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Abstract. Water temperature in the drinkers and humid environment combined with low or high air barn 

temperature are equally important factors for cow health, water intake and milk productivity. The study purpose 

was to determine the water intake by lactating cows from heated drinkers with different location and water 

temperature and the barn climate in North-West Russia. A group of Holstein dairy cows with loose housing in 

boxes was selected for the study. Two automatic group drinkers with heating elements were installed in different 

places in the barn. The experiments had two variants of the drinkers’ operation mode. In Variant 1, the heating 

element in Drinker 1 was switched off, in Drinker 2 – switched on. In Variant 2, the heating elements were switched 

off in both drinkers. In Variant 1, the difference in the average daily water temperature between Drinker 1 and 

Drinker 2 was from 4.8 °С to 6.2 °С, with the average daily air temperature in the barn being from +11.7 °С 

to +14.8 °С. In this case, the water intake from Drinker 2 with higher, the water temperature was 2.5-5 times bigger 

than that from Drinker 1. In Variant 2, the difference in water intake between Drinker 1 and Drinker 2 was 35.1-

72.3%. At that time, the average daily air temperature in the barn ranged between +10.7 °С and +14.9 °С. The 

average daily water temperature in the drinkers was from +6.3 С to +8.7 С, with the difference between the 

drinkers not exceeding 0.8 С. During the study, the milk yield was from 36.3 to 41.4 kg·cow-1
·day- 1, with the 

water intake being from 1.96 l·kg-1 to 2.48 l·kg-1. During the experiments, the cow diets did not change. The 

graphical models based on the experimental data allowed estimating the effect of water temperature on water 

intake by cows. The study also showed that drinkers’ location influenced the water intake. So, when designing the 

modern drinking systems, more attention is needed to their optimal placement and provision of free access to 

freshwater for animals at all times.  
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Introduction 

Cows do not consume more water than their physiology requires, as the total amount of water in 

the animal’s body is in a certain balance and depends on external conditions [1]. It should be noted that 

the water consumed by animals from the drinker can be up to 90% of the daily body requirement [2; 3] 

and the water comprises 87% of milk [4]. 

Research on the water demand of dairy cows was conducted by quite many scientists for different 

housing conditions in different climatic zones. The season, milk yield, animal weight, diet dry matter 

content, barn climate, and precipitation are distinguished as the factors to a greater extent affecting the 

water intake [4-8]. 

However, water temperature in the drinkers and humid environment combined with low or high air 

barn temperatures are equally important indicators for cow health, water intake and milk productivity. 

The studies [4; 9] describe the experiments on heating the drinking water for cows 

to +3 °C, +10 ºC, +17 ºC and +23 ºC. The lowest water intake was at +23 ºC. But at the same time, 

productivity was higher in cows who drank water heated to +17 ºC and +23 ºC. 

Belarussian researchers noted the effect of water temperature on the drinking pattern of cows and 

their productivity. At an average water temperature of +2 ºC, the cows visited the drinkers 6.4 times, 

and at a water temperature of +12 ºC, the number of visits increased to 9.1 times a day. The increase in 

milk yield at a drinking water temperature of +12 ºC was 0.9 kg [1]. 

The study [3] indicates that water temperature does not significantly affect the drinking behaviour 

and productivity. If the cows have a choice, they prefer to drink water at a moderate temperature 

of +17 ºC to +28 ºC. 

Often the freshwater quality and supply on dairy farms are below optimal. It negatively affects 

animal health and productivity, as well as the farm’s economy. The studies were conducted in different 

countries in Europe, America, and Asia aimed at improving the water use efficiency. The multiple 

regression equations were developed to predict the drinking water demand and to minimise the dairy 

farm costs on water supply and distribution systems. These equations were based on experimental data 
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and took into account the cow weight and productivity, ambient air temperature and humidity, diet 

composition and dry matter availability, and some other factors [10-13]. 

The Russian Federation approved a document [14], which provides for the drinking water intake 

rate for lactating cows from 4.26 l·kg-1 to 3.86 l·kg-1 of milk, depending on the daily milk yield. The 

drinking water temperature is specified to be from +8 ºC to +12 ºC under an ambient temperature 

of +10 ºC. The norms provide for an increase in the drinking water intake during the warm season. These 

norms are advisory rather than mandatory; they should be clarified for each subject of the Russian 

Federation. 

This study purpose was to determine the water intake by lactating cows from group drinkers located 

in different parts of the barn and supplied with heating elements, depending on the water temperature 

and the barn climate under the conditions of North-West Russia. 

Materials and methods 

The experiments were organised in a barn with four sections for loose housing of lactating cows in 

boxes. A section with a technological group of Holstein cows was chosen for the study (Fig. 1). Two 

automatic group drinkers made of stainless steel with a capacity of 550 liters each were installed in the 

section in different places – closer to the feed table and closer to the window. The tilting drinkers were 

3 m long each. The water depth in the drinkers was 35 cm that may be considered optimal [1]. 

 
 

Fig. 1. Diagram of the experimental part of the 

barn (dotted line): 1 – Drinker 1;  

2 – drinker 2; 3 – feed table; 4 – cow boxes;  

5 – manure removal scraper 

 

Fig. 2. Recording block of indoor climate 

parameters and water temperature in 

drinkers: 1 – air temperature and relative 

humidity sensor; 2 – data achiever; 3 – signal 

converter from the temperature sensor in the 

drinker; 4 – power unit  

To heat the water, 1.5 kW heating elements were installed in the drinkers. The experiments had two 

variants of the drinker operation mode. In Variant 1, the heating element in Drinker 1 was switched off, 

in Drinker 2 – switched on. In Variant 2, the heating elements were switched off in both drinkers. 

Fig. 2 shows a recording block for the barn air parameters and water temperature in the drinkers. It 

was located directly near the drinkers at a height of 2.0 meters. The block included a DVT-02 

temperature sensor with the measuring range from -40 ºC to +85 ºC and measurement error of ±1 ºC; a 

humidity sensor with the measuring range from 0 to 100% and measurement error of ± 3%; an MSD-

200 data archiver, an NPT-3.00.1.2 analogue signal converter, with the conversion error being less 

than ± 0.5%, and a BP 60K power unit. All devices and sensors were of Russian manufacture. 

DTS-314-100M water temperature sensor with the measuring range from -50 ºC to +150 ºC was 

installed in the float chamber of the drinker. Ambient parameters and water temperatures were recorded 

automatically every 10 minutes and archived on an external storage medium. An electronic water flow 

meter DU-15 [6] was mounted directly on the water pipe leading to the drinker. It recorded the data on 

water intake by animals every hour and loaded it to its internal memory.  

The cows were milked three times on a parallel milking installation. Drinking water intake and milk 

yields were recorded for the whole group and average values per animal were calculated. 

 

1 
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To compare the experimental data and the calculated values of water intake by cows, the regression 

equations were applied – equation (1) from [15] and equation (2) from [6]: 

 P1 = -27.93 + 0.49Т + 3.15M, R2 = 0.67 (1) 

 P2 = 0.023Т3 - 0.805Т2 + 9.944Т + 40.25, R2 = 0.609  (2) 

where  P1, P2 – water intake, l·cow-1·day-1; 

 M – milk yield, kg·day-1; 

 Т – average air temperature in the barn, ºC;  

 R2 – determination coefficient. 

Microclimate parameters were considered through the temperature-humidity index (THI), which 

characterised the comfort conditions for animals and was calculated by the equation (3) from [16; 17]: 

 THI = (1.8t + 32) - (0.55-0.0055RH) (1.8t-26) (3) 

where  t – air temperature, ºC;  

 RH – relative humidity, %.  

This indicator is more typical for the warm season, yet its use is convenient and informative [18]. 

THI < 71 shows no heat stress or a “comfort zone”, while THI from 72 to 79 shows moderate heat stress 

[16; 19]. 

The dry matter content in the diet has a significant effect on the total water intake [5]. The cows in 

the study group received a complete feed mixture with a dry matter content of 27.0 ± 0.4 kg·cow-1. The 

diet did not change over the entire study period. Feed was distributed twice a day at the feed table by a 

mobile feed dispenser at 07-00 and 14-00. 

Statistical averages and values for charting were calculated in Microsoft Office Excel 2010. 

Results and discussion 

Table 1 and Table 2 show the study results by two variants of the drinker operation mode. Two time 

periods were selected for consideration – from 20 to 30 November 2020 and from 15 to 25 January 

2021. They were characterised by the low influence of such factors as weather, the same diet throughout 

the study period, and the constant number of animals in the group – 86 ± 2. The average daily outdoor 

air temperature was -7.3 ºC for Variant 1 and -5.0 ºC for Variant 2; the relative humidity was 90% and 

92%, respectively, and the wind speed was 1.8 m·s-1 and 1.5 m·s-1, respectively. 

Table 1 

Experimental data of Variant 1 from 20 to 30 November 2020 

Date 

Animals in 

the study 

group 

Milk yield, 

kg·cow-1·day-1 

Barn 

temperature, 

С 

Barn air 

humidity, 

% 

Overall water 

intake, 

l·cow-1·day-1 

20.11.2020 86 39.3 13.0 ± 2.6 88.5 ± 7.0 80.93 

21.11.2020 86 38.5 12.1 ± 2.3 84.3 ± 7.0 83.72 

22.11.2020 86 38.9 12.1 ± 2.8 91.2 ± 9.8 83.72 

23.11.2020 86 39.9 14.8 ± 1.8 94.8 ± 8.6 94.88 

24.11.2020 86 39.7 13.4 ± 2.8 91.6 ± 6.6 89.30 

25.11.2020 86 40.4 12.2 ± 3.0 83.3 ± 8.2 86.51 

26.11.2020 85 41.0 13.8 ± 3.2 92.2 ± 9.5 93.18 

27.11.2020 85 40.5 12.3 ± 2.5 88.8 ± 5.3 98.82 

28.11.2020 85 40.9 12.7 ± 1.5 89.6 ± 7.9 90.35 

29.11.2020 85 41.4 12.1 ± 1.3 80.4 ± 7.8 84.71 

30.11.2020 85 41.1 11.7 ± 1.0 79.6 ± 5.3 87.53 

In our study, THI index calculated by equation (3) was in the “comfort zone” for animals. It was 

56.1 ± 2.5 from 20 to 30 November 2020 and 55.2 ± 3.4 – from 15 to 25 January 2021.  
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Table 2 

Experimental data of Variant 2 from 15 to 25 January 2021 

Date 

Animals in 

the study 

group 

Milk yield, 

kg·cow-1·day-1 

Barn 

temperature, 

С 

Barn air 

humidity, 

% 

Overall water 

intake, 

l·cow-1·day-1 

15.01.2021 88 38.0 10.7 ± 2.7 91.7 ± 9.8 76.96 

16.01.2021 88 37.9 12.0 ± 3.8 97.0 ± 5.4 77.51 

17.01.2021 88 38.4 12.5 ± 3.7 94.5 ± 8.2 75.22 

18.01.2021 88 38.1 11.8 ± 2.5 90.6 ± 6.3 85.76 

19.01.2021 88 37.8 13.2 ± 2.3 93.4 ± 7.7 78.79 

20.01.2021 88 38.1 13.5 ± 2.7 93.7 ± 9.9 81.99 

21.01.2021 88 39.0 11.8 ± 1.9 87.7 ± 8.9 90.77 

22.01.2021 88 38.5 11.9 ± 2.8 88.7 ± 10.9 79.50 

23.01.2021 88 36.9 14.5 ± 2.5 94.0 ± 10.7 91.40 

24.01.2021 88 36.3 13.7 ± 1.9 89.9 ± 10.5 79.32 

25.01.2021 88 37.8 14.9 ± 2.3 93.3 ± 10.4 80.86 

During the period from 20 to 30 November 2020, the average milk yield was  

38.5-41.4 kg·cow-1·day-1, with the average water intake being of 2.05-2.44 l·kg-1 of milk. During the 

period from 15 to 25 January 2021, the average milk yield was 36.3-39.0 kg·cow-1·day-1, with the 

average water intake being of 1.96-2.48 l·kg-1 of milk. 

Figure 3 and Figure 4 show the comparison of water intake in two drinkers in the selected study 

periods per animal per day. 

 

Fig. 3. Water intake from two drinkers, l·cow-1·day-1, from 20 to 30 November 2020 

 

Fig. 4. Water intake from two drinkers, l·cow-1·day -1, from 15 to 25 January 2021 

In Variant 1, the difference in the average daily water temperature between Drinker 1 and Drinker 

2 was from 4.8 С to 6.2 С (Fig. 3), with the average daily air temperature in the barn being 

from +11.7 ºС to +14.8 ºС. In this case the water intake from Drinker 2 with higher water temperature 
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was 2.5-5 times bigger than that from Drinker 1 (Fig.3). Fig. 5 compares the experimental data and 

calculated values by equations (1) and (2). The discrepancy in water intake by cows between the 

experimental and calculated values was from 6.9% to 27.9% by equation (1) and from -11.3% to 5.8% 

by equation (2). 

 

Fig. 5. Comparison of the experimental and calculated total water intake  

by Variant 1 from 20 to 30 November 2020 

In Variant 2, the difference in water intake between Drinker 1 and Drinker 2 was from 35.1% to 

72.3% (Fig.4). The average daily air temperature in the barn ranged between +10.7 ºС and +14.9 ºС. 

The average daily water temperature in the drinkers was from +6.3 С to +8.7 С, with the difference 

between the drinkers not exceeding 0.8 С (Fig. 4). Comparison of experimental and calculated values 

of water intake by cows was from 4.4% to 31.8% by equation (1) and from -8.2% to 11.3% by equation 

(2) (Fig. 6). 

 

Fig. 6. Comparison of the experimental and calculated total water intake  

by Variant 2 from 15 to 25 January 2021 

The diagrams in Fig. 3 and Fig. 4 show that throughout the experiments, the cows preferred to visit 

Drinker 2 regardless of the drinker operation mode. This is largely due to its closer location to the feed 

table. 

Comparison of the experimental and calculated values by equations (1) and (2) showed the 

discrepancy in water intake by cows to range from -11.3% to 31.8%. This is due to different temperature 

and humidity conditions in the barns, the water temperature in the drinkers, different level of cows’ 

productivity and other factors, for which the equations were obtained. This is confirmed by low values 

of R2= 0.67 by equation (1) and 0.609 by equation (2). When predicting the water intake at a particular 

farm, the animal housing and servicing system should be considered, as well as the effect of the weather 

conditions on the barn indoor climate. 
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Conclusions 

The study demonstrated that in cold months, when the barn air temperature was from +10.7 ºC 

to +14.8 ºC and THI index = 51.8-58.6, showing comfortable conditions for animals, the water 

temperature in the drinkers and the location of the drinkers relative to the feed table had a significant 

effect on the water intake of lactating cows. With a difference in the average daily water temperature 

between the drinkers from 4.8 ºC to 6.2 ºC, the water intake by cows from the drinker with warmer water 

was 2.5-5.0 times higher compared to the drinker with colder water. When the water temperature in the 

drinkers was the same, the animals visited the drinker located closer to the feed table more often.  

During the experiment from 20 to 30 November 2020, the average milk yield was  

38.5-41.4 l·cow-1·day-1, with the average water intake being 2.05-2.44 l·kg-1 of milk. During the 

experiment from 15 to 25 January 2021, the average milk yield was 36.3-39.0 l·cow-1·day-1, with the 

average water intake being 1.96-2.48 l·kg-1 of milk. 

The study also showed that the drinker location in the section influenced the water consumption. 

The study emphasises the need to pay more attention to the optimal placement of drinkers and organising 

free access to water for animals at any time when designing the modern drinking systems.  
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