
8/13/24

1

Control of the Estrous Cycle
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Synchronization is a
Tool in Your Toolbox
• In the right reproductive 

management system…
• Increase total value of calves 

weaned across the farm or ranch
• Decrease costs associated with cow 

depreciation
• Decrease costs associated with 

inefficient use of labor, feed, and 
other resources
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Front-Load the Calving Distribution

https://extension.missouri.edu/g2029
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Front-Load the Calving Distribution

https://extension.missouri.edu/g2029
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Make Decisions with a Multi-Year Perspective
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Day of calving season

Natural Service (3 years; n = 526) Estrus Detection & AI (5 years; n = 1040)
Fixed-time AI (4 years; n = 766)

Cumulative Calf Crops at the MU Thompson 
Research Center Over 12 Years

Year 2006 2007 2008 2009 2010 2011 2012 2013

Mean calving 
day 79.2 80.9 59.2 56.2 53.7 47.2 39.5 38.7

Difference 
from 

2006/2007
0 0 21.7 24.7 27.2 33.7 41.4 42.2

Per calf 
increase in 

value
0 0 $87 $99 $109 $135 $166 $169

Herd 
increase in 

value
0 0 $19,100 $29,700 $32,700 $40,500 $49,800 $50,700

Economic Impact of Decreasing Length of the 
Calving Season in a Beef Herd

(Patterson, 2008)

(Lamb et al., 2015)
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For best results perform AI 12 ± 2 hr after detection of estrus.
Use of estrus detection aids (EDA) is highly recommended. 

HEAT DETECTION & TAI

BEEF COW PROTOCOLS 

Time for Fixed-time AI (TAI) should be considered as the approximate average time of 
insemination based on the number of females to inseminate, labor, and facilities.

Select Synch & TAI
Heat detect & AI days 6 to 10 and TAI with GnRH all 

non-responders 72 - 84 hr after PG.

PG 6-day CIDR® & TAI
Heat detect & AI days 0 to 3. Insert CIDR + GnRH to non-
responders, heat detect & AI days 9 to 12. TAI with GnRH             
non-responders 72 - 84 hr after PG and CIDR removal. 

Protocol may be used in heifers.

Select Synch+CIDR® & TAI
Heat detect & AI days 7 to 10 and TAI with GnRH all 

non-responders 72 - 84 hr after PG.

Perform first TAI 66 ± 2 hr after PG in estrous 
cows. Second TAI with GnRH only in 

non-estrous cows.

7-day CO-Synch+CIDR® & Split-TAI

7-day CO-Synch+CIDR®
Perform TAI with GnRH at 60 to 66 hr after PG.

70 10

.. 60 - 66 hr ..

day

CIDR®

GnRH

0 6 7

PG

10

AI

day
EDA

Heat detect & AI

.. 72 - 84 hr ..

GnRH

70 10

CIDR®

.. 72 - 84 hr ..

day

Heat detect & AI
EDA

GnRH PG GnRH

AI

FIXED-TIME AI 

GnRH PG GnRH

AI

7&7 Synch
Perform TAI with GnRH at 66 ± 2 hr after CIDR removal.

1470 17

.. 66 ± 2 hr ..

day

CIDR®

GnRH PG GnRH

AI

PG

5-day CO-Synch+CIDR®

Perform TAI with GnRH at 72 ± 2 hr after CIDR removal.                   
Two injections of PG 8 ± 2 hr apart are required for this protocol.

50 8

.. 72 ± 2 hr ..

day

CIDR®

GnRH PG GnRH

AI

PG

8 ± 2 hr

Bos indicus PG 5-day+CIDR®

Perform TAI with GnRH at 66 ± 2 hr after CIDR removal.

AI

50 8

.. 66 ± 2 hr ..

day

CIDR®

PG GnRHPG

Time for Fixed-time AI (TAI) should be considered as the approximate average time of 
insemination based on the number of females to inseminate, labor, and facilities.

FIXED-TIME AI 

For additional synchronization protocols visit BeefRepro.org

70 10

.. 66 ± 2 hr ..

day

CIDR®

11

.. 22 ± 2 hr .. 

GnRH

GnRH
non-estrous 

cows

PG

EDA

AI
estrous 
cows

AI
remaining 

cows

Cystorelin®, Factrel®, Fertagyl®, 
OvaCyst®, GONABreed®

estroPLAN®, Estrumate®, Lutalyse®, 
Lutalyse® HighCon, ProstaMate®, 
SYNCHSURE™

Aervoe™, AIPAint™, Detect-her™, Estrotect™, 
Kamar™,Mark-her™, Paintstik™, Quick Shot™,     
Tell Tail™, Twist-Stik™

EDA GnRH PG

These protocol sheets were assembled by the Beef Reproduction Task Force. Programs are intended to promote sustainable 
food production systems by the beef industry through sound reproductive management practices for replacement heifers and 

postpartum cows. The Beef Reproduction Task Force recommends working with a licensed veterinarian for proper use and 
application of all reproductive hormones. Approved 9-5-2023. www.beefrepro.org

SCAN

AI
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Heat detect & AI

12

.. 72 - 84 hr ..

30

Heat detect & AI

day

CIDR®

GnRH

PG

PG GnRH

EDAEDA EDAEDA EDAEDA

2024 

Select Synch+CIDR® & TAI
Heat detect & AI days 7 to 10 and TAI with GnRH all 

non-responders 72 - 84 hr after PG.

Perform first TAI 54 ± 2 hr after PG in estrous 
heifers. Second TAI with GnRH only in               

non-estrous heifers.

7-day CO-Synch+CIDR® & Split-TAI

7-day CO-Synch+CIDR®

Perform TAI with GnRH at 54 ± 2 hr after PG.

70 10

CIDR®

.. 72 - 84 hr ..

day

Heat detect & AI
EDA

GnRH PG GnRH

AI

70 10

.. 54 ± 2 hr ..

day

CIDR®

GnRH PG GnRH

AI

7&7 Synch
Perform TAI with GnRH at 54 ± 2 hr after CIDR removal.

1470 17

.. 54 ± 2 hr ..

day

CIDR®

GnRH PG GnRH

AI

PG

5-day CO-Synch+CIDR®

Perform TAI with GnRH at 60 ± 4 hr after CIDR removal.                   
Two injections of PG 8 ± 2 hr apart are required for this protocol.

50 8

.. 60 ± 4 hr ..

day

CIDR®

GnRH PG GnRH

AI

PG

8 ± 2 hr

MGA®-PG & TAI
Heat detect & AI days 33 to 36 and TAI with GnRH all 

non-responders 72 - 84 hr after PG.

MGA®

1 14 33 36

.. 72 - 84 hr ..… 19 days …

PG
GnRH

AI

Heat detect & AI
EDA

day

14-day CIDR®-PG & TAI
Heat detect & AI days 30 to 33 and TAI with GnRH all 

non-responders 72 ± 2 hr after PG.

day

CIDR®

0 14 30 33

.. 72 ± 2 hr ..… 16 days …

PG
GnRH

AI

EDA
Heat detect & AI

MGA®-PG & TAI
Perform TAI with GnRH at 72 ± 2 hr after PG.

MGA®

1 14 33 36

.. 72 ± 2 hr ..… 19 days …

PG
GnRH

AI

day

14-day CIDR®-PG & TAI
Perform TAI with GnRH at 66 ± 2 hr after PG.

day 0 14 30 33

.. 66 ± 2 hr ..… 16 days …

PG
GnRH

AICIDR®

For best results perform AI 12 ± 2 hr after detection of estrus.
Use of estrus detection aids (EDA) is highly recommended. 

HEAT DETECTION & TAI

Time for Fixed-time AI (TAI) should be considered as the approximate average time of 
insemination based on the number of females to inseminate, labor, and facilities.

FIXED-TIME AI 

BEEF HEIFER PROTOCOLS 
For additional synchronization protocols visit BeefRepro.org

70 10

.. 54 ± 2 hr ..

day

CIDR®

11

.. 22 ± 2 hr .. 

GnRH

GnRH
non-estrous 

heifers

PG

EDA

AI
estrous 
heifers

AI
remaining 

heifers

Cystorelin®, Factrel®, Fertagyl®, 
OvaCyst®, GONABreed®

estroPLAN®, Estrumate®, Lutalyse®, 
Lutalyse® HighCon, ProstaMate®, 
SYNCHSURE™

Aervoe™, AIPAint™, Detect-her™, Estrotect™, 
Kamar™,Mark-her™, Paintstik™, Quick Shot™,     
Tell Tail™, Twist-Stik™

EDA GnRH PG

These protocol sheets were assembled by the Beef Reproduction Task Force. Programs are intended to promote sustainable 
food production systems by the beef industry through sound reproductive management practices for replacement heifers and 

postpartum cows. The Beef Reproduction Task Force recommends working with a licensed veterinarian for proper use and 
application of all reproductive hormones. Approved 9-5-2023. www.beefrepro.org
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Sexed semen can be used on any female observed in estrus (heat) and following synchronization 
with any protocol on the Cow or Heifer Protocol Sheet.

For best results with sexed semen perform AI 16 to 22 hr after detecting female in estrus.                                                                                     
Use of estrus detection aids (EDA) is highly recommended.

HEAT DETECTION

SEXED SEMEN PROTOCOLS 

Cystorelin®, Factrel®, Fertagyl®, 
OvaCyst®, GONABreed®

estroPLAN®, Estrumate®, Lutalyse®, 
Lutalyse® HighCon, ProstaMate®, 
SYNCHSURE™

Aervoe™, AIPAint™, Detect-her™, Estrotect™, 
Kamar™,Mark-her™, Paintstik™, Quick Shot™,     
Tell Tail™, Twist-Stik™

Time for Fixed-time AI (TAI) should be considered as the approximate average time of 
insemination based on the number of females to inseminate, labor, and facilities.

To optimize pregnancy success, it is recommended to use sexed semen on females that have 
exhibited estrus before TAI and conventional semen on females that have not exhibited estrus.

7-day CO-Synch+CIDR®

Perform TAI with GnRH at 60 to 66 hr after PG.

FIXED-TIME AI 

EDA GnRH PG

COWSHEIFERS
7-day CO-Synch+CIDR®

Perform TAI with GnRH at 72 ± 2 hr after PG.

PG-7 7-day CO-Synch+CIDR®

Perform TAI with GnRH 72 ± 2 hr after second PG. Heifers 
in estrus receive sexed semen, heifers not in estrus 
receive conventional semen. All heifers can also be 

inseminated with either sexed or conventional semen.

HEIFERS ONLY

Perform first TAI 66 ± 2 hr after PG in estrous females. GnRH administered at second TAI only in 
non-estrous females. Females detected in estrus by first or second TAI receive sexed semen. 

Females not in estrus receive conventional semen at second TAI.

SPLIT-TIME AI (STAI) 

HEIFERS ONLY
14-day CIDR®-PG & STAI

COWS & HEIFERS
7-day CO-Synch+CIDR® & STAI

70 10

.. 66 ± 2 hr ..

day

CIDR®

11

.. 22 ± 2 hr .. 

GnRH

GnRH
non-estrous 

females

PG

EDA

. 22 ± 2 hr .

70 10

.. 72 ± 2 hr ..

day

CIDR®

GnRH PG GnRH

AI

EDA 70 10

.. 60 - 66 hr ..

day

CIDR®

GnRH PG GnRH

AI

EDA

1470 17

.. 72 ± 2 hr ..

day

CIDR®

GnRH PG GnRH

AI
PG

EDA

day

CIDR ®

0 14 30 34

.. 66 ± 2 hr ..… 16 days …

PG

GnRH
non-estrous 

heifers

AI
estrous 
heifers

AI
remaining 

heifers

33
EDA

For additional synchronization protocols visit BeefRepro.org
Use of sexed semen can result in conception rates that are decreased compared to 

conventional semen used in the same situation

AI
estrous 
females

AI
remaining 

females

These protocol sheets were assembled by the Beef Reproduction Task Force. Programs are intended to promote sustainable 
food production systems by the beef industry through sound reproductive management practices for replacement heifers and 

postpartum cows. The Beef Reproduction Task Force recommends working with a licensed veterinarian for proper use and 
application of all reproductive hormones. Approved 9-5-2023. www.beefrepro.org
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Select Synch
GnRH

0 6 7

PG

13day
EDA

Heat detect & AI

COWS

Select Synch+CIDR®

70 13day

CIDR®

PG

EDA
Heat detect & AI

GnRH

PG 6-day CIDR®

9

Heat detect & AI

1230

Heat detect & AI

day

CIDR®

GnRH

PG

PG

0 5

PG

12day
EDA

Heat detect & AI

HEIFERS
1 Shot PG

70 13day

CIDR®

PG

EDA
Heat detect & AI

7-day CIDR®-PG

COWS & HEIFERS

MGA®-PG

MGA®

1 14 33 39

… 19 days …

PG

Heat detect & AI
EDA

day

NATURAL SERVICE

14-day CIDR®-PG

day

CIDR ®

0 14 30 36

… 16 days …

PG

Heat detect & AI
EDA

EDA EDA

For best results perform AI 12 ± 2 hr after detection of estrus.
Use of estrus detection aids (EDA) is highly recommended. 

HEAT DETECTION

For additional synchronization protocols visit BeefRepro.org

Cystorelin®, Factrel®, Fertagyl®, 
OvaCyst®, GONABreed®

estroPLAN®, Estrumate®, Lutalyse®, 
Lutalyse® HighCon, ProstaMate®, 
SYNCHSURE™

Aervoe™, AIPAint™, Detect-her™, Estrotect™, 
Kamar™,Mark-her™, Paintstik™, Quick Shot™,     
Tell Tail™, Twist-Stik™

EDA GnRH PG

These protocol sheets were assembled by the Beef Reproduction Task Force. Programs are intended to promote sustainable 
food production systems by the beef industry through sound reproductive management practices for replacement heifers and 

postpartum cows. The Beef Reproduction Task Force recommends working with a licensed veterinarian for proper use and 
application of all reproductive hormones. Approved 9-5-2023. www.beefrepro.org

SCAN

Protocols with less synchrony of estrus are recommended for natural service (NS). Use experienced, 
2+ years old bulls that have passed a breeding soundness exam. All protocols for heat detection can 

also be used with natural service, however a 1:25 bull to cow ratio is recommended.

HEIFERS ONLY

COWS & HEIFERS

MGA®

Bulls in

day 1 14 28

… 14 days …

CIDR ®

day 0 14 28

… 14 days …

Bulls in

0 5

PG

day

orBulls in Bulls in

Bulls in

70day

CIDR®

1 Shot PG & NS
14-day CIDR® & NS

7-day CIDR® & NS

14-day MGA® & NS

2024 
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• Selection of Replacement Heifers for Commercial Beef Cattle Operations
• Calving Season Considerations for Commercial Beef Cattle Operations
• Determination of Pregnancy Status in Beef Cattle Herds
• Understanding and Minimizing Pregnancy Loss in Cattle
• Herd Health and Reproductive Efficiency of Beef Cattle
• Production Records for Commercial Cow-Calf Operations
• Reproductive Management of Bos indicus-Influenced Beef Cattle
• Managing the Effects of Stress and Temperament on Beef Cattle Reproduction
• Cow-Calf Systems that Minimize Cow Depreciation Costs
• Determining Reproductive Fertility in Herd Bulls
• Nutritional Management of Developing Heifers: Intensive Versus Extensive Systems
• Beef Cow Nutrition Through the Year: Managing for Efficient Reproduction
• Body Condition Scoring of Beef Cattle
• Reproductive Anatomy and Physiology of the Cow
• Reproductive Anatomy and Physiology of the Bull
• Detection of Estrus in Beef Cattle
• Guide to Estrus Synchronization Products
• Estrus Synchronization Recommendations for Artificial Insemination of Beef Cows
• Estrus Synchronization Recommendations for Artificial Insemination of Beef Heifers
• Sexed Semen for Artificial Insemination: Recommendations and AI Approaches
• Estrus Synchronization Recommendations for Natural Service Bull Breeding
• Systems to Facilitate Multiple Services of Artificial Insemination in Beef Herds
• 7 & 7 Synch: An Estrus Synchronization Protocol for Postpartum Beef Cows
• Split-Time AI
• Care and Maintenance of a Liquid Nitrogen Tank
• Preparation and Handling of Catheters for Artificial Insemination of Cattle
• Artificial Insemination of Cattle: Step by Step
• Facilities for Artificial Insemination of Beef Cattle
• The Random Shuffle of Genes: Putting the E in EPD
• Decreasing Generation Interval to Increase Genetic Progress
• Hair Shedding: A Tool to Select Heat Tolerant Cattle
• Crossbreeding Systems for Small Herds of Beef Cattle
• Inbreeding: Its Meaning, Uses and Effects on Farm Animals

New Publication from MU

8

Mizzou Repro
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https://extension.missouri.edu/g2023

Pregnancy Rates to Fixed-Time AI

Conventional Sexed Semen

7 & 7 Synch 72% a 
(280/389)

52% c 
(199/380)

7 Day CO-Synch + CIDR 61% b 
(233/383)

44% d 
(171/386)

Estrus Expression 
Before 

Fixed-Time AI

7 & 7 Synch 82%a       
(631/773)

7 Day CO-Synch + CIDR 64%b 
(495/776)

7 & 7 Synch 
(Bonacker et al., 2020a and 2020b; Andersen et al., 2020)
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PG GnRH

CIDR

…66 h…
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Induced Luteolysis

PG
Subluteal P4 Inhibits 

Atresia 

Induced Ovulation of 
Persistent Follicle

Induced Luteolysis of 
Newly Formed CL

Emergence of New 
Follicular Wave and 
Newly Formed CL

GnRH

AI

11

NONO YESYES

Relationship between Follicular Waves and GnRH

GnRH injection can induce 
ovulation in large, healthy 
follicles more than 10 mm 

in diameter

YES

NO
GnRH injection cannot induce ovulation in smaller 
follicles, less than 10 mm in diameter (premature) 

and regressing follicles (aged and not healthy)

Diameter of follicles 
are based on the data 
from ultrasonographic 

examination

> 10 mm

In cows, response rate to GnRH is only 
65% at a random time point.

(Vasconcelos et al. 1999, Geary et al. 2000)
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Pre-synchronization
• Goal: Enhance the response to the first GnRH administration 

Dairy Industry

Beef Heifers

(Wiltbank and Pursley, 2014) 

(Leitman et al., 2008;  Mallory et al., 2011; Nash 
et al., 2012; Nash et al., 2013; Martin et al., 2014) 

13

Sources of Variation with the 7-d CO-Synch + CIDR Protocol 

Induce ovulation 
of non-estrous 

cows with GnRH 
administration 

(Bridges et al., 2012;  Whittier et 
al., 2013) 

Develop 
persistent follicle 

with extended 
exposure to 

progestin 
(Stock and Fortune, 1993; Sanchez 
et al., 1995; Smith and Stevenson, 

1995)

An accessory 
corpus luteum 

can develop
(Price and Webb, 1989; 

Rajamahendran and Sianangama, 
1992; Fricke et al., 1993) 

treatment day
0  7 10

PG

CIDR

GnRH

…60 – 66…

AI

GnRH

Anestrous cows 
induced to 

resume cycling 
(Stevenson et al., 2000)
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Physiology of the Bovine Estrous Cycle 
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Physiology of the Bovine Estrous Cycle 

0   1   2   3   4   5   6   7   8   9   10   11   12   13   14   15   16   17   18   19   20   21   0
    Day of cycle 

H
or

m
on

e 
Pr

of
ile

O
va

ri
an

 S
tr

uc
tu

re
s

EstrusEstrus

CL CLCL CLCL CL

Progesterone
PGF2α

16

PG GnRH

CIDR

…66 h…

Es
tr

us

Es
tr

us

Induced Luteolysis

PG
Subluteal P4 Inhibits 

Atresia 

Induced Ovulation of 
Persistent Follicle

Induced Luteolysis of 
Newly Formed CL

Emergence of New 
Follicular Wave and 
Newly Formed CL

GnRH

AI

17

PG AI 
CIDR

GnRH
GnRH

PG

PG

AI 
CIDR

GnRH
GnRH

Treatment 1:
7-d CO-Synch + CIDR (Industry Standard)

Treatment 2:
PG-CIDR Presynchronization

PG

AI 
CIDR

GnRH
GnRH

PGTreatment 3:
PG-CIDR Presynchronization 
With Extended CIDR 

Treatment 4:
CIDR Presynchronization 
Without PG 
Administration

PG AI 
CIDR

GnRH
GnRH

Treatment 5:
CIDR Presynchronization 
Without PG 
Administration
With Extended CIDR

PG

AI 
CIDR

GnRH
GnRH

-2 7           -1 7                             -1 0                                      -3                               0

Tre a tm e n t D a y

... 6 6  h  ...

Blood sample1

(P4; cyclicity)
Blood sample2

(P4; cyclicity)
Blood sample4

(P4 and E2)
Blood sample5

(E2)

Estrus Detection

Ovarian 
Ultrasound

Ovarian 
Ultrasound

Ovarian 
Ultrasound

Blood sample3

(P4 and E2)

Ovarian 
Ultrasound

Estrus Detection

Estrus Detection

Bonacker et al., 2020a
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Serum
progesterone 

(ng/ml)

Diameter of 
dominant follicle 

(mm)

Dominant 
follicle 
≥ 10 mm

Serum 
estradiol-17b 

(pg/ml) 

Treatment 1 2.7 ± 0.6 8.3 ± 0.6a 25%d

5/20
2.6 ± 0.3f 

Treatment 2 & 3 2.8 ± 0.4 13.4 ± 0.4b 83%e

34/41
4.5 ± 0.3g 

Treatment 4 & 5 3.6 ± 0.5 11.3 ± 0.5c 65%e

28/43
3.2 ± 0.3f 

Follicle Size and Estrogenic Activity at GnRH Administration

abcValues with different superscripts, p value < 0.001; deValues with different superscripts, p value < 0.05; fgValues with different superscripts, p value of < 0.0005

*
** ***

P < 0.001

**
*

*

P < 0.005
Bonacker et al., 2020a
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CL Status on Day -3
p = 0.08

Serum progesterone 
(ng/ml) on Day -3

Absence of CL Single CL CL and acc. CL Mean  ±  SE

7-Day CO-Synch + CIDR 35%
7/20

45%
9/20

20%
4/20

4.9 ± 0.7a

PG-CIDR Presynchronization 14%
3/21

81%
17/21

5%
1/21

3.8 ± 0.5ab

PG-CIDR Presynchronization 
with Extended CIDR 10%

2/20
75%
15/20

15%
3/20

3.3 ± 0.5b

CIDR Presynchronization 
without PG Administration

5%
1/22

91%
20/22

5%
1/22

2.8 ± 0.5b

CIDR Presynchronization 
Without PG Administration 
With Extended CIDR

24%
5/21

67%
14/21

10%
2/21

3.9 ± 0.7ab

CL Status and Progesterone Concentration on Day -3

ab Values with different superscripts have a p value < 0.05
Bonacker et al., 2020a
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PG AI 
CIDR

GnRH
GnRH

PG

PG

AI 
CIDR

GnRH
GnRH

Treatment 1:
7-d CO-Synch + CIDR (Industry Standard)

Treatment 2:
PG-CIDR Presynchronization

PG

AI 
CIDR

GnRH
GnRH

PGTreatment 3:
PG-CIDR Presynchronization 
With Extended CIDR 

Treatment 4:
CIDR Presynchronization 
Without PG 
Administration

PG AI 
CIDR

GnRH
GnRH

Treatment 5:
CIDR Presynchronization 
Without PG 
Administration
With Extended CIDR

PG

AI 
CIDR

GnRH
GnRH

-2 7           -1 7                             -1 0                                      -3                               0

Tre a tm e n t D a y

... 6 6  h  ...

Blood sample1

(P4; cyclicity)
Blood sample2

(P4; cyclicity)
Blood sample4

(P4 and E2)
Blood sample5

(E2)

Estrus Detection

Ovarian 
Ultrasound

Ovarian 
Ultrasound

Ovarian 
Ultrasound

Blood sample3

(P4 and E2)

Ovarian 
Ultrasound

Estrus Detection

Estrus Detection

Bonacker et al., 2020a
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Estrous Response between 
GnRH & PGF2α

p = 0.03

Estrous Response by 66 hours
p = 0.08

% %

7-Day CO-Synch + CIDR 68%
25/37

PG-CIDR Presynchronization 0%a
0/36

92%
33/36

PG-CIDR Presynchronization with 
Extended CIDR

82%
31/38

CIDR Presynchronization without PG 
Administration 13%b

5/39
69%
27/39

CIDR Presynchronization Without PG 
Administration With Extended CIDR 78%

29/37

Estrous Response Results

Bonacker et al., 2020a
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GnRH

Treatment 1:
7-d CO-Synch + CIDR (Industry Standard)

Treatment 2:
PG-CIDR Presynchronization

PG

AI 
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GnRH
GnRH

PGTreatment 3:
PG-CIDR Presynchronization 
With Extended CIDR 

Treatment 4:
CIDR Presynchronization 
Without PG 
Administration

PG AI 
CIDR

GnRH
GnRH

Treatment 5:
CIDR Presynchronization 
Without PG 
Administration
With Extended CIDR

PG

AI 
CIDR

GnRH
GnRH

-2 7           -1 7                             -1 0                                      -3                               0

Tre a tm e n t D a y
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Bonacker et al., 2020a
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Multi-Location Field Trials 
with Embryo Transfer

Rachael Bonacker
Graduate Research Assistant
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Materials and Methods 

• Cross Country Genetics, Westmoreland, Kansas

• Kirk Gray, DVM, MS; Clay Breiner, DVM; Joel Anderson, DVM

• N = 1,358 

• Multiparous and primiparous beef cows

• 13 Locations

• Preassigned to treatments within location
• Age
• Days postpartum 
• BCS recorded at embryo transfer  

Materials and Methods 
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Bonacker et al., 2020b
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86%b
529/615

ab Values with different subscripts, p < 0.0001 

76%a
488/640

Estrous Response

ab Values within row with different superscripts, p value < 0.0001
cd Values within row with different superscripts, p value < 0.005   

Cumulative Estrous Response and Timing of Estrus Expression 

Estrus expression 
(12 h intervals) 7-d CO-Synch + CIDR 7 & 7 Synch

24-36 62/640 10%c 92/615 15%d

36-48 145/640 23%c 199/615 32%d

48-60 324/640 51%c 367/615 60%d

60-72 400/640 63%c 454/615 74%d

72-84 444/640 69%c 492/615 80%d

84-96 468/640 73%c 510/615 83%d

96-108 477/640 75%c 521/615 85%d

108-120 484/640 76%c 529/615 86%d

120-132 488/640 76%a 529/615 86%b

Total 488/640 76%a 529/615 86%b
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7-d CO-Synch + CIDR 7 & 7 Synch

Estrous Response 

Bonacker et al., 2020b
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Utilization Rate for 
Estrous Recipients 

Utilization Rate for 
Non-Estrous Recipients 

Administered GnRH

Utilization Rate 
Overall 

7-d CO Synch + CIDR 418/488 86% 75/127 59% 493/615 80%
7 & 7 Synch 466/529 88% 54/110 49% 520/639 81%

Utilization Rates

Bonacker et al., 2020b
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86%b
529/615

ab Values with different subscripts, p < 0.0001  

76%a
488/640

65%a
418/640

76%b
466/615 76% of the cows on 7 & 7 Synch 

expressed estrus 
and 

received embryo transfer 

Utilization Rate For Estrous Cows 

Bonacker et al., 2020b
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Pregnancy Rate

7 & 7 Synch 7-d CO Synch + CIDR

Estrous Recipients 239/454 53% 196/394 50%
Non-Estrous Recipients 
Administered GnRH

24/51 47% 32/73 44%

Bonacker et al., 2020b
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Multi-Location Field Trials 
with Fixed-Time AI

Carson Andersen
Graduate Research Assistant

Advised by Dr. Jordan Thomas
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Materials and Methods

Location: 
 Langford, South Dakota
 Frankfort, South Dakota
 Milan, Missouri
 Lebanon, Missouri
 Mount  Vernon, Missouri 

Numbers:
 213 primiparous
 1336 multiparous beef cows

Cows in 11 locations were blocked based on DPP 
and age and randomly assigned to treatment within 
block
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Andersen et al., 2021
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Location N DPP BCS Age
Mean ± SD Mean ± SD Mean ± SD

Location 1 89 97 ± 19 5.5 ± 0.5 3.7 ± 1.8
Location 2 143 74 ± 12 5.6 ± 0.4 4.1 ± 1.5
Location 3 169 96 ± 26 5.7 ± 0.4 4.7 ± 2.2
Location 4 117 64 ± 18 5.9 ± 0.6 4.7 ± 1.7
Location 5 160 77 ± 17 5.5 ± 0.4 3.0 ± 1.6
Location 6 190 73 ± 12 5.9 ± 0.5 5.3 ± 1.9
Location 7 156 67 ± 12 5.5 ± 0.5 4.3 ± 1.2
Location 8 122 87 ± 16 5.9 ± 0.7 5.1 ± 2.9
Location 9 154 81 ± 12 6.0 ± 0.6 5.0 ± 0
Location 10 128 88 ± 13 5.7 ± 0.4 6.0 ± 0
Location 11 121 80 ± 14 5.7 ± 0.5 -
All Locations 1549 80 ± 22 5.7 ± 0.5 4.2 ± 2.0

Location Averages
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Results: Estrous Response 

Significant Effects
• Protocol (P = 0.01)
• DPP  (P = 0.04)
• DPP x Protocol (P = 0.0004)

Tendencies
• BCS (P = 0.07)
• Age x Protocol (P = 0.08)

Andersen et al., 2021
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Location 7 & 7 Synch 7 Day CO-Synch + CIDR
Location 1 89%        (41/46) 70%        (30/43)
Location 2 79%        (56/71) 72%        (52/72)
Location 3 93%        (85/91) 75%        (59/78)
Location 4 84%        (49/58) 80%        (47/59)
Location 5 73%        (56/77) 67%        (56/83)
Location 6 88%        (84/96) 73%        (69/94)
Location 7 67%        (48/72) 42%        (35/84)
Location 8 90%        (55/61) 69%        (42/61)
Location 9 73%        (54/74) 51%        (41/80)
Location 10 82%        (53/65) 52%        (33/63)
Location 11 81%        (50/62) 53%        (31/59)
All Locations 82%a       (631/773) 64%b        (495/776)

Results: Estrous Response

Protocol (P = 0.01) Andersen et al., 2021
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Results: Estrous Response

Figure 2. Modeled proportion of cows expressing estrus prior to fixed-time artificial insemination (FTAI) based on days postpartum (DPP) and 
protocol. Estrus expression was affected by a protocol x DPP interaction (P = 0.0004), with 7 & 7 Synch resulting in a greater increase in the 
proportion of cows expressing estrus prior to FTAI among cows with greater DPP. A mixed model was generated using regression equation 
coefficient estimates from the GLIMMIX procedure of SAS (SAS 9.4 Inst. Inc., Cary, NC). The model contained effects of protocol, DPP, 
body condition score, age and DPP x protocol. Figure represents modeled likelihood of estrus expression assuming the average body condition 
score (5.7) and age (4.6) across cows in the experiment. Andersen et al., 2021
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7 & 7 Synch 7 Day CO-Synch + CIDR

Conventional SexedULTRA 4M Conventional SexedULTRA 4M
Location 1 76%  (19/25) 62% (13/21) 71% (15/21) 68% (15/22)
Location 2 72% (26/36) 57% (20/35) 65% (24/37) 37% (13/35)
Location 3 84% (38/45) 54% (25/46) 60% (24/40) 45% (17/38)
Location 4 76% (22/29) 38% (11/29) 60% (18/30) 48% (14/29)
Location 5 69% (27/39) 45% (17/38) 50% (20/40) 33% (14/42)
Location 6 63% (30/48) 58% (28/48) 62% (29/47) 38% (18/47)
Location 7 61% (22/36) 46% (16/35) 60% (24/40) 45% (20/44)
Location 8 74% (23/31) 67% (20/30) 63% (19/30) 54% (15/28)
Location 9 70% (26/37) 57% (21/37) 59% (22/37) 54% (22/41)
Location 10 81% (25/31) 38% (12/32) 61% (19/31) 42% (13/31)
Location 11 69% (22/32) 55% (16/29) 63% (19/30) 34% (10/29)

Total 72% (280/389) 52% (199/380) 61% (233/383) 44% (171/386)
Protocol (P = 0.001)
Semen (P < 0.0001)

Results: Pregnancy Rate

41

Conclusion

• 7 & 7 Synch significantly increased pregnancy rates to fixed-time AI 
whether using conventional or sex-sorted semen 
• Driven by significant increase in estrous response prior to timed AI
• Additionally, greater pregnancy rates among estrous cows specifically

• 7 & 7 Synch particularly beneficial among animals that are likely to be 
cyclic at the start of synchronization
• Pregnancy rates are still reduced for sex-sorted semen in comparison 

to conventional semen 

Andersen et al., 2021
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https://extension2.missouri.edu/g2023
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Estrus response and pregnancy rates of 
beef replacement heifers enrolled in two 

fixed-time artificial insemination 
protocols, with or without pre-

synchronization.

Mercadante, V.R.G.1,2, N.W. Dias1, H. Haines1, S. Pancini1, J. Currin2, 
S. Clark2, J. Stewart2, G. Pent3, G.C. Lamb4, N. Oosthuizen5, P.L.P. 

Fontes6

1Animal and Poultry Sciences, Virginia Tech, Blacksburg, VA, USA
2Large Animal Clinical Sciences, Virginia Tech, Blacksburg, VA, USA
3Shenandoah Valley Agric. Res. Ext. Center, Virginia Tech, Raphine, VA, USA
4Animal Science, Texas A&M, College Station, TX, USA
5ABS Global, Sioux Falls, SD 57108
6Animal and Dairy Science, Univ. of Georgia, Athens, GA, USA
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Materials & Methods

• 8 locations
• VA (4), MT (1), GA (3), SD (2)

• Total of 1,552 beef heifers
• Age = 15 ± 2 months
• BW = 381.6 ± 30.5 kg
• BCS = 5.7 ± 0.5 (1 to 9 scale)
• Bos taurus: Angus crossed
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Materials & Methods

7 day CO-Synch

Estrus Patches

Estrus Patches

US
RTS
BW
BCS

US US

n = 779

n = 773

7&7 Synch
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Results
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Results
Heifer Reproductive Tract Score by Location and Treatment
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Results
Proportion of heifers with a CL at Day -14

P = 0.891
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Results
Proportion of luteolysis and estrus between Days -14 and -7

for heifers with a CL on Day -14

Treatment P < 0.0001
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Proportion of heifers with a new CL on Day -7
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Proportion of heifers with a new CL on Day 0

P = 0.039

(30/36)
(37/37)

7&7 Synch
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Results
Diameter of the largest follicle

*P < 0.05

* *

7&7 Synch
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Results
Proportion of heifers cycling at the start of the experiment 

and TAI pregnancy of cycling heifers

P = 0.141

P = 0.963

Cyclicity was determined based on RTS of 4 and 5, data from 628 heifers.
n: 7dayCOSynch = 316; PG-CIDR54 = 312

7&7 Synch
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Results
Proportion of heifers not cycling at the start of the experiment 

and TAI pregnancy of not cycling heifers

P = 0.051

P = 0.989

Cyclicity was determined based on RTS of 4 and 5, data from 628 heifers.
n: 7dayCOSynch = 316; PG-CIDR54 = 312

7&7 Synch
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Results
Proportion of heifers in estrus at Day 2 (TAI)

Treatment P<0.00001
Location P<0.001
Trt*Loc P=0.469 
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Results
Pregnancy rate to TAI

Treatment P=0.001 
Location P<0.001
Trt*Loc P=0.372 
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7&7 Synch
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Results
Pregnancy rate to TAI by Estrus response

P=0.142
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7&7 Synch
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Summary Heifers

• In comparison to the 7-day CO-Synch+CIDR, the 7&7 
Synch increased:
• Ovulation response to first GnRH (Day-7)
• Diameter of the dominant follicle on days -7 and 0
• Estrus expression at Day 2 (TAI)
• Pregnancy rate to TAI
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