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Reproductive failure is the num-
ber one reason for involuntary
culling. The economic importance
of getting cows pregnant in a
timely manner is, thus, no sur-
prise. Fertility decline is a combi-
nation of many factors such as an
increase in milk production per
cow, management practices, and
environmental factors such as
heat stress.

Heat stress reduces milk pro-
duction but also further reduces
fertility, which negatively impacts
the economic potential of dairy
farms. The total annual economic impact of
heat stress on the American dairy industry
has been estimated at $1.5 billion, with an
estimated economic loss of $132 million to
the Texas dairy industry alone.

Heat stress on animals is due to the
combination of three environmental factors:
temperature, humidity and solar radiation.
The degree of heat stress on dairy cattle
has been measured by the temperature hu-
midity index (THI), which is a calculation
using temperature and humidity.

This index was developed over 50 years
ago and originally showed that dairy cattle
become heat stressed at a THI of 72. How-
ever, the THI has since been reevaluated by
researchers at the University of Arizona on
“modern day” dairy cattle producing high
levels of milk. The reevaluation showed
that the current high producing dairy cow
becomes heat stressed at a THI of 68, which
is a much cooler temperature and humidity
than once thought.

This stresses the need to cool cows much
earlier in the summer or late spring to re-
duce the decline in reproduction seen in the
summer months.

Damaged eggs appear later . . .
Earlier studies have shown that when

the dairy cow becomes heat stressed it
damages her follicles and the eggs which
she will be ovulating for the next 40 to 50
days. Hence the reason we see a lag in an
increase in fertility well into the fall
months of the year.

This same can be true for when the cow
initially begins a reduction in fertility in
summer; she most likely was heat stressed
40 to 50 days earlier but is just starting to
ovulate the damaged eggs. Studies have
shown that approximately 50 percent of
eggs that are ovulated by lactating dairy
cows during the summer are not fertilized
after A.I. and have reduced quality.

Another, reason for the drastic decline in
fertility during summer is that the early

growing embryo (2 to 3 days of
life) is more susceptible to heat
stress. So if a lactating dairy
cow’s egg actually becomes fertil-
ized during summer, which as
stated above only has a 50 per-
cent chance, then there is still a
very good chance the cow will not
become pregnant because the
early growing embryo is more
likely to die within the first 3
days of life.

However, the use of embryo
transfer (ET) can bypass the neg-
ative effects of heat stress on the
egg and early growing embryo by
transferring a 7-day-old embryo
of superior quality that has not
been heat stressed.

One problem with using embryo transfer
as a tool to improve fertility in summer is
that traditional embryo production schemes
(superovulation) can be quite expensive. An
alternative, however, is to utilize in-vitro (in
the laboratory) embryo production (IVP).

In this particular strategy eggs are har-
vested from slaughterhouse ovaries and
then fertilized with semen and grown in a
laboratory for 7 days. The advantage of this
approach is that several hundred eggs can
be harvested and fertilized with one straw
of genetically superior sexed or convention-
al semen, yielding dozens of transferable
(good quality) embryos. This kind of mass
production of good quality cattle embryos
which can be transferred 7 days following
an estrus makes ET with IVP embryos an
economically feasible option to improve fer-
tility during summer months.

Studies conducted in the late 1980s and
early 90’s utilized embryo transfer to im-
prove fertility during the summer versus
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Want to double pregnancies during heat stress
and increase the number of heifers born?
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conventional A.I. Although these studies
using fresh embryos produced by IVP im-
proved pregnancy rates compared to A.I. in
the summer, pregnancy rates were not
great due to sub-optimal embryo culture
conditions. In addition, IVP embryos are
sensitive to cryopreservation (freezing) and
the transfer of vitrified embryos has not
improved fertility in summer.

Since these studies were conducted, sev-
eral modifications have been made to im-
prove embryo survival in the laboratory
and after transfer in the cow. One such
modification is using vitrification (rapid
freezing process) to improve
embryo survive after thawing
and transfer. Another is the
use of a new culture media,
BBH-7 (developed by the Uni-
versity of Florida) for in-
creased production of high
quality embryos produced in
vitro. Finally ,synchronization
programs to time ovulation
and ET seven days later have
improved greatly.

In addition to these ad-
vancements in IVP embryo
production and transfer, sex-
sorted semen became commer-
cially available in 2003 and
has since become a popular
tool to increase the number of
heifers born. Sexed-sorted
semen is normally promoted
for use in virgin heifers in
which the conception rates are
typically 80 to 85 percent of
conception rates from conven-
tional semen.

For example, if heifer con-
ception rates are typically 60
percent with conventional
semen you can expect concep-
tion rates of 48 to 51 percent with sex-sort-
ed semen. However, using sex-sorted semen
to fertilize IVP embryos would produce em-
bryos that can be selected by visual obser-
vation for superior quality on day seven
after fertilization, transferred into cattle to
improve fertility during summer, and in-
crease the number of pregnancies resulting
in a heifer calf.

As mentioned above, using the most re-
cent advances in IVP embryo production,
use of sex-sorted semen, freezing methods,
and synchronization programs for recipi-
ents may make the use of IVP produced
embryos from sex-sorted semen to improve
fertility during heat stress an economically
viable option for dairy producers.

Recently, our group, in collaboration with
OvaTech LLC (a commercial embryo trans-
fer company) and researchers from the Uni-
versity of Florida, conducted a study to de-
termine whether transfer of fresh or vitri-
fied (frozen) embryos, produced in the labo-
ratory (in-vitro) with sexed sorted semen,
could improve fertility during summer in
lactating dairy cows compared to artificial
insemination (A.I.).

All embryos were produced in-vitro using
sex-sorted semen and cultured for seven

days until transferred. A total of 722 lactat-
ing dairy cows were enrolled from July to
October of 2009 at two commercial dairies
in central Texas. Cows were randomly as-
signed to one of three treatments. The A.I.
(n = 227) with conventional semen was
used as the control compared to either em-
bryo transfer of vitrified (ET-V; n = 279) or
fresh (ET-F; n = 216) embryos seven days
after a synchronized estrus.

All cows were submitted to the farms’
current estrous synchronization protocols.
The A.I. group was bred either time-A.I. or
A.I. following detected estrus with conven-
tional semen that was currently being used
by the farm. The other two groups had em-
bryos transferred seven days after the syn-

chronization protocol was completed if
there was a CL present. Blood samples
were taken at time of synchronized estrus
(day 0) and analyzed for progesterone.
Cows were considered synchronized if pro-
gesterone levels were below 1 ng/mL on day
0 and presence of a CL seven days later.

As shown in table 1, at initial pregnancy
diagnosis (40 ± 7d), the percentage of cows

pregnant was greater for fresh embryos
(42.1 percent) versus both vitrified embryos
(29.3 percent) and A.I. (18.3 percent) for all
cows. Also, the percentage of cows pregnant
was greater for vitrified embryos (29.3 per-
cent) than A.I. (18.3 percent). At second
pregnancy diagnosis (97 ± 7d), the percent-
age of cows pregnant was greater for fresh
(36.4 percent) and vitrified (25.7 percent)
versus A.I. (17.0 percent). In addition, the
percentage pregnant was greater in the
fresh (36.4 percent) than vitrified (25.7 per-
cent) treatment group. There was no differ-
ence in embryo loss between treatments.

Table 2 shows the percentage of cows
having a live calf. There was no difference
between the percentage of cows having a

live calf that received A.I. or a
vitrified embryo. However, the
fresh embryos were still superi-
or, doubling the percentage of
live calves born versus A.I. in
both synchronized and all cows.
Also, as expected, the percentage
of live heifers from the total
number of cows that calved was
increased in both the vitrified
and fresh embryos groups com-
pared with A.I. (80.0 and 88.4
percent vs. 50 percent).

Transfer of fresh embryos
produced in-vitro using sex-sort-
ed semen improved fertility in
lactating dairy cows during sum-
mer and increased the number
of heifer calves born. When fresh
embryos were transferred, fertil-
ity approached levels normally
seen during the cool months of
the year. This illustrates the
detriment heat stress has on the
quality of eggs and early grow-
ing embryos (before day seven).

In conclusion, transfer of IVP
embryos produced with sex-sort-
ed semen can bypass the nega-
tive effects heat stress has on

fertility while increasing the number of
heifers born. This can be a viable option for
producers to use in order to maintain fertil-
ity during summer.

For example, if a 1,000-cow dairy with an
average times bred of 3.0 would inseminate
approximately 250 cows per month with
conventional A.I. and summer lasted for
four months, this would equal 145 total
calves from summer inseminations (1,000
inseminations x .145), with 72 of those
calves being heifers (145 calves x .50).

If fresh IVP embryos produced with sex-
sorted semen were used this would be 275
calves produced (1,000 embryo transfers x
.275) from the summer embryo transfers,
with 242 of the calves being heifers (275
calves x .88). This equates to an increase of
170 live heifers born when using fresh IVP
embryos produced with sex-sorted semen
compared to conventional A.I. during sum-
mer. This technique should also improve
milk production by decreasing calving in-
tervals, days open, and days in milk, and
reduce seasonality “milks swings” apparent
in regions with hotter climates.

––––––––––––––––––––
For more information, contact Dr. Todd

Bilby at trbilby@ag.tamu.edu.
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Heat stress reproduction . . .
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Table 1: Percent of pregnant cows on day 40 ± 7 and day 97 ± 7 of all cows
and synchronized cows following artificial insemination (A.I.), timed embryo
transfer of vitrified embryos (ET-V), or timed embryo transfer of fresh em-
bryos (ET-F).

treatment pregnant cows (%) on d40 ± 7 pregnant cows (%) on d97 ± 7
all cows (n = 536) synch cows1 (n = 492) all cows (n = 530) synch cows1 (n = 473)

A.I. 18.3a 22.9a,x 17.0a 21.2a

ET-V 29.3b 30.9a,y 25.7b 27.0a

ET-F 42.1c 45.5b 36.4c 39.4b

a, b, c: Values within column with different superscripts differ (P<0.05)
x, y: Values within column tend to differ (P = 0.10)
1: Cows considered synchronized had a progesterone concentration of <1.0 ng/ml at anticipated
ovulation (day 0) and a visible CL 7 days later.

Table 2: Percent of cows with a live birth in all cows and synchronized cows,
and percent of live heifers from the total number of live calves born follow-
ing artificial insemination (A.I.), timed embryo transfer of vitrified embryos
(ET-V), or timed embryo transfer of fresh embryos (ET-F).

treatment % cows with live births % live heifers from total calved
all cows (n = 536) synch cows1 (n = 492) calves born (n = 107)

A.I. 14.5a 17.8a 50.0a

ET-V 17.1a 18.1a 80.0b

ET-F 27.5b 29.9b 88.4b

a, b, c: Values within column with different superscripts differ (P<0.05)
x, y: Values within column tend to differ (P = 0.10)
1: Cows considered synchronized had a progesterone concentration of <1.0 ng/ml at anticipated
ovulation (day 0) and a visible CL 7 days later.


