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INTRODUCTION 

Turkey is geographically located between the temperate zone and the subtropi-
cal zone, surrounded by seas on three sides, the extension of the mountains and 
the diversity of landforms allow the formation of climate types with different 
characteristics. While milder climate characteristics are observed in the coastal 
regions due to the effect of the seas, the Northern Anatolian Mountains and the 
Taurus Mountains do not allow the effects of the sea to flow inland and cause 
continental climate characteristics to be observed in the interior of Turkey. In 
Turkey, continental climate, Black Sea climate, Mediterranean climate and Mar-
mara (transitional) climate are seen. More than 900 cattle breeds exist which live 
in almost everywhere in the world, except for the poles, and can produce meat 
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and milk at various levels. However, a limited number of 
breeds meet most of the world’s milk and meat produc-
tion (Anonymous, 2015). According to 2020 data, there 
are 1.526 million cattle worldwide. Brazil has the highest 
number of cattle with 218 million heads, followed by In-
dia with 194 million heads. The USA, Ethiopia, and Chi-
na follow these countries respectively, and Turkey ranks 
19th with approximately 19 million cattle. In addition 
to these data, approximately 887 million tonnes of milk 
were produced in the world in 2020, India ranked first 
with 184 million tonnes, followed by the USA with 101 
million tonnes and Pakistan with 61 million tonnes. Tur-
key ranked 10th with 22 million tonnes (FAO, 2021). The 
number of cattle in Turkey was determined as 18 million 
124 thousand heads according to TSI (Turkish Statistical 
Institute)’s 2021 data. Turkey’s share of cow’s milk in total 
milk production is 92%. Although all regions of Turkey 
with different climatic characteristics have areas suitable 
for animal husbandry, the data indicate that while the 
number of bovine and ovine animals is sufficient, milk 
production is sufficient for the domestic market. The ex-
istence of an informal economy in milk and dairy prod-
ucts and the postponement of milk and dairy products in 
consumption habits cause disadvantages in this sector. 
Moreover, the rise in meat prices has increased the num-
ber of animals going to slaughter (TSI, 2021). Despite the 
postponement of milk and dairy products that have high 
nutritional value and appeal to all age groups, the rise 
in their prices is a bitter reality. As with all living beings, 
the effects of environmental conditions on dairy cattle 
show a diverse and complex structure. In the simplest 
sense, care, feeding and climatic factors can be listed 
among those. Temperature, humidity, air movements 
and cleanliness of the air come to the forefront among 
climatic factors (Mutaf and Sönmez, 1984). Although the 
temperature is a climatic factor that negatively affects 
the performance of dairy cattle, heat stress is induced 
by environmental factors such as solar radiation, high air 
temperature and relative humidity. This becomes more 
intense with the cow’s own body temperature. In gen-
eral, the higher the milk production, the higher the heat 
released after digestion and metabolism of nutrients 
(West, 2003). Therefore, animals with high milk yields 
generate more heat and are more susceptible to envi-
ronmental factors that produce heat stress than animals 
with low milk yields. In other words, such animals are at 
a greater risk. The way to indicate the presence of heat 
stress in cattle is the use of the temperature humidity 
index (THI). Table 1 shows the THI values for different 
combinations of temperature and relative humidity. THI 
values that exceed 72 in the table are considered as the 
onset of heat stress. Higher values result in a decrease 
in feed consumption in cattle. A value above 77 caus-
es a sudden and sharp drop in feed intake. Some envi-
ronmental modifications should be made and different 
feeding methods should be adopted in order to prevent 
this condition (West, 1995; Johnson, 1987). More recent-

ly, Zimbelman  et  al.  (2009) documented that producti-
vity of high-producing cows begins to be negatively af-
fected by heat stress at temperatures of 23 °C and 35% 
relative humidity, with corresponds to a THI value as low 
as 68. Moreover, Cook et al. (2007), has documented that 
as the THI increases from 56 to 74, behavioral adaptati-
ons are observed. Lying time decreases from 10.9 to 7.9 h 
per day, standing increases from 2.6 to 4.5 h per day, and 
drinking increases from 0.3 to 0.5 h per day. Collectively 
these studies indicate that a THI of 68 is the threshold for 
initiation of negative outcomes on milk production, be-
havior, and physiology due to heat stress.  Milk yield re-
duction and behavioural changes are the first indicators 
of heat stress in dairy cattle. When heat stress is moder-
ate, dairy cattle breathe rapidly, and sweat, and their feed 
consumption and milk yield decrease by approximately 
10% (Kadzere et al., 2002; West, 2003; Shebab-El-Deen, 
2010). When the stress becomes severe, the decrease 
in feed consumption and milk yield is more than 25% 
(Yavuz and Biricik, 2009). The temperature for the com-
fort zone in dairy cattle ranges between -15 °C and 25 
°C (NADIS, 2022). As the air temperature rises above 25 
°C, heat stress emerges in animals and consequently, 
while dry matter consumption decreases by 2-12%, milk 
yield is lost by 20-30% and this loss can reach 5-12 litres 
per day when the air temperature exceeds 30 °C (West, 
2003). It has been reported that milk yield decreases in 
Holstein cows when the critical temperature exceeds 25-
25 °C and the THI value exceeds 72, beyond the comfort 
level (Johnson, 1980; Berman et al., 1985).

This study was conducted to investigate the effect of air 
temperature and relative humidity on the milk yield of 
the Holstein dairy cattle reared in TİGEM Agricultural En-
terprises (Polatlı,Türkgeldi,Çukurova) and to examine the 
differences between the enterprises.

MATERIALS AND METHODS

The material of the study consisted of the control records 
of milk yield kept in Türkgeldi, Çukurova and Polatlı Agri-
cultural Enterprises of the General Directorate of Agricul-
tural Enterprises and meteorological records including 
minimum and maximum temperature values as well as 
minimum and maximum daily humidity values obtained 
from the General Directorate of Meteorology of these en-
terprises. 

The control records of milk yield obtained from agricul-
tural enterprises belong to Holstein cows in various lac-
tation stages and cover the period between 01/01/2014 - 
31/12/2020. A total of 17899 of milk yields on the control 
from 914 cows were assessed in Çukurova, 55794 from 
2785 cows in Türkgeldi and 29918 from 1593 cows in Po-
latlı between the given dates.

Some information on the Agricultural Enterprises 
where the study was carried out
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Table 1. Temperature-humidity index (SNI) at varying temperature and relative humidity

Temperature °C
Relative humidity%

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

10 55 54 54 54 54 53 53 53 53 52 52 52 52 51 51 51 51 50 50 50

N
o 

H
ea

t S
tr

es
s

11 55 55 55 55 55 54 54 54 54 54 54 53 53 53 53 53 52 52 52 52

12 56 56 56 56 56 56 55 55 55 55 55 55 55 54 54 54 54 54 54 54

13 57 57 57 57 57 57 57 57 56 56 56 56 56 56 56 56 56 56 55 55

14 58 58 58 58 58 58 58 58 58 58 58 58 58 57 57 57 57 57 57 57

15 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59 59

16 60 60 60 60 60 60 60 60 60 60 60 60 60 60 61 61 61 61 61 61

17 61 61 61 61 61 61 61 61 61 62 62 62 62 62 62 62 62 62 62 63

18 61 62 62 62 62 62 62 63 63 63 63 63 63 63 64 64 64 64 64 64

19 62 63 63 63 63 63 64 64 64 64 64 65 65 65 65 65 66 66 66 66

20 63 63 64 64 64 64 65 65 65 65 66 66 66 66 67 67 67 67 68 68

21 64 64 65 65 65 66 66 66 66 67 67 67 68 68 68 69 69 69 69 70

22 65 65 66 66 66 67 67 67 68 68 68 69 69 69 70 70 71 71 71 72

M
od

ar
et

e 
H

ea
t S

tr
es

s

23 66 66 67 67 67 68 68 69 69 69 70 70 71 71 71 72 72 73 73 73

24 67 67 68 68 68 69 69 70 70 71 71 72 72 72 73 73 74 74 75 75

25 67 68 68 69 69 70 70 71 71 72 72 73 73 74 74 75 75 76 76 77

Se
ve

re
 H

ea
t S

tr
es

s26 68 69 69 70 71 71 72 72 73 73 74 74 75 76 76 77 77 78 78 79

27 69 70 70 71 72 72 73 73 74 75 75 76 76 77 78 78 79 79 80 81

28 70 71 71 72 73 73 74 75 75 76 77 77 78 79 79 80 80 81 82 82

29 71 72 72 73 74 74 75 76 77 77 78 79 79 80 81 81 82 83 84 84

30 72 73 73 74 75 76 76 77 78 79 79 80 81 82 82 83 84 85 85 86

31 73 73 74 75 76 77 77 78 79 80 81 81 82 83 84 85 85 86 87 88

32 74 74 75 76 77 78 79 79 80 81 82 83 84 85 85 86 87 88 89 90

D
ea

d 
Co

w
s

33 74 75 76 77 78 79 80 81 82 82 83 84 85 86 87 88 89 90 91 91

34 75 76 77 78 79 80 81 82 83 84 85 86 87 88 88 89 90 91 92 93

35 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95

36 77 78 79 80 81 82 83 84 85 86 87 88 89 91 92 93 94 95 96 97

37 78 79 80 81 82 83 84 85 87 88 89 90 91 92 93 94 95 96 98 99

38 79 80 81 82 83 84 86 87 88 89 90 91 92 94 95 96 97 98 99 100

39 80 81 82 83 84 85 87 88 89 90 91 93 94 95 96 97 99 100 101 102

40 80 82 83 84 85 87 88 89 90 92 93 94 95 97 98 99 100 102 103 104

41 81 83 84 85 86 88 89 90 92 93 94 95 97 98 99 101 102 103 105 106

42 82 83 85 86 87 89 90 91 93 94 96 97 98 100 101 102 104 105 106 108

43 83 84 86 87 89 90 91 93 94 95 97 98 100 101 102 104 105 107 108 109

44 84 85 87 88 90 91 92 94 95 97 98 100 101 103 104 105 107 108 110 111

45 85 86 88 89 91 92 94 95 97 98 100 101 103 104 106 107 109 110 112 113

46 86 87 89 90 92 93 95 96 98 99 101 102 104 106 107 109 110 112 113 115

47 86 88 90 91 93 94 96 98 99 101 102 104 105 107 109 110 112 113 115 117

48 87 89 91 92 94 95 97 99 100 102 104 105 107 109 110 112 113 115 117 118

49 88 90 91 93 95 97 98 100 102 103 105 107 108 110 112 113 115 117 119 120

50 89 91 92 94 96 98 99 101 103 105 106 108 110 112 113 115 117 119 120 122

SNI=(1,8 x T + 32 - [(0,55 – 0,0055 x N) x (1,8 x T – 26,8)] (Ravagnolo et al., 2000)



Gelir and Tatar. The effect of temperature and relative humidity  Int J Agric Environ Food Sci 2022; 6(4): 694-703 

697

Çukurova Agricultural Enterprise

The Enterprise was established in 1927 as Lentil Stallion 
Warehouse under the Agricultural Enterprises has been 
operating under TİGEM since 1984. The enterprise is 
located in the Kadirli-Kozan Highway Adana Province. 
When the long-term temperature means of Çukurova 
Agricultural Enterprise were analysed, the highest tem-
perature mean was 30 0C, the mean highest temperature 
was 34.8 0C, the average sunshine duration per day was 
12.6 hours, and the highest temperature was 46.8 0C in 
July. The 20-year mean precipitation on cultivated crops 
was 612.2 mm. The cattle-raising activities are carried out 
with Holstein which are adapted to the region. In 2021, 
2.897 tonnes of milk were produced from 1.01 cattle.

Türkgeldi Agricultural Enterprise

The enterprise was established in 1938 under the name 
of State Seed and Sample Farm, carried out activities as 
State Production Farm in 1950 and has been operating 
under TİGEM since 1984. The enterprise is located with-
in the borders of Lüleburgaz in Kırklareli Province, 9 km 
away from the district and 65 km away from the provin-
cial centre. The 20-year mean precipitation on cultivated 
crops is 383.3 mm. The cattle-raising activities are car-
ried out with Holstein and Simmental breeds which are 
adapted to the region. In 2021, 6,675 tonnes of milk were 
produced from 2.192 cattle.

Polatlı Agricultural Enterprise

The enterprise was established in 1937 under the name 
of Polatlı Group, carried out activities as State Production 
Farm in 1950 and has been operating under TİGEM since 
1984. The enterprise is located in the Upper Sakarya sec-
tion of the Central Anatolia Region, within the borders of 
Polatlı District and 54 km south of the district. The geo-
graphical location is at GPS coordinates 39° 8′ 57″ North 
and 32° 7′ 20″ East. The mean annual rainfall is 360 mm. 
The mean highest temperature is 29.6 °C (July) and the 
mean lowest temperature is -3.6 °C (January).

In the study, the maximum and minimum temperature 
and humidity values were used to calculate the THI val-
ue in four combinations. Maximum temperature and 
maximum humidity (THIa), minimum temperature and 
minimum humidity (THIb), maximum temperature and 
minimum humidity (THIc) and minimum temperature 
and maximum humidity (THId) values were calculated 
by using the following equation (NRC, 1971).

SNI=(1,8 x T + 32( - [(0,55 – 0,0055 x N) x (1,8 x T – 26,8)]

SNI : Temperature humidity index,

T : Air temperature measured with a dry thermome-
ter (°C),

N : It expresses the relative (relative) humidity in the 
air (%).

In the study, the model created for the data set consisting 
of the values related to THI types of the day that precedes 
the control day (Ravagnolo et al., 2000) and calculated by 
the equation above and the information related to fixed 
effects such as milk yield value, lactation order, month 
and year for each control day are given below to calcu-
late the effect that would be caused by the temperature 
and relative humidity conditions one day before the con-
trol day of the milk yield of the cows in the enterprises.

Yijklm=μ+αi+βj+γk+SNIi+eijklm

Yijklm= I. during lactation, j. per year, k. per month, l. m at 
the SNI level, milk yield on the control day,

μ = Control milk yield average,

αi= I. the effect of lactation order,

Βj = Effect of the year,

γk= k. Effect of the month,

[THI] _l= l. Effect of SNI level (SNIa, SNIb, SNIc, SNId)

eijklm= i. during lactation, j. year, n. month, l. m at the 
SNI level. refers to the effect of random environmental 
factors on the control day.

Milk loss =0.0695 (SNImak-SNIthreshold)2 x D

D: It represents the ratio of the total stress duration to 
24 hours during the day (at SNImax > SNIthreshold). For 
dairy cattle in this equation, the SNI threshold value was 
taken as 72.

Statistical analyses were done as GLM using the IBM SPSS 
Statistics for Windows, Version 25.0. Tukey’s test was used 
to compare the means.

RESULT AND DISCUSSIONS

Table 2 shows the maximum and minimum temperature 
and humidity values determined in the agricultural en-
terprises throughout the study.

Table 3 presents the descriptive statistics of the control 

Table 2. Maximum temperature and humidity values   determined during the working period of agricultural enterprises

Enterprisees Max. 
Temprature Min. Temprature Max. Humidity Min. Humidity 

Çukurova Agricultural Enterprise 47,4 (19.07.2019) -7,8 (3.01.2016) 100 (9-15.04.2018) 0 (19.04.2018)

Polatlı Agricultural Enterprise 38,6 (3.07.2017) -19,1 (9.01.2015) 100 (January– July 
2014, 2017-2019) 5 (23.09.2018)

Türkgeldi Agricultural Enterprise 39,8 (1.07.2017) -16,7 (13.01.2017) 100 (January 
2014-Agust 2018) 0 (13.09.2018)



records of the milk yields that were kept in the agricultur-
al enterprises by lactation order, control month and year.

In table 3, the difference between the agricultural enter-
prises in terms of milk yield on the control day was signif-
icant (P<0.01). Accordingly, the highest mean was found 
in Polatlı Agricultural Enterprise (25.4630.048), followed 
by Çukurova (24.6950.073) and Türkgeldi Agricultural En-
terprises (23.525).

The difference between the enterprises in terms of lacta-
tion order, control month and the year was found to be 
statistically significant (P<0.01). In terms of lactation or-
der, the highest mean values were found in Polatlı (over 
26 litres) and Türkgeldi (over 24 litres) in the 2nd-4th lac-
tation, while Çukurova (over 25 litres) was found in the 

2-3th lactation.

As for the year, the highest milk yield means on the 
control day were determined in Çukurova (29.5910.52) 
in 2017, in Türkgeldi (27.5010.04) in 2016 and in Polatlı 
(26.559.06) in 2020.

As for the month in which the study was conducted, the 
highest mean milk yield on the control day was deter-
mined in April in Çukurova (27.2610.35), in June in Türk-
geldi (25.059.12) and in April in Polatlı (26.408.02).

Table 4 shows the least mean squares and standard de-
viation values calculated for the milk yield on the control 
day according to different THI (a, b, c, d) values of the en-
terprises.  The tables indicated that although they varied 
in terms of enterprises, the THIa values obtained by using 
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Table 3. Descriptive statistics on records kept in agricultural holdings

Çukurova Türkgeldi Polatlı
Average Milk 

Yield (kg)
Lactation Order

N
Milk 
Yield 
(kg)

Std. 
Err N

Milk 
Yield 
(kg)

Std. 
Err N

Milk 
Yield 
(kg)

Std. 
Err

1 8551 23,15 0,086 23360 22,19 0,049 13030 24,14 0,060 22,94±0,035b

2 5036 26,92 0,157 17615 24,60 0,074 8911 26,48 0,093 25,50±0,055a

3 2750 25,82 0,205 9100 24,86 0,114 4748 26,92 0,138 25,61±0,082a

4 1154 24,44 0,341 3793 24,41 0,183 2068 26,49 0,200 25,03±0,128a

5 306 23,19 0,450 1440 22,29 0,286 819 25,02 0,324 23,27±0,200b

6 84 21,35 0,911 417 20,49 0,460 247 24,54 0,557 21,92±0,338c

7 18 25,51 1,433 69 19,47 0,972 95 22,79 1,015 21,80±0,674c

Year

2014 1610 19,76 0,155 5488 22,96 0,112 2388 22,24 0,148 22,24±0,080f

2015 2481 24,38 0,143 6128 24,03 0,110 3115 26,51 0,129 24,76±0,074c

2016 2429 29,14 0,167 5793 27,50 0,132 3653 25,98 0,121 27,36±0,082a

2017 2860 29,59 0,197 7662 25,44 0,108 4358 24,03 0,118 25,83±0,077b

2018 2452 28,03 0,257 10021 23,01 0,091 4959 25,68 0,114 24,48±0,073d

2019 2746 20,79 0,158 10504 22,42 0,092 5079 25,62 0,125 23,06±0,068e

2020 3321 20,63 0,131 10198 21,47 0,090 6366 26,55 0,114 22,96±0,065e

Month

January 1511 26,31 0,261 4650 22,41 0,138 2351 25,48 0,165 23,95±0,101

February 1585 26,25 0,264 4576 23,08 0,139 2210 25,94 0,168 24,44±0,102c

March 1609 26,35 0,271 4053 23,85 0,153 2455 26,17 0,169 25,05±0,107b

April 1663 27,26 0,254 4496 24,27 0,141 2311 26,40 0,167 25,44±0,102a

May 1597 26,62 0,251 5220 24,88 0,130 2279 25,28 0,178 25,28±0,097ab

June 1533 25,94 0,240 4396 25,05 0,138 2376 25,41 0,170 25,32±0,098 ab

July 1424 23,48 0,211 4823 23,97 0,127 2458 25,08 0,166 24,20±0,091cd

August 1293 21,46 0,213 4873 22,91 0,128 2674 24,95 0,163 23,32±0,093gh

September 1332 21,43 0,242 4783 22,69 0,129 2781 24,73 0,164 23,14±0,094h

October 1255 22,23 0,252 3817 23,22 0,151 2809 26,21 0,164 24,13±0,103d

November 1506 22,27 0,239 5147 23,05 0,129 2744 25,32 0,146 23,59±0,092fg

December 1591 24,82 0,243 4960 22,96 0,143 2470 24,75 0,160 23,78±0,100ef

General 17899 24,695±0,073b 55794 23,525±0,040c 29918 25,463±0,048a
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the maximum temperature and maximum relative hu-
midity values ranged between 30-102; however, fluctu-
ations in the values related to milk yield ranged between 
37-75. When the THIa value exceeds 75, the milk yield 
began to decrease, but it tends to raise slightly above 87. 
In this range, milk yield dropped from 29.65±0.535 kg to 
22.84±0.154 kg with a loss of 6.81 kg milk yield (P<0.01). 
Also, the point where the drop in milk yield began was 75 
instead of 72, the critical value.

Decreases in milk yield due to heat stress

It was determined that the milk yield decreased at 
Çukurova in the range of 70-82 when THIa was used and 
the number of days within this range was 123-183 days, 
the THIa value decreased at Türkgeldi in the range of 

75-84. The number of days within this range was 61-214 
days although it varied over the years. The THIa value de-
creased at Polatlı in the range of 71-82 and the number 
of days within this range was 122-183 days although it 
varied over the years. 

If the mean THIa value in the range of 70-82 at Çukurova 
Agricultural Enterprise is accepted as 76, the difference 
between this value and 70, the critical value, at which 
the milk yield begins to decrease is 6 units, and since this 
value was exceeded for 123-183 days, the animals were 
exposed to heat stress. When the THIa value was 70, the 
mean control milk yield was 24.96±5.62 kg and the mean 
control milk yield which corresponds to the mean THIa 
value was 23.46±7.23 kg and the difference was 1.50 kg. 
Based on this, it is possible to conclude that the mean 

Table 4. The least squares averages and standard errors of control milk yields according to different types of THI values in Çukurova 
Agricultural Enterprise

THIa Controls
Num

Controls
 MY

STD
Err THIb Controls

Num
Controls

MY
STD
Err THIc Controls

Num
Controls

 MY
STD 
Err THId Controls

Num
Controls

MY
STD
Err

48 11183 25,31 0,098 40 176 23,31 0,532 50 11359 25,28 0,097 35 166 19,12 0,480

50 176 23,31 0,532 41 166 19,12 0,480 55 175 21,77 0,500 38 3685 24,51 0,162

55 270 21,34 0,377 43 11183 25,31 0,098 56 143 21,34 0,674 40 11359 25,28 0,097

56 143 21,34 0,674 45 107 19,22 0,623 57 95 20,54 0,542 42 95 20,54 0,542

62 3744 24,42 0,160 46 3578 24,66 0,165 61 3851 24,27 0,157 45 100 22,12 0,694

63 107 19,22 0,623 47 143 21,34 0,674 63 100 22,12 0,694 46 186 22,64 0,506

66 299 22,54 0,416 49 469 21,93 0,311 64 199 22,75 0,519 47 545 23,81 0,323

68 186 22,64 0,506 50 286 22,46 0,408 65 186 22,64 0,506 49 175 21,77 0,500

70 190 24,96 0,408 51 203 26,60 0,451 68 190 24,96 0,408 51 110 21,03 0,468

73 50 17,98 1,052 54 110 21,03 0,468 70 50 17,98 1,052 53 137 22,31 0,654

77 367 23,46 0,377 55 187 21,16 0,572 71 504 23,15 0,328 55 50 17,98 1,052

78 137 22,31 0,654 57 244 23,11 0,448 76 183 24,36 0,333 56 244 23,11 0,448

82 136 25,33 0,767 61 309 25,80 0,323 77 136 25,33 0,767 62 309 25,80 0,323

83 183 24,36 0,333 64 250 22,83 0,520 78 240 24,07 0,482 65 136 25,33 0,767

87 114 19,85 0,569 66 132 19,79 0,414 82 132 19,79 0,414 66 114 19,85 0,569

92 258 23,74 0,434 68 51 17,09 0,874 84 135 18,19 0,429 69 132 19,79 0,414

93 305 23,54 0,384 72 135 18,19 0,429 85 221 25,32 0,450 71 51 17,09 0,874

95 51 17,09 0,874 74 170 27,78 0,345 77 135 18,19 0,429

79 170 27,78 0,345
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Table 5. The least squares averages and standard deviations of milk yields according to different types of THI values   in Türkgeldi Agricultural En-
terprise

THIa Controls
Num

Controls 
MY

STD 
Err THIb Controls

Num
Controls 

MY
STD 
Err THIc Controls

Num
Controls 

MY
STD 
Err THId Controls

Num
Controls 

MY
STD 
Err

30 362 24,46 0,543 15 362 24,46 0,543 33 362 24,46 0,543 10 362 24,46 0,543

35 899 25,36 0,331 27 512 25,90 0,432 39 899 25,36 0,331 15 452 25,76 0,466

37 452 25,76 0,466 28 400 25,95 0,528 43 1003 24,15 0,266 17 400 25,95 0,528

38 671 24,56 0,332 30 452 25,76 0,466 44 452 25,76 0,466 22 512 25,90 0,432

42 1017 21,57 0,269 31 685 20,71 0,332 46 1021 21,41 0,267 24 671 24,56 0,332

43 400 25,95 0,528 32 387 24,63 0,514 47 400 25,95 0,528 25 685 20,71 0,332

45 336 22,83 0,438 33 671 24,56 0,332 48 979 22,41 0,295 27 387 24,63 0,514

47 979 22,41 0,295 34 687 22,20 0,329 49 1505 20,72 0,237 28 136 26,90 1,065

48 2282 20,42 0,190 35 1016 24,37 0,267 50 794 20,30 0,339 29 1164 26,12 0,277

50 794 20,30 0,339 37 1802 21,00 0,223 51 777 19,83 0,317 30 684 24,87 0,333

52 384 23,43 0,475 38 633 20,64 0,342 53 741 24,02 0,320 31 2770 21,55 0,173

53 357 24,65 0,423 39 2275 22,76 0,199 55 302 26,80 0,553 32 332 23,33 0,441

54 994 25,90 0,295 40 2079 24,21 0,215 56 1379 23,86 0,243 33 1709 21,97 0,233

56 1377 21,97 0,241 42 396 23,49 0,382 57 690 21,73 0,353 34 396 23,49 0,382

57 633 20,64 0,342 43 1594 21,27 0,223 58 633 20,64 0,342 36 783 20,73 0,329

58 472 27,00 0,454 44 883 27,67 0,330 59 2670 24,28 0,184 37 809 19,81 0,298

59 1603 22,95 0,230 45 1918 24,00 0,215 60 1785 23,32 0,221 38 11978 23,72 0,086

60 1427 23,53 0,241 46 13095 23,36 0,082 61 11970 23,28 0,086 39 1410 22,22 0,237

61 953 24,52 0,320 47 1421 24,59 0,247 62 684 22,11 0,358 40 1376 23,32 0,258

62 11970 23,28 0,086 48 1008 24,93 0,314 63 981 25,35 0,326 41 481 28,68 0,481

63 684 22,11 0,358 49 669 20,62 0,321 64 876 24,70 0,319 42 1896 24,08 0,210

65 1857 25,05 0,229 50 2300 25,22 0,183 65 1408 24,32 0,247 43 1316 25,87 0,279

67 1619 23,91 0,244 51 2162 24,49 0,208 66 1088 25,37 0,307 44 1026 22,02 0,263

68 481 28,77 0,442 52 1133 24,74 0,251 67 2729 24,79 0,181 45 1497 21,81 0,235

69 1707 23,37 0,211 53 1473 23,96 0,241 68 681 23,44 0,324 46 928 25,63 0,280

70 396 23,49 0,382 55 1085 24,71 0,250 69 1368 24,35 0,251 47 641 27,08 0,402

71 1712 25,58 0,248 56 1798 24,22 0,238 70 412 24,47 0,386 48 2920 25,05 0,163

72 681 23,44 0,324 57 1803 23,34 0,221 71 2164 25,09 0,214 49 819 21,09 0,318

74 1090 25,11 0,248 58 2713 22,97 0,171 72 287 25,86 0,477 50 634 25,77 0,376

75 381 29,65 0,535 59 766 24,13 0,342 73 974 21,17 0,296 51 839 22,60 0,306

76 1783 24,11 0,227 60 2419 22,34 0,189 75 898 24,28 0,294 53 1085 24,71 0,250

77 664 20,15 0,327 61 1659 23,58 0,228 76 2786 23,68 0,167 55 1798 24,22 0,238

79 287 25,86 0,477 62 691 25,51 0,336 78 2383 23,74 0,188 56 1113 23,42 0,269

80 1011 21,79 0,294 63 1363 20,08 0,222 79 999 24,09 0,300 57 1671 24,08 0,235

81 656 23,20 0,361 64 1484 24,26 0,215 80 713 25,26 0,346 58 1732 22,00 0,206

84 568 23,20 0,361 81 2872 21,34 0,154 59 432 22,31 0,364

85 982 24,60 0,307 82 1771 24,05 0,223 60 1702 22,92 0,231

86 1796 23,99 0,196 83 667 23,04 0,346 61 1051 22,72 0,302

87 2111 22,47 0,197 85 691 25,51 0,336 62 1011 23,54 0,304

88 776 21,87 0,243 63 1339 24,60 0,241

89 634 25,77 0,376 64 707 20,96 0,326

90 708 26,88 0,337 65 1106 19,91 0,217

91 656 19,13 0,296 66 1034 25,67 0,267

92 1361 23,10 0,241

93 667 23,04 0,346

94 1473 24,49 0,253

102 691 25,51 0,336
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Table 6. The least squares averages and standard deviations of milk yields according to different types of SNI values in Polatlı Agricultural Enterprise

THIa Controls
Num

Controls 
MY

STD 
Err THIb Controls

Num
Controls 

MY
STD 
Err THIc Controls

Num
Controls 

MY
STD 
Err THId Controls

Num
Controls 

MY
STD 
Err

38 262 23,42 0,394 30 258 24,68 0,476 40 446 25,58 0,292 21 132 23,09 0,602

39 184 28,65 0,317 31 609 27,03 0,278 41 425 26,33 0,370 23 292 27,31 0,418

40 1166 25,67 0,251 32 262 23,42 0,394 43 440 23,68 0,466 24 301 27,63 0,423

41 474 23,71 0,451 33 132 23,09 0,602 44 258 24,68 0,476 26 258 24,68 0,476

42 258 24,68 0,476 34 1192 25,23 0,253 45 1192 25,23 0,253 28 474 23,71 0,451

44 248 20,75 0,507 36 732 25,13 0,332 46 248 20,75 0,507 29 793 23,62 0,263

45 417 25,21 0,388 37 248 20,75 0,507 48 370 29,55 0,357 30 425 26,33 0,370

46 560 23,83 0,320 39 767 26,13 0,292 49 428 24,06 0,375 31 692 23,00 0,339

47 370 29,55 0,357 40 370 29,55 0,357 50 132 23,09 0,602 33 1454 25,98 0,213

50 623 27,53 0,296 41 750 23,09 0,276 51 734 26,11 0,266 35 248 20,75 0,507

51 403 24,80 0,327 42 853 25,66 0,277 53 292 27,31 0,418 36 998 27,51 0,245

53 777 26,52 0,293 43 667 27,40 0,302 54 364 28,03 0,434 37 1721 26,00 0,193

55 919 24,62 0,278 44 916 24,79 0,247 55 413 25,19 0,387 40 1578 25,01 0,191

56 642 24,58 0,308 45 1076 24,34 0,233 56 1214 25,61 0,227 41 726 28,49 0,250

57 1562 26,47 0,203 46 1182 25,62 0,243 57 897 23,11 0,249 42 1189 26,61 0,216

58 293 22,98 0,338 47 739 27,86 0,287 58 1305 26,57 0,225 43 452 26,11 0,317

59 910 25,49 0,262 48 2154 26,56 0,155 59 910 25,49 0,262 44 601 24,97 0,321

60 628 25,30 0,325 49 509 27,86 0,436 60 1047 25,47 0,253 45 691 24,94 0,268

61 419 25,72 0,404 50 580 25,40 0,307 61 562 25,42 0,299 46 1204 25,83 0,264

63 1760 26,30 0,198 51 1043 23,63 0,244 62 1633 26,40 0,219 48 182 21,32 0,486

64 435 25,54 0,432 52 1188 26,45 0,256 63 599 24,99 0,303 49 471 27,23 0,398

65 599 24,99 0,303 53 557 27,10 0,293 64 505 26,12 0,415 50 1345 25,63 0,233

66 505 26,12 0,415 54 1655 24,98 0,183 65 576 23,46 0,301 51 972 25,81 0,214

67 394 23,56 0,379 55 376 23,63 0,475 66 1391 26,78 0,191 52 598 26,02 0,322

68 341 26,66 0,356 56 2301 24,87 0,173 68 1370 27,02 0,264 53 376 23,63 0,475

69 634 25,29 0,270 57 813 25,07 0,312 69 1199 25,20 0,266 54 1629 24,92 0,194

70 200 29,27 0,536 58 1871 26,26 0,199 70 666 24,44 0,280 55 961 24,40 0,283

71 1078 28,49 0,263 59 2467 25,34 0,176 71 1898 24,95 0,188 56 780 25,57 0,322

72 477 26,65 0,480 60 1719 25,19 0,219 72 1242 25,96 0,252 57 386 24,35 0,397

73 1156 25,53 0,259 61 503 23,08 0,336 73 1677 26,50 0,203 58 2153 26,15 0,181

74 609 22,60 0,344 62 607 27,45 0,357 74 886 23,40 0,270 59 1054 24,78 0,255

76 784 25,69 0,283 63 822 23,89 0,275 75 1538 24,48 0,203 60 2302 25,43 0,193

77 1074 25,56 0,231 76 1167 25,18 0,241 61 548 25,54 0,401

78 1334 24,79 0,235 77 1894 24,92 0,187 62 503 23,08 0,336

79 794 25,59 0,320 64 607 27,45 0,357

81 711 23,11 0,331 65 496 23,56 0,393

82 2304 25,31 0,169 66 326 24,39 0,348

85 427 25,72 0,471

86 326 24,39 0,348

87 967 23,98 0,261

88 1127 26,35 0,232

89 264 27,16 0,457

92 503 23,08 0,336
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milk yield loss per cow may range between 1884-3353 kg 
per year. In other words, as each unit increases from 73, 
which is the critical value, to 81 it means 1.67 kg milk loss 
per animal. Similarly, the mean milk yield loss per cow in 
Türkgeldi and Polatlı Agricultural enterprises ranges be-
tween 1030-1601 kg and 476-1408 kg, per year, respec-
tively. 

Many studies done around the world support us; investi-
gated the effect of heat stress on milk yield on the daily 
milk test records (33600) of Holstein cows in Egyptian 
conditions, in a study where the THI value reached the 
critical threshold of 79 and a daily milk yield of approxi-
mately 14.20%. found a decrease (Nasr and El-Tarabany, 
2017). In another study found that the negative effect of 
heat stress on milk yield in Holstein cows raised in the 
Marmara region could be noticed at THI 65, but after THI 
70, milk yield decreased irreversibly (Duru et al., 2018). In 
their study with 23,296 thousand brown Swiss cows in 
Italy between 2009 and 2018, determined that THI values   
greater than 74 were accepted as the beginning of heat 
stress in milk yield. In addition, they stated that for a unit 
change in the THI, 0.39 kg decrease occurred in the milk 
yield of each cow (Maggiolino et al., 2020)

It was determined that milk yield losses per animal were 
712, 735, and 740 kg for THIb, 592, 861, and 1848 kg for 
THIc and 363, 340, and 441 kg for THId in the same order 
in Çukurova, Polatlı, Türkgeldi, respectively. 

CONCLUSION

Milk losses that may result from heat stress in enterprises 
are highly significant. When the annual milk yield loss per 
animal in all enterprises was considered, the lowest loss 
was observed at the THId value.

The results of the research enable dairy cattle breeders to 
take the necessary precautions by keeping in mind the 
critical periods that the study considered. It is important 
for the breeders to pay attention to the steps from the 
shelter type to the content of the ration (energy, protein) 
and the use of showers and fans to cool the animals.

As global warming, which has recently attracted atten-
tion and made its effects stronger each passing day, will 
increase in the future, the importance of developing 
genotypes resistant to heat stress in livestock as well as 
in plant products in agriculture and considering them as 
selection criterion raises.

Therefore, the inclusion of THI as a selection criterion in a 
selection index is recommended, especially for dairy cat-
tle raised in hot environments in which profitability may 
continue to deteriorate over time.
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