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Measuring
Heat Stress

Severity of heat stress is
quantified using a tempera-
ture humidity index (THI).
Both ambient temperature
and relative humidity are
used to calculate a THI. Signs
of heat stress become evident
in dairy cows when the THI
exceeds 72. The same THI can
be produced by various com-
binations of temperature and
humidity (Figure 1). Dairy
producers can purchase a
thermometer/hygrometer
and use Figure 1 to determine
the level of heat stress at dif-
ferent locations on the dairy.
Measurements should be
taken at the level of the cows’

back, along the feeding area,
in the freestalls and in the
holding pen.

Heat Loss in
Dairy Cows

Dairy cows dissipate heat
through conduction, convec-
tion, radiation and evapora-
tive cooling. Conduction is
based upon the principal that
heat flows from warm to cold.
This method of heat loss re-
quires that a cow have physi-
cal contact with surrounding
objects. When a cow wades
into a pool, she is cooled by
conduction. Cooling by con-
vection occurs when the layer
of air next to the skin is re-
placed with cooler air. Radia-
tion of body heat can occur
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Figure 1. Temperature Humidity Indexes (THI)

Kansas State University
Agricultural Experiment Station and

Cooperative Extension Service

Heat stress occurs when a dairy cow’s heat load is greater
than her capacity to dissipate the heat. Effects of heat stress
include: increased respiration rate, increased water intake,
increased sweating, decreased dry matter intake, slower rate of
feed passage, decreased blood flow to internal organs,
decreased milk production and poor reproductive performance.
Reductions in milk production and reproductive performance
are an economic loss to dairy producers. This publication dis-
cusses strategies that can be used on commercial dairies to
reduce the effects of heat stress on dairy cattle.
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when the ambient tempera-
ture is significantly cooler
than the cow. At cool tem-
peratures, dairy cattle are
efficient at radiating heat.
Evaporative cooling occurs
when sweat or moisture is
evaporated from the skin or
respiratory tract. This ex-
plains why dairy cattle sweat
and have increased respira-
tion rates during heat stress.
High humidity limits the
ability of the cow to take ad-
vantage of evaporative cool-
ing. When the ambient
temperature is under 50°F,
nonevaporative methods
account for 75 percent of the
heat loss. Above 70°F, evapo-
rative cooling is the cows’
primary mechanism for dissi-
pating heat. This mechanism
can be applied to cool dairy
cows on the farm.

Principles of
Spray and
Fan Cooling

Spray and fan systems
should be used in the holding
pen, over feeding areas, over
the feeding areas in some
freestall barns, and under
shades on drylot dairies in
arid climates. In climates with
a low relative humidity, fog or
mist systems (fine spray) us-
age provides evaporative
cooling. These systems cool
the air around the cow. This
works well in many areas of
the western United States. To
cool cows in a more humid
climate similar to the Mid-
west, a larger water droplet is
required to wet the skin of the
cow. Applying the water in-
termittently allows for evapo-
rative cooling. Natural air
movement, or the use of fans,
will also increase the evapora-
tion rate.

When selecting a spray and
fan system, consider nozzle
size, whether the nozzle spins

or is stationary, spray pattern,
radius of spray, timing of
spray and operating pressure.
Experiment with different
types and sizes of nozzles to
determine the best combina-
tion.

Water
Availability

Providing access to water
during heat stress is critical.
Lactating cattle require
between 35 and 45 gallons of
water per day. Studies com-
pleted in climatic chambers
indicate that water needs
increase 1.2 to 2.0 times when
cows are under heat stress.
A water system should be
designed to meet both peak
demand and daily needs of
the dairy. Availability of
clean, cool water to cows
leaving the milking parlor is
beneficial for increasing water
intake during times of heat
stress. Access to an 8-foot
water trough when cows are
leaving the milking center is
adequate for milking parlors
with 25 stalls or less per side.
When using drylot housing,
water troughs are needed at
two locations, in addition to
30 feet of trough perimeter
per 100 cows or 80 feet of
trough perimeter per 200
cows. In freestall housing, it is
recommended to provide one
waterer or 2 feet of tank pe-
rimeter for every 15 to 20
cows. Ideally, water should be
available at every crossover
between feeding and resting
areas.

Shades
Cows housed in drylot or

pasture situations should be
provided with solid shade.
Results from studies in
Florida and Arizona indicate
that when compared to high-
producing cows exposed to
direct sunlight and a THI

above 80 during daylight
hours, shaded cows will pro-
duce approximately 4 to
5 pounds more milk per day.
Natural shading (trees) is
effective, but most often
shades are constructed from
solid steel or aluminum. Pro-
viding 38 to 45 square feet of
solid shade per mature dairy
cow is adequate to reduce
solar radiation. Height of
shades should be at least
12 feet, with a north to south
orientation to prevent wet
areas from developing under
the shade. Work done with
more porous materials, such
as shade cloth and snow
fence, has shown that these
materials are not as effective
as solid shades. Shade cloth is
available in patterns that pro-
vide 30 to 90 percent shade.
Shade cloth, although less
expensive, is less effective in
blocking solar radiation and
has a shorter life than solid
shade.

Holding Pen
The holding pen is also

another place where cows
experience heat stress. Crowd-
ing cows into a holding pen is
similar to putting several large
furnaces into a small area with
their thermostats set at 101°F.
Provide shade over the hold-
ing pen and open the sides of
the holding pen to increase
ventilation. Fans can also be
installed to aid in the ventila-
tion of the holding pen. The
level of heat stress in the hold-
ing pen can be assessed by
holding a thermometer/hy-
grometer on a long rod over
the top of the cows to deter-
mine the temperature and
relative humidity. These val-
ues can then be used to deter-
mine a THI from Figure 1.

Cows may be cooled in the
holding pen prior to milking.
This method uses low volume
sprinklers to wet the cows,
and large fans to hasten
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evaporation of the water.
Using this technique, cows
are cooled at least two to
three times per day
depending on how often they
are milked. Both spray and
fans are operated continu-
ously using approximately
1,000 cubic feet per minute
(CFM) of air per cow per
hour. Fans should be
mounted overhead at a 30°
angle from vertical, so that
the air will blow down and
around the cows. Water lines
in front of the fans spray 7 to
10 gallons per hour at 125 to
150 psi. Fans with a diameter
of 36 to 48 inches are com-
monly used for holding pens.
In an Arizona trial, body tem-
perature was lowered 3.5°F,
resulting in 1.76 pounds more
milk per cow per day, when
cooled in the holding pen.
The fans and spray should
be used during the summer
months when ambient tem-
peratures are above 80°F (day
and night). The time that
cows spend in the holding
pen should not exceed 60 to
90 minutes per milking. Field
observations indicate that
new dairies should be con-
structed so that cows spend
30 to 60 per milking minutes
in the holding pen, depend-
ing on the frequency of milk-
ing (2×=60, 3×=45, 4×=30).

Exit Lane Cooling
Cows can be cooled as they

exit the parlor. Typically, three
to four nozzles are installed in
the exit lane, with a delivery of
approximately 8 gallons of
water per minute at 35 to
40 psi. The nozzles are turned
on and off with an electric eye
or a wand switch as the cow
passes under the nozzles. If
properly installed, the top and
sides of the cow will be wet,
but the head and udder will
remain dry so water will not
remove post milking teat dip.

Freestalls
Freestall housing should be

constructed to provide good,
natural ventilation. Sidewalls
should be 12 to 14 feet high to
increase the volume of air in
the housing area, and they
should be open 75 to 100 per-
cent. Fresh air should be in-
troduced at the cow level.
Curtains on the sides of
freestall barns allow manage-
ment greater flexibility in
controlling the environment
around the cow. Since warm
air rises, roofs which are
steeper and sloped will pro-
vide upward flow of warm
air. Roof slopes for freestall
housing should range from 4⁄12

to 6⁄12. Roofs with slopes less
than 4⁄12 may have condensa-

tion and higher internal tem-
peratures in the summer.
Providing openings in addi-
tion to alley doors on the end
walls will improve summer
ventilation. Gable buildings
should have a continuous
ridge opening to allow warm
air to escape. The ridge open-
ing should be 2 inches for
each 10 feet of building
width. Naturally ventilated
buildings should have a mini-
mum of 1.5 to 2 times build-
ing width between structures.

Additional cooling can be
added to freestalls by adding
fans and a sprinkler system.
However, the bedding in the
stalls should not become wet.
Typically, a sprinkler system
can be located over the lock-
ups, and fans can be used
over the feed line freestalls,
lockups or both. A sprinkler
system may be controlled by
a timer to reduce water usage.
Producers can use either 180°
(half-circle) or 360° (full-
circle) nozzles.  To prevent
feed wetness, the 180° nozzles
work well next to feed lines
or bunks. Nozzle sizes rang-
ing from 7 to 30 gallons per
hour per nozzle are generally
used to conserve water. Ex-
periment with nozzle type,
nozzle size, nozzle spacing
and operating pressure to
determine which nozzles

Table 1. Relative changes in maintenance requirements and dry matter intake (DMI) to main-
tain 60 pounds of milk production with increasing environmental temperature

Temperature Maintenance DMI requirements for DMI required for 60 lb
requirements maintenance of milk

% of requirements (lb) (lb)
(°F) (68°F)

68 100 12.8 40.1

77 104 13.3 40.6

86 111 14.2 41.7

95 120 15.4 42.8

104 132 16.9 44.5

Sources: National Research Council. 1981. Effect of Environment on Nutrient Requirements
of Domestic Animals. National Academy Press, Washington, D.C. Dr. Joe West,
Extension Dairy Specialist, University of Georgia.
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work best. Sprinklers can be
operated intermittently, using
automatic timers to regulate
cycle length, such as every 2 to
3 minutes per 15 minutes. The
cycle can be adjusted depend-
ing on the level of heat stress.
Freestalls orientated north to
south need sunscreen material
along the west side to reduce
heat load in the building. In
the Midwest, it is generally
recommended to orient
freestall housing east to west.

Feed Lines
and Feed Bunks

Dairy cattle can be cooled
with a spray and fan system at
the feed lines and feed bunks.
If the feed line is inside a
freestall barn, ensure the barn
is properly ventilated and the
bedding area is protected from
becoming wet. Feed bunks that
are outside freestall housing
can be shaded, and a spray
system or a spray and fan sys-
tem can be installed. When a
spray system is used over the
feed bunk, concrete flooring
prevents mud holes from
developing. The area near the
feed bunk needs to be cleaned
regularly to prevent cows from
lying in the area next to the
bunks. If this area is not kept
clean, a potential udder health
problem is created.

Nutrition
Changes in diet formula-

tion and feeding procedures
can help reduce the effects of
heat stress on the dairy cow.
Changes in the ration should
be made slowly and prior to
the onset of hot weather to
reduce throwing the cows off
feed.

As daytime temperatures
rise, increased breathing,
panting and perspiration is
observed as the cow attempts
to lower her body tempera-
ture. These physiological
responses increase the main-

tenance requirement of the
cow by as much as 32 percent,
using dietary nutrients fed for
milk production. Heat stress
also reduces feed intake,
again leaving fewer dietary
nutrients available for milk
production. Table 1 displays
the effects of increasing envi-
ronmental temperature on
maintenance requirements
and dry matter intake.

Increasing dry matter
intake (DMI) can be accom-
plished by several changes in
the feeding program. Increas-
ing both the number of
feedings and the number of
times feed is pushed up to the
cows per day will increase
DMI. Dairy cows are “condi-
tioned” to move toward the
feed bunk when they hear
feeding equipment. Feeding
during cooler parts of the day
also stimulates feed intake.
Cows under heat stress con-
sume two-thirds of their total
daily intake during the
evening hours after the ambi-
ent temperature has dropped.
Finally, dry matter intake also
is improved by increasing the
total mixed ration (TMR)
moisture to 45 to 50 percent,
making the TMR cooler and
more palatable. The average
moisture content of a TMR is
typically 35 to 40 percent.

Increasing the energy den-
sity of the TMR is an effective
way to increase energy intake
when dry matter intake is
reduced. Feeding supple-
mental fat is a highly effective
method of increasing the en-
ergy density of a ration. Rec-
ommendations for total
dietary fat in the ration range
from 4 to 8 percent, depend-
ing on the fat source(s) uti-
lized. Due to the potentially
negative impact of unsatur-
ated fats (i.e. vegetable oils)
on rumen microorganisms, no
more than 30 to 40 percent of
the total dietary fat should
come from sources such as
whole cottonseed, roasted

soybeans, etc. A second fat
source is tallow, which is a
highly efficient energy source.
One benefit of feeding tallow
instead of unsaturated veg-
etable fat sources is its mini-
mal requirement for ruminal
digestion. A third supplemen-
tal dietary fat source is manu-
factured rumen-protected
fats. These bypass fats are
expensive and often lack pal-
atability. Feeding this type of
fat may be cost effective only
in herds with a daily average
milk production in excess of
60 pounds per cow.

Reducing the heat of fer-
mentation or heat increment
of a ration reduces the overall
amount of heat the cow must
dissipate. Metabolism of poor
quality, high fiber feedstuffs
yield significantly greater
amounts of metabolic heat
when compared to high qual-
ity fiber sources. Thus, feed-
ing high quality forages,
effectively reducing the ration
acid detergent fiber (ADF)
(minimum of 19 percent) and
neutral detergent fiber (NDF)
(minimum of 28 percent),
reduces the overall amount of
heat the cow must dissipate.
Carefully reduce the fiber
portion of a diet to avoid
problems such as rumen aci-
dosis. Rumen acidosis can
cause laminitis.

Feeding excessive amounts
of highly soluble protein can
lead to reduced feed intake,
reduced milk production
and increased production of
metabolic heat. The goal is to
establish an effective relation-
ship between total dietary
protein and the rumen
degradability of the protein.
Common recommended val-
ues are 18 percent protein,
with 37 to 39 percent of that
protein to be rumen
undegradable.

Maintaining the normal
electrolytes in the cow is a
concern during heat stress.
The following increases in
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dietary minerals should be
considered when balancing
a ration for heat-stressed
lactating cows: potassium to
1.5 to 1.6 percent, sodium to
0.45 to 0.60 percent, and mag-
nesium to 0.35 to 0.40 percent.
It also may be beneficial to
increase dietary vitamins A, D
and E during hot weather.
This will help offset the nega-
tive effect of heat stress on the
immune system.

Reproduction
Heat stress negatively im-

pacts all aspects of dairy cow
reproduction. Any changes in
the feeding program and im-
proved physical facilities that
alleviate heat stress lead to
improved reproductive rates.
Nutrient priorities of the cow
first satisfy her requirements
for maintenance, growth
(2- and 3-year-old cows) and
milk production. After these
nutritional requirements have
been met, excess nutrients can
contribute to the reestablish-
ment of estrus cycles and
pregnancy after calving.

For example, reduced
nutrient intake will delay first
ovulation and observed estrus
and, thus, delay first insemi-
nations. Heat stress shortens
the duration of heat and re-
duces the number of standing
heats during each heat pe-
riod. Once cows reestablish
their normal estrous cycles,
the duration of heat is short-
ened by as much as 50 per-
cent, thus leading to
difficulties in heat detection.
A decline in pregnancy rates
occurs as the THI rises.
Reduced pregnancy rates are
manifested by decreased em-
bryo survival. As the tem-
perature of the uterus rises to
about 104°F (above normal
body temperature of 101.5°F),
conception occurs but em-
bryos fail to develop.

Based on breeding records
from various countries, we

know that pregnancy rates of
lactating dairy cows decrease
sharply when the maximum
air temperature exceeds 85°F.
In contrast, conception rates
for replacement heifers usu-
ally does not decline except at
extremely high THI. Based on
breeding records in Florida,
heifers have higher concep-
tion rates (50 percent) for all
services than lactating cows
(34 percent), and suffer only
slight depression of fertility
during summer months. Preg-
nancy rates of lactating cows
and heifers in Kansas are
consistently lower during
July, August and September.

Research has demonstrated
that the day of heat is
extremely critical to the out-
come of the artificial insemi-
nation (A.I.) breeding. Cows
must be kept as cool as pos-
sible, or subsequent embryo
development after fertiliza-
tion will be inhibited, and
many embryos will die. Em-
bryos are sensitive to heat
stress, but appear to become
more tolerant as they age.
Nevertheless, cattle should be
protected from heat stress
during the first one to two
weeks after insemination in
order to maintain somewhat
normal fertility. One of the
probable detrimental effects
of heat stress is the decrease
in uterine blood flow. This
decrease usually occurs when
it is essential that developing
embryos receive maximum
blood flow to establish and
maintain early pregnancy.

Other factors affected by
heat stress occur during the
last trimester of pregnancy
when little or no shade is
provided for pregnant cows
and heifers. Florida research
demonstrated that heat stress
during the latter 60 to 90 days
of gestation resulted in
reduced birth weight of
calves, and even less milk
yield for those cows that had
no shade protection. Uterine

involution, the process by
which the uterus returns to its
nonpregnant size and func-
tion after calving, occurred
sooner in cows that had shade
during late pregnancy. Al-
though days to first ovulation
and estrus, days open, and
services per conception were
unaltered by pre-calving heat
stress, the incidence of ova-
rian follicular maturation and
first ovulation occurring on
the ovary opposite to the pre-
vious pregnant uterine horn
increased from an expected
50 percent to 92 percent. This
suggests that due to heat
stress during pregnancy, the
uterus exerted a local nega-
tive effect on the ovary after
calving. Because of potential
carry-over effects of high
temperature and humidity
during pregnancy, it is not
surprising that we see poor
pregnancy rates as a result of
summer inseminations. This
lower fertility may persist
sometimes well after tempera-
tures have moderated in the
fall.

Cattle Handling
Physiological mechanisms

exist in the body to set and
control internal body tem-
peratures. Environmental
factors and humidity stress
disrupt this heat regulatory
mechanism. Cattle seem to
have a normal rhythmic pat-
tern in body temperature that
is independent of environ-
mental temperatures.

Cattle body temperatures
can range several degrees
during the day. The most cool
body temperatures occur in
the early morning and morn-
ing hours. The warmest body
temperatures tend to occur
around 6 p.m. With this
knowledge, additional activi-
ties (such as sorting or adding
cattle to the herd) should be
done during the early morn-
ing hours or delayed until
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environmental temperatures
moderate. Heat stress will
suppress the immune re-
sponse of cattle and, thus,
diligence in observing cattle
for symptoms of illness must
be increased. In addition, to
maximize response to vac-
cines and minimize heat
stress from handling, preven-
tive vaccinations should only
be given during the cooler
hours of the day.

Summary
Reduced milk yield and

reproductive rate are an eco-
nomic loss to dairy producers.
A number of steps can be taken
to minimize the effects of heat
stress. However, the methods
of minimizing heat stress
should be appropriate to the
climate of the dairy. When
done in unison with improve-
ments to physical facilities,
changes to the summertime
ration and feeding program
can improve the cow’s ability
to cope with heat stress and
ultimately minimize losses in
milk production. Cow comfort
should be a priority. Access to
cool, clean drinking water and
providing shade in the holding
pen and housing area, should
be the first priorities. The sec-
ond priority should be to pro-
vide proper ventilation in the
freestall housing and milking
center. Spray and fan cooling
systems can be installed in the
holding pens, feed area and
some freestall facilities as a
third priority.
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