INTRODUCTION
Reproductive efficiency of the dairy herd is important
for the economic success of the dairy operation. One
of the most important reproductive technologies of the
dairy industry is artificial insemination (AI). Artificial
insemination reduces the incidence of sexually transmit-
ted diseases among cattle and increases the use of geneti-
cally superior sires to improve performance of the herd.
Standing estrus, or “heat,” is the most reliable indication
that a cow is going to ovulate and release an ovum or
“egg.” Estrous behavior is used to determine when a cow
should be inseminated. A brief window of opportunity
exists to fertilize the ovum and impregnate the cow.
Senger (1994) estimated that the U.S. dairy industry
loses more than $300 million annually due to failure
and/or misdiagnosis of estrus. De Vries (2007) reported
that a one percentage point increase in pregnancy rate
(PR; defined as the number of eligible cows that become
pregnant in each 21-day cycle) is valued between $22
and $35 per cow per year when PR varied from 15 to
19%, respectively. The average value of a new pregnancy
was $278 in a simulated herd based generally on Hol-
stein cow performance and prices in the United States
(De Vries, 2006). The value of a pregnancy changes with
different levels of production and with changing milk
prices; the value goes up with higher milk prices and at
higher milk production levels. Thus, efhiciently and ac-
curately detecting estrus and inseminating at the proper
time are of utmost importance if dairy producers want
to increase reproductive efficiency of the herd.

ESTRUS OR “HEAT”

Estrous behavior, or heat, is due to the actions of the
steroid hormone estrogen (E2) on the brain of cattle.
Early research by Trimberger (1948) found the duration
of estrus in dairy cows ranged from 2.5 to 28 hours,
with a mean of 18 hours, in cows visually observed three
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times daily. With the recent advent of continuous ob-
servation of estrous behavior by radiotelemetric systems
(HeatWatch, DDx, Inc., Denver, CO), duration of es-
trus averaged 7 hours (range of 33 minutes to 36 hours;
Dransfield et al., 1998).

Several factors related to dairy management affect
estrous behavior in dairy cattle. Increasing the number
of cows penned together increases the intensity (number
of mounts) and duration of estrus (Hurnik et al., 1975).
Dairy cows observed for estrus on a dirt surface had
greater intensity and duration of estrus compared with
cows on concrete surfaces (Britt et al., 1986; Vailes and
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Figure 1. Optimal time to inseminate dairy cows.

Britt, 1990). Environmental factors such as high tem-
peratures decrease estrous activity. Estrous behavior was
greatest in dairy cows observed twice daily when ambi-
ent temperatures were less than 77°F (25°C) compared
to temperatures above 86°F (30°C) (Gwazdauskas et al.,
1983; Gwazdauskas, 1985).

Proper estrus detection is critical to the success of
Al Approximately 75 to 80% of cows in estrus will be
identified when the herd is visually observed twice daily
(30 minutes each time). When estrus detection is in-
creased to three times daily, 85% of cows in estrus may
be detected, while four daily observations identify more
than 90% of cows in estrus. Several aides have been
developed to help producers detect estrus, including
pedometers, Kamar patches, tail paint, chin-ball mark-
ers, and radiotelemetric systems. A combination of vi-
sual observation and one or more of the detection aides
increases the efficiency of estrus detection compared to
visual observation or detection aides alone.

OVULATION IN DAIRY COWS

Ovulation is initiated by a surge of luteinizing hormone
(LH) from the brain of cattle. This surge of LH results
in the rupture of the follicle and the release of the ovum
from the ovary (Espey, 1994). In dairy cows, ovulation
usually occurs approximately 28 to 32 hours after the
onset of estrus (Trimberger, 1948; Walker et al., 1996).
After ovulation, there is only a short period when ova
can be fertilized (Figure 1). Optimal fertility of ova is
projected to be between 6 and 12 hours after ovulation
(Brackett et al., 1980). The viable lifespan of sperm in
the reproductive tract is estimated to be 24 to 30 hours

(Trimberger, 1948).

ARTIFICIAL INSEMINATION RELATIVE

TO ESTRUS

For the past 50 years, researchers have investigated the
optimal time at which to inseminate cows relative to the
stage of estrus. Trimberger (1948) found that concep-
tion rates were highest when cows were inseminated
between 6 and 24 hours before ovulation. This early
work led to the establishment of the “a.m.—p.m.” recom-
mendation, which says that cows in estrus during a.m.
hours should be inseminated during the p.m. hours,
and cows in estrus in the p.m. should be bred the fol-
lowing a.m. However, research with large numbers of
cows indicates that maximum conception rates may not
be achieved using the a.m.—p.m. rule. A large field trial
(44,707 cows) found no difference in the percentage

of non-return rates at 150 and 180 days (which would
indicate pregnancy) between cows bred either the same
morning as observed estrus, between noon and 6 p.m.
on the day of observed estrus, or the following morning
after observed estrus the previous evening (Foote, 1979).
This indicates that a single mid-morning insemination
for all cows observed in estrus the night before or the
same morning should give near maximum conception.
Also, cows bred once daily (between 8 and 11 a.m.)
had similar non-return rates as cows bred according to
the a.m.—p.m. rule (Nebel et al., 1994). Research from
Virginia suggests that cows should be bred earlier than
the a.m.—p.m. rule. Highest conception rates for Al oc-
curred between 4 and 12 hours after the onset of estrus
(Table 1; Dransfield et al., 1998). Cows inseminated

16 hours after the onset of estrus had lower conception
rates than cows bred between 4 and 12 hours after the
onset of estrus.
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Figure 2. Target calving interval of 365 days, or one calving per year.

WHEN SHOULD DAIRY COWS BE
INSEMINATED?
Using the traditional a.m.—p.m. rule may not provide
the best conception rates because cows probably will be
bred too long after the onset of estrus, so the chance for
successful fertilization may be missed. The exact onset
of estrus is usually unknown. For example, according
to the a.m.—p.m. rule, a cow beginning estrus at 1 a.m.
and observed in estrus at 6 a.m. would be bred approxi-
mately 17 to 18 hours after the onset of estrus. Breeding
cows at this time would limit the number of cows that
become pregnant (Table 1).

The herd should be observed twice daily, usually
30 minutes each time, to identify a majority (75-80%)
of cows in estrus. Influences of the environment and
managerial practices on behavioral estrus must be rec-
ognized so that failure or misdiagnosis of estrus is mini-
mized. Cows should be inseminated within 4 to
16 hours of observed estrus when the precise onset of
estrus is unknown (Figure 1). If estrous detection is con-
ducted twice daily, most cows should be detected within
this time period. A single mid-morning insemination of
cows that have been observed in estrus the same morn-
ing or the previous evening should provide the best
conception rates.

CALVING INTERVAL, VOLUNTARY WAITING
PERIOD, AND TIMED ARTIFICIAL
INSEMINATION

Reproductive performance is determined by how
quickly a heat can be detected postpartum along with
successful insemination that leads to a pregnancy.
Calving interval (CI) is the time from one calving

to the next, and is dependent on how quickly a cow
conceives after calving. The longer a cow is open (not
pregnant), the longer the calving interval. Ideally, with
a 12-month calving interval, a cow would become
pregnant approximately 90 days after calving (Figure
2). Calving interval is primarily determined by the
time open between calving and conception, and is

Table 1. Conception Rates of Dairy Cows Inseminated at
Different Times After the Onset of Estrus

Interval from onset Number Conception
of estrus to Al (hours)! of inseminations rate (%)
0to4 327 43.1
>4 to 8 735 50.9
>8 to 12 677 51.1
>12to0 16 459 46.2
>16 to 20 317 28.1
>20 to 24 139 31.7
>24 to 26 7 14.3

'Onset of estrus determined by HeatWatch system (DDx, Inc., Denver, CO).

affected by estrous cycles, estrous detection, breeding,
and conception.

Detection of estrus is one of the major challenges in
the reproductive management of dairy cows. Higher-
producing dairy cows have reduced expression and dura-
tion of estrus (Lopez et al., 2004). An inverse relation-
ship between milk yield and reproductive performance
has been documented (Washburn et al., 2002). Genetic
selection for greater milk yield in dairy cows now favors
lactation at the expense of reproductive performance
(Lopez et al., 2004). As a result, high-producing cows
tend to have poor estrous expression, which is exacer-
bated by poor estrous detection by personnel, especially
in larger herds.

USDA (2007) reported that the average calving
interval increased from 12.8 months in 1991 to 13.2
months in 2007, and 40.5% of operations had a calv-
ing interval of over 13 months (Figure 3). If we want to
reduce calving intervals, we must detect estrus and suc-
cessfully breed cows without a conception loss within
a reasonable period of time; however, many cows fail
to present detectable estrous behavior within the first
90 days postpartum. In fact, research reports have
estimated that 20 to 30% of lactating cows were not
cycling by 60 days in milk (Pursley et al., 2001; Giimen
et al., 2003). Because detection of estrus is insufficient
to ensure high insemination rates, timed Al following
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Figure 3. Typical calving interval in U.S. dairy herds

protocols for synchronization of ovulation (Pursley et
al., 1995; Pancarci et al., 2002) has become common
practice for reproductive management in dairy herds
(Caraviello et al., 2000).

The development of timed artificial insemination
(TAI) programs allows for reduced emphasis on detec-
tion of estrus since all cows are inseminated at a specific
time relative to the timing of the GnRH (gonadotropin-
releasing hormone) injection (Galva et al., 2007). Timed
artificial insemination has become crucial in herds in
which detection of estrus is difficult, especially in large
dairy herds (Melendez et al., 2000).

How long do we need to wait before using TAI
protocols? The voluntary waiting period (VWP) is a
key management decision wherein the herd manager
designates a target number of days postpartum after
which cows will be inseminated (Figure 2). The interval
from calving to first insemination provides time for
uterine shrinkage. Within a herd, the VWP may be
flexible (e.g., cows that were observed in estrus a few
days before a fixed VWP might be inseminated before
the target date). Also, some herds may have a variable
VWP that may be longer by choice for high producers
or for first-parity cows (Miller et al., 2007). One fac-
tor in choosing a VWP for lactating cows is that the
conception rate (CR) is expected to increase as days
postpartum increase (Tenhagen et al., 2003), which
may be partly related to milk yield. Reducing the VWP
is tempting because of associated reductions in calving
interval. Williamson et al. (1980) reported that a 1-day
reduction in days to first service (DFS) decreased calv-
ing interval by 0.86 days.

Protocols that allow for fixed-time insemination,
such as Ovsynch (synchronization regimen using se-
quential injections of GnRH and PGF2 a hormones
to control ovulation for TAI; Pursley et al., 1995), help
overcome the pitfalls of poor detection and expres-
sion of estrus in lactating cows (Sterry et al., 2006).
Farms adopting synchronization exclusively for first
postpartum TAI and subsequent Al services have the

opportunity to precisely determine the duration of the
voluntary waiting period and improve Al service rate
over time (Fricke et al., 2003). Because the 21-day
pregnancy rate is a function of service risk (risk of de-
tecting estrus) and conception risk (risk associated with
a breeding), the only strategy to increase pregnancy rate
over a 21-day period using this management scheme is
to improve fertility to TAI (Sterry et al., 2006).
Subsequent studies have reported various hormone
injection protocols that allow for fixed-time insemina-
tion for improving pregnancy rates obtained with a
single TAI (Portaluppi and Stevenson, 2005). Using
the Ovsynch protocol has shown pregnancy rates (PR)
between 30 and 40% (Pursley et al., 1995; Burke et al.,
1996; Stevenson et al., 1999).

TAI has become crucial in herds in which detection
of estrus is difficult, especially in large dairy herds
(Miller et al., 2007). The Ovsynch protocol can be start-
ed at any time in the estrous cycle of the cow. It involves
administering one dose of GnRH, followed in 7 days by
PGF2 a, a second dose of GnRH 2 days after PGF2 o,
and subsequent TAI 12 to 24 hours later. The protocol
synchronizes ovarian follicular waves and time of ovula-
tion (Pursley et al., 1995). This protocol would reduce
days open and improve calving intervals (Figure 4).

It has been demonstrated that ovulation was synchro-
nized more precisely and fertility was improved when
the Ovsynch protocol was started between day 5 and
day 12 of the estrous cycle (Vasconcelos et al., 1999;
Cartmill et al., 2001). Variations of these original pro-
tocols have been developed during the last few years; it
was shown that administering two doses of PGF2 o 14
days apart (Presynch) placed a large proportion of cows
between day 5 and day 12 of the estrous cycle when the
Ovsynch program was started 12 days after the second
dose of PGF2 o (Moreira et al., 2001). Also, an intra-
vaginal insert containing progesterone (P4) adminis-
tered for 7 days between the first dose of GnRH and
the administration of PGF2 « of the Ovsynch protocol
showed an improved conception rate compared to TAI
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(El-Zarkouny et al., 2004; Ambrose et al., 2005; Steven-
son et al., 20006).

To achieve success with any hormonal protocol, each
dairy must develop a system to correctly administer all
five injections to all cows enrolled in the program on the
correct days required, and finally inseminate all of these
cows. Failure anywhere along the line of this protocol
dramatically or completely reduces the success of TAI
It is important to understand that a protocol accuracy
or compliance rate of even 95% means that the final
outcome is that one in four cows will not complete the
five injections of the the Presynch/Ovsynch protocol
(e.g., 0.95x0.95 x 0.95 x 0.95 x 0.95 = 0.77) (Fricke et
al., 2003). Therefore, if 100% protocol compliance can-
not be achieved, other methods to improve reproductive
service performance, including heat detection and heat
detection aids, should be considered.

NATURAL SERVICE BULL VERSUS TIMED
ARTIFICIAL INSEMINATION
Timed artificial insemination using estrous synchro-
nization and natural service (NS) using bulls are two
programs that aim to overcome low estrous detection
efficiency (Lima et al., 2010). The use of TAI is wide-
spread in the U.S. USDA (2009) reported that 58% of
all surveyed dairy farms used TAI programs to manage
reproduction in heifers, cows, or both. Natural service
by bulls is also widely used throughout the U.S. (Smith
et al., 2004; De Vries et al., 2005; Caraviello et al.,
2006). USDA (2009) reported that natural service was
used for first service for heifers by 33% of the surveyed
dairy farms and for cows by 22% of the farms. Many
dairy farms use a mixture of TAI and natural service by
utilizing bulls to impregnate cows still open after TAI
(“cleanup bulls”).

Once cows are cleared for breeding, the bull’s job is
to detect cows/heifers in estrus and breed them. With

natural service, estrous detection is considered to be easy
since it is the bull’s job. However, great differences exist
among bulls in terms of libido. Libido refers to a bull’s
desire to mate, and is thought to be a highly heritable
trait. Libido has a direct effect on pregnancy rate and,

as such, can influence reproductive success (Perry et al.,
2010). Libido is affected by many variables, including
the bull’s age, health status, and nutritional status; cli-
mate; or conditioning. Artificial insemination has many
advantages compared with natural service, such as elimi-
nating venereal diseases, more accurate dry-off dates,
reduced incidence of dystocia, increased safety for farm
employees (Vishwanath, 2003), and greater genetic im-
provement resulting in daughters that are more produc-
tive and profitable (Norman and Powell, 1992).

A common conception among dairy producers is
that natural service is less expensive and an easy strategy
to overcome problems with estrous detection (Lima
etal., 2010). Overton (2005) compared the costs of a
well-managed natural service program with that of a
modified Presync-Ovsynch TAI program in conjunction
with Al based on estrous detection. Reproductive per-
formance of both programs was assumed to be the same.
The cost of the natural service program was on aver-
age $10 per cow per year greater compared to the TAI
program. Lima et al. (2009) compared the reproductive
efficiency of natural service and TAI without estrous
detection on a large commercial dairy farm in Florida
and found that reproductive performance was similar
for both programs, with a pregnancy rate of 25.7% and
25.0%, respectively. Lima (2010) reports that unadjust-
ed net cost for differences in voluntary waiting period
for first insemination and pregnancy rates was $100.49
per cow per year for natural service and $67.80 per cow
per year for the TAI program. After adjusting for the
differences in VWP and PR, the economic advantage of
the TAI program was $9.73 per cow per year. Increas-
ing semen costs could change that advantage compared
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to natural service. However, if increased marginal feed
costs and greater genetic advantage of semen were con-
sidered, the economic advantage of the TAI program
increased, and this advantage was even larger when
opportunity costs for the replacement of cows by bulls
was taken into consideration (Lima et al., 2010), not to
mention employee safety.

CONCLUSION

Pregnancy in dairy cows is a function of both success-
ful service and conception. Correct timing of service is
easily manipulated by implementing estrus or ovulation
synchronization protocols. Conception is less easily ma-
nipulated or improved, and ultimately no management
program can compensate for poor protocol compliance.

Robert Hagevoort is an Extension Dairy
Specialist at New Mexico State University.
A native of the Netherlands, he earned his
M.S. and Ph.D. from Texas A&M Uni-
versity. He works closely with the dairy
industry in New Mexico and throughout
the Southwest to provide information on
dairy management, regulatory issues, and
other factors that affect dairy producers.
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