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Heat challenge of dairy cows in the Waikato: a comparison of spring and summer

S.J. BLUETT, 1 A.D. FISHER, AND C.D. WAUGH

Dairying Research Corporation, Private Bag 3123, Hamilton, New Zealand

ABSTRACT
This experiment was carried out at the Dairying Research Corporation, Hamilton, New Zealand, to evaluate the heat

challenge imposed on dairy cows during spring and summer.  The diurnal temperature profiles of 18 Friesian cows were
recorded over five days in November and five days in January.  Temperature-humidity index and black globe temperature
were used to assess the potential of the environment to induce heat stress.  Cows in January had higher maximum (39.5
versus 38.9 ± 0.09 oC), minimum (37.9 versus 37.6 ± 0.09 oC) and mean (38.6 versus 38.4 ± 0.05 oC) daily body temperatures
than in November, corresponding with higher ambient temperatures and solar radiation in January.  Temperature-humidity
indices were highest in January between 09:30 h in the morning and 19:30 h at night and within the range reported to cause
mild heat stress in dairy cows (72 to 78).  Respiration rate (47 versus 37 ± 1.4 breaths/minute) and water intake (51 versus
18 ± 2.3 l/cow/day) were both higher in January than in November.

Keywords: Black globe temperature; heat stress; respiration rate; temperature-humidity index; water intake.

INTRODUCTION
Hot weather can cause heat stress in dairy cows.

Although effects are more severe in hot climates, dairy cows
in areas with temperate climates may also be exposed to
periods of heat stress at certain times of the year (Armstrong,
1994).  The primary environmental factors that are
associated with heat stress are ambient temperature, relative
humidity, radiant energy and wind speed (Blackshaw and
Blackshaw, 1994).  High relative humidity reduces the
efficiency of evaporative cooling.  Therefore, high
environmental temperature, often coupled with high relative
humidity, can overcome the cows’ cooling capability (West,
1994).

The dairy cow is a homeotherm, which means it must
maintain a near constant body temperature, even when
subjected to a wide range of environmental conditions
(Stermer et al., 1986).  To cope with a hot environment,
dairy cows use a variety of strategies, which include seeking
shade, increased water intake, increased sweating and
respiration rate, and reduced feed intake (Lean, 1987;
Armstrong, 1994; Blackshaw and Blackshaw, 1994).  If
these strategies fail and the heat load exceeds the body’s
capacity to eliminate it, body temperature will rise and the
cow will suffer heat stress (Blackshaw and Blackshaw,
1994; West, 1994).  When ambient temperature is greater
than 23 oC and relative humidity is above 80% cows begin
to experience heat-induced depression of feed intake leading
to an associated decline in milk yield (Flamenbaum et al.,
1986).

Welfare concerns exist about heat stress and the
provision of shade on farms.  This study was undertaken to
determine the heat challenge on dairy cows in the Waikato
in summer compared with that during spring, and to measure
their response in terms of body temperature, respiration rate
and water intake.

MATERIALS AND METHODS
Experimental design

This experiment was part of a larger project examining
the effect of a novel ryegrass endophyte on milk production
and cow health (Bluett et al., 2000).  Three groups of 15

lactating mixed-age Friesian cows were used in this study
and grazed clover-free swards of perennial ryegrass (Lolium
perenne).  The influence of endophyte on heat stress in this
study will be reported elsewhere.

The spring test period began on Monday 8 November
at 00:00 h and finished on Friday 12 November 1999 at
23:55 h.  The summer test period began on Monday 17
January at 00:00 h and finished on Friday 21 January 2000
at 23:55 h.

The average milk yield was 19 litres/cow/day in the
spring test period and 16 litres/cow/day in the summer test
period.  The average cow somatic cell count was 53,000
cells/ml in the spring test period and 91,000 cells/ml in the
summer test period.  The maximum distance that cows
walked to the dairy was 800m.

Cow measurements
Internal body temperature was recorded from 18 cows

(six cows per group) randomly selected before each test
period.  Body temperature was recorded using a temperature
sensor and data logger (‘Minilog’ - Vemco Limited, Nova
Scotia, Canada) mounted on a progesterone-free CIDRTM

(controlled intra-vaginal drug release device – InterAg, New
Zealand Limited, Hamilton, New Zealand).  Cow body
temperature was recorded every five minutes and
downloaded at the end of the test period.

Respiration rates were measured on all cows (n = 45)
by counting the frequency of rib movements over 30
seconds, using a timer with an audible alarm.  Two
independent, consecutive observations were averaged for
each animal.  Respiration rate was recorded after the
afternoon milking on the second, third and fourth day of
the five-day test period.

Clean drinking water was available in all paddocks and
water intake was recorded daily on a group basis (n = 15:
five days and three groups of cows) using water meters
attached to troughs.

Environmental measurements
Air temperature and relative humidity were recorded

every five minutes using a field sensor (‘Junior’ - Escort,
Auckland, New Zealand) near where the cows were grazing.
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Black globe temperature was recorded every five minutes
using a thermometer (‘Continuous temperature monitor’ -
Escort, Auckland, New Zealand) sealed in the centre of a
15 cm diameter black hollow copper sphere, mounted in
the field at approximately the mid-height of a cow (Fletcher
et al., 1997).  Radiation and rainfall data were recorded at
the Ruakura Meteorological Station (37o 47’S, 175o 19’E)
located nearby.  Air temperature and relative humidity data
for Kaikohe (35o 25’S, 173o 49’E), Palmerston North (40o

19’S, 175o 37’E), Christchurch (43o 29’S, 172o 31’E), and
Gore (46o 06’S, 168o 53’E) were obtained from the
Meteorological Service in Wellington.

Data calculation and statistical analysis
The temperature-humidity index was calculated using

equation (1).
Temperature-humidity index = T – (0.55 – 0.55RH)(T

– 58)  (1)
Where T is the air temperature (oF) and RH is the relative

humidity expressed as a decimal (West 1994).
All daily statistics were calculated using data from 00:00

h to 23:55 h, with the exception of water intake.  Water
intake was measured while the cows grazed each paddock,
and was adjusted to take rainfall into account.  The mean
water intake of cows in spring and summer was analysed
by least squares analysis of variance in SAS (SAS Institute
1987).  Due to a faulty meter, only 11 observations were
available for the November test period, compared to 15 in
January.

The mean cow temperature and respiration rate was
calculated for each test period and analysed by least squares
analysis of variance using cows as replicates.  In November,
five cows were eliminated from the analysis because the
CIDR-mounted loggers were displaced externally when the
cows lay down.  In January, the CIDRs were inserted
backwards to prevent this movement.

RESULTS
Environmental conditions during November 1999 and

January 2000 are shown in Table 1.  Mean daily temperature,
maximum daily temperature, black globe temperature and
solar radiation were greater in January than in November.
Relative humidity was higher in November than in January,
with total rainfall of 62 mm over the five days, compared
with only 5 mm in January.

The diurnal profiles of black globe temperature,
temperature-humidity index and mean cow body
temperature are shown in Figure 1.  Mean, maximum and
minimum daily cow body temperatures were greater in
January than in November (Table 2).  The respiration rate
of cows was 27% higher in January than in November.
Water intake of cows in January was over twice the intake
of cows in November (Table 2).  Regional differences in
temperature-humidity index profiles over the January test
period is shown in Figure 2.

TABLE 1:   Ambient temperature, relative humidity, temperature humidity
index, black globe temperature, radiation and rainfall from 8 to 12
November 1999 and 17 to 21 January 2000.

Mean daily measurements November January
Daily temperature (oC) 17.3 19.4
Maximum temperature (oC) 22.4 27.1
Minimum temperature (oC) 13.1 12.0
Relative humidity (%) 94 79
Temperature humidity index 63 65
Black globe temperature (oC) 18.8 22.6
Solar radiation (MJ/m2) 56 83
Rainfall (mm/day) 12.3 1.0

TABLE 2:   Mean cow body temperature (n = 13 in November and n = 18
in January), respiration rate (n = 45) and water intake (n = 11 in November
and n = 15 in January) from 8 to 12 November 1999 and 17 to 21 January
2000.  The range is shown in brackets.

November January SEM Sig.
Mean daily temp. (oC) 38.4 38.6 0.05 ***

(38.1 – 38.6) (38.3 – 39.2)

Mean maximum 38.9 39.5 0.09 ***
daily temp. (oC) (38.6 – 39.1) (38.8 – 40.4)

Mean minimum 37.6 37.9 0.09 *
daily temp. (oC) (36.8 – 38.0) (37.6 – 38.3)

Respiration rate 37 47 1.4 ***
(breaths/minute) (24 – 58) (26 – 69)

Water intake (l/cow/day) 18 51 2.3 ***
(8.4 – 27.9) (35.4 – 63.2)

Where * P<0.05, ** P<0.01 and *** P<0.001

FIGURE 1: Diurnal profile of black globe temperature, temperature-
humidity index (horizontal lines represent region of mild heat stress; West
1994) and mean cow body temperature (horizontal line represents normal
temperature; Her et al., 1988) from 8 to 12 November 1999 and 17 to 21
January 2000.
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DISCUSSION
This paper provides for the first time diurnal temperature

profiles for dairy cows in the Waikato over spring and
summer, and provides an indication of the heat challenge
imposed on dairy cows in New Zealand.

To accurately assess the potential of an environment to
induce heat stress, both temperature and relative humidity
must be considered.  A temperature-humidity index can be
calculated to indicate the degree of stress on dairy cows
(Armstrong, 1994; West, 1994).  When this index exceeds
72, lactating dairy cows are adversely affected (West, 1994).
Our data indicate that during the January test period, the
temperature-humidity index was greater than this critical
level of 72 between the hours of 9:30 in the morning and
19:30 in the evening, and the cows were exposed to what
has previously been described as mild heat stress
(Armstrong, 1994).  In January, this also corresponded to
the periods when mean cow body temperature in January
exceeded the normal temperature of 38.6 oC (Her et al.,
1988).  Black globe temperature is another indicator of heat
load on the animal (Fletcher et al., 1997) and integrates air
temperature, radiation and air movement, to derive a mean
radiant temperature (Blackshaw and Blackshaw, 1994).
Black globe temperature recorded in this study closely
followed the profile of the temperature-humidity index.

Both the temperature-humidity index and black globe
temperature show that the heat challenge on the cows was
higher during daytime in January than in November.  This
resulted in significantly higher minimum, maximum and
mean cow temperature in January than in November.  Cows
in January also drank 51 litres on average compared to only
18 litres of water per day in November.  Increased water
consumption and water loss through evaporative surfaces
are characteristic of cows encountering heat stress (Fuquay,
1981).  Drinking water may have a direct comfort effect by
cooling the reticulum as well as reducing the thermal load
on the cow (Blackshaw and Blackshaw, 1994).

The respiration rate of cows was, on average, 27% faster
in January than in November.  Increasing respiration rate is
an important mechanism for increasing heat loss to maintain
constant body temperature when an animal is under heat
challenge (Gaughan et al., 1998).  Observations of cows in

the field during January indicated that at times cows showed
heat stress symptoms, which included grouping together
to seek shade from the others and breathing rapidly.  Average
respiration rate recorded in the field at midday on 21 January
was 103 breaths/minute, when the temperature-humidity
index was 75 and black globe temperature was 35oC.  One
cow was also observed open-mouth breathing and salivating
excessively, which is an indicator of extreme heat load
(Davison et al. 1996).  Her body temperature at this time
was also high (40.6 oC).

During the summer there is usually a net heat gain from
radiation in the daytime and a net heat loss from radiation
at night as the animal radiates heat to its cooler surroundings
(Fuquay, 1981).  Therefore, high night temperatures
together with high humidity and cloud cover could impede
cooling.  Higher cow temperatures have been reported for
dairy cows near midnight than during midday (Fuquay,
1981).  However, in this study, cow temperature during the
night was consistently low, which corresponded to a low
temperature-humidity index during the hours of darkness.

Other combinations of environmental conditions in
different regions will impose different heat challenges on
cows.  Temperature-humidity indices calculated for
Kaikohe (Northland), Palmerston North, Christchurch and
Gore over the January test period, clearly demonstrates the
regional differences in heat challenge.  Over the five-day
test period in January 2000, the experimental site had the
highest temperature-humidity index and Gore the lowest.

Practical strategies to reduce heat stress in summer
include providing ample drinking water, using shade trees,
later milking times, sprinklers in the dairy, reducing
management stress and providing feed at night-time when
it is cooler (Blackshaw and Blackshaw, 1994; Davison
1996; Lean, 1987).  There is also evidence that sheep
(Fletcher and Easton, 1997) and cattle (Easton and
Couchman, 1999) grazing perennial ryegrass infected with
the wild-type fungal endophyte (Neotyphodium lolii) are
more severely affected by heat stress than animals grazing
ryegrass free from endophyte.  The economic impacts of
heat stress must be better understood to ensure the costs of
heat management strategies do not outweigh the returns.

CONCLUSIONS
Cows were exposed to mild heat stress conditions at

certain times during January, which resulted in elevated
temperatures, respiration rates and water intake.  The
presence of mild heat stress suggests that it may be
important for cow comfort and productivity to provide
sources of cooling where possible.
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FIGURE 2: Mean diurnal profile of temperature-humidity index
from 17 to 21 January 2000 at the experimental site (DRC, Hamilton),
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