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Effect of Timing of AI Relative to a 
Synchronized Ovulation or 
Increased Activity on Fertility in 
Lactating Dairy Cows

Paul M. Fricke, PhD
Professor of Dairy Science

Timing of AI – refers to the timing of insemination relative 
to behavioral estrus and/or ovulation.
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Timing of  AI Relative to Ovulation affects Fertility
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Low fertilization rate
High embryo quality

High fertilization rate
Low embryo quality

Behavioral Estrus in Dairy Cattle

• Ovulation occurs 27.6 ± 5.4 
h after the first standing 
event of estrus. Walker et al., 
1996. J. Dairy Sci. 79:1555

• Insemination must occur 
before ovulation to allow 
time for sperm capacitation 
and transport.

3

4



3

The am/pm Rule
• A cow observed in estrus 

in the morning (a.m.) 
should be inseminated 
12 h later (p.m.)

• A cow observed in estrus 
in the afternoon or 
evening (p.m.) should be 
inseminated 12 h later 
the next morning (a.m.)

Where did the recommendation for the 
a.m./p.m. rule originate?

Origin of the am/pm Rule
Trimberger & Davis, 1943. Nebraska Agric. Exp. Sta. Bull. No. 129.

Pregnancies per AI (%)nTime of  AI
4425Start of  Estrus

8240Middle of  Estrus

7540End of  Estrus

After estrus (h)

36406

322512

282518

122524

82536

02548
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Once daily AI vs. the am/pm Rule

Lactating dairy cows

75 d Nonreturn Rate (%)# of  cowsTreatment
60.13,659a.m./p.m. Rule

60.63,581Once daily AI

Nebel et al., 1994. J. Dairy Sci. 77:3185-3191. 

Nonlactating dairy heifers

Conception Rate (%)# of  heifersTreatment
62.9132a.m./p.m. Rule

62.0129Once daily AI

Gonzalez et al., 1985. Theriogenology 24:495-500. 

Timing of AI to a visual estrus

• It is not necessary to strictly 
adhere to the am/pm Rule!

• Once daily AI programs result 
in acceptable fertility.
• True for conventional semen

• May not be true for sexed semen

• A cow observed in estrus can 
be inseminated immediately 
rather than waiting 12 h.
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Where did the 
recommendation 

for TAI at 16 h 
after G2 originate?
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• No statistical 
difference in P/AI when 
TAI occurred at 0, 8, 
16, or 24 h after G2 of  
Ovsynch. 

• TAI at 32 h after G2 of  
Ovsynch yielded P/AI 
that was worse than all 
other time points 
combined. 

27%
n=493

36%
n=494

Conventional Semen

“CoSynch” protocol

“Ovsynch56” protocol

17%
Increase!
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2023 Timing of AI Case Study
1,850-cow Holstein herd in Wisconsin

Doing Cosynch!

Take-Home message:
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• Of the 9.4 million units of  beef  
semen sold domestically in 
2024, 7.9 million units were 
used in dairy herds (NAAB). 
That was up nearly 1 million 
units from the year before. 

• Sex-sorted dairy semen was at 
9.9 million units.

• Conventional dairy semen was 
at 6.2 million units.
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Lauber et al., 2023. 
Characterization of semen type 
prevalence and allocation in 
Holstein and Jersey females in the 
United States. 
J. Dairy Sci. 106:3748–3760

8,284,770 insemination records 
from 3,115,224 Holstein females 
from 9,196 herds.

Should we 
inseminate later 
with sex-sorted 
semen?

In both observational 
studies, inseminating 
later (18 t0 20 hours) 
after the onset of 
activity yielded 
increased fertility with 
sex-sorted semen.

17

18



10

High Feed 
Intake

Liver
Blood Flow

Metabolism of
Ovarian Steroids

High Milk
Production

Decreased Circulating
Estradiol & Progesterone

r = 0.88
Harrison et al., 
J. Dairy Sci. 73:2749; 1990

LH surge

Estradiol

Progesterone

21 5-1 0 43

Days from Luteal Regression

Nonlactating heifer
High-producing cow

Overexposure
of the oocyte 
to LH pulses

Premature oocyte
maturation

Ovulation of an 
“aged” oocyte

~15 mm

~20 mm
double ovulations

• Comparison of  
hormonal events during 
the periovulatory period 
in nonlactating heifers 
and high-producing 
cows.

• Hepatic metabolism of  
estradiol and 
progesterone cause 
endocrine changes that 
affect physiology and 
fertility. 
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Hypothesis:
Induction of  ovulation (G2) earlier relative to TAI in a 

Double-Ovsynch protocol will result in more P/AI

Standard Double-Ovsynch Protocol
G2 to TAI = 16 h

SatFriThuWed TueMonSun

GnRH
a.m.

PGF2⍺
a.m.

GnRH
a.m.

GnRH
a.m.

TAI
a.m.

G2
p.m.

PGF2⍺
a.m.

PGF2⍺
a.m.

G2-16
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Modified Double-Ovsynch Protocol
G2 to TAI = 24 h

SatFriThuWed TueMonSun

GnRH
a.m.

PGF2⍺
a.m.

GnRH
a.m.

GnRH
a.m.

TAI
a.m.

G2
a.m.

PGF2⍺
a.m.

PGF2⍺
a.m.

G2-24

50 48
44
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Days after TAI
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14%
decrease

Effect of  Treatment on Pregnancies/AI

P = 0.05
P = 0.03

n = 373 n = 357 n = 370 n = 355

17%
decrease
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PRID

PGF2⍺PGF2⍺GnRH GnRH 
(PM) 

TAI

16 h
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SS-22 22 hPRID

PGF2⍺PGF2⍺GnRH GnRH 
(PM) 

TAI
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n = 722 n = 734 n = 708

Relative P/AI:            80% 84%

No statistical 
increase in P/AI 
when TAI with 
sexed semen 
was delayed by 6 
h after G2.
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Double-Ovsynch Protocol
Keep the standard timing of  G2 and TAI

SatFriThuWed TueMonSun

GnRH
a.m.

PGF2⍺
a.m.

GnRH
a.m.

GnRH
a.m.

TAI
a.m.

G2
p.m.

PGF2⍺
a.m.

PGF2⍺
a.m.

Three data sets were analyzed:
• One randomized, controlled experiment
• Two large observational studies
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Experiment 1 – conventional semen
Randomized, controlled trial comparing TAI at 0 vs. 16 h after a Double-Ovsynch 
protocol for first TAI in multiparous Holstein cows. 

SatFriThuWedTueMonSun

GnRH

PGF

GnRH

GnRH

TAI
0 vs. 16 h

GnRHPGF

Effect of timing of AI relative to G2 on P/AI
Multiparous lactating Holstein cows (n = 2,225) from 6 dairy herds in Wisconsin were 

submitted for TAI with conventional semen after a Double-Ovsynch protocol and 
were randomized to receive TAI at G2 (0 h) or 16 h after G2. 

PGF GnRH + TAI

PGF GnRH     TAI

56 h

56 h 16 h

28%
increase
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Experiment 2 – conventional and sexed semen
Observational study assessing variability of TAI after G2 of Double-Ovsynch

SatFriThuWedTueMonSun

GnRH

PGF

GnRH

GnRH

TAI
13 to 23 h

GnRHPGF

Timing of  AI 13 to 23 h after G2 of  Double-Ovsynch
Lactating Holstein cows (n = 13,318) from 2 herds in Texas were submitted to a 
Double-Ovsynch protocol to receive their first TAI (14,089 inseminations) or to a 
GGPPG protocol for second and greater TAI (6,806 inseminations). 
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Timing of  AI 13 to 23 h after G2 of  Double-Ovsynch

Experiment 3 
Observational study assessing variation of  timing of  AI with an Automated Activity Monitoring 
System using sex-sorted dairy semen or conventional beef  semen.
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Timing of  AI Relative to Onset of  Activity
Lactating dairy Holstein (n = 927), Jersey (n = 3,238), and crossbred (n = 6,762) cows from 
farms in Texas and Arizona were fitted with activity-monitoring tags mounted to a neck 
collar, and the timing of  AI relative to the onset of  increased activity was recorded (20,461 
inseminations).

Timing of  AI Relative to the Onset of  Activity
Timing of  AI from 0 to 40 h after onset of  activity
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Timing of  AI Relative to the Onset of  Activity
Data restricted to AI from 13 to 23 h after the onset of  activity

Effect of timing of AI relative to activity on P/AI
Pregnancies/AI for cows inseminated from 0 to 2 h or from 15 to 16 h after onset of 

activity using an automated activity monitoring system. 

29%
increase

46%
increase
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Summary of  Timing of  Insemination

Oocyte viability:
6 to 12 h

Sperm viability: 24 to 30 h

0 h 48 h24 h12 h 36 h

Ovulation!

28 ± 4 h

Last GnRH 
of  Ovsynch

G2

6 h 18 h 42 h

Optimal 
Timing of AI:

13 to 23 h
Highest Fertility

AI too Early
(0 – 10 h)
Decreased 

Fertility due to 
aged sperm

AI too Late (> 24 h)
Decreased fertility due to aged oocyte

Onset of  
Estrous 
Activity

Take-Home Messages
• Correct timing of insemination is critical for good fertility. 
• Cosynch protocols result in poor fertility because insemination occurs 

too early relative to ovulation. 

• STOP doing Cosynch! 
• The insemination window for optimal fertility is:

• Approximately 13 to 23 hours after G2 of a Double-Ovsynch protocol or after an 
estrus alert based on an activity monitoring system.

• This requires generating lists of cows twice daily when using an activity monitoring 
system. 

• There was no difference in optimal timing of AI between conventional 
and sex-sorted semen. 
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Thank you!
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