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Managing Heat Stress in Dairy Cows 
 Over two years has passed since the last Dairy Heat Stress Roadshow and producers who 
attended said that heat stress annually costs their dairy operations over $81 per cow per year.  
They reported that by attending one of the Road show events they estimated that implementing 
the strategies they learned their dairy operation could save over $40 per cow, per year.  We hope 
this round of Roadshows will provide the same positive impact. In this program, several major 
areas related to dairying in heat stress environments are covered: Cow Comfort, Heat Stress 
Assessment tools, Nutrition and New Technologies.  

 The Dairy Road Show Team, along with several others, have been working to develop the 
right tools for producers who want to maximize cow comfort, increase summer fertility, and 
improve milk production all in a way that maximizes profitability.  The Road Show Team has 
included in this toolbox software tools, National Dairy Resource Areas on websites, educational 
publications, new research and lastly educational programs like the Heat Stress Road Show. This 
is all part of an integrated, multidisciplinary USDA grant to overcome the effects of heat stress 
on fertility in dairy cattle.  

 The Dairy Heat Stress Road Show is just that – this program is traveling to 4 states and the 
territory of Puerto Rico in an effort to take the message to dairy producers who have the most to 
gain from mitigating heat stress and certainly the most to lose from the effects of heat stress on 
dairy cows.  Presenters in the program will share with you the latest in technologies to help as 
you fight heat stress on your dairies but are also here to learn from you and your experiences.  
Going to each of these areas will give both the audience and the presenters a chance to learn 
from each other and collectively to work at solving this most difficult of dairy issues. 

 Today’s speakers are not only colleagues but have been friends in the dairy industry for years.  
Collectively they have done years of research on the subject of heat stress and they bring a 
wealth of experience to the program.   

 Lastly I want to thank the Dairy Heat Stress Road Show Committee who has spent hours of 
time preparing the presentations, contacting host sites, arranging caterers, and serving as 
chaperones and more.  This multistate program would not be possible without good people doing 
a great job!   I hope you enjoy today’s program. 

 

           Sincerely, 

 

 

       
      Todd Bilby, PhD. 
      Dairy Technical Services Manager 
      Merck Animal Health 
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Dairy Heat Stress Road Show Speakers 
 Dr. Todd Bilby is the Dairy Technical Services Manager with Merck Animal Health.  He 
provides dairy technical representation of products and services in addition to planning and 
evaluating post approval research studies.  He holds degrees from the University of Florida, 
University of Arkansas and Oklahoma State University.  

 Dr. Pete Hansen is a Distinguished Professor and L.E. “Red” Larson Professor of Dairy 
Science in the Department of Animal Sciences, University of Florida in Gainesville.  He has held 
numerous positions with the university since 1983.  He holds degrees from the University of 
Wisconsin and University of Illinois. 

 Dr. Geoffrey Dahl is the Professor and Chair of the Department of Animal Sciences, 
University of Florida in Gainesville.  He conducts applied and basic research specifically 
focusing on photoperiod and heat stress abatement.  He holds degrees from Michigan State 
University, Virginia Tech University, and the University of Massachusetts. 

 Dr. Robert Collier is Professor and former Animal Sciences Department Head at the 
University of Arizona.  He has held positions at the University of Florida and Dairy Research 
Director for Monsanto.  He has degrees from the University of Illinois and University of Eastern 
Illinois. 
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 Updated and expanded from “Evaluation of the impact of heat stress on dry cows and 
subsequent performance and health” published in the Proceedings of the Minnesota Nutrition 
Conference, September 18, 2013. 
 

SHOULD WE COOL DRY COWS? 
 

Geoffrey E. Dahl1, Ana P. Monteiro1, Izabella T. Thompson1 and Sha Tao1 

1Dept. of Animal Sciences, University of Florida, PO Box 110910, Gainesville FL 32611-0910; 
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Introduction 

 Lactating dairy cattle produce significant 
amounts of heat during fermentative 
digestion, and it is no wonder that they are 
efficient at dissipating that heat load under 
normal environmental conditions.  But heat 
stress develops at temperatures as low as 72 
of, so cows can suffer negative outcomes 
during much of the year in the US, even in 
northern states (Collier et al., 2006).  During 
heat stress lactating cows will experience a 
decline in milk yield due partially to a 
decrease in dry matter intake and also to 
physiological adaptations to rid the body of 
excess heat (Wheelock et al., 2010).   

 In contrast to lactating cows, the lower 
dry matter intake and metabolic heat load of 
dry cows improves their ability to 
successfully adapt to heat stress.  However, 
heat stress does negatively impact dry cows 
and a limited number of studies have shown 
benefits to management interventions such 
as passive (i.e. shade) and active (i.e. fans 
and soakers) cooling to alleviate that heat 
stress (Collier et al., 1982; Wolfenson et al., 
1988).  Despite numerous attempts to 
identify the biological basis of the negative 
effects of heat stress, it remained unknown 
and served as a stimulus to the 
investigations described below.  Additional 
details regarding the impact of heat stress on 
dry cows and their calves were recently 
reviewed in Tao and Dahl (2013). 

Heat Stress Impacts on Mammary 
Function and Metabolism 

We have used the same experimental 
design for a series of studies to investigate 
the effects of actively cooling dry cows on 
their subsequent performance and health.  In 
that system, cows are dried off 
approximately 6 weeks before their expected 
due date, and housed in an open sided, sand 
bedded free stall barn.  Within a pen, cows 
that are cooled (CL) will have feed-line 
soakers and fans, whereas cows that will 
experience heat stress (HT) do not have 
soakers or fans, only shade.  The studies 
have been conducted between May and 
October in Florida, when average daily 
temperatures exceed 85o F and humidity is 
consistently high.  All other management is 
the same for both groups during the dry 
period.  Following calving, all cows are 
housed and managed as a group and cooled 
according to standard farm protocols.  Using 
this approach we have isolated the effects of 
dry period heat stress on various aspects of 
production and health. 

 Our first objective was to determine if, 
and to what extent, heat stress in the dry 
period adversely affected milk yield at the 
level of the mammary gland.  Consistent 
with previous studies we observed a 
decrease in milk yield following dry period 
heat stress, such that CL cows produce 5 to 
7 kg more milk each day compared with the 
HT cows (do Amaral et al., 2009; 2011).    
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 This yield differential is apparent from 
very early in lactation and persists for at 
least 40 weeks (Figure 1; Tao et al., 2011).  
That observation indicates that the 
mammary gland is programmed to produce 
more milk for the entire lactation when heat 
stress is avoided during late gestation.  A 
sequential series of mammary biopsies 
revealed that mammary cell proliferation 

was greater in cooled dry cows relative to 
those that were heat stressed (Tao et al., 
2011).  Therefore, the depression in yield in 
HT cows results from a reduction in 
mammary growth during the dry period, and 
the cows enter lactation with a lower 
capacity to produce milk relative to CL 
animals.  

 

 

Figure 1.  Milk yield of cows exposed to heat stress or cooled during the dry period.  Dry period 
cooling increased yield relative to heat stress.  Cows were managed identically, 
including cooling, during lactation.  Redrawn from Tao et al., 2011. 

 Regardless of the impact of heat stress on 
the mammary gland, without coordination of 
responses in tissues that support energy 
partitioning in support of milk production 
the cow will not increase yield.  When cows 
are heat stressed in the dry period they will 
reduce their dry matter intake relative to 
those cooled (Figure 2; Tao et al., 2011), 
and there is a concomitant reduction in 

bodyweight gain and body condition score 
in heat stressed dry cows (do Amaral et al., 
2009; Tao et al. 2012a).  Examination of 
liver function via expression gene involved 
in lipid mobilization and trafficking during 
the dry period and early lactation indicates 
that cooling improves hepatic lipid 
metabolism such that greater yields can be 
supported relative to cows that are heat 
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stressed, even when all cows are cooled during lactation (do Amaral et al., 2009).  
 

 

Figure 2.  Dry matter intake of cows exposed to heat stress or cooled during the dry period.  Dry 
period cooling increased DMI relative to heat stress during the dry period, but not 
during lactation.  Cows were managed identically, including cooling, during lactation.  
Redrawn from Tao et al., 2011. 

 Further studies were completed to 
characterize shifts in energy metabolism 
when cows were cooled in the dry period.  
Our experimental approach was to conduct a 
series of glucose tolerance tests and insulin 
challenges in cows that were heat stressed or 
cooled when dry, during both the dry period 
and lactation (Tao et al., 2012a).  Despite 
substantial reductions in dry matter intake of 
heat stressed dry cows compared with 
cooled cows, there were no differences in 
mean concentrations of insulin or circulating 
glucose, nor were any differences observed 
between groups to the glucose tolerance 
tests or insulin challenges.  These data 
suggest that in contrast to lactating cows 
(Wheelock et al., 2010), heat stress does not 

alter carbohydrate metabolism in dry cows 
to any appreciable extent.  Of interest the 
cows cooled when dry did have significantly 
greater responses to glucose and insulin 
once lactation began, but this is consistent 
with the substantial increase in milk yield 
and thus energetic demand in cows 
previously cooled relative to those that had 
been heat stressed. 

Immune Function With Heat Stress 

 A particular issue with transition cows is 
an increase in disease incidence and 
generally reduced immune status, such that 
cows are most likely to experience a disease 
incident between dry off and the first 6 
weeks in milk relative to any other time in 
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the lactation cycle.  Because of this, it is 
important to consider the impact of any 
management intervention on not only yield, 
but immune status as well, to ensure that 
cows are not at greater risk to develop 
disease.   

 The initial approach to examine immune 
status in transition cows that were heat 
stressed or cooled during the dry period 
were measures in blood samples collected 
during the dry period and early lactation, 
and on the responses of white blood cells 
from those samples under culture conditions.  
The white blood cells of cooled cows had 
greater capacity to proliferate relative to 
those from heat stressed cows, an indicator 
of stronger immune responsiveness (do 
Amaral et al., 2009).  In addition, cows that 
are cooled exhibit improvements in 
expression patterns of a number of genes 
involved in leukocyte function, particularly 
those associated with innate immune 
responses (do Amaral et al., 2010). 

 While gene expression is of interest, it is 
important to understand if that pattern 
results in improved capacity of the white 
blood cells to attack and eliminate 
pathogens.  Cooled cow neutrophils had 
higher oxidative burst activity and 
phagocytosis in early lactation relative to the 
cows that were heat stressed when dry (do 
Amaral et al., 2011).  This is evidence that 
cooling has carryover effects on immune 
status after calving.  During the dry period, 
those cows that were being cooled had 
greater IgG response to a non-specific 
antigen, chicken ovalbumin, which indicates 
that heat stress decreases the response to 
immunization (do Amaral et al., 2011).  
Thus, heat stress negatively impacts both 
acquired and innate immune function in 
cows, although at different times in the 
transition period. 

 But what do these in vitro indicators of 
immune status translate into with regard to 
the whole cow, especially in the transition 
into lactation?  Our model to test this 
question was a challenge directly at the 
mammary gland with the mastitis pathogen 
Streptococcus uberis (Thompson et al., 
2012).  Cows that had been heat stressed or 
cooled during lactation and had no evidence 
of any intramammary infection received an 
inoculation with S. uberis at approximately 
5 days in milk.  Each cow received a saline 
infusion in a corresponding quarter to 
compare the effects within a cow and 
between treatments.  As expected, cows 
developed mastitis in the inoculated gland 
versus the saline infused gland, and there 
was a corresponding increase in somatic cell 
count in the inoculated quarter.  Cooled 
cows had greater expression of specific 
genes involved in early pathogen 
recognition relative to cows that had been 
heat stressed, and cooled cows also had 
higher white blood cell counts and total 
neutrophil numbers compared with heat 
stressed cows.  Therefore, it appears that the 
in vitro indicators of improved immune 
status observed in cooled dry cow translate 
to a more robust immune response as they 
enter lactation.  Further, that immune 
response is layered over greater milk yield, 
which is commonly associated with a more 
immune-compromised state. 

Seasonal Effects on Dry Cows 

 Although seasonal impacts on milk yield 
have been recognized for some time, the 
prevailing view was that the effects were 
subsequent to calving and related to the 
acute heat stress that the animals 
experienced during lactation.  We recently 
reviewed records of over 2,600 multiparous 
cows that calved during a 3-year period on 
the same commercial farm in Florida 
(Thompson and Dahl, 2012).  The cows 
were separated by month of calving into two 
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groups; 1) COOL (calved in December, 
January or February) and 2) HOT (calved in 
June, July and August) and a number of 
performance outcomes were assessed during 
the subsequent lactation.  It is important to 
emphasize that the management conditions, 
including feed, milking and reproductive 
protocols, and housing, were similar at the 
farm throughout the study period, so 
interpretations related to season of calving 
are appropriate and relevant to field 
conditions. 

 COOL cows produced 1,215 lbs. more 
milk than the HOT cows, even though 
COOL cows spent more time producing 
milk in the hottest months of the year.  
There were differences between the groups 
in the organisms responsible for mastitis, but 
COOL cows had fewer cases of mastitis 
overall during the initial 80 DIM.  In 
addition, the COOL cows had fewer cases of 
retained placenta and general respiratory 
problems than the HOT group, suggesting a 
more robust immune response in cows that 
are dry during cool months of the year.  
COOL cows though had more digestive 
problems than HOT cows, but that did not 
negatively impact their ability to produce 
milk as indicated above. 

 Of particular interest was the improved 
reproductive performance of COOL cows 
relative to those that were HOT.  Despite 
higher milk yield and being bred during 
hotter summer months, COOL cows had 
fewer days to breeding, fewer days to 
pregnancy and they had fewer breedings 
overall compared with HOT cows.  Again, 
the reproductive performance of these 
multiparous cows that were dry during the 
cooler months of the year refutes the dogma 
that higher milk yields and summer heat 
stress are necessarily antagonistic to strong 
reproductive management outcomes. 

 Whereas many environmental factors are 
affected by season, temperature, humidity 
and photoperiod are the primary factors 
affecting cow performance (Collier et al., 
2006; Dahl et al., 2012).  Indeed, previous 
studies clearly support a role of light 
exposure during the dry period on milk yield 
and cow health in the next lactation (Dahl et 
al., 2012). But the average daylight length in 
Florida during between December and 
January is 10.5 to 11.5 hours, much longer 
than the 8 hrs. of light exposure that 
improves milk yield when imposed during 
the dry period.  Moreover, the daylight 
length between June and August is only 13 
to 14 hrs., much shorter than the 16 hrs. used 
to improve yield during lactation.  In 
contrast, using temperature-humidity index 
(THI) as a guide, it was clear that cows that 
calved in COOL months (mean THI = 
54.8+1.0) experienced less heat strain when 
dry than those calving in HOT months (THI 
= 76.2+0.4). Thus, the seasonal effects on 
performance were likely due to the impact 
of heat stress rather than photoperiod. 

Heat Stress Effects on Calf Development 

 Whereas the negative effects of heat 
stress on the cows are clear, gestational heat 
stress adversely impacts the calf before and 
after birth.  Calves born to heat stressed 
dams are smaller at birth (Collier et al., 
1982; Tao et al., 2012b) and fail to recover 
that lost weight even to one year of age 
(Monteiro et al., 2013).  Ongoing studies in 
our laboratory have revealed a series of 
shifts in immune, metabolic and 
performance outcomes that result from a 
brief period of heat stress in late gestation. 

 Confirming earlier work with cows 
maintained on pasture with shade or without 
during the dry period (Collier et al., 1982), 
actively cooling dry cows had profound 
positive effects on calf birth weight relative 
to those that were heat stressed (Tao et al., 
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2012b).  That birth weight difference was 
maintained at weaning despite the fact that 
weight gain after birth did not differ 
between calves heat stressed in utero and 
those born to cooled dams (Tao et al., 
2012b). 

 In addition to weight differences, calves 
that experience heat stress in utero have 
altered energy metabolism versus cooled 
calves.  Using insulin and glucose 
challenges, we observed that heat stressed 
calves shunt energy toward peripheral 
tissues in a manner consistent with greater 
fat accumulation (Tao et al., 2013).  We 
have also noted an increase in circulating 
cortisol in calves from cooled dams relative 
to those from heat stressed cows during the 
preweaning period (Monteiro et al., 2012), 
further indication that in utero heat stress 
alters energy metabolism during the 
postnatal period.  

 Calves born to cooled dams also have 
increased circulating concentrations of IgG 
relative to those from heat stressed dams 
(Tao et al., 2012b) and greater apparent 
efficiency of absorption (AEA) of IgG 
(Monteiro et al., 2012; Tao et al., 2012b).  
This improvement in Ig transfer, however, is 
not due to differences in colostrum 
concentrations of Ig, as heat stressed dry 
cows have numerically higher 
concentrations of Ig relative to cooled dams 
(Tao et al., 2012b).  Thus, in utero heat 
stress appears to alter the calf’s capacity for 
Ig transfer.  Given the importance of passive 
transfer to calf health and survival, 
approaches to increase the AEA should be 
of interest to producers. 

 The aforementioned effects on calf health 
and growth are ultimately associated with 
improved performance.  We have analyzed 
the records of 85 heifers born to heat 
stressed or cooled dams during the past 5 

years on our University dairy to assess the 
impact of in utero heat stress on health, 
reproduction and milk production.  It is 
important to emphasize that following birth 
all of the calves are managed identically in 
our system, often within a group, so any 
observed effects are due to differences 
induced in utero rather than after birth.  
Relative to calves cooled in utero, heifers 
born to heat stressed dams left the herd at 
higher frequency before puberty, required 
more services to conceive, and produced 
less milk in the first lactation (Monteiro et 
al., 2013).  Thus it appears that the dam is 
affected acutely by late gestation heat stress, 
whereas the calf developing in utero 
becomes programmed to be less productive 
for life. 

Implementation 

With regard to implementing heat 
stress management in the dry period, 
approaches are the same as those used with 
lactating cows.  Whenever possible, cows 
should have access to active cooling to 
reduce the heat load during the hottest 
periods of the year.  This means that shade, 
and if possible soakers or other cooling 
methods should be provided to dry cows 
even if they are in a pasture or dry lot. One 
approach is to have shade in a pasture or lot 
and active cooling at feed bunks within that 
pasture.   

 As important as the cooling arrangement 
is the duration of cooling that the cow 
experiences.  For example, can cows be 
cooled only during the close up period and 
experience the positive outcomes on 
production and health described above?  
Although no direct comparison has been 
made, based on results from various studies 
it appears that cooling for the entire dry 
period yields the greatest response.  In our 
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series of studies over a 6 year period we 
observed a 5 to 7 kg per day improvement in 
milk yield in the next lactation with active 
cooling initiated at dry off and maintained 
for a typical 6 week dry period.  In contrast, 
Urdaz et al. (2006) found that cooling cows 
for the final 3 weeks of a 60-day dry period 
resulted in an increase of 1 to 2 kg of milk in 
the subsequent lactation.  Thus, comparison 
of those studies suggests that a more robust 
improvement in yield and other desirable 
outcomes is associated with cooling for the 
entire dry period. 

Conclusions 

 Substantial evidence is now available to 
support actively cooling dry cows for the 
entire dry period.  Relative to heat stress, 
cooling during late gestation increases 
mammary growth, maintains dry matter 
intake, and improves immune status during 
the transition into lactation.  When 
compared with herdmates that calved in 
months of significant heat stress, dry cows 
calving in cooler seasons have greater milk 
yield, improved reproductive performance 
and fewer disease incidents.  Further, 
significant benefits accrue to the calves born 
to cooled dams relative to those that 
experience heat stress in late gestation.  
Calves from cooled dams are larger, have a 
more robust immune system, and ultimately 
produce more milk in their first lactation 
compared with herdmates born to heat 
stressed dams.  Cooling dry cows is an 
easily implemented management 
intervention that should lead to improved 
animal well-being, production and health, 
and in turn higher financial returns to the 
dairy. 

Literature Cited 

Collier, R.J., S.G. Doelger, H.H. Head, 
W.W. Thatcher, and C.J. Wilcox. 1982.  
Effects of heat stress during pregnancy on 
maternal hormone concentrations, calf birth 

weight and postpartum milk yield of 
Holstein cows. J. Anim. Sci. 54:309-319. 

Collier, R.J., G.E. Dahl, and M.J. Van 
Baale.  2006.  Major advances associated 
with environmental effects on dairy cattle.  
J. Dairy Sci. 89:1244-1253. 

Dahl, G.E., S. Tao, and I.M. Thompson.  
2012.  Effects of photoperiod on mammary 
gland development and lactation.  J. Anim. 
Sci. 90:755-760. 

do Amaral, B.C., E.E. Connor, S. Tao, J. 
Hayen, J. Bubolz, and G.E. Dahl. 2009. Heat 
stress abatement during the dry period: does 
cooling improve transition into lactation? J. 
Dairy Sci. 92:5988-5999. 

do Amaral, B.C., E.E. Connor, S. Tao, J. 
Hayen, J. Bubolz, and G.E. Dahl. 2010. Heat 
stress abatement during the dry period 
influences prolactin signaling in 
lymphocytes.  Domest. Anim. Endo. 38:38-
45. 

do Amaral, B.C., E.E. Connor, S. Tao, J. 
Hayen, J. Bubolz, and G.E. Dahl. 2011. Heat 
stress abatement during the dry period 
influences hepatic gene expression and 
improves immune status during the transition 
period of dairy cows. J. Dairy Sci. 94:86-96. 

Monteiro, A.P.A., S. Tao, I.M. Thompson, 
and G.E. Dahl. 2012. Effect of heat stress 
during the dry period on immune function 
and growth performance of the offspring fed 
standardized pooled colostrum.  J. Anim. Sci. 
90(Suppl. 3):476. Abstract #532. 

Monteiro, A.P.A., S. Tao, I.M. Thompson, 
and G.E. Dahl. 2013. Effect of heat stress in 
utero on calf performance and health



11 
 

 through the first lactation.  J. Anim. Sci. 
91(Suppl. 1):184. Abstract #163. 

Tao, S., J.W. Bubolz, B.C. do Amaral, I.M. 
Thompson, M.J. Hayen, S.E. Johnson, and 
G.E. Dahl.  2011. Effect of heat stress during 
the dry period on mammary gland 
development.  J. Dairy Sci. 94:5976-5986. 

Tao, S., I.M. Thompson, A.P.A. Monteiro, 
M.J. Hayen, L.J. Young, and G.E. Dahl.  
2012a. Effect of cooling heat stressed during 
the dry period on insulin response.  J. Dairy 
Sci. 95:5035-5046. 

Tao, S., A.P. Monteiro, I.M. Thompson, M.J. 
Hayen, and G.E. Dahl. 2012b.  Effect of late 
gestation maternal heat stress on growth and 
immune function of dairy calves.  J. Dairy 
Sci. 95:7128-7136. 

Tao, S., and G.E. Dahl. 2013.  Invited review: 
Heat stress impacts during late gestation on 
dry cows and their calves.  J. Dairy Sci. 
96:4079-4093. 

Thompson, I. M., and G. E. Dahl.  2012.  Dry 
period seasonal effects on the subsequent 
lactation.  Prof. Anim. Sci.  28:628-631.  

Thompson, I.M., S. Tao, A.P. Monteiro, K.C. 
Jeong, W.W. Thatcher, and G.E. Dahl. 2012. 
Effect of cooling during the dry period on 
neutrophil gene expression after 
Streptococcus uberis infection.  J. Anim. Sci. 
90(Suppl. 3):188. Abstract #128. 

Urdaz, J.H., M.W. Overton, D.A. Moore, and 
J.E. Santos.  2006.  Technical note: Effects of 
adding shade and fans to a feedbunk sprinkler 
system for preparturient cows on health and 
performance.  J. Dairy Sci. 89:2000-2006. 

Wheelock, J.B., R.P. Rhoads, M.J. Vanbaale, 
S.R. Sanders, and L.H. Baumgard. 2010.  
Effects of heat stress on energetic 
metabolism in lactating Holstein cows.  J. 
Dairy Sci. 93:644-655. 

Wolfenson, D., I. Flamenbaum, and A. 
Berman. 1988. Dry period heat stress relief 
effects on prepartum progesterone, calf birth 
weight, and milk production.  J. Dairy Sci. 
71:809-818. 

  

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16702263&query_hl=2&itool=pubmed_docsum
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Retrieve&dopt=AbstractPlus&list_uids=16702263&query_hl=2&itool=pubmed_docsum


12 
 

FACILITY MODIFICATIONS TO REDUCE HEAT STRESS 
 

R.J. Collier1, L. W. Hall1 and Xavier Ortiz1 

1School of Animal and Comparative Biomedical Sciences, University of Arizona, 4101 N. 
Campbell Ave. Tucson, AZ 85719; rcollier@ag.arizona.edu. 
 

Introduction 
 There is now a strong scientific 
consensus that climate change is occurring 
and it is projected that the global average 
temperature will likely rise an additional 1.1 
to 5.4 ºC over the next century (CCSP 
2008).  These changes will have large and 
measurable impacts on dairy cattle 
worldwide (Klinedinst et al. 1993) through a 
variety of routes including changes in food 
availability and quality, changes in pest and 
pathogen populations’ alteration in 
immunity and both direct and indirect 
impacts on animal performance such as 
growth, reproduction and lactation. As milk 
yield increases with continued genetic, 
nutritional and management improvement 
the sensitivity of high producing animals to 
heat stress increases.  Heat stress imposes 
dramatic challenges to the metabolism of 
high producing animals and forces changes 
in many metabolic pathways as the animal 
attempts to maintain homeostasis while 
adjusting its productive output.    The 
process of acclimation to thermal stress is 
homeorhetic and involves changes in tissue 
sensitivity to homeostatic regulators of the 
endocrine system as well as changes in 
secretion rate of some of these regulators as 
well.  Also, in some cases acclimation 
involves use of alternate metabolic pathways 
not yet fully described, (Baumgard and 
Rhoads, 2012).   

 Pronounced seasonal patterns of milk 
yield and composition are evident in cattle.  

These seasonal patterns are largely induced 
by climatological variables, breed effects 
and management factors, such as feed 
quality and reproductive management.  
Month of parturition is known to have a 
pronounced impact on subsequent milk yield 
and composition.  Highest yields occur 
following January and February parturition 
while lowest yields occur following 
calving’s in August and September (Figure 
1). The seasonal pattern in milk yield is 
related to the direct and indirect effects of 
environment on milk production.  Direct 
effects are related to the effects of elevated 
temperature on milk yield; indirect effects 
are due to photoperiod effects and the 
negative impact of heat stress, during late 
pregnancy on maternal and fetal metabolism 
and circulating plasma endocrine patterns 
which are altered by the stress, (Collier et al. 
1982).  As is apparent from Figure 1, there 
is also a seasonal pattern in milk protein 
which parallels the seasonal pattern in milk 
yield.  Interestingly, the milk protein yield 
pattern appears to be more directly affected 
by temperature as the nadir occurs during 
the hottest part of the summer.  This may 
reflect the need for production of heat shock 
proteins by mammary epithelial cells during 
periods of heat stress which would reduce 
milk protein synthesis rates while the milk 
yield curve displays both direct and carry-
over effects related to indirect effects on 
pregnancy and metabolic state of the cow.
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Figure 1. Effect of month of year on milk and protein yield of lactating dairy cows.  (Adapted 
from Barash et al. J. Dairy Sci. 84:2314) 

 Most of the heat abatement techniques 
used in the dairy industry utilizes water to 
either cool down the environment where 
these cows are housed or use water to 
increase the evaporation rate in the cow’s 
skin. According to Harner et al. (2013) 
water utilization for heat abatement in a 
dairy farm range between 15 to 20 
gal/cow/day during heat stress season (120 
days). However, in the dairy industry, water 
utilization and availability is one of the 
major issues nowadays. Clean water 
depletion in the U.S is beginning to be an 
important problem in some states. 
Additionally, regulations on water 
availability for livestock production will 
have more restrictions in future years. New 
methods to cool down livestock need to be 
investigated in order to maintain high levels 
of milk production and reduce the water 
requirement to achieve this objective.  

Conductive Cooling 

 Conductive cooling is one of the four 
ways available for cows to exchange the 
metabolic heat produced with the 
environment. It consists in the direct contact 
of the cow’s skin with other media or bodies 
with different temperature. The 
effectiveness of the conductive cooling as an 
alternative route of heat dissipation is 
correlated to the temperature difference 
between these two bodies, the conductance 
of the media and the area of contact between 
these two bodies (Schmidt-Nielsen, 1964). 
On the other hand, it has been described a 
proportional relationship between the 
conductivity of materials and their bulk 
density (Esmay, 1969).  

 Little research has been done evaluating 
the effectiveness of conductive cooling on 
dairy cows mainly because cows only have 
20% of their surface area available to 
exchange heat via conduction. Kibler and 
Brody (1950) reported that in dairy cows the 
non-evaporative mechanisms to exchange 
heat with the environment play a less 
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important role when ambient temperatures 
are closer to the core body temperature of 
cows.  

 In commercial dairy farms the bedding 
material is selected based on the economical 
feasibility, cows’ comfort, cleanness and 
udder health. However, not too many 
producers take into consideration the 
thermal comfort that this bedding material 
provides. Cummins (1998) showed that the 
bedding material in a dairy farm should be 
part of their heat abatement strategies. 
Cummings reported lower temperatures in 
limestone (25.9 °C) and sand (26.9°C) 
compared to wood shavings (28.6°C) at 
25mm below the surface.  Two of the most 
frequently used bedding materials are sand 
and dried manure. In recent producers have 
been trying to shift from using sand to dried 
manure because of cost and availability. 
Nevertheless, previous research has shown 
that the characteristics of sand and dried 
manure are both suitable as bedding 
materials (Cook et al., 2004, van Gastelen et 
al., 2011, Husfeldt et al., 2012). 

 The objective of this experiment is to 
investigate the effects of two types of 
bedding and their interaction with a bed heat 
exchanger cooling system (cooling system + 
sand, cooling system + dry manure and 
Control) over three different types of 
climates (Thermo neutral zone, Hot dry and 
Hot humid) 

Materials And Methods 

 This experiment was developed at the 
environmental rooms in the William I. 
Parker Agricultural Research Center of the 
University of Arizona. Six multiparous 
Holstein dairy cows producing an average 
36.1 ± 5.5 kg/d of milk and 315 ± 20 DIM 
were used to conduct this trial. Cows were 
housed in a tie stall installation and they 
were fed and milked twice a day (6:00h and 
18:00h).  

 This trial was divided in two periods of 
40 days each and each period consisted in 
three repetitions of three different climates 
(Hot Dry, Thermo neutral and Hot and 
Humid). At the beginning of each period an 
acclimation phase of seven days was 
established. Each repetition consisted of 
nine days (three days per climate) and after 
each repetition, a period of three days was 
given to cows to reset cows to thermo 
neutral conditions.  

 The circadian environmental conditions 
utilized to program the environmental rooms 
are described in Figure 1 (Hot Dry), Figure 
2 (Thermo neutral) and Figure 3 (Hot 
Humid). The mean climatic conditions for 
each climate were: 34.4°C, 22.5% RH and 
78.5 THI for Hot and Dry, 16.8°C, 22.5% 
RH and 56.6 THI for Thermo neutral, 
27.9°C, 80% RH and 78.22 THI for Hot and 
Humid. Three relative humidity and 
temperature sensors (HOBO U23 Pro v2, 
Onset Computer Corporation., Cape Cod. 
MA) were placed in different locations in 
the environmental room to measure data 
every 15-minute intervals.
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Figure 2. Average ambient temperature, relative humidity and temperature-humidity-index by 
hour (Hot Dry) 

 

  

 

Figure 3. Average ambient temperature, relative humidity and temperature-humidity-index by 
hour (Thermo neutral) 
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Figure 4. Average ambient temperature, relative humidity and temperature-humidity-index by 
hour (Hot Humid) 

Preparation of stalls: 

 A total of 6 stalls were modified for this 
experiment. First, cement blocks were 
placed around the stall creating a deep 
bedding stall. In the interior of the stalls an 
isolation layer was placed to keep the cool 
temperatures inside the bed. On the base of 
the bed the heat exchangers (Bruer and 
Steele, 2011) were placed with water supply 
and return lines (Figure 5). Three beds per 
bedding material were randomly assigned to 
ether sand or dried manure as bedding 
material. On top of the heat exchanger, 

10cm of bedding material were added. 
Temperature, moisture (6470 Temperature 
and 6440 Soil moisture probe, Davis 
instrument Corp., Hayward, CA) and heat 
flux sensors (HSF-4, Omega engineering 
Inc., Stamford, CT) were placed following 
the grid on Figure 5. An additional 15cm of 
bedding material were added on top, for a 
total of 25cm of bedding material between 
the cows and the heat exchangers. The 
bedding material was compacted in all the 
beds to prevent air pockets within the bed.
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Figure 5. Stall arrangement and water flow through heat exchangers 

 After the stalls were installed, one bed 
with each bedding material was left as 
control bed (water OFF). For the other four 
beds the water was turn ON at a rate of 3.78 
L/min on the fourth day of the acclimation 
phase. The water circulated the heat 
exchangers at a temperature of 7 °C and 
once it left the heat exchangers this water 
was taken to a water cooling system to 
reduce the temperature back to 7°C. Two 
thermometer data loggers were installed in 
the water line, one at the supply line and one 
at the return line. These thermometers 
sampled and recorded the temperature 
values every five minutes.  

 The six cows were randomly assigned to 
the different treatments in a 2x2 factorial 
design with two types of bedding material 
(sand or dried manure) and the heat 
exchanger with the water either ON or OFF. 
After each repetition (9days), cows were 
moved to a handling area for exercise to 
prevent leg and hoof problems. While the 
cows were out of their stalls, beds were 
cleaned and any soiled bedding material was 
replaced. Once the beds were ready each 
cow was randomly assigned to a different 
treatment.  

 Feed delivered and refused was recorded 
for each cow daily. Milk samples were taken 

from the AM milking for each cow for milk 
composition analysis by Arizona DHIA. The 
California mastitis test was conducted every 
day at the AM milking to test for any 
increase in the mastitis incidence.  The 
bedding material was changed three 
times/day to prevent the accumulation of 
mud, feces, feed and urine.  

 During the developing of this experiment 
core body temperature (CBT) measurements 
were taken using intravaginal data logger 
devises (HOBO U12, Onset Computer 
Corporation., Cape Cod. MA). The data 
loggers remained inside the cows for six 
days per repetition measuring CBT of cows 
at 5-minute intervals. Physiological 
measurements such as respiration rates, skin 
temperature and rectal temperature were 
recorded for all cows four times per day 
(10:00, 12:00, 14:00, and 16:00 hours). 
Respiration rates were taken by counting 
flank movements for 15 seconds. Rectal 
temperature data were collected with the 
GLA M525/550 thermometer (GLA 
Agricultural electronics., San Luis Obispo, 
CA). Skin temperature was measured in the 
rump, tail head and shoulder of the cows. 
Skin measurements were taken with an 
infrared thermometer Raynger (Raytek MX, 
Fluke company).    
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 Due to the importance of lying time in a 
conductive cooling trial, position sensors 
(HOBO Pendant G, Onset Computer 
Corporation., Cape Cod. MA) were placed 
on the rear leg of each cow. These sensors 
were placed on the 4th day after the cows 
entered the environmental room, and they 
remained attached to the cows during the 
entire duration of the experiment. Position 
sensors were programmed to record data at 
every 15-minute intervals. 

 Bed surface temperatures were collected 
every day by an infrared thermometer 
Raynger (Raytek MX, Fluke company). 
Temperatures were collected from the head 
and the tail of the bed.    

 Moisture content of each bed was taken 
at the end of the study. Three samples per 
bed at different depths (surface, middle and 
above the heat exchanger) were taken. 
Samples were taken at 0.61m from inside of 
the sidewall and 1.5m from inside of the tail 
end of the stall. Samples were collected in 
plastic containers covered with aluminum 
foil and then transferred to glass vessels for 
weighing calculations. Then, samples were 
placed in an oven at 170°C for 69 hours and 
moisture content values were taken.  

Statistical Analysis 

 Data generated in this experiment were 
analyzed with a mixed model of SAS 
(Version 9.3 SAS Institute Inc., Cary, NC). 
Vaginal temperature, respiration rates, skin 
temperature, bed temperature, bed surface 
temperature, heat flux, feed intake, milk 

yield, milk composition, and somatic cell 
count were analyzed according to the 
following model: 

Yij = μ + Ti + Cj + Hk + TiCJ + TiCJHK + 
eij, 

Where Yij = individual data point, μ = 
overall mean, Ti = fixed effect of treatment 
(1 to 4), Cj = fixed climate effect (1 to 3), 
Hk = fixed effect of time (1 to 24), eij = 
residual error. Treatment effects were tested 
by the PDIFF option and were declared 
significant at P < 0.05. 

Results 

 Mean 24-h ambient temperature, relative 
humidity and THI for the different climates 
(Hot Dry, Thermo Neutral and Hot Humid) 
obtained in this experiment were 34.01°C, 
24.12% RH and 78.66 THI for Hot and Dry, 
18.5°C, 34.27% RH and 62.73 THI for 
Thermo neutral and 28.6°C, 62.91% RH and 
78.57 THI for Hot Humid. 

 Mean temperatures for each bed 
treatment at 10cm above the heat exchanger 
are illustrated in figure 6. There was 
significant difference between the mean bed 
temperatures within their respective climates 
(14.73, 22, 22.7, and 25.9°C for Sand on, 
Sand off, DM on, and DM off respectively) 
Hot Dry, (13.2, 20.6 21.4 and 27.5°C for 
Sand on, Sand off, DM on, and DM off 
respectively) Thermo neutral and (15, 22.4, 
23.3 and 27.2°C for Sand on, Sand off, DM 
on, and DM off respectively) Hot Humid 
environments.
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Figure 6. Mean bed temperature. Bed treatments with different letters are significantly different 
(P<0.05) in their respective climate 

 

Figure 7. Mean bed surface temperature. Bed treatments with different letters are significantly 
different (P<0.05) in their respective climate. 
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 Figure 7 shows the significant differences 
between the mean surface temperatures of 
bed treatments in their respective climate. 
Bed surface temperatures for the Sand on 
treatment was significantly lower compared 
to the other bed treatments in heat stress 
climates. Mean bed surface temperatures for 
each climate were: 24.5, 26.4, 25.7 and 
26.5°C for Sand on, Sand off, DM on, and 
DM off respectively for Hot Dry; 15.7, 17.1, 
16.1 and 18.3°C for Sand on, Sand off, DM 

on, and DM off respectively for Thermo 
neutral and 25.7, 27.1, 26.9 and 28.1°C for 
Sand on, Sand off, DM on, and DM off 
respectively for Hot Humid.   

 From figure 6 and 7 it is observed that 
the heat exchanger lowered the bed 
temperature in both bedding materials (sand 
and dried manure) in the three different 
climates, however, the temperature 
reduction was significantly greater for sand. 

 

 

Figure 8. Mean core body temperature of four types of bed treatments and three different 
climates. Bed treatments with different letters are significantly different (P<0.05) in their 
respective climate. 

 The mean 24-h CBT of the cows in this 
experiment is shown in figure 8. There was 
a significant difference between bed 
treatments with the lowest CBT registered 
for the Sand on bed treatment in all climates 
(38.78, 38.33 and 38.73°C for Hot Dry, 
Thermo Neutral and Hot Humid 
respectively). The CBT of cows were 
reduced in both bedding materials with the 
use of the heat exchanger in hot dry and hot 
humid environments.  

 Respiration rates in figure 9 were reduced 
with the Sand On treatment in heat stress 
climates (82.43 and 71.78 breaths/min for 
Hot Dry and Hot Humid respectively). A 
significant difference was also observed 
between DM On and DM Off treatments in 
thermo neutral (34.87 and 39.7 breaths/min 
respectively) and Hot Humid (80.23 and 
86.4 breaths/min respectively) 
environments. 

 Negative effects of high ambient 
conditions on the reproduction of dairy cows 
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have been reported at THI as low as 68, and 
for milk yield and DMI at a THI of 72. In 
this trial, THI measurements for Hot Dry 
and Hot Humid climates ranged between 67 
and 86, which means mild to moderate 
stress. The indicators used in this 
experiment to identify heat stress showed 
values above the threshold for heat stress. 
For dairy cows in thermo neutral conditions 
the core body temperature ranges from 38 to 

39.3°C, with an average of 38.6°C (Dukes, 
1947). Zimbelman (2010) reported an 
average respiration rate of 38 breaths/min 
and a skin temperature of 29.9°C on thermo 
neutral conditions. When respiration rates 
are between 80 to 90 breaths/min that is a 
clear indicator of a cow under thermal stress 
(Stowell, 2000). In the case of skin 
temperature the threshold for heat stress is 
35°C.  

 

 
Figure 9. Mean respiration rates of four types of bed treatments and three different climates. Bed 
treatments with different letters are significantly different (P<0.05) in their respective climate. 

 Results showed that bed temperatures at 
10cm above the heat exchanger did not 
change with the different climates, on the 
other hand, bed surface temperatures 
increased with high ambient conditions. This 
means that there is an exchange of 
temperature between the bed material and 
the environment. Sand appeared to be a 
better medium for cows to exchange heat 
than dried manure.  These mixed results 
might be explained by the higher capacity of 
dried manure to absorb and retain water 
(Stowell and Inglis, 2000). Schmidt-Nielsen 
(1964) reported that the conductive heat 
exchange its compromised when gases or 
liquids are involved in the media. Fregonesi 
et al. (2007) documented a difference in 

lying time of 5h/day when dry bedding 
material was compared to wet bedding. High 
moisture content in the dried manure beds 
also created an increase in mud formation, 
negative effects of mud on dairy cows have 
been previously reported (Kirk, 2008).  
However, this experiment was developed on 
a tie stall facility and a high amount of urine 
and feces were deposited on the bedding 
material. On a commercial dairy farm its 
more common for cows to defecate and 
urinate on the alleys and not in their beds. 
More research analyzing the heat 
exchangers with dried manure bedding 
material is needed to identify more changes.  
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 Out all the bed treatments in this 
experiment, Sand On showed to be the best 
option to counteract heat stress through 
conduction. These results agree with the 
thermal conductivity of sand and dried 
manure (0.33 and 0.108W/mC° 
respectively) (Monsenin, 1980, Bohnhoff 
and Converse, 1987). The use of heat 
exchangers in the dairy industry as a method 
to cool down dairy cows is new and 
innovative, however, conductive cooling is 
available to 20% of the cows surface that is 
why a complementing type of cooling 
system is necessary in order to reduce heat 
stress. 

 Further research is necessary to identify 
the best way to operate the heat exchangers 
in commercial dairy farms. Some of the 
questions that need to answered are: effects 
of heat exchangers in freestall barns using 
dried manure, depth of the heat exchanger to 
maximize the cooling capacity and 
additional cooling systems used to maintain 
a minimal level of heat stress. 
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Heat Stress – A Growing Problem That 
Needs New Solutions 

 Heat stress limits the productivity of the 
lactating cow.   Cows exposed to heat stress 
experience a 15-25% reduction in milk 
yield, reduced expression of symptoms of 

heat and lower fertility after insemination. In 
one study in Florida, only ~20% of heats 
were detected in summer (Thatcher and 
Collier, 1986). Conception rates during heat 
stress are frequently less than 20% and can 
be less than 10% (see Table 1).  

  

Table 1.  Conception rate in dairy herds in Israel as affected by production level and intensity of 
cooling.a 

 

 

Conception rate (%) 

High production Low production 

Intensive  
cooling 

Moderate 
cooling 

Intensive  
cooling 

Moderate 
cooling 

Winter 39 39 40 39 

Summer 19 12 25 3 
a Flamenbaum and Galon (2010) 

 

 There are three billion people who live in 
the tropics and subtropics so much of the 
world has to cope with effects of heat stress 
on agriculture and human health.   
Moreover, anticipated changes in climate 
will both expand the size of the earth’s 
surface where heat stress is a problem and 
increase the magnitude of heat stress in 
regions where it is already occurring.  It has 
been estimated that average temperature in 
the United States will increase by 4-11oF by 
the end of the century (Karl et al., 2009).  In 
the Southeast and southwestern United 
States, the number of days per year in which 
the high temperatures are above 90oF is 
expected to increase from 60 days per year 

currently to over 150 days by 2100 (Karl et 
al., 2009).  

 Even if climate change was not to occur, 
heat stress is likely to increase in importance 
because increases in production make cows 
more susceptible to heat stress.  The modern 
dairy cow, with its high levels of 
productivity, begins losing the ability to 
maintain a normal body temperature when 
the air temperature reaches 25-29oC.  Today, 
heat stress causes a decline in fertility in the 
summer in all regions of the United States 
(Pszczola et al., 2009). 
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 What all this means is that new tools are 
needed to mitigate effects of heat stress on 
dairy cattle. Accordingly, this paper will 
focus on areas of current research that could 
result in new technologies to reduce the 
impact of heat stress.  The focus will be on 
approaches that alter the dairy cow to either 
make it more resistant to heat stress or to 
minimize the negative effects of heat stress 
on cow function. Another approach, 
development of more effective housing to 
cool cows during the summer, will also be 
crucial but is beyond the scope of this 
article.  

Genetic Selection To Make A Heat-
Tolerant Cow 

 In many species of livestock, 
thermotolerant breeds or strains exist that 
are genetically-resistant to heat stress.  A 
beef cow of the Brahman breed can maintain 
productivity in hot environments because it 
contains genes that help it regulate body 
temperature during heat stress.  
Thermotolerant breeds exist in dairy cattle – 
the Gir is an example – but they are not 
widely used in  most dairy production 
systems because milk yield is inadequate.  
Although dairy cattle that originated in 
Northern Europe are not adapted to hot 
climates, their high levels of milk yield 
make them a more economical choice in 
situations where resources are high when 
compared to cattle of thermotolerant breeds 
or crossbred animals such as Girolando 
(Holstein x Gir).  

 Consider two facts, however, before 
giving up on genetics as one solution to the 
problem of heat stress.  Even among 
Northern European dairy breeds, genes exist 
that confer animals with some resistance to 
heat stress.  It should be possible to select 
for these genes to improve thermotolerance. 
Secondly, advances in genetics are making it 
increasingly easy to identify genes 
controlling thermal resistance in breeds like 
the Brahman, Gir or Senepol and transfer 
those genes into breeds selected for high 
milk yield like the Holstein or Jersey.   Let’s 
look at how these two strategies, selection 
for heat resistance and transfer of 
thermotolerance genes into dairy breeds, 
could work.  

Selection of Genes that Confer 
Thermotolerance 

 Shown in Figure 1 is a graph of afternoon 
rectal temperatures in warm weather for 
1016 lactating dairy cows in Florida.   Two 
things are easily noticeable.  The first is that 
as it gets hotter, the rectal temperature tends 
to increase.  The second is that there is great 
deal of variation in rectal temperature 
among cows exposed to the same dry-bulb 
temperature.  For example, on a day when 
the dry-bulb temperature was 90oF, rectal 
temperatures varied from 101.1oF to 
104.0oF.  Clearly, some cows are better at 
regulating their body temperatures than 
others.  The question is to what extent is that 
variation due to genetics?  
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Figure 1.  Rectal temperatures for individual cows in Florida. Temperatures were recorded 
between 3:00 to 5:00 PM.  Data are redrawn from Dikmen and Hansen (2009).  

 Using the data set in Figure 1, Dikmen et 
al. (2012) estimated that the heritability of 
rectal was 0.17.  This means that about 13-
17% of the variation among cows in rectal 
temperature during heat stress is the result of 
variation in genetics.  This value is relatively 
low compared to a trait like milk yield, 
where heritability is ~0.30, but it is high 
enough to allow selection for rectal 
temperature.  

 Unfortunately, there is a genetic 
correlation between rectal temperature and 
milk yield.  Cows that are genetically better 
able to regulate their body temperature 
during heat stress (in other words have 
lower rectal temperature) also are 
genetically less able to produce milk 
(Dikmen et al., 2012).  This means that 
selection for low rectal temperature during 
summer would also result in selection for 
reduced milk yield.  Such a result makes 
sense because one of the factors that 
determine how well a cow can regulate body 

temperature is its heat production. Heat 
production increases as milk yield increases.  

 Fortunately, there is a way to get around 
the genetic correlation between rectal 
temperature and milk yield based on new 
genomic tools that have been developed to 
estimate genetic merit of individual animals. 
The term “genome” refers to all of the genes 
and other DNA inherited by an animal. A 
SNP chip like the Illumina Bovine SNP50 
BeadChip contains probes to identify 
specific mutations in the genome that are 
related to genetic traits. Using the Illumina 
Bovine SNP50 BeadChip, genetic mutations 
have been identified that predict genetic 
ability for regulation of body temperature 
that are not related to genetic ability for milk 
yield (Dikmen et al., 2013). Selection for 
these mutations should allow improvement 
in genetic ability for resistance to heat stress 
without reducing genetic ability for milk 
yield.   
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 Rapid progress is being made by 
geneticists to increase the power of genomic 
tools for estimating genetic merit.  As these 
tools become more powerful, our ability to 
select for heat resistance should also 
increase.  

Introduction of Specific Genes from 
Other Breeds or Creating New Mutations 

to Alter Function of Existing Genes 

 Another approach for improving 
resistance to heat stress in dairy breeds is to 
introduce heat-resistance genes from other 
breeds. One such gene is called the slick 
gene.  This gene, which was first described 
in the Senepol breed of beef cattle that 
originated in the Virgin Islands, is a 
dominant gene that causes very short hair 
growth.  The slick gene has been introduced 
naturally into some Holstein cows in Puerto 
Rico and into a dairy breed in Venezuela 
called the Carora.  In addition, Tim Olson of 
the University of Florida used crossbreeding 
with Senepol and backcrossing to introduce 
the slick gene into Holstein cows in Florida.  
Slick Holsteins are better able to regulate 
body temperature during heat stress than 
cows with normal hair (Dikmen et al., 
2008).   

 In Venezuela, Olson et al. (2003) found 
that Carora-Holstein crossbreds with the 
slick gene had lower rectal temperatures and 
higher milk yield than Carora-Holstein 
crossbreds with normal hair length (Table 
2).   Further work is needed to determine 

whether cows with the slick gene have 
superior milk yield in the United States. 

Advances in genetics mean that other genes 
that confer thermotolerance will be 
identified.  These genes can be introduced 
into dairy breeds by traditional methods 
(crossbreeding followed by upgrading).  
This is the approach that was used to 
introduce the slick gene into Holsteins. In 
addition, new technologies have been 
developed that allow scientists to induce 
specific mutations in a particular gene to 
change its function through injection of 
DNA-modifying enzymes into embryos.  
Using one of these enzymes, which include 
TALENs and zinc-finger nucleases, make it 
possible to recreate a naturally-occurring 
mutation in an individual that does not 
possess the mutation.  For example, the 
double muscled condition in cattle is caused 
by a mutation in the myostatin gene.  Using 
TALENs, one could change the myostatin 
gene in Holsteins to produce double-
muscled animals. The modified myostatin 
gene in Holsteins would not be a transgene 
(i.e., a gene transferred from one species to 
another) but rather would look identical to 
the one in Belgian Blue cattle.  Instead of 
taking several generations to produce a 
Holstein with the double muscled gene, the 
goal could be achieved through the time it 
takes to establish a single pregnancy and 
birth of a live calf.  
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Table 2.  Differences in rectal temperature and milk yield between slick and normal-haired 
Carora x Holstein cows in Venezuela.a 

Breed type Number 
of cows 

Hair coat  Rectal 
temperature, oF 

305-d milk yield, 
lb 

Carora 9 Slick 101.2 + 0.3bc 10,032 + 1,012b 

Holstein x Carora 288 Slick 101.1 + 0.1b 12,157 + 191c 

Holstein x Carora 75 Normal 102.0 + 0.1d 11,253 + 363bd 

75% Holstein: 25% Carora 30 Slick 101.4 + 0.1c 14,056 + 550e 

75% Holstein: 25% Carora 39 Normal 102.8 + 0.1e 12,274 + 495cdf 

Holstein 93 Normal 102.4 + 0.1de 13,429  + 350ef 
a From Olson et al. (2003) 
bcdef Means with different superscripts differ (P<0.05).  

 

Using Feed Additives To Improve Body 
Temperature Regulation Or Reduce 

Effects Of Heat Stress On Cow 
Physiology 

Feed Additives that Influence Body 
Temperature Regulation 

 Many of the genes that increase animal 
resistance to heat stress do so by improving 
the ability of cows to regulate body 
temperature during heat stress.  The slick 
gene, for example, controls hair length and 
therefore affects loss of heat from the skin. 
It may also be possible to regulate heat loss 
mechanisms by providing feedstuffs that 
contain bioactive molecules that affect 
physiological mechanisms that control body 
temperature regulation.    

 Efforts to date have yielded limited 
success. Additional of fungal cultures to 
diets reduced body temperatures and 
respiration rates during heat stress and 
increased milk yield in some, but not all, 
studies (Huber et al., 1994).  More recent 
efforts have focused on niacin, which is a 
vitamin that acts to increase blood flow to 

the skin.  Feeding heat-stressed cows a diet 
containing rumen-protected niacin increased 
evaporative heat loss and reduced rectal and 
vaginal temperatures (Zimbelman et al., 
2010).  However, there was no increase in 
milk yield and niacin had the unintended 
consequence of increasing water 
consumption by 40%.  

 Despite these modest results, it will be 
worthwhile to continue to identify natural 
products that contain molecules that regulate 
body temperature. Our understanding of the 
physiological control systems that determine 
body temperature regulation during heat 
stress will increase. This knowledge, in turn, 
could increase effectiveness of identification 
of bioactive molecules that could facilitate 
maintenance of body temperature during 
heat stress.  

Antioxidant Feeding 

 During normal metabolism, a fraction of 
the oxygen used by cells to power the body 
is converted into toxic oxidizing molecules 
called free radicals. Cells possess chemical 
systems to neutralize free radicals but these 
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antioxidants can be overwhelmed when free 
radical production is high. Free radical 
production can increase in heat-stressed 
cows because the increase in body 
temperature drives cells of the cow to 
consume more oxygen.  Free radicals 
produced in response to elevated 
temperature can damage the oocyte and 
early embryo and is probably one cause for 
reduced fertility during heat stress. The 
involvement of free radicals in effects of 
heat stress suggests it might be possible to 
improve fertility by increasing antioxidant 
concentrations in cells or the blood.  There 
are two papers that support this idea.   

 In the first paper, Aréchiga et al. (1998) 
found that feeding cows supplemental β-
carotene at a rate of 400 mg/d for at least 90 
days from about Day 15 after calving 
increased the proportion of cows that were 
pregnant at 90 d postpartum during the 
summer but not during the winter (Table 3). 
There was no effect of treatment on 

pregnancy rate at first service so the 
supplemental β-carotene either improved 
fertility after first service or estrus detection 
rate.    

 More recently, Garcia-Ispierto et al. 
(2013) tested whether administration of 
melatonin implants (9-12 per cow) 
beginning at 220 d of gestation to cows 
during the summer would affect postpartum 
reproduction. Melatonin is most well known 
as a molecule that controls responses of 
animals to day length but, like β-carotene, it 
is an antioxidant. Cows treated with 
melatonin had reduced interval to 
conception and decreased incidence of cows 
experiencing > 3 artificial inseminations 
(AI) per conception (Table 4).  It is not clear 
whether the effect of melatonin is due to 
blocking effects of heat stress on the oocyte 
and embryo or whether it acts through some 
effect independent of heat stress.  Results 
are promising but experiments should be 
repeated in both hot and cool seasons.  

 

Table 3.  Effect of supplemental feeding of β-carotene in the postpartum period on reproductive 
function of lactating Holstein cows in Florida.a 

Experiment Time of 
year 

Treatment  No. of cows Pregnancy rate 
at first 
insemination 

Pregnancy 
rate at 90-d 
postpartum 

1 Hot Control 128 9.4% 21.1% 

  β-carotene 48 12.9% 35.4%* 

2 Cool Control 55 17.6% 33.3% 

   β-carotene 52 12.9% 26.2% 
a From Aréchiga et al. (1998)          
* P<0.05.  
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Table 4.  Effect of administration of melatonin implants at 220 d of gestation on postpartum 
reproduction in the summer in Spain.a 

 

Treatment 

 

No. of cows 

 

Cows with > 3 AI/conception  

Interval from calving to 
conception, days 

Control 67 28.4% 123 

Melatonin 72 12.5%** 103* 
a From Garcia-Ispierto et al., 2013 
* P<0.05 
** P< 0.01 
 
 While experiments with β-carotene 
and melatonin are promising, it should be 
kept in mind that other antioxidants have not 
been effective at increasing fertility during 
heat stress, including vitamin E, selenium, 
or the combination of both molecules.  In 
fact, there are obstacles to developing an 
optimal antioxidant feeding scheme, 
including ensuring escape from the rumen, 
distribution to the site of action (the ovary 
and uterus, for example) and the fact that 
overfeeding of antioxidants can actually 
increase generation of free radicals.  At the 
same time, there are many opportunities to 
develop new antioxidant supplements. The 
scientific literature is rich with description 
of molecules with antioxidant properties and 
many of these are natural products that 
could conceivably be fed to dairy cattle.  
One of these, for example, is the antioxidant 
resveratrol found in grape skin; among its 
reported effects are increased sperm output 
in rats (Juan et al., 2005).  It may be possible 
to genetically modify crops used for dairy 
cattle to increase amounts of specific 
antioxidants in the diet.  

Embryo Transfer To Bypass  

Death Of Oocytes And Embryos Caused 
By Heat Stress 

 Embryo transfer was developed as a tool 
to increase the number of offspring from 
genetically-superior females.  This 
technology can also be used for improving 
fertility during heat stress. Fertility is low in 
the summer largely because of damage to 
the growing follicle, oocyte and embryo 
caused by exposure to maternal 
hyperthermia (elevated body temperature). 
This damage cannot be reversed by timed AI 
or by the use of natural mating.  Similarly, 
no hormone treatment has been found that 
can increase fertility during heat stress.  
Embryo transfer, in contrast, does improves 
fertility during heat stress. Since only 
embryos that develop normally are 
transferred, the embryo that is transferred 
into a heat-stressed recipient has, for one 
reason or another, escaped effects of heat 
stress. In addition, by the time embryos 
reach the stage of development where they 
are ready to be transferred into a recipient 
(the morula or blastocyst stage, typically 
Day 7 after AI), the embryo has acquired 
resistance to heat stress. Thus, it is much 
less likely that maternal hyperthermia will 
kill an embryo after Day 7 of pregnancy 
than an embryo in the first day or two of 
life. 
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 Embryos can be produced using either 
superovulation or in vitro fertilization.  For 
superovulation, cows are injected with 
follicle stimulating hormone to cause the 
growth and ovulation of multiple follicles. 
For in vitro fertilization, oocytes are 
harvested either from growing follicles 
using transvaginal, ultrasound guided 
aspiration (called oocyte pickup or OPU) or 
from ovaries recovered at slaughter or 
ovariectomy. Oocytes are then fertilized 
with sperm and the resultant embryos 
allowed to develop in the laboratory until 
transferred into recipients. Embryos 
produced by superovulation are superior to 
those produced in vitro in terms of ability to 
establish pregnancy after transfer and 
survive cryopreservation for long-term 
storage. In vitro production systems are 
superior to superovulation in terms of the 
maximum number of embryos that can be 
produced from a cow per year.  In addition, 
sexed semen can be used very efficiently for 
in vitro fertilization since one straw can be 
used to inseminate dozens of oocytes. 

Production of in vitro produced embryos 
using oocytes collected at a slaughterhouse 
is much less expensive that production of 
embryos by superovulation or by in vitro 
fertilization of oocytes harvested using 
OPU.  

 It has been shown repeatedly that embryo 
transfer can be used to alleviate the 
reduction in fertility caused by heat stress 
(Figure 1). Indeed, embryo transfer can 
largely eliminate the summer decline in 
fertility can be largely eliminated (Figure 
1B). Pregnancy rate is increased by transfer 
of superovulated embryos regardless of 
whether embryos are transferred fresh or 
after being cryopreserved. For in vitro 
produced embryos, however, pregnancy rate 
is improved during heat stress only when 
embryos were transferred fresh. There has 
been no improvement in fertility when in 
vitro produced embryos are transferred after 
conventional freezing in glycerol or ethylene 
glycol or after cryopreservation using a 
technique called vitrification.  
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Figure 2.  Enhancement of pregnancy rates during heat stress using embryo transfer. Data in 
Panel A represent results from various experiments in the summer in Florida.  Abbreviations are 
as follows: AI: artificial insemination; EG, frozen in ethylene glycol; F, fresh; Gly, frozen in 
glycerol; IVFET, embryo transfer with an in vitro produced embryo; MOET, multiple ovulation 
embryo transfer; TAI, timed artificial insemination; TET-IVF, timed embryo transfer with an in 
vitro produced embryo; VIT, vitrified. The numbers in the graph represent the day of gestation at 
which pregnancy diagnosis was carried out.  Panel B represents data from a commercial dairy in 
Brazil in which cows were either inseminated or received an embryo produced by superovulation 
(Rodriques et al., 2004). Asterisks represent months in which pregnancy rate was different 
between AI and ET. The figure is reproduced from Hansen (2013).  

 

 The poor survival of in vitro produced 
embryos to cryopreservation limits their use.  
For fresh transfers, production of embryos 
must be synchronized with availability of 
recipients at the correct stage of the estrous 
cycle.  Moreover, genomic testing is limited 
because it takes about 30 days for genetic 
estimates to be calculated after genotyping is 

performed.  Scientists are working on 
changing culture conditions to ensure that an 
embryo produced in vitro is more similar to 
an embryo produced in the uterus.  When 
this goal is achieved, the freezability of in 
vitro produced embryos will increase.    
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 The decision as to whether to use embryo 
transfer during the summer depends on the 
magnitude of the reduction in fertility 
caused by heat stress, the degree of 
improvement in fertility caused by embryo 
transfer and the cost of the embryo available 
for transfer. Ribeiro et al. (2012) estimated 
the cost to produce a female pregnancy in 
lactating cows as a function of the 
pregnancy rate per AI or embryo transfer.  
As an example, consider the case where 
pregnancy rate in the summer is 15% to AI 
using conventional semen and 25% using 
embryo transfer with sexed semen.  In this 
scenario, embryo transfer would be 
profitable. It would cost $1157 to produce a 
female pregnancy using timed AI, $1042 to 
produce an embryo using an oocyte 
harvested by ultrasound, and $820 to 
produce an embryo using an oocyte 
recovered from a slaughterhouse ovary.     

 Embryo transfer will become more 
profitable during heat stress as 
improvements in the process increase the 
competence of the embryo to establish 
pregnancy and survive cryopreservation. In 
addition, cost advantages of using embryos 
derived from oocytes recovered from the 
slaughterhouse should not be overlooked.  
Embryos of high genetic merit can be 
produced by using elite bulls because one 
straw of semen can produce dozens of 
embryos. Improvements in cryopreservation 
will also make embryo biopsy for 
genotyping more practical.    

Prospects For Future Change In 
Reducing The Impact Of Heat Stress On 

Dairy Cattle 

 Biology has been the most exciting 
and fruitful area of science in the last 30 
years or more. The increase in our 
knowledge of how genes, cells and 
organisms work has resulted in development 
of an array of biotechnologies to improve 

human health and animal function. The pace 
of change is unprecedented.  Consider, for 
example, that it was only in 2009 that the 
Illumina Bovine Gene Chip became 
available to producers.  Already, genomic 
testing has transformed genetic selection 
practices in dairy cattle.  

 The impending challenge to the world’s 
food supply caused by global climate change 
will provide the impetus for using 
biotechnology to manipulate cow genetics 
and physiology to reduce the impact of heat 
stress on efficiency of milk production.  
Science is expensive but yields a high return 
on investment. The pace at which 
biotechnology will mitigate the problem of 
heat stress will depend on the level of 
investment in basic and applied science.  
The challenge of funding is being met. 
Indeed, this road show is the result of a large 
multi-institutional grant from the USDA to 
develop new approaches to reduce the 
impact of heat stress on fertility and share 
the results with dairy producers.  Additional 
funding will be required, however, and the 
support of the dairy industry will be critical 
to ensuring research funds are available 
from government and private sources.  
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Introduction 

 
 Heat stress (HS) continues to plague the 
dairy industry with production losses 
estimated at $900 million annually to U.S. 
dairy herds (St. Pierre et al., 2003). In 
addition, heightened concern over animal 
welfare issues continue to increase with 
stress being the major factor.  The 
insurmountable costs of HS and heightened 
public perception of animal welfare on 
commercial dairies increases the importance 
of developing ways to accurately assess the 
effects of HS on individual dairy operations.   
 
 Recently the temperature humidity index 
(THI), which measures the combined effects 
of ambient temperature and relative 
humidity to ascertain heat load (Berry et al., 
1964), was revised with modern high 
producing lactating dairy cows and observed 
a HS threshold of 68 THI (72ºF; 22.2ºC) 
with 45% relative humidity to 80ºF (26.7ºC) 
with 0% relative humidity (Zimbelman et 
al., 2009). This stress threshold illustrates 
the point at which the combination of 
temperature and humidity negatively affects 
the production of the lactating dairy cow.  In 
addition, studies have shown that 
reproduction is negatively affected by HS at 
a lower THI (<68) than milk production 
(Garcia-Ispierto et al., 2007).  However, the 
THI is based on environmental factors alone 
and may not accurately represent the 
severity of HS on individual dairies due to 
the vast differences across operations such 

as breed, facility type, design, milking times, 
location, and on farm micro environments to 
name a few.  A method/ technology to 
evaluate or predict the effect of thermal 
conditions on individual dairies would allow 
producers the ability to assess the severity of 
HS on their commercial operation and make 
the appropriate changes needed to 
circumvent the negative effects of HS. 
 
 Technologies are currently available 
which will allow producers to evaluate the 
impact of HS on their dairy operation.  
These technologies will assess animal 
behavior which when used with 
technologies to assess environmental 
conditions can be powerful tools for 
illustrating when and where additional 
cooling may be needed.  Discussed below 
are several technologies and tools that can 
be utilized to evaluate HS on commercial 
operations.  
 

Animal Behavior Changes 
 
 Several animal behavioral events occur 
as a protective mechanism in order to reduce 
the severity of HS experienced by the 
animal.  Some of these events can be 
observed with the unaided eye ball 
technique and easily assessed with current 
tools utilized on commercial dairies.  Figure 
1 illustrates some of the different behavior 
events that can be visually observed.  
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Figure 1. Lactating dairy cow behavior changes during HS. 
Behavior Characteristic HS effect 

Feed intake Reduced  

Milk production Reduced 

Respiration rate Increased 

Water intake Reduced 

Lying bouts Reduced 

Activity (walking/standing) Reduced 

Open mouth panting and salivation 

Reproduction (Pregnancy and Conception Rate) 

Increased 

Reduced 

 
 One behavior change which is easily 
measured is increased respiration rate. 
Respiration rate can be measured in beats 
per minute (BPM) by counting the number 
of flank movements for 30 seconds and 
multiplying by 2.  As shown in Figure 2, a 
respiration rate of 60 BPM indicates that a 

cow is experiencing HS and, respiration rate 
and rising rectal temperature are highly 
correlated (Berman et al., 1985). Once 
respiration rate raises above 60 BPM both 
milk yield and reproduction losses are 
detectable.  
 

 
Figure 2. Lactating dairy cow behavior changes during HS. 
HS Severity Respiration Rate Rectal Temperature 

No Stress <60 BPM 38.5ºC (101.3ºF) 

Mild Stress (Threshold) 60 - 75 BPM >38.5ºC (101.3ºF) 

Mild-Moderate Stress 75 - 85 BPM >39ºC (102.2ºF) 

Moderate-Severe Stress 85 – 120 BPM >40ºC (104.0ºF) 

Severe Stress >120 BPM >41ºC (106.0ºF) 

 
 
Several technologies discussed below have 
been developed to assess animal behavior 
and environmental changes which can aid in 
monitoring the severity of HS on 
commercial dairies.  Using the technologies 

and tools available will be important for 
producers to assess HS on their operation 
and make necessary changes to reduce the 
negative effects.   
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Technology To Assess Animal Behavior 
 

Lying Bouts 
 Healthy dairy cattle during thermal 
neutral conditions normally try to maintain 
between 11 – 13 h/d of lying time (Jensen et 
al., 2005; Cook et al., 2007). However, 
during HS, dairy cattle often stand to 
improve the amount of surface area exposed 
to increase heat dissipation from the body 
(Anderson et al., 2013; Smith et al., 2012). 
In a recent study by Cook et al. (2007), time 
budgets for 14 cows housed in a 3-row free 
stall pen were obtained for filming sessions 
timed to capture different climatic 
conditions, with a range in mean pen THI 
from 56 to 74. Mean lying time was 
decreased from 10.9 to 7.9 h/d from the 
coolest to the hottest time periods measured 
and occurred predominantly between 0600 h 
and 1800 h.  In turn, standing in the alley 
increased from 2.6 to 4.5 h/d from the 
coolest to the hottest time periods. Only a 
small portion of the time standing was spent 
drinking water which increased from 0.3 to 
0.5 h/d. Due to the reduction in lying times, 
a significant increase in locomotion score 
was observed. Authors concluded that 
increases in claw horn lesion development 
seen in the late summer may be attributed to 
the increase in total time standing during 
summer.  In addition, changes in behavior 
with mild to moderate HS with activity 
shifts occurring around a THI of 68, 
supports the use of more aggressive heat-
abatement strategies at this time period. 
Smith et al (2012) also observed a reduction 
in lying bouts in lactating dairy cattle 
exposed to only a moderate increase in 
ambient temperature. In another study by 
Anderson et al. (2013), 144 lactating 
Holstein cows on a commercial dairy in AZ 
were cooled by a fixed system comprised of 
stationary fans and misters acting as control 
or the adjustable FlipFan operated for 16.5 
h/d. The lying behavior was determined by 

HOBO Pendant G data loggers (Onset 
Computer Corp., Bourne, MA) attached to 
the medial side of the cannon of either the 
right or left hind leg, recording angles on 3 
different axes at 30-s intervals (Ledgerwood 
et al., 2010) for 5 d.  Within this study, 
Cows under FlipFan had more lying bouts 
than did those under control (12.8 vs. 10.7 
bouts/d).  The authors concluded that lying 
bouts were increased due to a cooler 
environment from the FlipFan system.   
 
 Utilizing technologies to evaluate lying 
bouts can be useful in determining the 
effectiveness of current cooling systems on a 
commercial dairy.  In addition, this can be 
used to perform on farm evaluations to 
determine the severity of HS, overall cow 
comfort, or assessing time budgets to 
evaluate opportunities to reduce cow stress.   
 
Activity Monitors 
 Another technology that can be used to 
detect the effects of HS are activity 
monitors.  Activity monitors are increasing 
in popularity due to their ability to detect 
cows in estrus.  Of recent, researchers have 
been investigating other ways to use activity 
monitors to detect health issues such as 
lameness, lying bouts, cow comfort and 
disease.  The most commonly used activity 
monitors are accelerometers that record 
direction and speed of movement on 2 or 3 
axes. When worn on the leg as a pedometer 
or around the neck, these devices are able to 
record active movements (e.g. standing, 
walking). However, when worn around the 
leg, accuracy of lying behavior is improved 
compared to the neck collars.     
 
 The activity monitors have been used to 
assess cow comfort by evaluating both 
activity (i.e. walking/standing) and lying 
time.  Heat stress reduces the length and 
intensity of estrus.  For example, in summer, 
motor activity and other manifestations of 
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estrus are reduced (Hansen and Arechiga, 
1999) and incidence of anestrous and silent 
ovulations are increased (Gwazdauskas et 
al., 1981).  Nebel et al. (1997) reported that 
Holsteins in estrus during the summer had 
4.5 mounts vs. 8.6 mounts/estrus for those in 
winter.  One possible reason for the 
reduction in expression of estrus observed 
during HS is from reduction in physical 
activity, as a response to limit heat 
production. Lopez-Gatius et al. (2005) 
evaluated 5883 inseminations conducted in 
two well-managed, high producing Holstein-
Fresian dairy herds over a 20-month period 
in Spain.  All animals were fitted with 
pedometers (AfiFarm System; SAE Afikim) 
prior to the end of the voluntary waiting 
period which was 50 days in milk.  An 
increased walking activity of more than 80% 
above the mean activity recorded for the 
previous two days was taken as the lower 
limit for a cow to be considered in estrus. 
The study revealed that season affected 
walking activity with cows walking less 
during an estrus event during summer vs. 
winter (369 ± 152 vs. 384 ± 156% increase 
in walking activity).    
 
 Utilizing activity monitors to evaluate 
cow comfort can be a valuable tool to assess 
the severity of HS on fertility at and across 
farms.  By evaluating activity, a producer 
could evaluate at what time and to what 
severity HS is occurring by assessing when 
activity reduction occurs.  
 

Technology To Assess Internal Body 
Temperature 

 
Rectal Thermometer 
 Body temperature has been shown to be a 
common and useful indicator of the 
interaction between a dairy cow and her 
physical environment (Nakamura et al., 
1984). Manual collection of rectal 
temperatures is the most common method of 

obtaining body temperatures in practice 
simply due to the ease of measurement and 
low purchase costs (Aalseth, 2005). 
However, this procedure is labor intensive, 
time consuming, can result in rectal injury 
and is influenced by presence or absence of 
feces.  In addition, since animals have to be 
restrained to collect temperature, this may 
skew results since this may cause stress 
which can alter body temperature.  
 
 Generally, cow body core temperatures 
range from 101.5ºF (38.6ºC) to 102.2ºF 
(39.0ºC) with daily variation of 0.8 to 1.8ºC 
(Piccione and Refinetti, 2003). When rectal 
temperatures rise above 102.2ºF (39.0ºC) 
generally fever or HS is the cause.  Milk 
yield has shown to decline when 
temperatures rise above 102.2ºF (39.0ºC; 
Zimbelman et al., 2009) and conception rate 
declined 6.9% to 12.8% for each 0.9ºF 
(0.5ºC) increase in uterine temperature 
above the mean temperature of 100.9º to 
101.5ºF (38.3º to 38.6ºC; Gwazdauskas et 
al., 1973). Keep in mind rectal temperature 
is about 0.2ºC lower than uterine 
temperature, so it can be estimated that 
fertility declines when rectal temperature 
reaches about 102.2ºF (39ºC). 
Measurements should be taken in the 
afternoon and the thermometer should be 
held in the rectum for at least 1 min to 
stabilize.  
 
 Below are some recent technologies that 
have been used to accurately and 
systematically collect core body 
temperatures in cattle to assess when an 
animal is experiencing HS without some of 
the challenges listed above with rectal 
temperature collection.      
 
Data Loggers 
 Another tool producers can use is a data 
temperature logger (Thermocron® iButton 
from Maxim, Sunnyvale, CA model 
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DS1921H-F5, Range H:+15ºC to +46ºC) 
attached to a controlled internal drug release 
(CIDR) device which can measure internal 
vaginal temperature of a cow every minute 
for several days. These devices can be 
placed into the vagina of several sentinel 
cows in multiple pens allowing vaginal 
temperatures to be collected every 1-15 min 
for up to 7 days or more.  The devices can 
then be easily removed and downloaded to 
the computer to an excel spreadsheet by 
using an interface USB port and software 
provided by the company.  At this time, the 
data can be averaged by time and plotted on 
a line graph to observe when cow’s vaginal 
temperatures rise above 102.2ºF (39ºC). 
Because you will know feeding times and 
milking times you can access where and 
when on your dairy cows are becoming HS. 
Ortiz et al. (2011) used data temperature 
logger technology to determine locations 
and the hours of the day within individual 
dairies where HS occurs.  
 
 Anderson et al. (2013) used HOBO U12-
015 stainless data loggers (Onset Computer 
Corp., Bourne, MA, range -40º to 257ºF) 
attached to a CIDR device and recorded 
temperature at 5-min intervals for 6 d. Eight 
cows per 8 pens were monitored and data 
loggers were inserted 1 day before the data 
collection period began to allow data loggers 
to acclimate. Within this study, they were 
able to illustrate how cows’ core body 
temperatures were cooler when cooled with 
a new FlipFan technology versus the control 
system of stationary fans and misters. In 
addition, core body temperatures were 
correlated to standing behavior, with cattle 
more likely to stand above 102.07ºF 
(39.2ºC) core body temperatures. Note that 
the HOBO U12-015 cost $259 versus the 
iButtons which cost $22. One advantage of 
the HOBO is the improved accuracy versus 
the iButton (±0.25º vs. ±1ºC).  The HOBO 
may be more appropriate for research 

entities due to cost and improved accuracy. 
Data loggers can be a useful tool to identify 
specific times and locations within a dairy 
that HS is having a negative impact. This 
will allow dairymen to identify the 
microenvironments (hot spots) on their dairy 
and make adjustments to keep cows cool 
throughout the day. 
 
Reticulorumen Bolus 
 Rumen temperatures have previously 
been shown to be effective measures of core 
body temperature in cattle (Prendiville et al., 
2002). Utilizing a systematic data collection 
device intraruminally may be advantageous 
for collection of body temperatures to assess 
HS conditions.  A recent study from the 
University of Kentucky characterized the 
influence of milk yield, time of day, breed, 
ambient temperature, and season on 
reticulorumen temperature (RT) boluses in 
lactating dairy cows (Liang et al., 2013).  
The SmartBolus (TenXSys Inc., Eagle, ID) 
system was used to collect RT every 15 min 
from 93 cows.  The study was conducted 
from November to July 2011.  The 
SmartBolus system uses an active electronic 
bolus (11 cm long, 3.3 cm in diameter), 
which remains in the reticulorumen of the 
cow and transmits data to a computer via 
radio using repeaters.  The results from this 
study showed that ambient temperature 
increased RT. Summer RT was significantly 
increased compared with spring, fall, or 
winter.  In addition authors concluded that 
crossbred cows responded less to rising 
ambient temperature versus Holstein cows 
and high-producing cows had a higher RT 
than low producing cows.  This illustrates 
that crossbreeds may be more heat tolerant 
and higher producing cows may be more 
susceptible to HS.  Nonetheless, the 
reticulorumen bolus can be used to assess 
changes in body temperatures and possible 
HS management changes could be 
implemented.  Caution should be taken 
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when using this device as drinking water can 
affect the temperature recorded of the bolus 
and should be removed from the overall 
calculation when assessing core body 
temperature.  Bewley et al. (2008), tested a 
passive bolus equipped with a temperature 
sensor (The phase IV Cattle Temperature 
Monitoring System; MaGiiX Inc., Post 
Falls, ID) to assess the impact of water 
intake on reticular temperatures.  Cows 
receiving cold water did not return to within 
the baseline confidence interval after a large 
decrease of 9.2 ± 0.2ºC during the 3-h 
observational period.  Moreover, 
temperatures were not predicted to return to 
baseline until approximately 3.5 h.  The 
effect of water intake is related to the 
amount and temperature consumed and 
should be considered when monitoring 
reticular temperatures. Also, because of the 
activity of heat-producing rumen 
microorganisms, ruminal or reticular 
temperatures are generally about 0.5ºC 
greater than core body temperatures.   

 
Technology To Assess Environmental 

Conditions 
 
Smartphone Apps 
 The THI for a variety of farm animals has 
been available for many decades.  However, 
it has received little use by producers. The 
smartphone Apps are designed to replace the 
HS charts that are sitting in a book, on a 
shelf, in the barn office and put the 
information on a smart phone and into the 
hands of the producer.  The Apps allow 
producers to make timely decisions on 
managing the livestock environment and 
reducing animal stress and mortalities.  
Below are three HS Apps that have recently 
been made available to the livestock 
industry to aid in managing HS.  
 
ThermalAid App. The ThermalAid app 
provided by University of Missouri gives the 

THI for both beef and dairy cows using real-
time automated input from local weather 
stations and/or manual entry of ambient 
temperature and humidity.  Specific group 
information can be added (e.g., grazing vs. 
confined, healthy vs. sick) and the THI will 
change accordingly.  As the THI changes, 
the color of the backdrop shifts through the 
4 stages of stress from no-stress (green) to 
emergency (red).  Likewise, daily THI 
values for the next week can be accessed.  
Individual animal respiration rate can also 
be determined using the app, for a more 
precise determination of thermal stress level.  
In every case, one can save the information 
and get basic tips to reduce HS level.   
 
 Several other smartphone apps exist to 
manually calculate the THI for different 
livestock species.  However, none utilize 
real-time data entry.  Future goals are to 
develop cost-effective temperature/humidity 
sensors that can be placed at any location for 
determination of local THI.  In addition, 
animal temperature sensors are being 
planned to interact with the app and provide 
continuous notification of thermal status 
(courtesy of Dr. Don Spiers, University of 
Missouri). 
 
Cool Cow™ App. The Cool Cow™ mobile 
app, provided by Purina Animal Nutrition 
LLC, puts the tools dairy producers need to 
monitor and address HS at their fingertips.  
With the new Cool Cow mobile app, dairy 
producers will know when temperatures 
have reached levels that are stressful to the 
cow. This new tool is designed to assist 
dairy producers in mitigating the negative 
financial impacts of HS (communication 
with Elena Lindemann, livestock marketing 
director with Purina Animal Nutrition LLC). 
 
 The mobile app features an easy to use 
HS calculator for inputting the current 
temperature and humidity readings. The 
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temperature and humidity is then translated 
into a THI reading that shows the severity of 
HS, ranging from mild to extreme risk; 
providing dairy producers insight on the 
current conditions inside their barn. In 
addition to the HS calculator, the mobile app 
offers tips on mitigating HS from 
management to nutrition. 
 
 The Cool Cow™ mobile app is available 
to download for Android phones at: 
http://bit.ly/AndriodCoolCow and for 
iPhones at: http://bit.ly/iPhoneCoolCow.  
 
 For more information, call (800) 227-
8941 or go to: www.dairy.purinamills.com. 
 
Heat Stress in Livestock and Poultry App. 
The University of Guelph (Canada) and the 
Ontario Ministry of Agriculture and Food 
and the Ministry of Rural Affairs have 
developed a free mobile application 
available from Google Play or Blackberry 
Marketplace that calculates the level of HS 
in livestock and poultry. 
 
 The app allows producers to calculate HS 
based on the measured barn temperature and 
relative humidity. The resulting calculation 
shows the level of HS. It provides users with 
suggestions to reduce HS and improve 
animal and poultry comfort to help maintain 
feed intake and overall productivity. 
 
 The mobile app integrates research and 
production information from the Ontario 
Ministry of Agriculture and Food and 
Ministry of Rural Affairs publications and 
University of Guelph research on livestock 
housing. In addition to English, the App 
supports French and Spanish. 
 
Features include: 

• 3 languages: English, French and 
Spanish 

• 7 types of livestock 

• temperature changes in 2 degree 
increments (metric/imperial) 

• humidity changes in 5% increments 
(metric/imperial) 

• a variety of ventilation systems 
• HS levels ranging from No HS to 

Emergency 
• practical actions to take to reduce the 

effects of HS in livestock and poultry 
 
Additional Ag Apps 
 For additional Ag related app, Texas 
A&M AgriLife Extension put together a list 
of numerous Ag Apps which can be found at 
http://agrilife.org/yoakumterryipm/?p=336   
 
Infrared laser gun and Thermograph 
Cameras 
 Infrared thermography cameras or 
temperature guns can be used to capture 
images of skin surface temperature to 
measure HS on individual cattle. Coppola et 
al. (2002) measured thermal stress in dairy 
cows using an infrared temperature gun and 
respiration rates. Their results indicated as 
surface skin temperature increased (35.5°C 
vs. 37.8°C), respiration rates also increased 
(80 breaths/min vs.102 breaths/min). They 
concluded a skin surface temperature of 
below 35°C to be optimal in avoidance of 
HS and increased respiration rates. Utilizing 
the tools mentioned above can help assess 
the impacts of HS on an individual dairy but 
can be time consuming and costly. 

 
Utilizing Farm Data To Assess Severity 

Of Heat Stress 
 

 The Extension Service of the Ministry of 
Agriculture and Israel Cattle Breeders 
Association have developed a summer 
performance assessment tool called the 
summer to winter (S:W) ratio to evaluate the 
impacts of HS on milk yield and 
reproduction between seasons for individual 
farms in Israel (Flamenbaum and Ezra, 

http://bit.ly/AndriodCoolCow
http://bit.ly/iPhoneCoolCow
http://www.dairy.purinamills.com/
http://agrilife.org/yoakumterryipm/?p=336
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2010). The report calculates a series of 
reproduction and milk production ratios 
based on individual farm data for summer 
(July-September) and winter (January-
March). A S:W ratio close to or above 1.0 
for production and fertility data and lower 
ratio for somatic cell count, the better the 
farm is managing and minimizing summer 
HS. Utilizing the S:W ratio, Israeli 
researchers compared 24 farms with the 
highest S:W ratio to 24 farms with the 
lowest S:W ratio (Flamenbaum and Galon, 
2010). In this study, summer conception 
rates (CR) were significantly higher in the 
highest S:W ratio farms compared with the 
lowest (27 vs. 19%). High S:W ratio herds 
reached in summer CR of 70% of their 
winter CR, compared to only 50% in the 
lowest S:W ratio farms, illustrating that 
management strategies can be implemented 
to improve milk production and 
reproduction during summer (Flamenbaum 
and Galon, 2010). One such strategy was 
intensive cooling which added 
approximately 1540 lbs (700 kg) of milk to a 
cow’s lactation with an increase of 6.5% in a 
cow’s annual production. By establishing 
and utilizing the S:W ratio, Israeli extension 
service and consultants have been able to 
easily assess the severity of HS on 
individual farms and make 
recommendations for improvements. 

 Understanding the impact of HS on dairy 
farms is important to designing and 
implementing proper strategies to alleviate 
HS. Dairy producers need easy tools they 
can use to evaluate HS on their farms and to 
help them understand the economic impact. 
The S:W ratio can help assess the impact of 
HS on milk production and fertility to allow 
farmers to make strategic decisions to 
counteract the negative effects of HS. This 
in turn may enhance the adoption of new 
technologies or management strategies to 
reduce the impact of summer. 

 Recently, a study was conducted by our 
lab to establish the S:W ratio for both 
reproduction and milk production 
parameters for dairy herds across the US and 
specifically in the south. In addition, dairy 
farms were identified using the lowest and 
highest S:W herds to evaluate the amount of 
reproduction and milk production that can 
be improved. 

 Two studies were conducted to utilize 
CR, pregnancy rates (PR) and monthly milk 
yield tests to establish the S:W to determine 
the severity of HS on commercial dairies 
(Robertson and Bilby, 2012a; 2012b). 
Records for commercial dairies were 
collected from the Dairy Herd Improvement 
Association and Genex Cooperative, Inc. 
from across the US (n=684) for experiment 
1 and a subset (n=124) from the southwest 
was used for experiment 2.  The average for 
3 summer months (July-September) was 
divided by 3 winter months (January-March) 
to obtain the S:W for CR in experiment 1 
and CR, PR and monthly test milk 
production in experiment 2.  

 In experiment 1, effects of herd size 
(small < 500 cows, medium 500-1000 cows, 
large > 1000 cows), facility type (drylot vs. 
freestall), US region (north vs. south), and 
breed (Holstein vs. crossbred and Jersey) on 
each S:W ratio were analyzed (Robertson 
and Bilby, 2012a). As expected, results in 
experiment 1 illustrated higher summer CR 
and S:W CR in the north compared to the 
south (34.25 vs. 21.24 ± 0.92 and 0.90 vs. 
0.58 ± 0.02). An interaction was observed 
for both summer and S:W CR between US 
region and dairy size, with large dairies in 
the north having a lower summer and S:W 
CR than small and medium sized dairies 
(30.78 vs.37.70 and 34.28 and 0.85 vs. 0.91 
and 0.94, respectively); whereas, large 
dairies in the south had a higher summer and 
S:W CR than small and medium sized 
dairies (25.11 vs. 18.53 and 20.07 and 0.71 
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vs. 0.50 and 0.54, respectively). An 
interaction of facility type and dairy size 
was observed for summer and winter CR. 
Small and medium drylot dairies had higher 
summer CR than large drylots (32.77 and 
29.98 vs. 27.26), whereas small and medium 
freestall dairies had lower summer CR than 
large freestall dairies (23.46 and 24.38 vs. 
28.63). Furthermore, small drylot dairies had 

higher winter CR than did medium and large 
drylots (43.58 vs. 36.62 and 34.62), 
however, there was no difference among 
freestall dairies and herd size. In table 1, 
herds ranked in top and bottom 10% based 
on S:W CR reported dairies in the south had 
an 87% of S:W level than that of the north, 
furthermore, bottom herds in the south had 
43% of S:W than did the north. 

 

Table 1. Effects of US Region and S:W Conception Rate Level in US Commercial Dairies 

 North  South  S.E.  P - Value 

Parameter 
Top 

10%2 

Bottom 

10%3  
Top 

10%2 
Bottom 

10%3    Region 
Herd 
Rank 

Region x 
Herd Rank 

No. herds 42 43  18 18       

Summer 37.12 22.98  31.22 10.11  1.15  < 0.01 < 0.01 < 0.01 

Winter 33.38 40.95  32.33 42.38  1.30  0.88 < 0.01 0.35 

S:W1 1.12 0.56  0.97 0.24  0.01  < 0.01 < 0.01 < 0.01 

1S:W= Summer to winter ratio (average of January-March conception rates divided by the 
average July-September conception rates) 

2Top= Top 10 percent of herds based on summer to winter ratio conception rates 

3Bottom= Bottom 10 percent of herds based on summer to winter ratio conception rates 

 

 In experiment 2, the effects of herd size 
(small < 700 cows vs. large > 700 cows), 
facility type (drylot vs. freestall), southwest 
region (central, east, south and west), breed 
(Holstein vs. crossbred and Jersey) and 
reproductive management (AI vs. bull) on 
each S:W ratio were analyzed (Robertson 
and Bilby, 2012b). The top S:W milk herds 
were 29% higher than bottom herds in 
relation to milk decline from summer HS. 
Top S:W milk herds also had higher summer 

and S:W PR and CR (10.25 vs. 3.04, 0.66 
vs. 0.18 and 23.86 vs. 13.00, 0.78 vs. 0.35, 
respectively). In table 2, top ranked S:W PR 
herds declined 45% less from summer to 
winter than bottom herds. Furthermore, top 
S:W PR herds were also higher in summer 
and S:W for CR and monthly milk test 
(23.06 vs. 14.60, 0.76 vs. 0.38 and 29.39 vs. 
26.12, 0.96 vs. 0.84, respectively). In 
conclusion, milk production is not as 
affected by summer HS as reproduction.  
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Table 2. Top 20% and Bottom 20% Dairies based on Pregnancy Rates S:W in the Southwest 

Parameter Top1 Bottom2 S.E. P-Value 

No. Herds 17 17   

Pregnancy Rate (%)     

  Summer 11.75 4.56 0.68 < 0.01 

  Winter 18.08 22.07 1.67 0.10 

  S:W 0.67 0.22 0.03 < 0.01 

Conception Rate (%)     

  Summer 23.06 14.60 1.64 < 0.01 

  Winter 31.94 38.60 2.17 0.04 

  S:W 0.76 0.38 0.09 < 0.01 

Monthly Test Milk Production (kg)     

  Summer 29.39 26.12 1.00 0.03 

  Winter 30.65 31.22 1.09 0.71 

  S:W 0.96 0.84 0.02 < 0.01 

 S:W = Summer to winter ratio (average of January-March rates divided by the average July-
September rates) 

1Top = Top 20 percent of herds based on summer to winter ratio pregnancy rates 

2Botttom = Bottom 20 percent of herds based on summer to winter pregnancy rates 

 
 The S:W ratio can determine how well a 
farm manages the negative effects of HS 
from summer to winter and attain higher 
milk yields and improve reproductive 
performance. Utilizing the S:W can help 
evaluate effects of HS on commercial dairies 
and implement cooling strategies to improve 
milk yield and reproduction.  This ratio can 
easily be implemented within a commercial 
dairy, used in peer groups to compare across 

herds within a region, and (or) used as 
another benchmarking tool for data analysis.    
 

Conclusions 
 
In conclusion, tools and technology are 
available to help producers assess the 
severity of HS within their operation.  
Utilizing the information from these 
technologies will allow producers to 
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evaluate where on their dairy does a cow 
become HS, when they become HS and to 
what severity.  In addition, using 
benchmarking tools such as the S:W ratio 
will allow producers to assess how well their 
operation does combating HS across years, 
within a region or amongst peers. Dairy 
producers will be faced with challenges 
from “data overload” as more technology 
becomes available allowing producers to 
monitor their dairy operations.  Producers 
should continue to work with consultants, 
companies, and universities to properly 
implement and utilize new technologies to 
obtain the most value from their investment, 
improving overall profitability.    
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