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Abstract

In the design of dairy cattle shelters, behavior of the animals, climatic environmental factors
and herd management have a significant impact. The most important function of dairy cattle
barns to protect animals from unfavorable environmental conditions and to increase
productivity will be achieved per animal providing with adequate housing environment for
them. The most three important factors affecting yield in livestock raising are genetic,
nutrition and environmental conditions, respectively. These three factors in order to achieve
the highest level efficiency from the animals should be handled at the same time. Stress
factors in dairy cattle are composed of structural, climatical and social environments. The
stress resulting from the climatic environmental conditions occur due to changes of climatic
values in the environment in which hosted of the animals. The most important parameter
affecting the productivity of dairy cattle is climatical factors. Climatic environmental
conditions consist of temperature, air velocity, relative humidity, solar radiation and light etc.
parameters. The temperatures within the climatic environmental conditions are more
important with regards to can exhibit normal behavior of the animals and their ability to
sustain physiological activities. In dairy cattle, associated with rise above of optimum
temperature zone of temperature will be broken heat balance of the body and the animals will
enter the heat stress if this excess heat does not take away the of body. Shortly after the start
of heat stress, declines will occur in milk yield and animal losses will be inevitable if
necessary precautions are not taken. In this review, studies conducted related to in dairy cattle
breeding how it should be of climatic environmental conditions suitable to animal behavior
and effects on dairy cattle of heat stress were summarized.

Keywords: Behavior, critical temperatures, dairy cattle, heat stress, temperature,
Temperature-Humidity Index (THI)

INTRODUCTION

It is increasing the need for animal food products along with a growing world
population .The need for animal foodstuffs will be possible by increasing the yield to be
obtained from available animal existence while providing the environmental conditions
required for animal welfare. In dairy cattle, the most important parameter indicating the
productivity is annual milk production per animal.

Accordingly, the average milk production was 2.942 tons animals™ in Turkey while
9.9 tons animals™ in USA and 6.6 tons animals™ in European Countries (Anonymous, 2012).
Although dairy cattle presence of Turkey was 20% of the European Countries average, milk
production was 7% of that. Inappropriate environmental conditions, deficiency in nutrition
and genetic structure can be showed among the major results of this (Uzal &Ugurlu, 2008).
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Ugurlu & Uzal (2004) reported that first of all, to reach a high efficiency level of a
living, namely the increase of productivity, was closely related stress factor in its the
environment where in alive and stress consisting of tension resulting from various factors on
live organism was slowing down the generative functions of the live and caused significant
yield reduction. In dairy cattle barns, climatic environmental conditions should be checked to
ensure animal welfare are temperature, relative humidity, air velocity, solar radiation and
light. An animal must be in thermal equilibrium with its environment which radiation, air
temperature, air velocity and humidity to maintain homeothermy (Kadzere et al. 2002).
Animal surrounding environment influences the heat exchange between the environment and
animals. Especially, environmental temperature is the most important factor in the regulation
of the heat produced by the animal and in the maintenance of body temperature. To increase
of animal production, kept at the desired level and the protection of the health of animals, in
animal barns must be between certain limits in of temperature (Mutaf & Sonmez, 1984).

The animals entering heat stress will try to remove extreme heat in their bodies
through the latent heat dissipation. Dairy cattle are trying to remove excess heat in the form of
water vapor increasing respiration rate to latent heat dissipation. In the meantime, to live deal
with excess heat issues is provided the reduction of heat generation stimulating the heat-
sensing center in the brain. To reduce of heat production, the live significantly reduces feed
intake and occurs lack of appetite. Yield decreases with a reduction in feed intake.

In the increase of animal production three main factors: genetic structure, care-
feeding and environmental conditions. To increase of productivity in animal production, cattle
breeds with high efficiency genetically should be developed and it must be made of the
breeding of this race. Environmental conditions, because it is the factors that regulate living
comfort at the climatical, structural and social issues in housing environment of the animals,
constitute an integral tripartite structure with genetic structure and nutrition in increasing
livestock production (Uzal & Ugurlu, 2009).

Proper Temperature Intervals in Dairy Cattle

The income derived from livestock in order to increase within economical constraints,
relations with animal husbandry of climate factors need to understand and evaluate. While
investigating effects on the animals of climatic factors, before each should be considered
separately, then it must also be focused on their jointly effects. Besides the influences on yield
of climatic factors, there are also indirectly effects on disease, care and nutrition.

These effects constitute different results in various animal species and in different
races within the same species (Atasever et al. 2004). Heat stress, as directly or indirectly,
affects on feed intake, body temperature, maintenance needs, milk yield, reproduction
performance, behavior and illness rate of the animals (Thatchet, 1974; Cook et al. 2007;
Tucker et al. 2007; Rhoads et al. 2009). In one study, Shinde and Teneja (1986) reported that
Between milk yield and climatical factors was a usually negative and significant correlation
and they stating that temperature and humidity affected animals and there should be between
25 °C and 7 °C of comfort zone (optimal temperature interval) for maximum milk yield.

The body temperature of dairy cows varies between 38-39.3 °C, with an average of
38.6 °C. The optimum temperature for most farm animals ranges from 10-20 °C. Even in high
humidity conditions, cattle produce well in temperatures between 4-24 °C.
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So long as it's not very sudden temperature fluctuations, very low temperatures, such
as -10 °C, have very little effect. When the temperature exceeds 25 °C, there is a drop in milk
production. This decrease can be up to 50% at temperatures of 32 °C and higher. However,
the appropriate temperature for cattle adapted to mild climates ranges from 15 to 27 °C and
milk production begins to fall when temperatures rise above 35 °C (FAO, 2016). Heat stress
occurs when average temperatures are higher than the temperature. Lactating dairy cattle
prefer to average temperatures between 5-25 °C in optimum temperature zone (Roenfeldt,
1998). At ambient temperature above 26 °C, cattle are forced to cool their bodies and enter
heat stress (Kadzere et al. 2002).

Reactions of the cattle to temperatures above optimal temperature zone are different
(Kadzere et al. 2002). These contain respiration increased rates and rectal temperature (Omar,
1996), raised panting and drooling and reduced heart rates (Blazquez, 1994) besides
decreased milk production (Keown & Grant, 1997) and feed intake (Rhoads et al. 2004).
Appropriate temperature for cattle examined by many researchers is the suitable temperatures
between 0-24 °C temperature values and is the optimum temperatures between 7-15 °C
temperature values (Demir, 1992). Comfort zone temperature contains a limited range and
temperature values remaining within this region is considered as optimum temperatures
(Ekmekyapar & Okuroglu, 1984).

Optimum temperature limits for dairy cattle is 10-20 °C (Webster, 1994). Although
suitable temperature values for cattle is 4-24 °C, the optimum temperature values 10-15 °C
and the optimum temperature lower limit 7 °C, in temperatures above 24 °C begins to
decrease milk production in dairy cattle. Indeed, associated with rise to 35 °C of temperature
reduce by 50% milk production (Ekmekyapar, 1991). Optimum, suitable, lower and upper
critical temperatures in cattle are given in Table 1.

Water loss by evaporation from the skin increases in temperatures above 20 (Berman,
1968). Upper critical temperature for dairy cattle, regardless of their milk production or
previous climate adaptation is 25-26 degrees (Berman et al. 1985). When the heat which
cannot be removed from the body exceeds heat loss capacity by evaporation, body
temperature increases and animals die from hyperthermia if unchecked (Kadzere et al. 2002).
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Table 1. Optimum, suitable, lower and upper critical temperature values to cattle

Lower Critical Temperatures

(’C)

Optimum Temperatures

(°C)

Suitable
Temperatures
(C)

Upper Critical Temperatures

(°C)

-10 (FAO, 2016)

-12 (to Holstein,
Brown Swiss)

-1(to Jersey)

(Yeck & Stewart,
1959; Young, 1981)

-10 (draught free)
2 (2 ms™ wind speed)
(Noton, 1982)

-6

(Sainsbury &
Sainsbury, 1988)

<(-7) (Sainsbury,
1974)

-15 (WMO, 1989)

- 14 (pregnant and dry)

-25 (in the peak period of
lactation)

(Radostits & Blood, 1985)

-26 (0.2 ms™ wind speed)
-13 (2 ms™ wind speed)
(Webster, 1981)

<(-5) or <(-10)
(Williams, 1959)

7-25 (Shinde &
Teneja, 1986)

10-20

(Sainsbury &
Sainsbury, 1988;
Webster, 1994 FAO,
2016)

7-15

(Demir, 1992;
Yiiksel, 1993)

5-15
(WMO, 1989)

10 (Maton et al. 1985)

10-15

(Sainsbury, 1974; Balaban
& Sen, 1988;
Ekmekyapar, 1991;
Okuroglu & Yaganoglu,
1993; Anonymous, 2015)

0-20
(Brody, 1955)

0-24 (Demir, 1992)

5-25

(Roenfeldt, 1998;
Anonymous, 2015)

4-24

(Ekmekyapar, 1991;
FAO, 2016,9

0-20
(Wathes et al. 1983)

25-26 (Berman et al.
1985; NRC, 1989)

>21 (to higly productive
and elderly animals)

(Johnson,1987; Dolezal,
2004)

>26 (Kadzere et al. 2002)

27 (WMO, 1989)

>24 (Ekmekyapar, 1991;
West, 2003)

> 27 (Broucek, 1997)

>25 (Sainsbury &
Sainsbury, 1988; FAO,
2016)
21-27

(Blackshaw &
Blackshaw, 1994;
Dolezal et al. 2004)

25 (Radostits, and Blood,
1985)

25-27 (NRC, 1981)
21-25 (to Jersey)
30-32 (to Brown Swiss)

(Brody, 1955)

28 (Wathes et al. 1983)
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Developed indexes to determine the level of heat stress is called as THI (Temperature-
Humidity Index). THI is determined with various formulas developed of researches by
measuring dry bulb, wet bulb, dew point temperatures and relative humidity of air and the
dairy cattle is confirmed whether the heat stress or not. According to various researchers, THI
is determined using the following formulas.

THI= (0.15 * Tgp + 0.85 Tup) * 1.8 + 32, (Bianca, 1962) (1)
THI= (0.35 * Tgp + 0.65 Twp) * 1.8 + 32, (Bianca, 1962) (2)
THI= (1.8 * Tgy + 32) - {0.55 — 0.0055 * RH) * (1.8 * Tg,— 26.8)/, (NRC, 1971) (3)
THI= Tap+ 0.36 * Ty, + 41.2, (Yousef, 1985) (4)
THI=0.72 * (W + D) + 40.6, (Kadzere et al. 2002) (5)
THI= th, + 0.36 * t, + 41.2, (ASABE, 2006) (6)
THI= (0.8 * Tgp)+ /(RH / 100) * (Tgp — 14.4)] + 46.4, (Mader et al. 2006) (7)
THI= (1.8 *T + 32) — ((0.55-0.0055* RH * (1.8 * T — 26)), (Titto et al. 2011) (8)

In these formulas, Tdb, t,s and D are dry bulb temperature (°C); Twb and W are wet
bulb temperature (°C); Tgp and tpr are dew point temperature (°C); RH s relative humidity
(%).

Gantner et al. (2011) point out that the THI is 72, which corresponds to a temperature
of 22 °C at 100% relative humidity, 25 °C at 50% relative humidity or 28 °C at 20% relative
humidity and milk production at higher THI values than 72 is affected by heat stress. Milk
yield of dairy cattle decrease by 0.3 kg per animal compared to each unit increase of THI
value (Gantner et al. 2011). Similarly, milk yields of cows decreased by 1.8 kg along with per
unit increment of average ambient temperature (Johnson, 1963; Smith et al. 2012).

Zimbelman et al. (2009) reported that decrease in the level of milk production started
out 65 and over of the THI value. THI is used to measure thermal comfort in most studies and
for dairy cows generally considered to be the upper limit THI >72. Milk yield of cows on this
level generally reduce due to the heat stress (Igono et al. 1992; Ravagnolo & Misztal, 2002;
Gaughan et al. 2008; Armstrong, 1994). THI values low from 71comfort zone, 72-79 mild
stress, 80-90 average stress and values greater than 90 were defined as extreme stress zone.
Furthermore, Kadzere et al. (2002) reported that THI values of 70 or less were comfortable,
75-78 stressful, and lactating dairy cattle were not to maintain the body heat balance in values
greater than 78 and this situation caused extreme stress. The effects of THI on stress and
behavior in dairy cattle are shown in Figure 1 and Table 2.
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- I
THI between 72 and 78 THI between 79 and 88

mild stress moderate stress
THI between 89 and 98 THI above 98
Yy s
¥
=
severe stress DEAD COWS!

Figure 1. The effects of the temperature-humidity index in dairy cattle (Anonymous, 2016a)

Table 2. Effect of heat stress on dairy cattle (Anonymous, 2016b)

THI Stress Level Comments

<72 None -

« Dairy cows will adjust by seeking shade, increasing respiration
72-79 Mild rate and dilation of the blood vessels.

% The effect on milk production will be minimal.

<+ Both saliva production and respiration rate will increase.

< Feed intake may be depressed and water consumption will
80-89 Moderate Increase.
<+ There will be an increase in body temperature.

«» Milk production and reproduction will be decreased.

< Cows will become very uncomfortable due to high body

temperature, rapid respiration (panting) and excessive saliva

« Milk production and reproduction will be markedly decreased.

>98 Danger «» Potential cow deaths can occur.

Effect on Behavior of Heat Stress

Normal behavior of dairy cows exposed to heat stress varies. In particular, standing
behavior is a behavior that in hot environmental conditions should be monitored for dairy
cattle (Cook et al. 2007; Legrand et al. 2011). In lactating cows begins to decline feed intake
at average 25-26 °C temperatures and this fall is drops more quickly in temperatures above 30
°C (NRC, 1989). Bandaranayaka and Holmes (1976) stated that fat and protein content of
milk decreased at 30 °C when feed intake was kept at the both temperatures by working with
two pairs Jersey cow exposed to either 15 °C or 30 °C air temperature.
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In a study, Schneider et al. (1988) reported that dairy cattle in heat stress consumed
less feed (13.6 vs. 18.4 kg day™), more water (86.0 vs. 81.9 It day™) and produced less milk
(16.5 vs. 20.0 kg day™) than cows in a suitable temperature zone. Dry matter intake and eating
activity frequency all day long reduce in heat stress conditions. This activities increase at the
evening, night and early morning hour (Schneider et al. 1988). Rhoads et al. (2004) stated that
their reduced feed intake when cows exposed to heat stress and simultaneously care needs
increased due to the activation of the temperature regulating system, milk production declined
2 days after heat stress and feed intake decreased within 1 day after start of heat stress.
According to Collier et al. (1981), maximum decrease in milk yield during heat stress occurs
within 48 hours after the onset of stress.

When ambient temperature rises above 25-26 °C, decrease in feed consumption and
mild yield occurs and when temperature exceeds 32 °C, milk yield reduce at 3-20% rates
(Keown & Grant, 1997). Cows with the increase of the heat load spend more time in the shade
and they spend less time to lying (Ansell, 1981; Schiitz et al. 2010). Rates of cattle rested in
upright position or performed rumination is linearly increasing as temperature increases
(Shultz, 1984). By cows standing, maximize evaporation from the body surface and benefit
from convection derive from wind (Frazzi et al. 2000). With an increasing average
temperature or solar radiation, cattle are more likely to seek shades or other cooling structures
(Atrian & Shahryar, 2012). General effects of heat stress in dairy cattle are given in Table 3.

Table 3. Schematic depiction of the general effects of heat stress in dairy cattle, (Atrian & Shahryar, 2012)

Heat [ I Modified |

| Increased | | Increased |
| Increased
>—< standing time
[l

[
. Increased loos of
| Reduction of body I‘ blood anions and Increased risk

| | of lameness

| Increased water | Disturbance of

bodwv acid-base
= Increased water |
remed s | ea ]

Increase —| Decreased feed | | Modified hormone |
feed |

|
D d milk
Increased feed ‘ ccreased mi |

efficiency but with
lower amounts of |

feed J

Increased maintenance |

Decreased reproductive
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CONCLUSIONS

When a general assessment is made, it is important that the shelters do not create
climatic stress on the livings. In order to achieve this condition, free systems that allow the
cattle to use different areas within the structure at different times are more advantageous. In
order to protect cattle from the adverse effects of high temperatures, especially areas where
will occur sufficient shadow and airflow should be provided.
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