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Abstract

In order to determine the effect of breeding region on differences in
persistency of heat stress effect in first parity Simmentals test-day records
provided by the Croatian Agricultural Agency were analysed. Only cows with
detected statistically significant decrease in daily milk yield at set temperature-
humidity index (THI) threshold value (65, 70 and 75) were included in the
further analyses. The persistency of heat stress effect regarding the daily milk
traits was determined as a drop in the subsequent milk recordings (1% and 2"9).
The research results indicate significant difference in animals’ response to heat
stress effect due to breeding region and individual’s susceptibility to heat stress.
The most pronounced and persistent negative effect of heat stress was determined
in cows reared in Eastern region. Also, the negative effect of heat stress was more
pronounced and more persistent in Simmentals that were heat stressed at the
lower THI threshold values (cows that are more susceptible to heat stress).
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Introduction

Currently, dairy cattle production is characterized by a growing demand
for high animal production. Also, milk production takes place in an
environment that changes to less favourable for dairy cows. According to
Battista and Naylor (2009), by 2050, most of the world will be exposed to
moderate temperatures during the summer, which will be higher than the
highest recorded temperatures.
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Furthermore, Gauly et al. (2013) warned that the heat stress of high-
producing dairy cows will cause growing concern among European milk
producers. Segnalini et al. (2013) emphasized the need for adequate adaptation
of development strategies aiming at the reduction of negative effects of
warming in farm animals in the Mediterranean region. In the European Union,
GIRA (2012) predicts in the analysis of Regional movements in EU Milk
Production that regions with intensive farming will be replaced by regions with
less intensive farming around the Atlantic and with more land suitable for
pasture (resulting in lower production costs). According to Hansen (2013),
increased production makes cows more susceptible to heat stress, which means
that the heat stress has become an acute problem regardless of climate change.

Modern dairy cows, which are characterized by high milk production,
lose the ability to regulate their body temperature at air temperatures in the
interval between 25 and 29 °C. The studies of Bohmanova (2006) and Collier et
al. (2006) indicate that high-producing cows are affected by heat stress much
more than low-producing ones. Kadzere et al. (2002) stated that the intensive
genetic selection for milk production has changed the thermoregulation
physiology of dairy cattle. High-producing cows have larger frames and larger
gastrointestinal tracts that enable them to digest more feed, but this, on the
other hand, creates more metabolic heat and reduces the ability of cows to
regulate normal temperature at heat stress conditions. According to Kadzere et
al. (2002), thermo-neutrality shifts to lower temperatures due to the increase of
milk yield, feed intake and metabolic heat.

Due to heat stress the following are decreased in dairy cows: dry matter
intake, milk production (West et al., 1999; Casa and Ravelo, 2003) and
reproductive performances (Bohmanova et al., 2007; Ravagnolo et al. 2000).
Additionally, heat stress affects milk composition, somatic cell counts (SCC)
and mastitis prevalence (Bouraoui et al., 2002; Collier et al. 2012; Correa-
Calderon et al., 2004; Gantner et al., 2017; Ravagnolo et al., 2000; St-Pierre et
al., 2003; West, 2003; Hammami et al., 2013; Smith et al., 2013). Furthermore,
the heat stress condition also leads to considerable loss of profit, e.g. between
$897 million and $1,500 million per year in the USA (St-Pierre et al., 2003).
There are many ways to measure heat stress although the temperature-humidity
index (THI) is the most common measure used in dairy cattle breeding. THI
includes ambient temperature and relative humidity and is a useful and simple
method of assessing the risk of heat stress (Kibler, 1964).

The aim of this research was to determine the effect of breeding region
(Eastern, Central and Mediterranean Croatia) on differences in persistency of
heat stress effect in first parity Simmentals at different values of THI (65/ 70/ 75).

Agro-knowledge Journal, vol. 20, no. 2, 2019, 75-83



Material and Methods

Data. Individual test-day records of first parity Simmentals collected
during regular milk recording performed by an alternative milk recording
method (AT4/BT4) in the period from January 2005 to December 2012 in
Croatia were used for statistical analysis. Milk yields were measured monthly at
each recording, during the evening or morning milking. Additionally, at each
milk recording, ambient temperature and relative humidity were recorded.
Daily temperature-humidity index (THI) was calculated using the equation by
Kibler (1964):

THI= 1.8 x Ta — (1 — RH) x (Ta— 14.3) + 32

where Ta is average temperature in degrees Celsius and RH is relative humidity
as a fraction of the unit. Records with lactation stage in (< 6 days and > 305
days), age at first calving in (< 21 and > 36 months), missing parity, and
missing or nonsense Ta and RH values were deleted from the dataset. Only
cows with minimum 3 test days per lactation were taken into analysis. Data
were provided by the Croatian Agricultural Agency.

Statistical analysis. The variation in daily milk traits due to heat stress
was tested by least square analysis of variance for each given THI value (65, 70
and 75) separately for each region (Eastern, Central and Mediterranean Croatia)
using the PROC MIXED procedure in SAS (SAS Institute Inc., 2000). The
following mixed model was used:

Yijam = A +D,(d; /305)+Db,(d; /305)° +b; In(305/d,)+b, In*(305/d,)+ S, + A +T, +e

ijkim
where

Yijim = estimated daily milk trait;

u= intercept;

by, by, bs, b = regression coefficients;

di = days in milk (i= 6 to 305 days, lactation curve by Ali and Schaeffer, 1987);
S; = fixed effect of calving season class j (j=1/2006 to 12/2012);

Ay = fixed effect of age at first calving class k (k=21 to 36 month);

T; = fixed effect of THI class (I=0 (normal condition — values under the given
threshold) or 1 (heat stress condition — values equal and above the given
threshold));

Eijm= residual.
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The significance of the differences between the THI classes was tested
by t-test. Only cows with detected statistically significant decrease in daily milk
yield were included in the further analyses. The daily milk trait measured on the
recording day when heat stress occurred was used as the reference level. The
drop in daily milk traits was determined in the 1% (test-day milk traits measured
within 35 days) and 2" (test-day milk traits measured between 35 and 70 days)
milk recording after heat stress. The persistency of the effect of heat stress as a
drop in daily milk traits was analyzed separately for each region (Eastern,
Central and Mediterranean Croatia).

Results and Discussion

The effect of the breeding region (Eastern, Central and Mediterranean
Croatia) on the amount of drop in daily milk traits in subsequent milk
recordings (1 and 2") after detection of heat stress at different THI values (65,
70 and 75) is presented in Tables 1, 2 and 3.

The highest drop in daily milk yield in the 1% subsequent milk recording
in the amount of 3.29 kg/day was determined in the first parity Simmental cows
bred in the Eastern region of Croatia. The drop in daily milk yield in the 2"
subsequent milk recording was even higher amounting 3.52 kg/day. The lowest
drop in the amount of 2.42 kg/day and 2.96 kg/day, in the 1% and 2" subsequent
milk control, respectively, was determined in Simmentals bred in the
Mediterranean region. The drop in daily milk contents (fat and protein)
determined in the subsequent milk recordings showed higher drop in fat than
protein contents.

Tab. 1. Drop in daily milk traits in the subsequent milk recordings after detection
of heat stress based on the breeding region (Eastern, Central and Mediterranean
Croatia) at THI > 65

1% milk recording after heat stress 2" milk recording after heat stress

Region DMY,kg DFC,% DPC,% DMY,kg DFC,% DPC, %
Eastern 3.29 0.16 0.01 3.52 0.17 0.01
Central 3.08 0.09 0.02 415 0.15 0.02
Mediterranean 2.42 0.11 -0.03 2.96 0.19 -0.01

*DMY - daily milk yield, kg; DFC — daily fat content, %; DPC — daily protein content, %

The animals that experienced statistically significant (P < 0.05)
decrease of daily milk yield at higher values of THI (> 70, Table 2; > 75, Table
3) had lower drop of daily milk yield in the 1% subsequent milk recording
comparing to animals stressed at lower THI value (> 65).
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Similarly, in all cows, the drop in daily milk yield was higher in the 2"
subsequent milk recording comparing to the 1% one.

Tab. 2. Drop in daily milk traits in the subsequent milk recordings after detection
of heat stress based on the breeding region (Eastern, Central and Mediterranean
Croatia) at THI > 70

1% milk recording after heat stress 2" milk recording after heat stress

Region DMY,kg DFC,% DPC,% DMY,kg DFC,% DPC,%
Eastern 3.09 0.16 0.05 424 0.20 0.05
Central 2.77 0.11 0.03 3.47 0.19 0.05
Mediterranean 2.31 0.11 -0.01 3.24 0.21 0.03

*DMY - daily milk yield, kg; DFC — daily fat content, %; DPC — daily protein content, %

The analysis of the drop in daily milk contents, fat and protein showed a
higher drop in daily fat than protein contents. Also, the drop in daily fat
contents was higher in the 2" comparing to the 1% subsequent milk recording.

Tab. 3. Drop in daily milk traits in the subsequent milk recordings after detection
of heat stress based on the breeding region (Eastern, Central and Mediterranean
Croatia) at THI > 75

1 milk recording after heat stress 2" milk recording after heat stress

Region DMY, kg DFC,% DPC,% DMY,kg DFC,% DPC, %
Eastern 2.66 0.18 0.08 3.91 0.25 0.10
Central 251 0.12 0.04 3.31 0.22 0.08
Mediterranean 3.09 -0.06 -0.12 3.99 0.05 -0.01

*DMY - daily milk yield, kg; DFC — daily fat content, %; DPC — daily protein content, %

According to a number of researches (Kadzere et al. 2002, Bohmanova
2006, Collier et al. 2006, Gantner et al. 2017, Hansen 2013), the THI threshold
values depend on a variety of factors, such as production level, parity, breed,
and region. According to Du Preez et al. (1990a, b), heat stress affects milk
production and feed intake when THI values exceed 72. Bouraoui et al. (2002)
set the threshold at 69, while Bernabucci et al. (2010) and Collier et al. (2012)
set it at 68. Vitali et al. (2009) warned of the increased risk of cow death when
THI = 80.

The results of this analysis showed that the lower the THI threshold
value (65/ 70/ 75), the higher is the drop in daily milk yield in subsequent milk
recordings. Also, the highest drop of daily milk yield in first parity Simmentals
was determined in Eastern Croatia with a tendency of drop increase in the 2™
subsequent milk recording.
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Conclusion

The research results indicate significant difference in animals’ response
to heat stress effect due to a breeding region and individual’s susceptibility to
heat stress. The most pronounced and persistent negative effect of heat stress
was determined in cows bred in the Eastern region of the country. Also, the
negative effect of heat stress was more pronounced and more persistent in
Simmentals that were heat stressed at lower THI threshold values (cows that are
more susceptible to heat stress).
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VYTunaj pervje y3roja Ha pazjiuke y Mep3UCTEHIU]U yTHIIaja
TEMITEPaTyPHOT CTpeca Y MPBOTEIKaMa CHMEHTAJICKE TTACMUHE

Becna FaHTHepl, MupHa FaBpaﬂl, [paran I[oxnhz,
Boxo Baxuh®, Maja Fpemhl, Tuna Bo6uh*

1YHu6ep3umem J.J. HImpocmajep y Ocujexy, @akyimem azpoOuomexHuyKux Hayka, Xpeamcka
*Onmumuna Epoym, Jlan, Xpsamcka
3YHu6ep3umem v Barvoj Jlyyu, [lowonpuepeonu gaxynmem, Penybruxa Cpncka, buX

Caxeraxk

Y mwey yrBphuBama yTHIlaja peruje y3roja Ha MEp3UCTCHIMjY edekrta
TEeMIIEPaTYPHOT CTpeca KO NPBOTEIKH CUMEHTAJICKE MACMHHE aHAIM3UPAHU CY
3anMCH Ha KOHTPOJHH JIaH TPEY3eTH O]l XpPBaTCKe MOJHONPHUBPEAHE areHIHje.
KpaBe kon kojux je yrBpheH CTaTHCTHYKM 3HAuyajaH Maj JHEBHE KOJIMYMHE
MIIMjeKa TpH JeQUHHCAHUM BPHjEAHOCTHMA TEMIICpaTypHO-XyMHUIHOT HHJEKca
THI (65, 70 1 75) ykibyueHe Cy y jAajba MCIMTHBama. llep3ucTeHimja yTuiaja
TEMIIEpaTypHOI CTpeca, ¢ O03MpPOM Ha JHEBHE KapaKTepHCTUKE aHAIM3HMpPaHEe
MJIMjeYHOCTH, Ae(uHICaHa je Kao amlcOMyTHH MaJ y CYKIIECHBHUM KOHTpOJama
wimjedHoctd (1. u 2.). Pe3yntatu oBora ucTpaxuBama yKasyjy Ha 3Ha4ajHY
Pa3NMKy y peakiuju KpaBa Ha TEMIIEpAaTypHU CTPEC y 3aBUCHOCTH O Peruje y3roja
TE OCjETJBUBOCTH TpJia Ha TEMIlepaTypHU cTpec. HajuspakeHuju Te TyroTpajHUju
HETaTHBHHU YTHIA] TEMIIEPATypHOT CTpeca yTBpEH je KOA KpaBa Y3rajaHux y
UCTOYHOj XpBarckoj. Hamasbe, HeraTMBHM yTHIA] TEMIIEPATypHOT CTpeca Ouo je
W3pKCHUJH W JIyTOTPAjHUJU KOJ KpaBa OCJCTJBUBUjUX Ha TEMIICpATypHH CTpEC
(ko TeMmepaTypHOT cTpeca npy HkuM BpujeaHoctuma THI).

Kmyune pujeuu: TemrepaTypHH CTpec, NEp3UCTCHIUja, HPBOTEIIKE

CHMEHTAJICKe HacMUHE, JTHEBHA CBOjCTBa
MJIMj€YHOCTH, PerHja y3roja
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