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a b s t r a c t

This experiment was designed to compare pregnancy rates in postpartum beef cows following split-time
(STAI) or fixed-time (FTAI) artificial insemination. Estrus was synchronized for 671 cows at seven loca-
tions following administration of the 7-d CO-Synch þ CIDR protocol (100 mg GnRH þ CIDR insert [1.38 g
progesterone] on d 0; 25 mg prostaglandin F2a [PG] at CIDR removal on d 7). Cows were assigned to
treatments that were balanced across locations based on age, body condition score, and days postpartum
at the time treatments were initiated. All cows in treatment 1 (n ¼ 333; FTAI) were inseminated at 66 h
after PG and GnRH was administered concurrent with insemination regardless of estrus expression. For
cows in treatment 2 (n ¼ 338; STAI), inseminations were performed at 66 or 90 h after PG, and estrous
status was recorded at these times. Cows in the STAI treatment that exhibited estrus by 66 h were
inseminated at that time and did not receive GnRH, whereas AI was delayed 24 h until 90 h after PG for
cows that failed to exhibit estrus by 66 h. Gonadotropin-releasing hormone (100 mg) was administered
concurrent with AI at 90 h only to cows failing to exhibit estrus. Estrus expression that occurred during
the 24 h delay period among cows assigned to the STAI treatment increased the total proportion of cows
that expressed estrus prior to insemination (1 ¼ 60%; 2 ¼ 86%; P < 0.001). Pregnancy rates for cows
inseminated at 66 h that exhibited estrus did not differ between treatments (1 ¼ 58%; 2 ¼ 58%; P ¼ 0.93);
however, pregnancy rates among non-estrous cows at 66 h were improved (1 ¼ 35%; 2 ¼ 51%; P ¼ 0.01)
among cows assigned to the STAI treatment when insemination was postponed by 24 h. Consequently,
total AI pregnancy rate tended to be higher for cows that received STAI (1 ¼ 49%; 2 ¼ 56%; P ¼ 0.06). In
summary, following administration of the 7-d CO-Synch þ CIDR protocol, total estrous response
increased and pregnancy rates resulting from AI tended to be higher among cows assigned to STAI versus
FTAI treatments.

© 2017 Published by Elsevier Inc.
1. Introduction

Estrus synchronization and fixed-time artificial insemination
(FTAI) have increased use of artificial insemination (AI) in beef cows
and heifers [1]. However, females failing to express estrus prior to
insemination consistently achieve lower pregnancy rates to AI. A
recent meta-analysis indicated a 27% improvement in pregnancy
rate for females expressing estrus prior to AI compared to those not
, 65211, USA.
terson).
detected in estrus [2]. Split-time artificial insemination (STAI) is a
breeding strategy that allows for females to be managed separately
based on expression of estrus in order to maximize AI pregnancy
rates. Split-time AI was originally developed to improve pregnancy
rates compared to FTAI in cows when using sex-sorted semen
following the 7-d CO-Synch þ CIDR protocol [3]. When compared
to conventional semen, FTAI pregnancy rates using sex-sorted
semen are particularly low among cows failing to express estrus
prior to FTAI. By inseminating only the estrous cows at 66 h
following PG and delaying insemination of non-estrous cows by
20e24 h, an increased proportion of cows exhibited estrus prior to
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insemination, and AI pregnancy rates using sex-sorted semenwere
significantly improved [3].

Although pregnancy rate to STAI was improved in cows
inseminated with sex-sorted semen, other experiments using STAI
among mature cows failed to show significant improvements over
FTAI when using conventional semen following the 7-d CO-Syn-
ch þ CIDR protocol [4]. In the initial experiments evaluating use of
STAI, GnRH was administered to all cows at 66 h following PG,
regardless of estrus expression [4]. More recent experiments have
shown that delaying administration of GnRH by 20e24 h for cows
that fail to exhibit estrus improves both the estrous response dur-
ing the delay period and the overall estrous response prior to AI [5].
It has also been shown that GnRH administration is not necessary
for cows that exhibit estrus prior to timed insemination [5,6].
Therefore, the objective of this experiment was to compare FTAI to
STAI with delayed administration of GnRH at 90 h after PG for non-
estrous cows.
2. Materials and methods

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

Estrus was synchronized in 671 lactating Angus and Angus-
cross cows across seven locations using the 7-d CO-Synch þ CIDR
protocol (Fig. 1). Cows received GnRH (100 mg) and an Eazi-Breed
Fig. 1. Treatment diagrams for FTAI and STAI treatments; cows in each treatment receiv
administered GnRH (100 mg, i.m.) on d 0. The CIDR insert was removed on d 7 and PG (25 mg
concurrent GnRH administration 2) STAI at 66 or 90 h with GnRH administration only to n
CIDR insert (1.38 g progesterone) on Day 0; PG (25 mg) at CIDR
removal on Day 7. Estrus detection aids were applied at PG on Day 7,
with estrus being defined as having at least 50% of the coating
rubbed off of the Estrotect patch. Cows were preassigned to one of
two treatments within location based on age, body condition score
(BCS), and days postpartum (DPP). Technicians that performed AI
and AI sires were preassigned within treatment based on age, BCS,
and DPP. Cows in treatment 1 received FTAI and estrous status was
recorded at 66 h after PG with GnRH administered at AI regardless
of estrus expression. Cows in treatment 2 received STAI; those
exhibiting estrus prior to 66 h were inseminated, whereas AI was
delayed 24 h until 90 h after PG for cows that failed to exhibit estrus
prior to 66 h. Estrous status was recorded at 66 and 90 h. For cows
assigned to the STAI treatment, only cows failing to exhibit estrus
by 90 h after PGwere administered GnRH. For each cow, timeswere
recorded at which PG was administered and AI was performed.
Cows were exposed to fertile bulls beginning 14 days after AI.
2.2. Pregnancy diagnosis

Pregnancy rate to AI was determined by transrectal ultraso-
nography (SonoSite EDGE equipped with a L52 10.0e5.0 MHz
linear-array transducer; SonoSite Inc., Bothell, WA) 60e90 d after
AI.
2.3. Statistical analysis

Variables of cow age, BCS, and DPP did not differ between
ed a controlled internal drug-release (CIDR) insert (1.38 g progesterone) and were
, i.m.) was administered. Cows were assigned to 1 of 2 treatments: 1) FTAI at 66 h with
on-estrous cows at 90 h.



Table 2
Estrous response in cows based on treatment.a

Estrous Status FTAI STAI

Proportion % Proportion %

Overall estrous response 200/333 60b 290/338 86c

Estrous by 66 h 200/333 60 231/338 68
Estrous 66e90 h e e 59/107 55

aCows in each treatment received a controlled internal drug-release (CIDR) insert
(1.38 g progesterone) and were administered GnRH (100 mg, i.m.) on d 0. The CIDR
insert was removed on d 7 and PG (25 mg, i.m.) was administered. Cows were
assigned to 1 of 2 treatments: 1) FTAI at 66 h with concurrent GnRH administration
2) STAI at 66 or 90 h with GnRH administration only to non-estrous cows at 90 h
(Fig. 1).
b,cEstrous response rates within a row with different superscripts differ (P < 0.001).

Table 3
Estrous response and pregnancy ratea based on treatment.b

Treatment n Total Estrous Response
Prior to Insemination

AI Pregnancy Rate

Proportion % Proportion %

FTAI 333 200/333 60c 163/333 49e

STAI 338 290/338 86d 190/338 56f

Combined 671 490/671 73 353/671 53

aPregnancy rate to timed insemination at 66 h and 90 h after PGF2a, determined by
ultrasound 60e90 d after AI.
bCows in each treatment received a controlled internal drug-release (CIDR) insert
(1.38 g progesterone) and were administered GnRH (100 mg, i.m.) on d 0. The CIDR
insert was removed on d 7 and PG (25 mg, i.m.) was administered. Cows were
assigned to 1 of 2 treatments: 1) FTAI at 66 h with concurrent GnRH administration
2) STAI at 66 or 90 h with GnRH administration only to non-estrous cows at 90 h
(Fig. 1).
c,dEstrous response rates within a column with different superscripts differ
(P < 0.001).
e,fPregnancy rates resulting fromAI within a columnwith different superscripts tend
to differ (P ¼ 0.06).
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treatments determined by the TTEST procedure of SAS. Differences
in cow age, BCS, and DPP between treatments were re-analyzed by
ANOVAusing the linear statistical model of location, treatment, and
the interaction of location x treatment (Proc GLM; SAS Inst., Inc.,
Cary, NC). Differences between treatments for estrous response
after PG, and pregnancy rate resulting from AI, and final pregnancy
were analyzed by using a two by two contingency c2 analysis (PROC
FREQ; SAS Inst. Inc., Cary, NC, USA). Pregnancy rate to AI for cows
inseminated at 66 and 90 h was analyzed using logistic regression
(PROC GLIMMIX; SAS Inst. Inc., Cary, NC) with treatment, estrous
response at 66 and 90 h, location, sire, technician and all relevant
interactions in the model.

3. Results

3.1. Treatment summary

The number of cows, mean age, BCS, and DPP are shown in
Table 1. There were no differences between treatments at the
respective locations for age, DPP, or BCS therefore data from all
locations were pooled and totals are reported. For cows assigned to
the fixed-time AI treatment, the interval from PG to AI with con-
current GnRH administration (mean ± SEM) was 66.6 ± 0.1 h. For
cows in the split-time AI treatment that exhibited estrus by 66 h
and inseminated at that time, the interval from PG to insemination
was 66.6 ± 0.1 h. For cows in the STAI treatment that failed to
exhibit estrus by 66 h and received delayed insemination 24 h later,
the interval from PG to insemination was 89.9 ± 0.1 h.

3.2. Estrous response

Estrous response at 66 and 90 h after PG within each treatment
is shown in Table 2. Estrous response did not differ at 66 h, but
overall estrous response was increased for the STAI treatment
(P < 0.001) resulting from estrous activity during the 24 h delay
period.

3.3. Pregnancy rate to AI

Total estrous response and AI pregnancy rate based on treat-
ment are shown in Table 3. Pregnancy rate to AI tended to increase
(P ¼ 0.06) for cows assigned to STAI compared to FTAI. Pregnancy
rate for each treatment based on estrous status at 66 and 90 h after
PG is shown in Table 4. In the FTAI treatment, cows expressing
estrus prior to 66 h achieved higher pregnancy rates to AI than non-
estrous cows (P < 0.001). This is in contrast to cows in the STAI
treatment; pregnancy rate was similar for cows inseminated at 66
or 90 h, regardless of estrous expression prior to 66 h (P¼ 0.23). For
Table 1
Cow age, body condition score,a and days postpartumb based on treatment.c

Treatment n Age BCS DPP

FTAI 333 5.8 ± 0.1 5.9 ± 0.03 75.1 ± 0.82
STAI 338 5.9 ± 0.1 5.9 ± 0.03 74.3 ± 0.83

Data presented as mean values (±SEM).
Abbreviations: BCS, body condition score; DPP, days postpartum.

a BCS of cows at the time of PG (25 mg, i.m.) administration (1e9 scale, where
1 ¼ emaciated and 9 ¼ obese).

b DPP calculated from calving date to breeding date.
c Cows in each treatment received a controlled internal drug-release (CIDR) insert

(1.38 g progesterone) and were administered GnRH (100 mg, i.m.) on d 0. The CIDR
insert was removed on d 7 and PG (25 mg, i.m.) was administered. Cows were
assigned to 1 of 2 treatments: 1) FTAI at 66 h with concurrent GnRH administration
2) STAI at 66 or 90 h with GnRH administration only to non-estrous cows at 90 h
(Fig. 1).
cows inseminated at 90 h after PG, females expressing estrus prior
to 90 h achieved higher pregnancy rates than those failing to ex-
press estrus (P < 0.01).
4. Discussion

Split-time AI was hypothesized to improve AI pregnancy rates
through two mechanisms. First, delayed insemination of non-
estrous females likely results in better alignment of the timing of
insemination and ovulation. Second, the 20e24 h delay period may
allow more females to exhibit estrus prior to insemination.
Ovulation of a dominant follicle occurs 24e32 h following admin-
istration of GnRH. Therefore, delayed insemination 20e24 h after
GnRH administration was hypothesized to better align the lifespan
of viable and capacitated spermwith the timing of ovulation among
cows that have not yet expressed estrus [3,4,7]. Administration of
GnRH, however, results in luteinization of a dominant follicle and
the onset of progesterone production by granulosa cells in the
follicle rather than estrogen production, potentially limiting estrus
expression [8]. Estradiol production and subsequent estrous ac-
tivity are known to influence critical processes involved with the
establishment of pregnancy including oocyte maturation, gamete
transport, and preparation of the endometrium [9]. Furthermore,
length of proestrus before ovulation of a dominant follicle influ-
enced pregnancy rate to AI [10]. Experiments that were designed to
compare timing of GnRH administration with STAI failed to show
any improvement in pregnancy rates for non-estrous cows when
GnRHwas administered 24 h prior to insemination, suggesting that
estrous response during the delay period is responsible for im-
provements in pregnancy rates following STAI [5].



Table 4
Pregnancy ratea based on estrous response and treatment.b

Treatment Pregnancy rate for cows
inseminated at 66 h

Pregnancy rate for cows that were
non-estrous at 66 h inseminated at 90 h

Total pregnant by estrous status Total pregnant

Estrous Non-estrous Estrous Non-estrous Total Estrous Non-estrous No. %

No. % No. % No. % No. % No. % No. % No. %

FTAI 116/200 58 47/133 35c e e e e e e 116/200 58e 47/133 35f 163/333 49g

STAI 135/231 58 e e 37/59 63 18/48 38 55/107 51d 172/290 59e 18/48 38f 190/338 56h

aPregnancy rate to timed insemination at 66 h and 90 h after PGF2a, determined by ultrasound 60e90 d after AI.
bCows in each treatment received a controlled internal drug-release (CIDR) insert (1.38 g progesterone) and were administered GnRH (100 mg, i.m.) on d 0. The CIDR insert was
removed on d 7 and PG (25 mg, i.m.) was administered. Cows were assigned to 1 of 2 treatments: 1) FTAI at 66 h with concurrent GnRH administration 2) STAI at 66 or 90 h
with GnRH administration only to non-estrous cows at 90 h (Fig. 1).
c,dPregnancy rates resulting from FTAI for cows that were non-estrous at 66 h and inseminated at that time differed from cows in the STAI treatment that were non-estrous at
66 h and inseminated at 90 h (P ¼ 0.01).
e,fPregnancy rates resulting from AI with different superscripts differ (P ¼ 0.01).
g,hPregnancy rates resulting from AI with different superscripts tend to differ (P ¼ 0.06).
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In the present experiment, as expected, cows that expressed
estrus prior to insemination achieved higher pregnancy rates at
both 66 and 90 h than those failing to exhibit estrus. By delaying
insemination of non-estrous cows and allowing more time for
these females to express estrus, the proportion of cows that
expressed estrus prior to insemination was improved and the
number of cows failing to exhibit estrus prior to AI was minimized.
This resulted in a significantly higher AI pregnancy rate for non-
estrous cows at 66 h in the STAI treatment compared to the FTAI
treatment (51% STAI; 35% FTAI) and a tendency for overall preg-
nancy rates to be improved with STAI (56% STAI; 49% FTAI). Cows
failing to exhibit estrus prior to AI achieved similar pregnancy rates
irrespective of the time of insemination (35% FTAI at 66 h; 38% STAI
at 90 h), but delaying insemination resulted in only 14% of cows
remaining non-estrous in the split-time treatment compared to
40% of cows that received FTAI. In the first STAI experiment Thomas
et al. reported pregnancy rates of 50% for non-estrous cows at 66 h
in the STAI treatment compared to 45% in the FTAI treatment,
however these differences did not result in a significantly higher
overall pregnancy rate. In that experiment, however, only 36% of
cows that were non-estrous at 66 h exhibited estrus during the 20 h
delay period, which may be attributed to the administration of
GnRH at 66 h [4].

Bishop et al. reported that delayed administration of GnRH for
non-estrous cows from 66 h to 90 h using STAI significantly
improved estrous response during the delay period from45% to 61%
[5]. Differences in overall pregnancy rates in the current experi-
ment can therefore be attributed to the delayed timing of GnRH
administration for cows that failed to exhibit estrus prior to 66 h,
which subsequently allowed for greater estrus expression during
the delay period. Consistent with our experimental design and
resulting recommendation for GnRH administration only to cows
that remain non-estrous at 90 h, Hill et al. confirmed that preg-
nancy rates are increased for non-estrous cows based on admin-
istration of GnRH at the time delayed inseminations are performed
(41.7% with GnRH administration; 30.8% without administration of
GnRH) [6].

Although other studies reported in the literature involving STAI
generally concur with results reported here, inconsistency in the
design of STAI experiments makes it difficult to compare the overall
outcome and resulting interpretation regarding the utility of STAI in
cows. In a series of experiments reported by Hill et al., all cows that
exhibited estrus prior to the initial insemination time were
assigned to a control treatment or separate treatments that did not
correspond to treatments for cows failing to exhibit estrus prior to
that time point [6,11]. The way in which these experiments were
designed precluded any meaningful evaluation of overall preg-
nancy rates for STAI in either experiment and results were reported
separately for estrous and non-estrous cows at the initial insemi-
nation. In a subsequent experiment, Markwood et al. established
two insemination times (58 and 76 h) and recorded estrous status
of cows at the time AI was performed, however cows were not
inseminated at the different time points based on estrus expression
[12]. A comparison of pregnancy rate of estrous cows at 58 h to non-
estrous cows at 76 h yielded a tendency for overall increased
pregnancy rate compared to all cows inseminated in the experi-
ment. However, this was not a preassigned treatment and was not
significant when compared to the timed AI pregnancy rate achieved
by cows at either 58 or 76 h.

Other STAI trials also differ from the current experiment in that
the initial insemination is performed at 58 or 60 h rather than at
66 h, which raises multiple questions [11,12]. First, insemination
during the peak of estrus onset may result in a variable number of
cows being inseminated at the first AI, especially if the number of
cows at different locations influences the time interval when
estrous status is evaluated. The published estrus onset distributions
for cows following estrus synchronization using the 7-d CO-Syn-
ch þ CIDR protocol indicate peak onset of estrus occurred from 48-
60 h following PG [13]. In addition, inseminating cows at or near
the onset of estrus requires that sperm remain viable in the cow's
reproductive tract until the time of ovulation 24e32 h later [7].
Busch et al. compared pregnancy rates to timed AI at 54 and 66 h
after PG following estrus synchronization using the 7-d CO-Syn-
ch þ CIDR protocol and found that overall AI pregnancy rate was
improved by inseminating at 66 h rather than 54 h. More impor-
tantly, cows that exhibited estrus prior to insemination achieved a
higher pregnancy rate to AI if inseminated at 66 h (81% at 66 h vs.
65% at 54 h), and the later insemination time allowed more cows to
exhibit estrus prior to insemination (50% vs 26%) [14]. Overall, an
initial insemination time for estrous cows that is earlier rather than
later may reduce AI pregnancy rates for this subset of cows. This
could artificially inflate the effect of delaying insemination for non-
estrous cows, but ultimately decreases overall pregnancy rates
when utilizing STAI.

In addition to differences in timing of the initial insemination,
length of the delay period used in the published literature ranges
from 15 to 24 h, corresponding to 75e90 h following PG adminis-
tration [4e6,11,12]. In the current experiment, a 24 h delay period
(corresponding to STAI at 66 or 90 h) allowedmore time for cows to
express estrus prior to insemination. As a result, 86% of cows
expressed estrus prior to insemination, as compared to other re-
ports of 73% at 75 h, 65% at 76 h, 78% at 84 h, 87% at 86 h, and
85e90% at 90 h [4e6,11,12]. Although differences in timing of GnRH
administration are known to have some effect on the reported
estrous response in each of these experiments, the overall trend for
5e10% of cows to continue to express estrus after 84 h is consistent



B.E. Bishop et al. / Theriogenology 99 (2017) 48e5252
with published estrous distribution patterns for cows following
synchronization of estrus using the 7-d CO-Synch þ CIDR protocol
[13]. The 24 h delay period used in the current experiment resulted
in cows in the STAI treatment achieving similar pregnancy rates
regardless of estrous status at 66 h, indicating that this strategy can
be used successfully to manage non-estrous cows.

When considering use of split-time AI as a breeding manage-
ment alternative, beef producers should weigh considerations
related to its use. Producers must consider the time and labor costs
associated with use of STAI which requires sorting of non-estrous
cows and their calves at 66 h, separating females and their calves
from the herd for an additional 24 h, and again handling females at
90 h for the delayed insemination. These added costs required to
successfully execute STAI in lactating beef cows should be consid-
ered carefully in relation to facilities, weather events, and the
overall management goals of a respective farm or ranch. Although
use of estrus detection aids increases supply costs and labor re-
quirements, beef producers should consider the potential benefits
that result from use of STAI. Split-time AI affords beef producers the
opportunity to eliminate use of GnRH to induce ovulation among
estrus females, as it is now well established that administration of
GnRH does not influence AI pregnancy rate for females that exhibit
estrus prior to insemination [5,6]. Reduced use of GnRH at insem-
ination for cows that express estrus saves both money and time for
producers, and minimizes use of unnecessary pharmaceuticals in
an AI program. Knowledge of estrous status of individual cows and
the subsequent effect on AI pregnancy rates may be used to mini-
mize expense in a breeding program, as higher valued semen may
be reserved for cows that express estrus prior to insemination.
Additionally, recording estrous response rates at 66 and 90 h after
PG is useful in cases where troubleshooting is required in the event
of an unsuccessful breeding program. Overall, implementing STAI
in cows following synchronization of estrus with the 7-d CO-Syn-
ch þ CIDR protocol offers a range of benefits including but not
limited to higher AI pregnancy rates for non-estrous cows
compared to FTAI and a tendency for higher overall pregnancy rates
to AI.
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