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ABSTRACT

Context. Heat stress is an increasing concern for the Australian dairy industry. Aims. This study
aimed to evaluate the effect of temperature-humidity index (THI) on rumination time (RT), milk yield
and quality, and milking frequency in a pasture-based voluntary-movement automatic milking system
(AMS). Methods. Data were collected from the University of Melbourne Dookie College AMS farm
for 3 years (June 2016 to March 2019). Daily RT was collected through the transponder collar
(Qwes-HR, Lely). Climatic data (maximum ambient temperature and relative humidity) were obtained
from the Dookie Meteorological station to calculate daily maximum THI (THI,,,.,). Key results. Daily
milk yield increased with a rising THI, .. to 65, then declined after THI, ... 65. Milking frequency was
highest at THI .« 90, followed by a steady decline afterwards. Rumination time was maximum at
mid-range THI,,,« and declined for high and low values. Conclusions. The findings of this study
clearly indicated that under pasture-based voluntary-movement AMS, high THI resulted in a drop
in the milk yield, milking frequency and RT. Implications. With the provision of automation of
data collection from AMS, further study with mathematical modelling describing the daily patterns
and thresholds in conjunction with the different heat stress levels can be useful for assessing
animal welfare and to mitigate heat stress and seek alternative management strategies.

Keywords: automatic milking systems, heat stress, milk quality, milking frequency, pasture,
rumination, somatic cell count, temperature humidity index.

Introduction

The dairy industry will be increasingly affected by heat exposure due to climate change,
which causes a very hot summer season with slight cooling during night hours (Nidumolu
et al. 2014; Miischner-Siemens et al. 2020). In addition, pasture-based dairy systems in
Australia, particularly in the southern part, which has a Mediterranean climate, will
likely face increasing challenges as the number of hot days and duration of heat events
are predicted to increase (Horton et al. 2016; Hendricks et al. 2022). It is projected that
Australia will experience annually an additional 31-42 heat-stress days per year by
2050 (Nidumolu et al. 2014). Besides rising environmental temperatures, the selection
of cows for the improved genetic potential for milk yield makes dairy cows less tolerant
to heat stress (Osei-Amponsah et al. 2020). The combination of internal heat load and
environmental conditions can prevent heat dissipation, creating a state of metabolic heat
stress (Maia et al. 2020). Heat stress in dairy cows causes a drop in milk yield (Ouellet et al.
2019; Herbut et al. 2021) and milk composition (protein and fat; Bouraoui et al. 2002),
rumination (Soriani et al. 2013), reproductive signals (Hansen 2007), and an increase in
somatic cell count (SCC; Negri et al. 2021).

Worldwide, dairy cows are kept in various production and housing systems ranging from
pasture-based systems to fully indoor systems (Lambertz et al. 2014). About 75% of the dairy
farms in Australia are pasture-based systems (Garcia et al. 2013). Additionally, pasture-based
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automatic milking systems (AMS) are becoming more popular,
in which grazing is organised in such a way that voluntary
movement of cows to the milking facility is rewarded by
providing a new pasture allocation after milking.

The voluntary movement and motivation of cows to the
milking facility under pasture-based AMS might change
depending on the weather. During hot weather, cows are
often less active as a common behavioural adaptation (West
et al. 2003), since their body temperature increases in
response to locomotion (Schiitz et al. 2011). A decline in
milking frequency (MF) during and soon after (overnight) a
heat event in pasture-based AMS was observed (Wildridge
et al. 2018). Speroni et al. (2006) also noted that the milk
yield of cows in an indoor AMS (with reduced MF) had
declined more rapidly than the milk yield of a herd that
was simultaneously batch-milked in an indoor conventional
milking system (CMS). In addition, during summer in CMS,
cows are cooled using water and shade in the milking
facility and waiting yard after collection for milking. While
in AMS, the presence of cows at the milking facility 24 h a
day, with only a small to moderate percentage of the herd is
present at any one time, making challenges to use cooling
strategies at the milking facility (Wildridge et al. 2017).

Considering the increasing popularity of pasture-based
AMS in Australia, it is worthwhile to explore the impact of
climate variables on dairy cows’ milk yield, milk quality and
welfare under pasture-based AMS. The majority of the previous
heat-stress studies were conducted in free-stall barn CMS
(Soriani et al. 2013; Abeni and Galli 2017; Moretti et al. 2017;
Ramén-Moragues et al. 2021), in an induced heat-stress
climate chamber (Bernabucci et al. 2010; Garner et al.
2017; Maia et al. 2020), or the impacts of heat stress under
summer conditions were modelled using historical climates
(Nidumolu et al. 2010; Ji et al. 2020). Several earlier studies
(Soriani et al. 2013; Maia et al. 2020; Miischner-Siemens et al.
2020) measured the impact of heat stress by using temperature—
humidity index (THI), which combines ambient temperature
and relative humidity into a single value. Maia et al. (2020)
and Ramoén-Moragues et al. (2021) used different thresholds
of THI for heat-stress conditions to measure the impact on
milk yield and rumination. Rumination is an indicator of
welfare (Bar and Solomon 2010), which includes the process
of regurgitation, remastication, salivation, and swallowing of
ingesta to reduce the particle size of feedstuffs and enhance
fibre digestion (Erina et al. 2013). Cattle spend 25-80 min
ruminating per kilogram of roughage consumed (Sjaastad
et al. 2003), and healthy matured dairy cows ruminate for
7 h/day (range: 2.5-10.5 h/day; Beauchemin 2018).

Two Australian pasture-based AMS studies (Wildridge et al.
2018; Osei-Amponsah et al. 2020) reported a drop in milk yield
of 14% from low (<72) to high (>83) THI (Osei-Amponsah
et al. 2020) and a 0.15 kg decrease per THI unit increase
(Wildridge et al. 2018). The latter two studies were conducted
only during the summer heat events of 1 year. To the best of our
knowledge, limited studies have reported on the association of

THI on milk yield, rumination and milk quality under pasture-
based AMS in a single study by using a more extended
dataset. Therefore, this study considered 3-year herd data to
evaluate the effect of THI on daily milk yield, protein and
fat concentration, and somatic cell count (SCC), MF and
rumination time (RT). It was hypothesised that high THI
would adversely affect milk yield, MF, RT and SCC.

Materials and methods

Farm, and animals’ data

Field measurements were performed from The University of
Melbourne AMS dairy farm in Dookie (Victoria, Australia),
located on latitude 36.4°S and longitude 145.7°E. The farm
region has a Mediterranean climate, with an average annual
rainfall of 550 mm. As described in the previous paper (Cullen
etal. 2021), the AMS consisted of three Lely Astronaut robotic
milking machines (Astronaut milking machine; Lely Industries
NV, Maasland, Netherlands). The dairy farm has a pasture-
based production system with an AMS and voluntary cow
movement where cows move from the paddock to the dairy
individually or in small groups on a voluntary basis. A
‘three-way’ grazing system was implemented where the
pasture area was divided into three zones, and the cows were
allowed access to a new paddock approximately every 8 h
(Cullen et al. 2021). The herd consumed a diet consisting of
grazed pasture, pasture silage/hay and concentrates fed
during milking. Diet can vary according to the season, with
an average of 50% of the diet from grazed pasture, 30%
from concentrate, 20% from hay and silage. The farm’s
total area was 86 ha, with 41 ha of border-check irrigated
pasture and 14 ha of rainfed pasture used as grazing
paddocks by the milking herd. Depending on the paddock
allocated to the grazing herd, cows had to walk from 100 m
to 1 km from the paddock to the AMS. The dairy has three
fans, with an attached water mister set up for cooling in the
undercover area of the dairy. These are controlled by a
thermostat and turn on automatically if the temperature goes
above 30°C (in the undercover), generally between October to
March. There are two paddocks that have complete shade and
extra water troughs that the cows have access after 11 am. The
herd consisted of up to 158 Holstein-Friesian cows in milk at
any one time. The farm had a split calving pattern, with
approximately two-thirds of the cows calved between late
winter and early spring, and one-third in summer/autumn.
Minimum and maximum MFs were 1 and 6 respectively.
Daily milk yield in kilograms, milk quality (milk fat and
protein concentration, somatic cell count), and cow (days in
milk, lactation number, liveweight in kilograms, concentrate
intake based on milk production) data were collected
automatically by the robotic milking machine (Lely AMS),
identifying individual cows via radio-frequency identification
(RFID) ear tags. Additionally, all cows were fitted with a
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transponder collar (Qwes-HR, Lely). As validated by
Schirmann et al. (2009) and described in the previous study
(Talukder et al. 2015), these collars consisted of an
accelerometer to monitor one daily RT (h/cow), with data
downloaded automatically to the support software on a
computer located at the dairy. Data for all lactating cows
during the study period from June 2016 to March 2019
were included for analysis. Across the study, the average
milk yield was 29 kg/day, MF was 2.4/day, days in milk
was 181 days, liveweight was 662 kg and parity was 3.

Climate data

Climatic data, including daily minimum, average and maximum
temperatures and relative humidity at maximum temperature
were obtained from the Dookie weather meteorological
station (http://weatherplus.ikcaldwell.com.au/) for the
study period. The weather information included 15-min
interval records of temperature (°C) and relative humidity (%).
The THI was calculated for each 15-min climate record,
and then the daily maximum THI (THIL,,,,) was identified in
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA).
THI was calculated using the formula (Kelly and Bond 1971)

THI g = (1.8 X Tinax + 32)
—[(0.55 — 0.0055 X RH) X (1.8 X Tnax — 26)],

where T,.x is the maximum dry-bulb temperature (°C), and
RH is the relative humidity at the maximum temperature of
the air (%).

Maximum daily THI has been used in this study since milk
yield, for instance, is more sensitive to the extreme values of
the THI,,,, than to the daily average THI (Briigemann et al.
2012). The climate data were used to calculate the THI from
the Day 0, —1, —2, and -3 relative to the milking data, to
assess the lag responses of the THI on outcome variables.
To evaluate the severity of heat stress, THI was classified
into the following four categories; No stress (THI,.x < 72),
Mild stress (72 < THI,.x < 78), Moderate stress
(78 < THI,.x < 82), and Severe stress (THL ., > 82) on the
basis of Dairy Australia (2020) website.

Statistical analyses

The effects of various explanatory variables on RT, SCC
(analysed as log;oSCC), milk yield, milk protein (%), milk
fat (%) and protein:fat ratio were analysed by a set of linear
mixed models, incorporating smoothing splines to allow for
possible non-linear effects. The form of each model was

Y = o + (1 + byy)DIM + (B2 + b)) THI oy + (f3 + bs;)Feed
+ (B4 + bs;) Weight + Parity + Animal; + s(DIM)
+ 5;(DIM) + s(THI oy ) + 5;(THL .y ) + s(Feed) + s;(Feed)
+ s(Weight) + s;(Weight) + ¢

where y is the particular response variable, and days in milk
(DIM), maximum temperature-humidity index (THIay),
concentrate feed intake (Feed) and liveweight (Weight) are
covariate (linear) fixed effects with associated regression
coefficients S, ..., 4, with non-linear effects of these four
covariates specified as splines, s(DIM), s(THI,.y), s(Feed)
and s(Weight) as random effects. Parity is a fixed-effect
categorical variable. As there were multiple observations on
each animal (indexed as i), random effects were specified as
Animal; (random intercept) and also random linear terms
for each animal (by;, ..., by;). Further animal-specific spline
terms were specified, as indicated by the s;,(DIM), s;(THI,,.y),
si(Feed) and s;(Weight) terms. Consequently, the models
allow for each animal to have their own individual response
to each of the explanatory variables. The term f, is the overall
intercept, and ¢ is the random error. The models were fitted
using ASReml-R (Butler et al. 2017). In ASReml-R, it is
necessary for a non-linear term to be specified as both as a
fixed effect (linear) and random effect (spline). Significance
of fixed effects was assessed using Wald F-tests and random-
effect variance components significance was tested using
likelihood ratio chi-squared tests. For MF, a Poisson gener-
alised linear mixed model was fitted to the count data by
using ASReml-R, allowing for under-dispersion, with the
same fixed and random effect terms as for the linear mixed
models. Model-based predicted means were visualised using
the ggplot2 package in R (Wickham 2016).

Results

During the study period, the farm’s maximum temperature,
relative humidity at maximum temperature, and THI .y
ranged from 6.5°C to 45°C, 12.5% to 97.8% and 43.6 to
113 respectively. For all the response variables analysed,
there were strong associations with the explanatory variables,
as examined by the linear and non-linear trends (Table 1).
However, in only one instance (effect of liveweight on log;,SCC),
no non-linearity was detected (P = 0.995), and the (negative)
linear trend itself was only marginal (P = 0.053).

The THI data showed a significant association with daily
milk yield. Daily milk yield increased with a rising THI .
to 65, was fairly constant until 85, followed by a decline
afterwards (Fig. 1). Rumination time was maximum at mid-
range THI, ., and declined for high and low values, particu-
larly showing a decreasing trend after THI ., 92. Milking
frequency increased with THI,,,, reaching a maximum at
THI,ax 90, followed by a steady decline afterwards. There
was a steady decrease in log;oSCC between THI,., 56
and 106 (Fig. 1). An overall decline of milk fat% with an
increasing THI,,x values was observed, except a rise from
THI.x 72 to 85. Milk protein percentage declined until
THI,.x 72, followed by a sharp rise afterwards, except for
the downward trend between THI., 85 and 95. Milk fat
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Table I. Association of explanatory variables with each of the response
variables.
Explanatory Milk yield Rumination Milking
variable frequency
Linear Non- Linear Non- Linear Non-
linear linear linear
DIM <0.001 <0.001 <0.001 0.0009 0.607 <0.001
THIpax <0.001 <0.001 <0.001 <0.001 0.001 <0.00l
Concentrate <0.001 <0.001 0.004 <0.00 <0.001 <0.00l
feed
Weight <0.001 <0.001 <0.001 <0.00I 0.032 <0.00l
Parity <0.001 <0.001 <0.001
Explanatory log;oSCC Milk fat % Milk protein %
variable Linear Non- Linear Non- Linear Non-
linear linear linear
DIM 0.003 <0.001 <0.001 <0.001 0.116 <0.001
THIax <0.001 <0.00l <0.001 <0.001 0421 <0.001
Concentrate 0.042  0.00l 0.00l <0.001 0.002 <0.001
feed
Weight 0.053 0995 0.076 0.002 <0.001 0.398
Parity <0.001 <0.001
Explanatory variable Milk fat:protein
Linear Non-linear
DIM <0.001 <0.001
THIax <0.001 <0.001
Concentrate feed 0.024 <0.001
Weight <0.001 0.010
Parity <0.001

Values shown are P-values from the fitted linear mixed models. ‘Linear’ indicates
significance of the overall linear trend for each of the explanatory variables based
on Wald F-tests. ‘Non-linear’ indicates significance of the nonOlinear departure
around the linear trend, based on likelihood ratio chi-squared tests.

and protein ratio initially declined with an increasing THI, .,
with little change up to 90, but a decline beyond. The lag
response of THI, ., tested at different intervals (from Day 0,
-1, -2, and -3 relative to the milking data) on RT, milk
yield, milk quality and log;oSCC showed overall similar
patterns.

Discussion

Impact of THI,,,,x on milk yield and composition

The magnitude of milk yield losses in our study was lower
than in other previous studies (Garner et al. 2017; Wildridge
et al. 2018; Osei-Amponsah et al. 2020). In the first study
(Garner et al. 2017), the cows were housed individually in
climate-controlled respiration chambers during the experi-
mental period and THI was calculated by a different equation,

using hourly dry-bulb temperature and dew-point tempera-
ture. In the latter two studies (Wildridge et al. 2018;
Osei-Amponsah et al. 2020), cows were under pasture-based
systems and similar equations were used in THI calculation.
There are couple of possible reasons for the lower differences
in milk yield. First, in our study, during summer, the average
night-time temperature was 10.5°C (range 5.5-17.9°C),
which may be attributed to cool night-time temperatures
allowing cows to dissipate heat gained during the day and
resulting in moderate heat stress. Furthermore, the moderate
effects of THI on milk yield could be the cooling strategies, for
example, sprinklers/fan in the waiting yard, and providing
shade on hot days by putting cows in paddocks with trees.
The moderate effect on milk yield indicates that the current
mitigating strategies in the study farm may be adequate to
minimise heat stress during the summer season.

The effect of THI on milk protein% and fat% was not very
clear in our study, with an indication of an overall decline in
fat% with increasing values. Under pasture-based systems, an
increase in milk fat% and protein% by 3% and 2% from low to
high THI respectively, was reported (Osei-Amponsah et al.
2020). In the TMR feeding system (Nasr and El-Tarabany
2017), protein% was the lowest in the moderate THI, with
no difference in low and high THI, while fat% was lower in the
high THI than in the low THI. In the study of Osei-Amponsah
et al. (2020), data were collected for one Australian summer
season (December to February), while in our study, data were
collected for three entire years, irrespective of the seasons.
Therefore, the data collection duration might result in differ-
ences in the heat-stress effect on milk protein% and fat%.

In our study, milk yield reached the plateau between
THI,,.x 60 and 65 and then declined after THI,,,, 65, which
is consistent with the threshold mentioned in previous
studies (Dunshea et al. 2013; Carabaio et al. 2016; Islam
et al. 2021). A lower threshold of between THI,,,, 60 and
68 has been suggested as the thermal threshold for high-
producing dairy cows (Dunshea et al. 2013; Carabano et al.
2016; Islam et al. 2021). A THI value of 72 as the upper
threshold of cattle thermal comfort has been suggested by
earlier literature (Bohmanova et al. 2007). A previous
Australian study (Garner et al. 2017), using cows in a climate
chamber with a THI maintained at THI 74-84 for 4 days,
observed a 63% decrease in milk yield. Under the Mediterranean
climate, previous studies reported a reduction in daily milk
yield/cow by 2% for THI values of >69 (Bouraoui et al.
2002), 1% for each THI unit increase above 68 (Bernabucci
et al. 2010) and a decrease in milk yield of 21% when the
THI increased from 68 to 78 (Bouraoui et al. 2002). THI
threshold for reduced milk yield was 72 (approximately
25°C at 50% relative humidity; Igono et al. 1992), which
decreased to 68 at about 22°C at 50% relative humidity
10 years later (Wildridge et al. 2018).
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Impact of THI,,,,, on MF

It was hypothesised that MF would decline in response to high
THI,.x. However, in this study, the decline in MF was not
observed in mild or moderate THI,,.,. Instead, MF dropped
significantly only when THI,,, was severe (above 90) and
there was a concurrent reduction in milk yield. Cooling
strategies, trees as shade might minimise the effect of mild/
moderate THI on MF. In this study, we observed a lower
MF during the spring-summer than autumn-winter period
(2.4 + 0.01 vs 2.5 + 0.07), similar to the results of a
previous study (Speroni et al. 2006). In pasture-based systems
cows walk voluntarily from grazing paddock to milking area,
which can be negatively affected by the hot weather, thus
affecting the overall milking frequency of the herd (Wildridge
et al. 2018). Sporndly and Wredle (2004) observed the
negative effect of longer walking distances on milk yield,
MF and grazing time, with a further decline in grazing time
when greater walking distances are combined with warmer
weather (Sporndly and Wredle 2004; Wildridge et al. 2017).
Therefore, a reduction in voluntary movement in hot season
might be a challenge for AMS. To minimise the impact on
milking frequency and, subsequently, on milk yield, fetching
of cows to encourage additional milkings before and after
particularly hot weather can be useful (Stockdale 2006).

Impact of THI,,,.x on RT

The findings of this study support the hypothesis that high THI
would adversely affect RT, with a decrease in RT as the
THI shifted from moderate (78 < THI,,., < 82) to severe THI
(THI,,.x > 82). This is similar to a previous study (Soriani et al.
2013) where there was a reduction in daily RT for every
daily maximum THI unit above the critical THI thresholds
of 76 and 77. Furthermore, a weak negative correlation
(r = —0.22) between RT and THI was reported in a more
recent study (Moretti et al. 2017). The reduction in RT with
an increasing THI might be due to reduced feed intake, i.e.
a physiological and metabolic response activator to deal
with unideal environmental conditions (Moretti et al. 2017;
Maia et al. 2020). While our data collection did not allow
the study of rumination patterns, daily rumination of cows
has been reported to shift towards night, with more than
60% daily rumination occurring at night to reduce their
metabolic heat load (Soriani et al. 2013; Ramoén-Moragues
et al. 2021).

In this study, the range of RT was 390-480 min/day, which
was consistent with the previously reported studies. In a
thermal neutral zone, RT in adult cows might range between
276 and 624 min/day (Yang and Beauchemin 2006; Adin
et al. 2009). An average RT in dairy cows without disease
and stress was estimated to be 463 min/day in primiparous
and 522 min/day in pluriparous cows (Soriani et al. 2012).
A change in RT might be attributed to physiological and
management factors such as feeding management, feed

intake, physical characteristics of the diet, and individual
variation among animals (Beauchemin 2018; Maia et al.
2020). Approximately 32% of the variation in daily RT could
be explained by intakes of the dietary fractions, whereas 48%
of the total variation in RT was accounted for by individual
variation among cows (Byskov et al. 2015).

Impact of THI,,,, on log,,SCC

In the present study, a significant decline was observed in
log,0SCC with an increasing THI,.x, indicating a greater
log10SCC in autumn and winter. Studies that investigated
the effect of season on bulk tank SCC had mixed results,
with a high incidence of mastitis in dairy cows during the
summer (Olde Riekerink et al. 2007; Hogan and Smith
2012) or during the autumn and winter (El-Tahawy and El-
Far 2010). The increased incidence of mastitis during the
summer might be related to the effect that high tempera-
tures and humidity have on cows’ susceptibility to infections,
as well as to the increased number of pathogens or vectors to
which the cows are exposed (Bertocchi et al. 2014). However,
those studies were conducted in the northern hemisphere
with a climatic zone different from that in this study area
located in the southern hemisphere with a Mediterranean
climate. There have been limited studies concerning the
relationship between THI or other climatic variables and
somatic cell or bacterial count of dairy cows in Australia,
making it difficult to compare the results of our study.
Previous pasture-based studies in New Zealand reported
that the prevalence of environmental mastitis, particularly
Streptococcus uberis, is high in pasture-based seasonal calving
dairying countries (McDougall 2002) and a significant
variation of S. uberis contamination among seasons, being
highest in winter and lowest in summer (Clements et al.
2005; Lopez-Benavides et al. 2007).

About two-thirds of dairy cows in this study calve during
late winter and early spring, when lower temperatures and
solar radiation are typical of that time of the year. The
observed high somatic cell count during winter in this study
might be positively associated with bacterial survival at
cooler temperatures and with management factors occurring
during these times, such as grazing intensity, which generates
longer pasture rotation lengths during the autumn and winter
months (Macdonald and Penno 1998; Lopez-Benavides et al.
2007). The longer pasture rotation implies that cows on
pasture may maintain a contamination cycle through the
faeces (Olde Riekerink et al. 2007), indicating that the cow’s
presence in the paddocks is an important factor for bacterial
survival in paddocks (Lopez-Benavides et al. 2007). The
temperature and relative humidity in THI 50-60 might be
favourable for bacterial growth, particularly coliforms, and
the growth of environmental streptococci is greatest during
warm, wet weather (Hogan and Smith 2012). Solar radiation
and drying during the summer months reduce bacterial
contamination in these areas compared with rainy winter
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months (Lopez-Benavides et al. 2007), which might explain
the greater SCC during autumn and winter in the present
study. Further investigation of SCC in relation to season
and THI is needed.

Heat stress could cause a significant risk of developing
contagious (or cow-associated) mastitis (Lambertz et al. 2014)
caused by microorganisms such as Staphylococcus aureus,
Streptococcus agalactiae, Arcanobacterium pyogenes and
Mycoplasma spp. (Dairy Australia (2020). Cool cows: Strategies
for managing heat stress in dairy cows. Dairy Australia 2020).
Those microorganisms mostly live inside udders or on teat
skin and spread from infected cows during milking by
contaminated hands or milking machines (Dairy Australia
2020. Cool cows: Strategies for managing heat stress in
dairy cows. Dairy Australia, 2020). The depressed immune
function in heat-stressed cows during summer might
increase the susceptibility of cows to contagious mastitis
(Lacetera et al. 2005). In addition to the season, another
important factor that could contribute to the effect of heat
stress on SCC is the stage of lactation (Lambertz et al. 2014).
As observed in our study, cows in early lactation had the
lowest SCC, with an increasing trend in SCC afterwards
with the progression of DIM, which is consistent with the
results of a previous study (Abebe et al. 2016). Perhaps this
could be linked to diapedesis of neutrophils into the mammary
gland taking longer in recently calved cows (Radostits et al.
2007), and increased oxidative stress and reduced antioxidant
defence mechanisms during early lactation (Sharma et al.
2011). In contrast, cows with five or more parities had a
higher SCC than did cows with a parity four or less. The
possible reason could be having pendulous cows in older
cows with increased parities that expose the teat and udder
to injury, and pathogens easily adhering to the teat and gain
access to the gland tissue (Awale et al. 2012).

Conclusions

The findings of this study clearly indicated that under pasture-
based voluntary-movement AMS, high THI resulted in a drop
in the milk yield, MF and RT. Also, somatic cell count
decreased with a high THI. Management strategies are needed
to minimise heat stress and attain optimal animal productivity.
With the provision of automation of data collection from AMS,
further study with mathematical modelling describing the
daily patterns and thresholds in conjunction with the different
heat-stress levels can be useful to mitigate heat stress and seek
alternative management strategies.
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