate resulting from FTAI and final pregnancy

rate were determined by transrectal ultrasonography
(SonoSite EDGE equippedwith a L5210.0- to 5.0-MHz linear
array transducer; SonoSite Inc.) between 78 and 96 days
after FTAI, or 30 days after the end of the breeding season.

2.1.6. Statistical analyses
Estrous response, pregnancy rate resulting from FTAI,

and final pregnancy rate were analyzed by analysis of
variance (ANOVA) using the statistical model with
treatment, location, and the treatment by location inter-
action (PROC GLIMMIX; SAS Inst. Inc. Cary, NC, USA). In
addition, pregnancy rate resulting from FTAI was analyzed
using a statistical model including treatment, estrous
response, and the treatment by estrous response interac-
tion (PROC GLIMMIX; SAS Inst. Inc.). The variables in these
models all used a link logit and binomial distribution. A
contingency X2 analysis was used to analyze pretreatment
estrous cyclicity status indicated by serum P4 concentra-
tions greater than or equal to 0.5 ng/mL at one or both of
the pretreatment blood sampling times for cows at location
1 (PROC FREQ; SAS Inst. Inc.). Serum concentrations of E2
and differences in mean LFD for cows at location 1 at PGF2a
and FTAI were analyzed as a two by two factorial for
treatment and estrous response using PROC MIXED
(SAS Inst. Inc.).
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2.2. Experiment 2

2.2.1. Experimental design
Estrus was synchronized using the 14-day CIDR-PG

protocol for Angus, primiparous beef cows (n ¼ 523) at
five locations, two locations in Missouri and three locations
in South Dakota. The cows at each location were managed
and synchronized on pasture representative of the various
geographic locations. Cows received an EAZI-Breed CIDR
insert (1.38-g P4) on Day 0 with removal on Day 14. Sixteen
days after CIDR removal, on Day 30, cows were adminis-
tered PGF2a (25 mg). All cows were administered GnRH
(100 mg) on Day 33 at 72 hours after PG administration.
Cows within each location were randomly assigned to one
of two treatments (Fig. 2) based on DPP and BCS (1–9 scale,
1 ¼ emaciated, 9 ¼ obese) [7]. Cows assigned to the FTAI
Fig. 2. Treatment schedule for the 14-day CIDR-PG protocol. Cows in each treatme
terone) on Day 0 through Day 14. Prostaglandin F2a (PGF2a; 25 mg, intramuscularly
treatments received GnRH (100 mg im) on Day 33, 72 hours after PGF2a. Cows as
72 hours after PGF2a regardless of estrus expression, whereas cows assigned to S
detection aids (Estrotect). Cows assigned to STAI that exhibited estrus by 72 hours w
for nonestrous cows. AI, artificial insemination; FTAI, fixed-time artificial insem
insemination.
treatment (n ¼ 266) were artificially inseminated at a
fixed-time concurrent with GnRH administration at
72 hours after PGF2a regardless of estrus expression,
whereas cows assigned to the STAI treatment (n ¼ 257)
were inseminated using STAI [5,6] based on estrus
expression observed at 72 hours. Cows in the STAI treat-
ment that exhibited estrus by 72 hours were inseminated,
whereas insemination of cows failing to express estrus was
delayed approximately 24 hours until 96 hours after PGF2a.
Estrus detection aids remained attached following GnRH at
72 hours for all nonestrous cows assigned to the STAI
treatment, and estrus expression during the delay period
was recorded. Times for which PGF2a and GnRH were
administered and AI was performedwere recorded for each
cow. At locations 1 and 2, two technicians were preassigned
and balanced across treatments based on DPP and BCS. At
nt received a controlled internal drug release (CIDR) insert (1.38 g proges-
[im]) was administered 16 days after CIDR removal on Day 30. Cows in both
signed to FTAI were inseminated at a fixed-time concurrent with GnRH at
TAI were inseminated based on estrus expression at 72 hours, using estrus
ere inseminated; however, AI was delayed 24 hours until 96 hours after PGF2a
ination; GnRH, gonadotropin releasing hormone; STAI, split-time artificial



Table 1
Estrous responsec based on location and treatmentd.

Location

Treatment

14-day CIDR-PG 7-day CO-
Synch þ CIDR

Proportion % Proportion %

Location 1 10/19 53 10/18 56
Location 2 45/108 42a 77/105 73b

Location 3 31/104 30a 69/106 65b

Location 4 66/124 53a 103/120 86b

Total 152/355 43a 259/349 74b

Abbreviations: CIDR, controlled internal drug release; FTAI, fixed-time
artificial insemination; GnRH, gonadotropin releasing hormone.

a,b Estrous response rates within rows with different superscripts differ
(P < 0.0001).

c Estrous response before FTAI, as determined by activation of an estrus
detection aid (Estrotect, Rockway Inc., Spring Valley, WI, USA).

d Cows assigned to the 14-day CIDR-PG protocol received a CIDR insert
(1.38 g progesterone) on Day 0, CIDR removal on Day 14, and adminis-
tration of PGF2a (25 mg intramuscularly [im]) on Day 30. Cows assigned to
the 7-day CO-Synchþ CIDR protocol received GnRH (100 mg im) on Day 23
concurrent with CIDR insertion. Prostaglandin F2a was administered at
CIDR removal on Day 30. Artificial insemination was performed concur-
rent with GnRH administration at predetermined fixed times (72 h, 14-
day CIDR-PG protocol; 66 h, 7-day CO-Synch þ CIDR). See Figure 1.
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locations 3, 4, and 5, three technicians were preassigned
and balanced across treatment based on DPP and BCS. One
sire was used at locations 1, 2, 3, and 4. Two sires were used
at location 5 with four sires used overall, and AI sires were
assigned to treatments at each location based on DPP and
BCS. Cows were exposed to fertile bulls beginning 14 days
after AI.

2.2.2. Estrus detection
The same estrus detection procedures as in experiment

1 were followed.

2.2.3. Pregnancy diagnosis
Pregnancy rate to AI was determined by transrectal

ultrasonography (SonoSite EDGE equipped with a L52 10.0-
to 5.0-MHz linear array transducer, SonoSite Inc.) 70 to
90 days after FTAI.

2.2.4. Statistical analyses
Estrous response by 72 hours, total estrous response,

pregnancy rate resulting from AI, and final pregnancy rate
were analyzed by ANOVA using the statistical model with
treatment, location, and the treatment by location inter-
action (PROC GLIMMIX; SAS Inst. Inc.). In addition, an
ANOVAwas performed to evaluate pregnancy rate resulting
from AI using the statistical model with treatment, total
estrous response, and the interaction of treatment by total
estrous response (PROC GLIMMIX; SAS Inst. Inc.). Variables
of BCS and DPP did not differ based on treatments by the
TTEST procedure of SAS (SAS Inst. Inc.). All differences
between treatmentmeans were determined using Fischer’s
least significant difference.

3. Results

3.1. Experiment 1

3.1.1. Treatment summary
There were no differences between treatments in BCS

(P¼ 0.97) or DPP (P¼ 0.86) among cows at each of the four
locations. Mean BCS was 5.2 � 0.02 and 5.3 � 0.02, and
mean DPPwas 78.0� 0.6 and 79.7� 0.6 when data from all
locations were pooled, for 14-day CIDR-PG and 7-day
CO-Synch þ CIDR treated cows, respectively.

3.1.2. Estrous response
Estrous response within each location and treatment is

shown in Table 1. Estrous responsewas greater (P< 0.0001)
for cows assigned to the 7-day CO-Synch þ CIDR protocol
compared with 14-day CIDR-PG treated cows. Location
affected estrous response (P < 0.0001), but there was no
treatment by location interaction effect on estrous
response (P ¼ 0.20).

3.1.3. Fixed-time AI and resulting pregnancy rates
For cows assigned to the 14-day CIDR-PG and 7-day

CO-Synch þ CIDR treatments, the intervals from PGF2a to
FTAI and GnRH were 72.1 � 0.6 and 66.1 � 0.6 hours,
respectively. Pregnancy rate to FTAI based on location,
estrous response, and treatment is shown in Table 2.
Pregnancy rates to FTAI were similar (P ¼ 0.52)
between treatments (14-day CIDR-PG ¼ 63%; 7-day
CO-Synch þ CIDR ¼ 64%). Location did not affect FTAI
pregnancy rate (P ¼ 0.33), and there was no treatment by
location interaction effect on FTAI pregnancy rate (P¼ 0.14).
Pregnancy rates were influenced by estrus expression, and
cows that expressed estrus after PGF2a and before FTAI
achieved greater (P < 0.0001) FTAI pregnancy rates than
those that did not express estrus (72% vs. 51%). Therewas no
interaction between estrus expression and treatment
(P¼ 0.63) on pregnancy rate resulting from FTAI. Pregnancy
rate resulting from FTAI was not affected by sire or AI tech-
nician. Final pregnancy rates at the end of the breeding
season were similar (P ¼ 0.93) for cows in each treatment
(14-day CIDR-PG ¼ 95%; 7-day CO-Synch þ CIDR ¼ 96%;
Table 3). Pregnancy diagnosis via transrectal ultrasonogra-
phy was performed 30 days after the end of the breeding
season; therefore, the average pregnancy date indicates that
when considering cows that became pregnant, 87% and 88%
of the cows in the 14-d and 7-d treated groups, respectively,
became pregnant to AI or the first repeat estrus during the
natural service clean-up period.

3.1.4. Pretreatment estrous cyclicity status
At location 1, cows treated with the 14-day CIDR-PG

(n ¼ 19) and the 7-day CO-Synch þ CIDR (n ¼ 18) were
not different in terms of pretreatment estrous cyclicity
status (14-day CIDR-PG ¼ 94.7%; 7-day CO-
Synch þ CIDR ¼ 88.9%; P ¼ 0.51), BCS (14-day CIDR-
PG ¼ 5.5 � 0.2; 7-day CO-Synch þ CIDR ¼ 5.5 � 0.1;
P ¼ 0.19), or DPP (14-day CIDR-PG ¼ 74.8 � 0.7; 7-day CO-
Synch þ CIDR ¼ 75.7 � 0.7; P ¼ 0.87).

3.1.5. Dominant follicle diameters
Cows treated with the 7-day CO-Synch þ CIDR protocol

had a larger (P ¼ 0.04) mean LFD at the time PGF2a was
administered compared with those treated with the 14-day



Table 2
Pregnancy ratec resulting from FTAI based on location, estrous response,
and treatmentd.

Location Estrous response

Treatment

14-day CIDR-PG 7-day CO-
Synch þ CIDR

Proportion % Proportion %

Location 1 Estrous 8/10 80 5/10 50
Nonestrous 6/9 67 5/8 63
Total 14/19 74 10/18 56

Location 2 Estrous 33/45 73 59/77 77
Nonestrous 33/63 52 15/28 54
Total 66/108 61 74/105 71

Location 3 Estrous 28/31 90 44/69 64
Nonestrous 37/73 51 13/37 35
Total 65/104 63 57/106 54

Location 4 Estrous 47/66 71 71/103 69
Nonestrous 31/58 53 10/17 59
Total 78/104 63 81/120 68

Total Estrous 116/152 76a 179/259 69a

Nonestrous 107/203 53b 43/90 48b

Total 223/355 63 222/349 64

Abbreviations: AI, artificial insemination; CIDR, controlled internal drug
release; FTAI, fixed-time artificial insemination; GnRH, gonadotropin
releasing hormone.

a,b Pregnancy rates with different superscripts within columns differ
(P < 0.0001).

c Pregnancy rate to FTAI determined by ultrasound 78 to 96 days after
AI.

d Cows assigned to the 14-day CIDR-PG protocol received a CIDR insert
(1.38 g progesterone) on Day 0, CIDR removal on Day 14, and adminis-
tration of PGF2a (25 mg intramuscularly [im]) on Day 30. Cows assigned to
the 7-day CO-Synchþ CIDR protocol received GnRH (100 mg im) on Day 23
concurrent with CIDR insertion. Prostaglandin F2a was administered at
CIDR removal on Day 30. Artificial insemination was performed concur-
rent with GnRH administration at predetermined fixed times (72 h,
14-day CIDR-PG protocol; 66 h, 7-day CO-Synch þ CIDR). See Figure 1.

Table 4
Diameter of the largest follicle present on the ovary (LFD) at PGF2ac and
FTAI for cows at location 1.

Item

Treatmentd

P-value
14-day
CIDR-PG

7-day CO-
Synch þ CIDR

No. of cows 19 17e

LFD at PGF2a (mm) 10.9 � 0.3a 11.9 � 0.4b 0.04
Exhibited estrus after PGF2a
and before FTAI

11.1 � 0.5 12.2 � 0.5 0.10

Failed to exhibit estrus after
PGF2a and before FTAI

10.6 � 0.5 11.7 � 0.6 0.18

LFD at FTAI (mm) 13.0 � 0.3a 14.5 � 0.3b 0.002
Exhibited estrus after PGF2a
and before FTAI

13.4 � 0.4a 14.7 � 0.4b 0.05

Failed to exhibit estrus after
PGF2a and before FTAI

12.5 � 0.5a 14.4 � 0.5b 0.01

Data presented as mean values (�standard error of the mean).
Abbreviations: CIDR, controlled internal drug release; FTAI, fixed-time
artificial insemination; GnRH, gonadotropin releasing hormone; LFD,
largest follicle diameter.

a,b LFD within a row with different superscripts differ (P < 0.05).
c Lutalyse, 25 mg, intramuscular [im]; Zoetis, Madison, NJ, USA.
d Cows assigned to the 14-day CIDR-PG protocol received a CIDR insert

(1.38 g progesterone) on Day 0, CIDR removal on Day 14, and adminis-
tration of PGF2a (25 mg im) on Day 30. Cows assigned to the 7-day
CO-Synch þ CIDR protocol received GnRH (100 mg im) on Day 23 con-
current with CIDR insertion. Prostaglandin F2a was administered at CIDR
removal on Day 30. Artificial insemination was performed concurrent
with GnRH administration at predetermined fixed times (72 h, 14-day
CIDR-PG protocol; 66 h, 7-day CO-Synch þ CIDR). See Figure 1.

e Measurements were not obtained for one cow.
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CIDR-PG protocol (11.9 � 0.4 mm vs. 10.9 � 0.3 mm;
Table 4). At FTAI, LFDwas greater (P¼ 0.002) for cows in the
7-day CO-Synch þ CIDR treatment (14.5 � 0.3 mm)
compared with those in the 14-day CIDR-PG treatment
(13.0 � 0.3 mm).
Table 3
Final pregnancy ratea at the end of the breeding season based on location
and treatmentb.

Location

Treatment

14-day CIDR-PG 7-day CO-
Synch þ CIDR

Proportion % Proportion %

Location 1 18/19 95 13/18 72
Location 2 105/108 97 102/105 97
Location 3 99/104 95 105/106 99
Location 4 117/124 94 114/120 95
Total 339/355 95 334/349 96

Abbreviation: GnRH, gonadotropin releasing hormone.
a Final pregnancy rate determined by ultrasound 30 days after the end

of the breeding season.
b Cows assigned to the 14-day CIDR-PG protocol received a controlled

internal drug release (CIDR) insert (1.38 g progesterone) on Day 0, CIDR
removal on Day 14, and administration of PGF2a (25 mg intramuscularly
[im]) on Day 30. Cows assigned to the 7-day CO-Synch þ CIDR protocol
received GnRH (100 mg im) on Day 23 concurrent with CIDR insertion.
Prostaglandin F2a was administered at CIDR removal on Day 30. Artificial
insemination was performed concurrent with GnRH administration at
predetermined fixed times (72 h, 14-day CIDR-PG protocol; 66 h, 7-day
CO-Synch þ CIDR). See Figure 1.
3.1.6. Serum E2 concentrations
Mean serum concentrations of E2 at PGF2a and FTAI are

shown in Table 5. Cows treated with the 14-day CIDR-PG
protocol tended (P ¼ 0.06) to have higher mean serum
concentrations of E2 at PGF2a than cows treated with the
7-day CO-Synch þ CIDR protocol. Furthermore, 14-d
treated cows had greater (P ¼ 0.001) mean serum con-
centrations of E2 at FTAI compared with 7-d treated cows.
Mean serum concentrations of E2 were greater (P ¼ 0.004)
among 14-day compared with 7-d treated cows that
exhibited estrus before FTAI and were also greater
(P ¼ 0.05) among 14-d compared with 7-d treated cows
that failed to express estrus.

3.2. Experiment 2

3.2.1. Treatment summary
There were no differences between treatments in BCS

(P ¼ 0.60) or DPP (P ¼ 0.27) among cows at each of the five
locations. Mean BCS was 5.7 � 0.7 and 5.7 � 0.7, and mean
DPP was 71.2 � 1.2 and 69.8 � 1.2 when data from all
locations were pooled, for FTAI and STAI treated cows.

3.2.2. Estrous response
Estrous response for cows within each location and

treatment is shown in Table 6. Estrous response at 72 hours
did not differ (P ¼ 0.33) between treatments (FTAI ¼ 42%;
STAI ¼ 40%). Delayed insemination to 96 hours after PGF2a
of STAI-treated cows that failed to exhibit estrus before the
standard FTAI at 72 hours increased (P < 0.0001) total
estrous response (FTAI ¼ 42%; STAI ¼ 64%). There was a



Table 5
Estrous responsee, serum concentrations of estradiol-17b at PGF2af and
FTAI, and pregnancy rateg resulting from FTAI for cows at location 1.

Item

Treatmenth

P-value
14-day
CIDR-PG

7-day CO-
Synch þ CIDR

No. of cows 19 18
Estrous response at FTAI 10/19 (53%) 10/18 (56%) 0.86
Serum concentrations of

estradiol-17b at PGF2a
(pg/mL)

3.7 � 0.4a 2.5 � 0.4b 0.06

Exhibited estrus after PGF2a
and before FTAI

3.7 � 0.6a 2.1 � 0.6b 0.06

Failed to exhibit estrus after
PGF2a and before FTAI

3.6 � 0.6 2.9 � 0.7 0.43

Serum concentrations of
estradiol-17b at FTAI
(pg/mL)

8.0 � 0.7c 4.2 � 0.8d 0.001

Exhibited estrus after PGF2a
and before FTAI

8.1 � 1.0c 3.8 � 1.0d 0.004

Failed to exhibit estrus after
PGF2a and before FTAI

7.8 � 1.1c 4.7 � 1.1d 0.05

Pregnancy rate resulting from
FTAI

14/19 (74%) 10/18 (56%) 0.44

Data presented as mean values (�standard error of the mean).
Abbreviations: AI, artificial insemination; CIDR, controlled internal drug
release; FTAI, fixed-time artificial insemination; GnRH, gonadotropin
releasing hormone.

a,b Serum concentrations of estradiol-17b at PGF2a within a row with
different superscripts tend to differ (P ¼ 0.06).

c,d Serum concentrations of estradiol-17b at PGF2a within a row with
different superscripts differ (P < 0.05).

e Estrous response before FTAI, as determined by activation of an estrus
detection aid (Estrotect, Rockway Inc., Spring Valley, WI, USA).

f Lutalyse, 25 mg, intramuscularly [im]; Zoetis, Madison, NJ, USA.
g Pregnancy rate to FTAI determined by ultrasound 78 to 96 days after

AI.
h Cows assigned to the 14-day CIDR-PG protocol received a CIDR insert

(1.38 g progesterone) on Day 0, CIDR removal on Day 14, and adminis-
tration of PGF2a (25 mg im) on Day 30. Cows assigned to the 7-day
CO-Synch þ CIDR protocol received GnRH (100 mg im) on Day 23 con-
current with CIDR insertion. Prostaglandin F2a was administered at CIDR
removal on Day 30. Artificial insemination was performed concurrent
with GnRH administration at predetermined fixed times (72 h, 14-day
CIDR-PG protocol; 66 h, 7-day CO-Synch þ CIDR). See Figure 1.

Table 6
Estrous responsec 72 hours after PGF2a administration and total estrous
responsed based on location and treatmente.

Location and treatment

Estrous by 72 h Total estrous
response

Proportion % Proportion %

Location 1
FTAI 24/62 39 24/62 39
STAI 24/56 43 38/56 68

Location 2
FTAI 14/34 41 14/34 41
STAI 7/34 21 19/34 56

Location 3
FTAI 36/51 71 36/51 71
STAI 35/51 69 41/51 80

Location 4
FTAI 15/58 26 15/58 26
STAI 13/57 23 26/57 46

Location 5
FTAI 23/61 38 23/61 38
STAI 24/59 41 41/59 69

Total
FTAI 112/266 42 112/266 42a

STAI 103/257 40 165/257 64b

Abbreviations: AI, artificial insemination; CIDR, controlled internal drug
release; FTAI, fixed-time artificial insemination; GnRH, gonadotropin
releasing hormone; STAI, split-time artificial insemination.

a,b Total estrous response rates with different superscripts within a
column are different (P < 0.0001).

c Estrous response as determined by activation of an estrus detection
aid (Estrotect, Rockway Inc., Spring Valley, WI, USA).

d Total estrous response up to 72 and 96 h after PGF2a administration
for FTAI and STAI treatments, respectively.

e Cows in each treatment received a CIDR insert (1.38 g progesterone)
on Day 0 through Day 14. Prostaglandin F2a (PGF2a; 25 mg, intramuscular
[im]) was administered 16 days after CIDR removal on Day 30. Cows in
both treatments received GnRH (100 mg im) on Day 33, 72 h after PGF2a.
Cows assigned to FTAI were inseminated at a fixed time concurrent with
GnRH at 72 h after PGF2a regardless of estrus expression, whereas cows
assigned to STAI were inseminated based on estrus expression at 72 h,
using estrus detection aids (Estrotect). Cows assigned to STAI that
exhibited estrus by 72 h were inseminated; however, AI was delayed 24 h
until 96 h after PGF2a for nonestrous cows. See Figure 2.
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significant effect of location on estrous response at the
standard FTAI and total estrous response (P < 0.0001);
however, there was no treatment by location effect on
estrous response at 72 hours (P ¼ 0.47) or total estrous
response (P ¼ 0.61).

3.2.3. Pregnancy rates resulting from fixed- or split-time AI
For cows assigned to the FTAI and STAI treatments that

exhibited estrus after PGF2a and before FTAI, the intervals
from PGF2a to FTAI and GnRH (mean� standard error of the
mean) were 72.3 � 0.3 hours and 72.3 � 0.3 hours,
respectively. For STAI-treated cows that failed to exhibit
estrus by 72 hours, in which case insemination was
delayed, the interval from GnRH to AI was 23.1 � 0.1 hours
or 95.4 � 0.1 hours after PGF2a. Pregnancy rates to AI based
on location, estrous response, and treatment are shown in
Table 7. Cows that exhibited estrus by either the standard
fixed-time at 72 hours or the delayed timew24 hours later
achieved higher pregnancy rates (P < 0.0001) than those
that failed to exhibit estrus (66% vs. 43%). Pregnancy rates
resulting from AI were similar for each treatment
(P ¼ 0.60). There was no treatment by location effect on AI
pregnancy rate (P ¼ 0.41). Pregnancy rate resulting from AI
was not affected by sire or AI technician. Final pregnancy
rates at the end of the breeding season were similar for
each treatment (P ¼ 0.65; FTAI ¼ 91%; STAI ¼ 90%).
4. Discussion

Development and comparison of strategies that are
designed to enhance reproductive management of pri-
miparous 2-year-old beef cows coincide with the recent
increase in heifer retention and the significant number of
younger age females that are now entering the US cow
herd. Young cows experience reduced fertility, longer
postpartum intervals, increased prevalence of dystocia, and
greater nutrient requirements compared with middle-aged
cows [10,11]. As is the case with replacement beef heifers,
primiparous cows in many cases are maintained as a
separate management group, which affords the opportu-
nity to impose breeding strategies that support improve-
ments in subsequent reproductive performance.

Progestin-based estrus synchronization protocols offer
the potential to induce estrous cyclicity in anestrous



Table 7
Pregnancy ratec resulting from AI based on location, estrous responsed,
and treatmente.

Location Estrous response

Treatment

FTAI STAI

Proportion % Proportion %

Location 1 Estrous 19/24 79 22/38 58
Nonestrous 20/38 53 7/18 39
Total 39/62 63 29/56 52

Location 2 Estrous 8/14 57 13/19 68
Nonestrous 13/20 65 7/15 47
Total 21/34 62 20/34 59

Location 3 Estrous 29/36 81 25/41 61
Nonestrous 8/15 53 5/10 50
Total 37/51 73 30/51 59

Location 4 Estrous 8/15 53 18/26 69
Nonestrous 17/43 40 10/31 32
Total 25/58 43 28/57 49

Location 5 Estrous 15/23 65 27/41 66
Nonestrous 13/38 34 7/18 39
Total 28/61 46 34/59 58

Total Estrous 79/112 71a 105/165 64a

Nonestrous 71/154 46b 36/92 39b

Total 150/266 56 141/257 55

Abbreviations: AI, artificial insemination; CIDR, controlled internal drug
release; FTAI, fixed-time artificial insemination; GnRH, gonadotropin
releasing hormone; STAI, split-time artificial insemination.

a,b Pregnancy rates with different superscripts within columns differ
(P < 0.0001).

c Pregnancy rate to AI determined by ultrasound 70 to 90 days after AI.
d Estrous response up to 72 and 96 h after PGF2a administration for FTAI

and STAI treatments, respectively.
e Cows in each treatment received a CIDR insert (1.38 g progesterone)

on Day 0 through Day 14. Prostaglandin F2a (PGF2a; 25 mg, intramuscu-
larly [im]) was administered 16 days after CIDR removal on Day 30. Cows
in both treatments received GnRH (100 mg im) on Day 33, 72 h after PGF2a.
Cows assigned to FTAI were inseminated at a fixed time concurrent with
GnRH at 72 h after PGF2a regardless of estrus expression, whereas cows
assigned to STAI were inseminated based on estrus expression at 72 h,
using estrus detection aids (Estrotect). Cows assigned to STAI that
exhibited estrus by 72 h were inseminated; however, AI was delayed 24 h
until 96 h after PGF2a for nonestrous cows. See Figure 2.
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postpartum cows and advance conception date [12]. Previ-
ous research demonstrated that protocols used to syn-
chronize estrus and ovulation differ on the basis of their
effectiveness among various age classes of females. Short-
term CIDR-based protocols are generally the preferred
method to synchronize estrus in postpartum beef cows
[13,14], whereas long-term CIDR-based protocols produce
more consistent results after FTAI in beef heifers [15,16].
Long-term CIDR-based protocols, however, have been used
successfully in beef cows [17,18]. This studywas designed to
compare short- and long-term CIDR-based protocols to
synchronize estrus and ovulation in primiparous beef cows.
The objective of the study was to evaluate the protocols on
the basis of pregnancy rates resulting fromFTAI and, equally
important, on the basis of pregnancy status at the end of the
breeding season. We hypothesized that extended P4 expo-
sure using the 14-day CIDR-PG protocol would improve
pregnancy rates to FTAI and final pregnancy rate at the end
of the breeding season by increasing the proportion of fe-
males that conceive early in the breeding season.

In the present study, cows treated with the 7-day
CO-Synch þ CIDR protocol displayed a 31% higher estrous
response before FTAI than cows treated with the 14-day
CIDR-PG protocol. Despite this significant difference in
estrous response among cows assigned to each of these
protocols, there was no difference in pregnancy rate be-
tween groups after FTAI. Low-estrous response rates were
observed inprevious studies thatevaluated long-termCIDR-
based protocols inmixed age groups of beef cows; however,
despite the low numbers of cows that exhibited estrus,
pregnancy rates resulting fromFTAIwere acceptable [17,18].
Final pregnancy rates at the endof the breeding seasonwere
similar between treatments with 87% and 88% of 14-d and
7-d treated cows conceiving within the first 30 days of the
breeding season. These data provide further evidence that
implementation of a progestin-based estrus synchroniza-
tion protocol can increase the proportion of females that
conceive early in the breeding season and contribute to
reduced culling rates due to reproductive failure.

Pretreatment estrous cyclicity status of cows at loca-
tion 1 was assessed to determine the effect of these
protocols on induction of estrous cyclicity. Owing to the
high proportion of cows that were estrous cycling before
treatments were initiated, these protocols were not
compared on the basis of pretreatment estrous cyclicity
status. The authors acknowledge the potential for
misclassification of cows on the basis of estrous cyclicity
status determined from two blood samples taken before
treatment initiation, and the use of progesterone values
of greater than or equal to 0.5 ng/mL to confirm estrous
cyclicity. However, potential for committing a Type II
error is greatly reduced by classifying cows as anestrus
when using a 0.5 ng/mL limit. A Type II error in this case
would result in deciding that the protocols work as
effectively in estrous cycling cows as they do in anestrous
cows, when in fact they do not. This error could have
serious consequences from the standpoint of industry
application. In addition, cows between 0.5 and 1 ng/mL at
each of the two sampling times may have ovulated after
the first sample and not yet reached concentrations of
1 ng/mL that are estrous cycling.

Several studies have established that cows that exhibit
estrus before AI achieve higher pregnancy rates than those
that fail to exhibit estrus [19]. Cows in experiment 1 that
exhibited estrus in both treatment groups before AI ach-
ieved higher pregnancy rates than those that failed to
exhibit estrus. Similarities in pregnancy rates of cows
resulting from FTAI between short- and long-term treated
groups, despite significant differences in estrous response
before AI, raise important questions regarding potential
differences in follicular dynamics and endocrine secretion
patterns among cows assigned to each protocol. A key
question arising from these differences relates to how long-
term treated cows that exhibit such low estrous response
rates before AI achieve pregnancy rates that are compara-
ble to short-term treated cows that exhibit much higher
estrous response rates before the time at which AI is per-
formed. Cows at location 1 were sampled to characterize
physiological differences between the protocols that could
be responsible for these inconsistencies.

Other work has demonstrated that circulating concen-
trations of E2 increase as diameter of the ovulatory follicle
increases [20–22]. In the present study, LFD increased
during the interval from PGF2a to FTAI for cows in both
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treatment groups, and serum concentrations of E2
increased as well. Mean LFD was greater at PGF2a and FTAI
for cows assigned to the 7-d compared with 14-d treated
cows. Although cows assigned to the 14-day protocol that
failed to exhibit estrus before FTAI had follicles that were
on average 1.9 mm smaller than their counterparts in the
7-d group, mean LFD for nonestrous cows that were
induced to ovulate was 12.5 � 0.5 mm. This point is worth
considering because Perry et al. [23] reported that when
GnRH was used to induce ovulation of follicles less than or
equal to 11 mm in diameter, lower circulating concentra-
tions of E2 on the day of insemination were observed,
which then correlated to decreased pregnancy rates
compared with cows with larger size follicles.

In the present study, circulating concentrations of E2 at
FTAI were higher among estrous and nonestrous cows
assigned to the 14-day protocol compared to 7-d treated
cows. Higher concentrations of E2, despite smaller LFD
among 14-d treated cows, suggest that dominant follicles of
cows within this treatment group may be in an active
growth stage compared to 7-d treated cows in which
growth of the dominant follicle has plateaued. The results
of the present study are supported by data from Valdez
et al. [24] in which aromatase activity was decreased in
granulosa cells when growth of the dominant follicle had
plateaued compared to actively growing follicles.

Cows with elevated serum concentrations of E2 at GnRH
and FTAI were found to have increased pregnancy rates
regardless of whether theywere induced to ovulate large or
small dominant follicles [23]. Increased follicular concen-
trations of E2 and elevated postovulatory concentrations of
P4 are associated with greater physiological maturity of the
dominant follicle and result in increased AI pregnancy rates
[23,25]. These data [23,25] and results from this study
support the concept that preovulatory follicles among cows
assigned to the 14-day protocol were physiologically
mature at the time GnRH was administered and FTAI was
performed.

Levels of E2 observed in this experiment are similar to
those reported from studies using long- [17,18] or short-
term [21,22] CIDR-based protocols in mixed age groups of
cows. It is not clear, however, whether these differences are
increased in cows treated with the 14-day protocol or
decreased in cows treated with the 7-day protocol. Fralix
et al. [26] found that cows synchronized with melengestrol
acetate for 14 days had increased E2 concentrations and
normal P4 levels during the second estrous cycle after
melengestrol acetate withdrawal. Changes in E2 production
may result from differences in the endocrine environment
in which the dominant ovulatory follicle matures. Follicles
maturing in the presence of subluteal P4 concentrations
resulted in increased pregnancy rates following AI
compared with those that matured during luteal-phase P4
concentrations [27]. Progesterone exposure during the 7-
day protocol could be responsible for lower levels of E2
produced by dominant follicles. Bridges et al. [28] hy-
pothesized that increased E2 production by the ovulatory
follicle would result from a greater potential of younger age
follicles to secrete E2 compared with older age follicles
when the 7-day CO-Synchþ CIDR protocol was modified to
5 days. It was further demonstrated that cows treated with
the 5-day CO-Synch þ CIDR protocol tended to produce
greater E2 concentrations compared with 7-d treated cows
[29]. This suggests that cows in this study that were treated
with the 7-day protocol that failed to respond to the first
injection of GnRH at CIDR insertion had older age follicles
secreting reduced levels of E2.

Results from this study and those reported by Nash et al.
[30] clearly demonstrate that estrous response rates before
FTAI following treatment with the 14-day protocol are low
compared with 7-d treated cows. Martin et al. [18] reported
an increase in estrous response in mixed age groups of beef
cows assigned to a 14-dayprotocol byextending the interval
from CIDR removal to PGF2a from 16 to 19 days. Cows
assigned to the 14- to 19-day protocol exhibited higher
estrous response rates before FTAI comparedwith 14- to 16-
d treated cows. Pregnancy rates, however, were improved
only among cows greater than or equal to 4 years of age.

The results from this study and those reported by
Martin et al. [18] suggested that STAI might afford the op-
portunity to increase estrous response rates among cows
assigned to the 14-day protocol and hence improve preg-
nancy rates resulting from AI. Split-time AI was developed
as a breeding strategy to manage females on the basis of
estrous response [5,6]. When STAI is used in a breeding
program, insemination of females that fail to exhibit estrus
at the standard fixed time is delayed 20 to 24 hours [5,6].

Delayed insemination of nonestrous cows by 24 hours in
experiment 2, from 72 to 96 hours after PGF2a, increased
total estrous response in cows assigned to the STAI treat-
ment; however, increased estrous response among STAI-
treated cows did not lead to a significant improvement in
pregnancy rates. Bishop et al. [31] recently reported an
improvement in estrous response among cows assigned to a
STAI treatment, when administration of GnRH to cows that
were nonestrous at the predetermined fixed time was
postponed for 24 hours at which time cows were insemi-
nated. These authors proposed that delayed administration
of GnRH increases the proportion of cows that express
estrusduring thedelayed interval toAI bypostponing the LH
surge induced by GnRH administration along with luteini-
zation and the change in endocrine function of the gran-
ulosa cells from secretion of E2 to P4 [31,32]. Therefore,
because GnRH was administered at 72 hours in this study,
and not postponed until 96 hours among the STAI-treated
cows, estrus expression was most likely suppressed among
a percentage of the nonestrous cows, which may have
contributed to differences in resulting pregnancy rates.

The results from these studies indicate that the 14-day
CIDR-PG and 7-day CO-Synch þ CIDR protocols effectively
synchronize estrus before FTAI in primiparous 2-year-old
postpartum beef cows. Some beef producers may be
reluctant to implement long-term CIDR-based protocols
because these protocols are more challenging to use in
herds with extended calving seasons. Long-term CIDR-
based protocols require an extra trip through the chute
compared with short-term protocols; however, labor in-
puts can be reduced by providing the opportunity to
combine reproductive management with herd health into a
single management step. As a final consideration, the re-
sults from experiment 1 are compelling when considering
the fact that 63% and 64% of the 14-d and 7-d treated cows
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became pregnant following FTAI and that 87% and 88% of
the cows in each treatment, respectively, conceived within
the first 30 days of the breeding season. These protocols
provide the opportunity to expedite genetic improvement
through FTAI and facilitate enhanced reproductive man-
agement within the herd.
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