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ABSTRACT: Two experiments were designed to test 
the hypothesis that pregnancy rates after fixed-time 
artificial insemination (FTAI) in beef heifers and cows 
may be improved by delaying insemination of females 
that have not expressed estrus before FTAI. In Exp. 1, 
estrus was synchronized for 931 heifers across 3 loca-
tions using the 14-d CIDR-PG protocol (controlled 
internal drug-release [CIDR] insert [1.38 gm proges-
terone] on d 0 with removal of CIDR insert on d 14; 
25 mg PGF2α 16 d after CIDR insert removal on d 30; 
and 100 μg GnRH on d 33, 66 h after PGF2α). Estrous 
detection aids (Estrotect) were applied at PGF2α on d 30, 
and estrous expression was recorded at GnRH on d 33. 
Heifers within each location were randomly assigned 
to 1 of 2 treatments based on weight and reproductive 
tract score (RTS): 1) FTAI (concurrent with GnRH, 
66 h after PGF2α) regardless of estrous expression or 2) 
FTAI for heifers expressing estrus and delayed AI (20 h 
after GnRH) for heifers failing to express estrus. Heifers 
assigned to treatment 2 achieved a higher AI pregnancy 
rate than heifers assigned to treatment 1 (54 versus 46%; 
P = 0.01). The observed increase in AI pregnancy rate 
is attributed to the delayed AI of non-estrous heifers in 

treatment 2, as AI pregnancy rates for non-estrous heif-
ers were significantly higher for treatment 2 (49 versus 
34%; P = 0.02), while AI pregnancy rates of estrous 
heifers did not differ by treatment (P = 0.24). In Exp. 2, 
estrus was synchronized for 951 mature, suckled cows 
across 9 locations using the 7-d CO-Synch + CIDR pro-
tocol (100 μg GnRH + CIDR insert [1.38 gm progester-
one] on d 0; 25 mg PGF2α at CIDR insert removal on 
d 7; and 100 μg GnRH on d 10, 66 h after CIDR insert 
removal). Estrus detection aids (Estrotect) were applied 
at PGF2α and CIDR insert removal on d 7, and estrous 
expression was recorded at GnRH on d 10. Cows within 
each location were assigned to 1 of 2 treatments based 
on age, days postpartum, and BCS: 1) FTAI (concur-
rent with GnRH, 66 h after PGF2α) regardless of estrous 
expression or 2) FTAI for cows expressing estrus and 
delayed AI (20 h after GnRH) for cows failing to express 
estrus. No significant effect of treatment was found on 
AI pregnancy rate (P = 0.76). In summary, FTAI preg-
nancy rates in heifers can be improved through a strat-
egy of “split-time” AI. However, a statistically signifi-
cant increase was not observed in the pregnancy rates 
of mature suckled cows when using a similar strategy.
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 INTRODUCTION

The development of estrus synchronization protocols 
that facilitate fixed-time artificial insemination (FTAI) 
has lead to large numbers of beef heifers and cows now 
being inseminated by appointment without estrus detec-
tion. However, previous studies using the 14-d CIDR-
PG and 7-d CO-Synch + controlled internal drug-release 
(CIDR) protocols have reported varying pregnancy rates 
to FTAI among females based on estrus expression be-
fore FTAI, with females that expressed estrus performing 
significantly better than females that failed to express es-
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trus before FTAI (Perry et al., 2005; Busch et al., 2007, 
2008; Wilson et al., 2010; Mallory et al., 2011).

The optimal time for FTAI in an estrus synchronization 
protocol can be thought of as a compromise, allowing time 
for as many females as possible to express estrus before 
FTAI without waiting too late to inseminate those females 
that expressed estrus earliest. In previously published dis-
tributions of estrus onset (Leitman et al., 2009a,b; Mallory 
et al., 2011), performing FTAI at the recommended time 
of 66 h after PGF2α administration in a 14-d CIDR-PG 
protocol results in approximately 20 to 45% of heifers not 
expressing estrus before FTAI. Furthermore, performing 
FTAI at the recommended time of 66 h after PGF2α admin-
istration in a 7-d CO-Synch + CIDR protocol resulted in 
approximately 50% of cows not expressing estrus before 
FTAI (Busch et al., 2008; Wilson et al., 2010).

A study previously conducted by our laboratory 
evaluated the effect of delaying insemination until 20 h 
after the final GnRH administration for cows that had 
not expressed estrus before FTAI with sex-sorted semen 
(Thomas et al., 2014). This strategy of “split-time AI” 
based on estrus expression proved effective in improv-
ing pregnancy rates of non-estrous cows when using sex-
sorted semen. However, this strategy has not been evalu-
ated when using conventional, non-sex-sorted semen in 
FTAI of cows and heifers. Therefore, the aim of this study 
was to evaluate a strategy that more precisely manages 
females based on estrous expression before FTAI, delay-
ing insemination until 20 h after GnRH administration for 
those females not expressing estrus.

MATERIALS AND METHODS

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

Experiment 1

Animals. Estrus was synchronized using the 14-d 
CIDR-PG protocol (Figure 1) for 6 groups of commer-
cial and registered Angus yearling beef heifers (n = 931) 
across 3 locations. Heifers received an Eazi-Breed CIDR 
insert (1.38 g progesterone; Zoetis, Madison, NJ) from d 
0 to 14. Sixteen days after CIDR insert removal, on d 30, 
heifers were administered PGF2α (25 mg, intramuscular 
[i.m.]; Lutalyse; Zoetis). All heifers were administered 
GnRH (100 μg, i.m.; Cystorelin; Merial, Athens, GA) on 
d 33 at 66 h after CIDR insert removal. Estrus detection 
aids (Estrotect; Rockway Inc., Spring Valley, WI) were 
applied at PGF2α on d 30, and estrous expression was re-
corded at GnRH on d 33. Estrus was defined as removal of 
>50% of the rub-off coating on the Estrotect. Heifers were 
blocked by reproductive tract score (RTS; Andersen et al., 
1991; Rosenkrans and Hardin, 2003; Holm et al., 2009) 

and BW within treatment at each location to ensure that 
treatments were not biased by differences in RTS or BW. 
Heifers were assigned to 1 of 2 treatments: 1) FTAI (con-
current with GnRH, 66 h after CIDR insert removal) re-
gardless of estrous expression or 2) FTAI (concurrent with 
GnRH, 66 h after CIDR insert removal) for heifers having 
expressed estrus and delayed AI 20 h after final GnRH for 
heifers failing to express estrus. Times of PGF2α admin-
istration, GnRH administration, and AI were recorded for 
each heifer. Estrus detection aids remained attached fol-
lowing GnRH for non-estrous heifers assigned to treatment 
2, and any expression of estrus before delayed insemina-
tion was recorded. Technicians and AI sires were assigned 
based on heifer weight and RTS and were balanced within 
each location based on treatment. Fourteen days after AI, 
heifers were exposed to fertile bulls for the remainder of 
the breeding season.

Pregnancy Diagnosis. Pregnancy rate to AI was 
determined by transrectal ultrasonography (Aloka 500V 
equipped with a 5.0-MHz linear-array transducer; Aloka, 
Wallingford, CT) 60 to 90 d after FTAI.

Statistical Analysis. Rates of estrous expression be-
fore FTAI were analyzed by ANOVA using the statistical 
model with location, treatment, and location × treatment 
interaction (PROC GLIMMIX; SAS Inst. Inc., Cary, 
NC). Additionally, FTAI pregnancy rates were analyzed 
by ANOVA using the statistical model with RTS, weight, 
estrous expression before FTAI, location, treatment, and 
location × treatment interaction (PROC GLIMMIX).

Experiment 2

Animals. Estrus was synchronized using the 7-d CO-
Synch + CIDR protocol (Figure 2) for crossbred lactat-
ing beef cows (n = 951) at 9 locations. Cows received 
GnRH (100 μg, i.m.; Cystorelin; Merial) and an Eazi-
Breed CIDR insert (1.38 g progesterone; Zoetis) on d 0 
and PGF2α (25 mg, i.m.; Lutalyse; Zoetis) and CIDR in-
sert removal on d 7. All cows were administered GnRH 
(100 μg, i.m.) on d 10 at 66 h after CIDR insert removal. 
Estrus detection aids (Estrotect; Rockway Inc.) were ap-
plied at PGF2α and CIDR insert removal on d 7, and es-
trous expression was recorded at GnRH on d 10. Estrus 
was defined as removal of >50% of the rub-off coating on 
the Estrotect. Cows were assigned within age group by 
days postpartum (DPP) and BCS (1 to 9 scale, in which 1 
= emaciated and 9 = obese; Richards et al., 1986) to 1 of 
2 treatments: 1) FTAI (concurrent with GnRH, 66 h after 
CIDR insert removal) regardless of estrous expression or 
2) FTAI (concurrent with GnRH, 66 h after CIDR insert 
removal) for cows having expressed estrus and delayed AI 
20 h after final GnRH for cows failing to express estrus. 
Times of PGF2α administration, GnRH administration, 
and AI were recorded for each cow. Estrus detection aids 
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remained attached following GnRH for non-estrous cows 
assigned to treatment 2, and any expression of estrus be-
fore delayed insemination was recorded. Technicians and 
AI sires were assigned based on cow age, DPP, and BCS 
and were balanced within each location based on treat-
ment. Fourteen days after AI, cows were exposed to fer-
tile bulls for the remainder of the breeding season.

Pregnancy Diagnosis. Pregnancy rate to AI was 
determined by transrectal ultrasonography (Aloka 
500V equipped with a 5.0-MHz linear-array transducer; 
Aloka) 60 to 90 d after FTAI.

Statistical Analysis. Rates of estrous expression be-
fore FTAI were analyzed by ANOVA using the statisti-
cal model with location, treatment, and location × treat-
ment interaction (PROC GLIMMIX; SAS Inst. Inc.). 
Additionally, FTAI pregnancy rates were analyzed by 
ANOVA using the statistical model with age, DPP, BCS, 
estrous expression before FTAI, location, treatment, and 
location × treatment interaction (PROC GLIMMIX).

RESULTS

Experiment 1
The number of heifers, mean weight, mean RTS, 

and estrous response for each treatment are shown in 
Table 1. Pregnancy rates to FTAI based on estrous re-
sponse, treatment, and location are shown in Table 2. 
The interval from PGF2α to GnRH (mean ± SE) was 

Table 1. Heifer weight (BW), reproductive tract score (RTS), estrous response, and fixed-time artificial insemination 
(FTAI) pregnancy rate based on treatment

Location
 
n

 
BW, kg

 
RTS2

Estrous response3 FTAI pregnancy rate4

Proportion % Proportion %
Location 1

Treatment 1 172 364 ± 31 3.9 ± 0.7 113/172 66 84/172 49
Treatment 2 169 364 ± 30 3.9 ± 0.7 117/169 69 95/169 56

Location 2
Treatment 1 257 389 ± 38 4.2 ± 0.9 173/257 67 115/257 45
Treatment 2 256 390 ± 39 4.2 ± 0.9 186/256 73 132/256 52

Location 3
Treatment 1 39 362 ± 33 3.9 ± 1.0 25/39 64 16/39 41
Treatment 2 38 360 ± 33 3.9 ± 1.0 25/38 66 22/38 58

Total
Treatment 1 468 378 ± 37 4.1 ± 0.8 311/468 66 215/468 46a

Treatment 2 463 378 ± 38 4.1 ± 0.8 328/463 71 249/463 54b

a,bTotal pregnancy rates with different superscripts are different, P = 0.01.
1Heifers in each treatment received a controlled internal drug-release (CIDR) insert (1.38 g progesterone) on d 0 through 14. Heifers received an injection of 

PGF2α (25 mg, intramuscular [i.m.]) 16 d after CIDR insert removal on d 30. Heifers assigned to treatment 1, regardless of estrous expression, were artificially 
inseminated with conventional semen on d 33, 66 h after PGF2α, with GnRH (100 μg i.m.) at FTAI. Estrous heifers assigned to treatment 2 were artificially 
inseminated with conventional semen on d 33, 66 h after PGF2α, with GnRH at FTAI. Non-estrous heifers assigned to treatment 2 received GnRH on d 33, 66 h 
after PGF2α, and were artificially inseminated with conventional semen on d 34, 20 h after GnRH.

2RTS (1 to 5 scale, where 1 = immature and 5 = luteal phase) of the heifers evaluated at CIDR insert insertion on d 0.
3Estrous response by 66 h after PGF2α administration, as determined by activation of an estrus detection aid (Estrotect; Rockway Inc., Spring Valley, WI)
4Pregnancy rate to FTAI determined by ultrasound 60 to 90 d after AI.

Table 2. Pregnancy rate of heifers after fixed-time arti-
ficial insemination (FTAI) based on location, treatment, 
and estrous response

 
Location

 
Treatment1

Estrous  
response2

FTAI pregnancy rate3

Proportion %
Location 1 1 Estrous 61/113 54

Non-estrous 23/59 39
2 Estrous 68/117 58

Non-estrous 27/52 52
Location 2 1 Estrous 87/173 50

Non-estrous 28/84 33
2 Estrous 99/186 53

Non-estrous 33/70 47
Location 3 1 Estrous 13/25 52

Non-estrous 3/14 21
2 Estrous 16/25 64

Non-estrous 6/13 46

1Heifers in each treatment received a controlled internal drug-release 
(CIDR) insert (1.38 g progesterone) on d 0 through 14. Heifers received an 
injection of PGF2α (25 mg, intramuscular [i.m.]) 16 d after CIDR insert re-
moval on d 30. Heifers assigned to treatment 1, regardless of estrous expres-
sion, were artificially inseminated with conventional semen on d 33, 66 h 
after PGF2α, with GnRH (100 μg i.m.) at FTAI. Estrous heifers assigned to 
treatment 2 were artificially inseminated with conventional semen on d 33, 66 
h after PGF2α, with GnRH at FTAI. Non-estrous heifers assigned to treatment 
2 received GnRH on d 33, 66 h after PGF2α, and were artificially inseminated 
with conventional semen on d 34, 20 h after GnRH.

2Estrous response by 66 h after PGF2α administration, as determined by ac-
tivation of an estrus detection aid (Estrotect; Rockway Inc., Spring Valley, WI).

3Pregnancy rate to FTAI determined by ultrasound 60 to 90 d after AI.
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66.1 ± 1.8 h for both treatments. For the non-estrous 
heifers receiving delayed insemination in treatment 2, 
the interval from GnRH to insemination (mean ± SE) 
was 19.8 ± 1.3 h.

Across all locations, pregnancy rates by estrous re-
sponse for each treatment are shown in Table 3. Within 
locations in which more than 1 AI technician or AI sire 
was used, no significant effect of AI technician or sire 
was found. Overall, the FTAI pregnancy rate was higher 
(P = 0.01) among heifers managed with the split-time AI 
approach than among heifers inseminated in a standard 
FTAI approach (treatment 2 versus treatment 1; 54 ver-
sus 46%). The pregnancy rates of heifers expressing es-
trus before FTAI did not differ (P = 0.24) between treat-
ments (treatment 2 versus treatment 1; 56 versus 52%). 
Among heifers not expressing estrus before FTAI, how-
ever, delayed insemination by 20 h after GnRH admin-
istration yielded higher FTAI pregnancy rates (P = 0.02) 
than insemination at the standard time (49 versus 34%). 
Furthermore, although heifers that expressed estrus be-
fore FTAI achieved higher (P = 0.002) FTAI pregnancy 
rates than heifers that did not when using standard FTAI 
(treatment 1 estrous vs. non-estrous; 52 versus 34%), the 
pregnancy rates of estrous and non-estrous heifers did 
not differ significantly (P = 0.14) when using split-time 
AI (treatment 2 estrous vs. non-estrous; 56 versus 49%).

For heifers not expressing estrus before FTAI and 
receiving delayed insemination, estrous expression dur-
ing the 20-h delay period was analyzed in relation to 
pregnancy rate to the delayed insemination (Table 4). Of 

these heifers, 54% expressed estrus during the 20-h de-
lay period. Heifers that expressed estrus during the 20-h 
delay period achieved significantly higher pregnancy 
rates (P < 0.0001) than heifers that did not express estrus 
(66 versus 29%).

Experiment 2

The number of cows, age, DPP, BCS, and estrous re-
sponse for each location are shown in Table 5. Pregnancy 
rates to FTAI based on estrous response, treatment, and 
location are shown in Table 6. The interval from PGF2α 
to GnRH (mean ± SE) was 66.6 ± 1.2 h for both treat-
ments. For the non-estrous cows receiving delayed in-
semination in treatment 2, the interval from GnRH to 
insemination (mean ± SE) was 20.2 ± 1.1 h.

Across all locations, pregnancy rates by estrous re-
sponse for each treatment are shown in Table 7. Within 
locations in which more than 1 AI technician or AI sire 
were used, no significant effect of AI technician or sire 
was found. Overall FTAI pregnancy rates did not differ 
(P = 0.76) from treatment 1 to treatment 2 (59 versus 
59%). Furthermore, among cows not expressing estrus 
before FTAI, delayed insemination by 20 h after GnRH 
administration did not yield significantly higher FTAI 
pregnancy rates (P = 0.26) than insemination at the stan-
dard time (50 versus 45%). Across both treatments, cows 
that expressed estrus before GnRH administration at the 
standard FTAI time achieved higher (P < 0.0001) FTAI 
pregnancy rates than cows that did not (64 versus 47%).

For cows not expressing estrus before FTAI and re-
ceiving delayed insemination, estrous expression during 
the 20-h delay period was analyzed in relation to the preg-
nancy rate to the delayed insemination (Table 8). Of these 
cows, 36% expressed estrus during the 20-h delay period. 
Cows that expressed estrus during the 20-h delay period 
achieved significantly higher pregnancy rates (P = 0.003) 
than cows that did not express estrus (67 versus 40%).

Table 4. Pregnancy rates after fixed-time artificial 
insemination (FTAI), based on location and estrous 
expression during the delay period, for treatment 2 non-
estrous heifers receiving delayed insemination

 
Estrous  
  response1

Pregnancy rate to FTAI2

Location 1 Location 2 Location 3 Total
Proportion % Proportion % Proportion % Proportion %

Estrous 22/34 65 22/33 67 4/6 67 48/73 66a

Non-estrous 5/18 28 11/37 30 2/7 29 18/62 29b

a,bTotal pregnancy rates with different superscripts are different, P < 0.001.
1Estrous response, as determined by activation of an estrus detection aid 

(Estrotect; Rockway Inc., Spring Valley, WI) during the 20-h period from 
GnRH administration to delayed insemination.

2Pregnancy rates to FTAI determined by ultrasound 60 to 90 d after AI.

Table 3. Pregnancy rate of heifers after fixed-time 
artificial insemination (FTAI) based on estrous response 
and treatment1

 
 
Estrous response2

Pregnancy rate to FTAI3

Treatment 1 Treatment 2
Proportion % Proportion %

Estrous 161/311 52a 183/328 56a

Non-estrous 54/157 34b 66/135 49a

Total 215/468 46x 249/463 54y

a,bPregnancy rates with different superscripts within rows or columns are 
different, P < 0.05.

x,yTotal pregnancy rates with different superscripts are different, P = 0.01.
1Heifers in each treatment received a controlled internal drug-release 

(CIDR) insert (1.38 g progesterone) on d 0 through 14. Heifers received 
an injection of PGF2α (25 mg, intramuscular [i.m.]) 16 d after CIDR insert 
removal on d 30. Heifers assigned to treatment 1, regardless of estrous 
expression, were artificially inseminated with conventional semen on d 33, 66 
h after PGF2α, with GnRH (100 μg i.m.) at FTAI. Estrous heifers assigned to 
treatment 2 were artificially inseminated with conventional semen on d 33, 66 
h after PGF2α, with GnRH at FTAI. Non-estrous heifers assigned to treatment 
2 received GnRH on d 33, 66 h after PGF2α, and were artificially inseminated 
with conventional semen on d 34, 20 h after GnRH.

2Estrous response by 66 h after PGF2α administration, as determined by 
activation of an estrus detection aid (Estrotect; Rockway Inc., Spring Valley, WI)

3Pregnancy rate to FTAI determined by ultrasound 60 to 90 d after AI.
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DISCUSSION

There are fundamentally 2 distinct groups of females 
that emerge when assigned to a FTAI protocol: females 
that expressed estrus before FTAI and females that did not. 
Females expressing estrus ovulate in response to an en-
dogenous surge of LH that occurs around the onset of es-
trus. For these females, ovulation occurs approximately 28 
h after the onset of estrus (Walker et al., 1996). In contrast, 
females that have not expressed estrus by the time of FTAI 
are induced to ovulate in response to the administration of 
GnRH at insemination, with ovulation occurring approxi-
mately 28 h later (Pursley et al., 1995; Vasconcelos et al., 
1999). There are, therefore, 2 distinct distributions of ovu-

lation times among females assigned to a FTAI protocol, 
with estrous females presumably tending to ovulate earlier 
relative to FTAI than non-estrous females.

The results presented by Thomas et al. (2014) suggest-
ed that delayed insemination of non-estrous cows could 
improve FTAI pregnancy rates when using sex-sorted 
semen. In that discussion, the question was raised as to 
whether delayed insemination of non-estrous cows or heif-
ers could also improve FTAI pregnancy rates when using 
conventional semen. It was hypothesized that an increase 
in FTAI pregnancy rates to conventional semen might be 
achieved in a bull-dependent manner, with the rationale 
being that the sperm of certain bulls (or from certain col-
lections of certain bulls) may not retain fertility for as long 

Table 5. Cow age, days postpartum (DPP), BCS, estrous response, and fixed-time artificial insemination (FTAI) 
pregnancy rate based on treatment

 
Location

 
n

 
Age, yr

 
DPP, d

 
BCS2

Estrous response3 FTAI pregnancy rate4

Proportion % Proportion %
Location 1

Treatment 1 21 2.8 ± 1.0 89 ± 20 5.4 ± 0.4 13/21 62 15/21 71
Treatment 2 24 2.8 ± 1.0 94 ± 17 5.5 ± 0.5 19/24 79 16/24 67

Location 2
Treatment 1 19 6.7 ± 2.4 84 ± 12 5.5 ± 0.5 14/19 74 13/19 68
Treatment 2 19 6.8 ± 2.5 87 ± 10 5.5 ± 0.5 15/19 79 13/19 68

Location 3
Treatment 1 81 6.5 ± 1.5 68 ± 11 5.2 ± 0.4 62/81 77 49/81 60
Treatment 2 83 6.7 ± 1.6 67 ± 11 5.2 ± 0.4 61/83 73 55/83 66

Location 4
Treatment 1 53 4.8 ± 0.9 69 ± 11 5.4 ± 0.6 41/53 77 34/53 64
Treatment 2 52 4.8 ± 0.9 70 ± 11 5.4 ± 0.6 38/52 73 31/52 60

Location 5
Treatment 1 46 3.0 ± 0.0 71 ± 13 5.1 ± 0.4 40/46 87 28/46 61
Treatment 2 47 3.0 ± 0.0 72 ± 13 5.1 ± 0.4 37/47 79 25/47 53

Location 6
Treatment 1 52 2.0 ± 0.0 126 ± 9 5.7 ± 0.6 28/52 54 28/52 54
Treatment 2 51 2.0 ± 0.0 126 ± 9 5.6 ± 0.6 30/51 59 35/51 69

Location 7
Treatment 1 101 4.8 ± 2.5 62 ± 13 5.0 ± 0.5 78/101 77 51/101 50
Treatment 2 100 4.8 ± 2.5 60 ± 14 5.1 ± 0.5 74/100 74 53/100 53

Location 8
Treatment 1 39 8.1 ± 2.4 68 ± 16 5.5 ± 0.5 24/39 62 23/39 59
Treatment 2 40 8.5 ± 2.7 69 ± 15 5.5 ± 0.4 21/40 53 22/40 55

Location 9
Treatment 1 60 2.6 ± 0.7 90 ± 21 5.4 ± 0.3 39/60 65 39/60 65
Treatment 2 63 2.7 ± 0.7 91 ± 21 5.4 ± 0.4 43/63 68 34/63 54

Combined
Treatment 1 472 4.6 ± 2.5 79 ± 24 5.3 ± 0.5 339/472 72 280/472 59
Treatment 2 479 4.6 ± 2.6 79 ± 25 5.3 ± 0.5 338/479 71 284/479 59

1Cows received a controlled internal drug-release (CIDR) insert (1.38 g progesterone) and were administered GnRH (100 μg, intramuscular [i.m.]) on d 0. 
On d 7, the CIDR insert was removed and PGF2α (25 mg, i.m.) was administered. At 66 h after CIDR insert removal and PGF2α, cows received GnRH (100 μg, 
i.m.) and were assigned to 1 of 2 treatments: 1) FTAI (concurrent with GnRH, 66 h after CIDR insert removal) with conventional semen regardless of estrous 
expression or 2) FTAI with conventional semen for cows having expressed estrus and delayed AI 20 h after final GnRH for cows failing to express estrus.

2BCS of cows at the time of removal of the CIDR insert (1 to 9 scale, where 1 = emaciated and 9 = obese).
3Estrous response by 66 h after PGF2α administration, as determined by activation of an estrus detection aid (Estrotect; Rockway Inc., Spring Valley, WI).
4Pregnancy rate to FTAI determined by ultrasound 60 to 90 d after AI.
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of a time in the female reproductive tract. Insemination at 
the optimal time relative to estrus may also be more or less 
critical based on individual bull fertility. Macmillan and 
Watson (1975) evaluated the fertility of above average, av-
erage, and below average fertility groups of sires based on 
the stage of estrus relative to insemination. Across 6,012 

inseminations, insemination in early estrus yielded nonre-
turn rates of 74.3% for above-average fertility sires, 62.7% 
for average fertility sires, and 58.4% for below-average 
fertility sires. However, the same sires yielded nonreturn 
rates of 73.3, 71.3, and 73.8%, respectively, when insemi-
nation was performed shortly after estrus. These and simi-
lar results raise the question of whether inseminating at an 
optimum time relative to ovulation may be more or less 
critical based on the fertility of an individual bull, poten-
tially due to sperm longevity.

Although conventional, non-sex-sorted semen has 
not been stressed by a flow cytometric sorting process, 
biological factors have been identified that could nega-
tively affect sperm longevity even in conventional frozen-
thawed semen. For example, the freeze–thaw process in-
duces a degree of sperm cell precapacitation (Bailey et 
al., 2000), and the sperm cells of individual bulls may be 
more sensitive to induced precapacitation. Such situations 
may create a problem of poor sperm longevity in the fe-
male tract, making the challenges associated with the use 
of these bulls in FTAI programs somewhat analogous to 
the challenges associated with sex-sorted semen. It was 
hypothesized that, in these situations, delaying insemi-
nation of non-estrous females until 20 h after GnRH ad-
ministration would better align the lifespan of viable, ca-
pacitated sperm with the timing of ovulation, potentially 
allowing for higher FTAI pregnancy rates.

However, although such an effect may occur in cer-
tain situations with respect to optimizing the timing of 
sperm lifespan, the results of the current study suggest that 
development of a favorable female environment may be 
the more critical factor in increasing the pregnancy rates 
of non-estrous females receiving delayed insemination. 

Table 6. Pregnancy rate of cows after fixed-time artifi-
cial insemination (FTAI) based on location, treatment, 
and estrous response

 
Location

 
Treatment1

Estrous  
response2

FTAI pregnancy rate3

Proportion %
Location 1 1 Estrous 12/13 92

Non-estrous 3/8 38
2 Estrous 14/19 74

Non-estrous 2/5 40
Location 2 1 Estrous 11/14 79

Non-estrous 2/5 40
2 Estrous 10/15 67

Non-estrous 3/4 75
Location 3 1 Estrous 40/62 65

Non-estrous 9/19 47
2 Estrous 43/61 70

Non-estrous 12/22 55
Location 4 1 Estrous 27/41 66

Non-estrous 7/12 58
2 Estrous 21/38 55

Non-estrous 10/14 71
Location 5 1 Estrous 26/40 65

Non-estrous 2/6 33
2 Estrous 20/37 54

Non-estrous 5/10 50
Location 6 1 Estrous 17/28 61

Non-estrous 11/24 46
2 Estrous 26/30 87

Non-estrous 9/21 43
Location 7 1 Estrous 44/78 56

Non-estrous 7/23 30
2 Estrous 40/74 54

Non-estrous 13/26 50
Location 8 1 Estrous 17/24 71

Non-estrous 6/15 40
2 Estrous 12/21 57

Non-estrous 10/19 53
Location 9 1 Estrous 26/29 90

Non-estrous 13/21 62
2 Estrous 28/43 65

Non-estrous 6/20 30

1Cows received a controlled internal drug-release (CIDR) insert (1.38 g pro-
gesterone) and were administered GnRH (100 μg, intramuscular [i.m.]) on d 0. 
On d 7, the CIDR insert was removed and PGF2α (25 mg, i.m.) was administered. 
At 66 h after CIDR insert removal and PGF2α, cows received GnRH (100 μg, 
i.m.) and were assigned to 1 of 2 treatments: 1) FTAI (concurrent with GnRH, 
66 h after CIDR insert removal) with conventional semen regardless of estrous 
expression or 2) FTAI with conventional semen for cows having expressed estrus 
and delayed AI 20 h after final GnRH for cows failing to express estrus.

2Estrous response by 66 h after PGF2α administration, as determined by ac-
tivation of an estrus detection aid (Estrotect; Rockway Inc., Spring Valley, WI).

Table 7. Pregnancy rate of cows after fixed-time artificial 
insemination (FTAI) based estrous response and treatment1

 
Estrous  
  response2

Pregnancy rate to FTAI3

Treatment 1 Treatment 2
Proportion % Proportion %

Estrous 220/339 65a 214/338 63a

Non-estrous 60/133 45b 70/141 50b

Total 280/472 59 284/479 59

a,bPregnancy rates with different superscripts within rows or columns are 
different, P < 0.001.

1Cows received a controlled internal drug-release (CIDR) insert (1.38 g 
progesterone) and were administered GnRH (100 μg, intramuscular [i.m.]) 
on d 0. On d 7, the CIDR insert was removed and PGF2α (25 mg, i.m.) was 
administered. At 66 h after CIDR insert removal and PGF2α, cows received 
GnRH (100 μg, i.m.) and were assigned to 1 of 2 treatments: 1) FTAI (concur-
rent with GnRH, 66 h after CIDR insert removal) with conventional semen 
regardless of estrous expression or 2) FTAI with conventional semen for cows 
having expressed estrus and delayed AI 20 h after final GnRH for cows failing 
to express estrus.

2Estrous response by 66 h after PGF2α administration, as determined by ac-
tivation of an estrus detection aid (Estrotect; Rockway Inc., Spring Valley, WI).

3Pregnancy rate to FTAI determined by ultrasound 60 to 90 d after AI.
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When receiving delayed insemination 20 h after GnRH 
administration, 54% of heifers that had not expressed es-
trus by 66 h went on to express estrus at some time dur-
ing the 20-h delay period. The pregnancy rates of these 
heifers that expressed estrus during the 20-h delay period 
were significantly higher than those of heifers that failed 
to express estrus by the time delayed insemination was 
performed (66 versus 29%). This same trend was seen in 
cows, with cows that expressed estrus during the 20-h de-
lay period achieving significantly higher pregnancy rates 
than those cows that did not express estrus by the time 
of delayed insemination (67 versus 40%). However, only 
36% of cows that had not expressed estrus by 66 h went 
on to express estrus in the 20-h delay period, compared to 
the 55% of heifers that expressed estrus during the delay 
period. Therefore, the disparity in treatment effectiveness 
between heifers and cows may be explained in part by 
the differences in estrus expression during the delay pe-
riod. In addition, the lack of a treatment advantage among 
cows may also be related to the high estrous response rate 
by 66 h after PGF2α. Across locations, 72% of cows had 
expressed estrus by 66 h after PGF2α. In contrast, when 
delayed insemination was effective in improving preg-
nancy rates of non-estrous cows to sex-sorted semen, only 
49% of cows had expressed estrus by 66 h after PGF2α 
(Thomas et al., 2014). A higher estrous response rate by 
66 h after PGF2α results in fewer non-estrous females and 
may minimize any advantage to delaying insemination.

Estrus expression before AI is associated with im-
proved fertility for a number of reasons. Heifers expressing 
estrus before FTAI have higher pregnancy rates than heif-

ers not expressing estrus before FTAI (Perry et al., 2005; 
Busch et al., 2007, 2008; Wilson et al., 2010; Mallory et 
al., 2011). Initiation of estrus in cattle is preceded by a 
rise in serum concentrations of estradiol (Allrich, 1994), 
and preovulatory estradiol coordinates several physi-
ological processes that contribute to the establishment 
and maintenance of pregnancy, including effects on fol-
licular cells, the oocyte, gamete transport, and preparation 
of the uterine environment (Pohler et al., 2012). Lower 
estradiol concentrations among non-estrous females may 
also affect pregnancy rates by impairing sperm transport 
in the female reproductive tract. Perry and Perry (2008) 
suggested that preovulatory concentrations of estradiol 
during standing estrus may modulate uterine pH to affect 
sperm transport. Delaying insemination of non-estrous 
heifers by 20 h allowed time for initiation of estrus among 
a larger percentage of these heifers, and the resulting in-
crease in pregnancy rates may be attributed to a more fa-
vorable uterine and oviductal environment in heifers that 
expressed estrus. It is plausible that the differences be-
tween heifers and cows in estrous expression during the 
delay period can simply be attributed to a tighter synchro-
ny of estrous expression in heifers undergoing estrous 
synchronization with the 14-d CIDR-PG protocol.

These results raise questions as to the role and effec-
tiveness of GnRH administration at 66 h when using a 
split-time AI approach in heifers. Heifers that express es-
trus ovulate in response to an endogenous surge of LH that 
occurs at or near the onset of estrus. Therefore, it should not 
be necessary to administer GnRH at AI to heifers that are 
determined to have been in estrus through a split-time AI 
approach that monitors estrous expression before FTAI. It 
is also unclear whether GnRH administration is beneficial 
for females that have not expressed estrus before the stan-
dard time of AI but do go on to express estrus during the 
20-h delay period. The GnRH-induced LH surge that initi-
ates luteinization and ovulation of the preovulatory follicle 
also decreases expression of aromatase in the granulosa 
cells, driving down estradiol production (Voss and Fortune, 
1993). In general, therefore, administration of GnRH to a 
synchronized group of females approaching estrus should 
actually limit subsequent expression of estrus. This effect 
may have been observed among mature cows in Exp. 2. 
However, among heifers in Exp. 1, the high degree of es-
trus expression during the delay period raises questions as 
to whether an endogenous LH surge would occur or is oc-
curring irrespective of GnRH administration.

The differences between cows and heifers in treatment 
effectiveness and estrus expression during the delay peri-
od may be related to differences in GnRH responsiveness 
among cows and heifers. While the ovulatory response of 
mature cows to GnRH administration is reasonably high, 
the response of heifers to GnRH administration is incon-
sistent by comparison, with only 43 to 60% of beef and 

Table 8. Pregnancy rates after fixed-time artificial 
insemination (FTAI), based on location and estrous 
expression during the delay period, for treatment 2 non-
estrous cows receiving delayed insemination

Location

Pregnancy rate to FTAI2

Estrous1 Non-estrous1

Proportion % Proportion %
Location 1 1/2 50 1/3 33
Location 2 2/3 67 1/1 100
Location 3 7/9 78 5/13 38
Location 4 2/4 50 8/10 80
Location 5 3/4 75 2/6 33
Location 6 6/8 75 3/13 23
Location 7 5/10 50 8/16 50
Location 8 5/5 100 5/14 36
Location 9 3/6 50 3/14 21
Total 34/51 67a 36/90 40b

a,bPregnancy rates within a column with different superscripts are differ-
ent, P < 0.01.

1Estrous response, as determined by activation of an estrus detection aid 
(Estrotect; Rockway Inc., Spring Valley, WI) during the 20-h period from 
GnRH administration to delayed insemination.

2Pregnancy rates to FTAI determined by ultrasound 60 to 90 d after AI.
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Figure 1. Treatment schedule for the 14-d CIDR-PG protocol. Heifers in each treatment received a controlled internal drug-release (CIDR) insert (1.38 g 
progesterone) on d 0 through 14. Heifers received an injection of PGF2α (25 mg, intramuscular [i.m.]) 16 d after CIDR insert removal on d 30. Heifers assigned 
to treatment 1, regardless of estrous expression, were artificially inseminated with conventional semen on d 33, 66 h after PGF2α, with GnRH (100 μg i.m.) at 
fixed-time artificial insemination (FTAI). Estrous heifers assigned to treatment 2 were artificially inseminated with conventional semen on d 33, 66 h after PGF2α, 
with GnRH at FTAI. Non-estrous heifers assigned to treatment 2 received GnRH on d 33, 66 h after PGF2α, and were artificially inseminated with conventional 
semen on d 34, 20 h after GnRH. 

Figure 2. Treatment schedule for the 7-d CO-Synch + controlled internal drug-release (CIDR) protocol. Cows in each treatment received GnRH (100 μg 
intramuscular [i.m.]) on d 0 concurrent with a CIDR insert (1.38 g progesterone). Cows received an injection of PGF2α (25 mg, i.m.) at CIDR insert removal 
on d 7. Cows assigned to treatment 1, regardless of estrous expression, were artificially inseminated with conventional semen on d 10, 66 h after PGF2α, with 
GnRH at fixed-time artificial insemination (FTAI). Estrous cows assigned to treatment 2 were artificially inseminated with conventional semen on d 10, 66 h 
after PGF2α, with GnRH at FTAI. Non-estrous cows assigned to treatment 2 received GnRH on d 10, 66 h after PGF2α, and were artificially inseminated with 
conventional semen on d 11, 20 h after GnRH. 
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dairy heifers ovulating in response to GnRH (Macmillan 
and Thatcher, 1991; Pursley et al., 1995; Moreira et al., 
2000; Atkins et al., 2008). The GnRH-induced LH release 
appears to be lower in magnitude in heifers than in cows 
(Lucy and Stevenson, 1986), with the lower magnitude of 
LH release not being sufficient to induce ovulation at cer-
tain time points in the estrous cycle (Atkins et al., 2008). 
Administration of GnRH to heifers has been demonstrated 
as not advantageous or even detrimental when using GnRH 
to synchronize follicular waves after presynchronization 
with progestins (Johnson and Day, 2004; Leitman et al., 
2009a). Future studies using split-time AI should evaluate 
the effectiveness and optimum timing of GnRH adminis-
tration in both estrous and non-estrous heifers and cows.

In conclusion, split-time AI offers higher heifer preg-
nancy rates than conventional FTAI by more precisely 
managing heifers based on estrous expression. The de-
gree to which split-time AI boosts heifer pregnancy rates 
may be related to expression of estrus in the 20-h period 
before delayed insemination of heifers that had not ex-
pressed estrus by 66 h after PGF2α. However, no statisti-
cally significant advantage to split-time AI was observed 
in mature cows, among which there was also less expres-
sion of estrus during the 20-h period before delayed in-
semination. It is therefore unclear whether mature cows 
would benefit from split-time AI over fixed-time AI in 
certain situations, such as following low estrous response 
rates by the time of fixed-time AI. Further studies should 
evaluate alternative strategies in GnRH administration to 
cows and heifers in conjunction with split-time AI.
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