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Abstract. One of the factors contributing to higher milk productivity and good health of cows is sufficient and
reliable round-the-clock water supply. Scarce water consumption leads to irreversible processes in the animal
body, up to its death. The aim of this study was to measure the drinking water consumption in the loose housing
system of cows with consideration of the time of day, the milk yield and the indoor barn climate. The study was
conducted in August-November 2019 in a cow barn with the loose housing system. The inside climate was
maintained by a natural ventilation system through the light ridge on the roof and by adjustable systems -
inflatable membranes on the windows and air blowers installed inside the barn. The group of animals consisted
of 80 Holstein cows with the productivity of 10 000 to 12 000 kg of milk per head per lactation period. During
the study, the average drinking water consumption was 1.99 +0.26 11" of milk. Near the waterers, the air
temperature ranged from + 2.7 °C to + 20.8 °C, with the relative humidity being 78.4-100 %. The maximum
average water consumption of 6.5 I'head'-hour” was registered after the evening milking, the minimum of 0.8
I'head"hour was observed during the morning feeding. The water consumption increased in the first hour after
the afternoon and evening milkings by 40-45 % that was associated with the water balance restoration in the
animals’ body. The study revealed the dependences of the drinking water consumption on the milk yield and the
temperature and humidity conditions in the barn; graphical and mathematical models were constructed. This
study is required to create a comprehensive model for the optimal drinking water supply of cows on dairy farms
under reasonable energy and water inputs.
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Introduction

Drinking water is an essential nutrient for life and welfare of farm animals. At the same time, it is
an increasingly expensive resource that significantly affects the prime cost of milk and meat
production. Therefore, rational drinking water management on farms is an important economic
component. Improved housing systems and feeding practices of cows, higher productivity and weight
of animals, and other factors contribute to the changes in water intake. In this regard, research is
needed to update the rates of water consumption in livestock farming.

A modern farm is a high-tech production facility, where strict water consumption control and
recording will reduce the feed and energy inputs and lower the anthropogenic pressure on the
environment. Providing animals with water of established quality in sufficient quantities will increase
their productivity by 10-15 % and cut down the feed inputs by 3-5 % [1; 2].

This factor is important for the normal physiological state of animals as it affects the travelling of
nutrients through the animal’s body to different organs and the excretion of harmful or unnecessary
metabolic products. The water consumption of cows depends on their mass, milk yield, dry matter
intake, temperature and relative humidity of the environment. Availability of water in the feed also
plays an important role [3]. A cow drinks most of the water in the daytime. According to [4], the
watering rates in different housing systems varied over the time intervals: cows drank 33.9 % of the
total daily water intake between 09:00 and 15:00, 40.0 % - between 15:00 and 21:00, and 26.1 % -
between 21:00 and 09:00.

Some sources indicate that cows can drink from 30 to 50 per cent of daily water consumption in
the first two hours after milking [3-5], noting that to produce one litre of milk, the cow will need four
litres of water average supplied through the watering system and with the feed [6].

Drinking water supply limitations result in the irreversible processes in the animal body, even its
death. The water with the temperature below + 5 °C significantly reduces the potential milk yield, and
that of above + 18 °C has a poorer taste and satisfies thirst worse. Several researchers note that the
optimal temperature of the drinking water for cows is in the range from + 10 °C to + 12 °C. In this
case, the animals consume the maximum amount of water and spend the feed energy on producing
milk and not on heating the water to body temperature [7-12].

Deviation of the barn temperature and relative humidity from normal values also affects the water
consumption and this, in turn, affects the productivity and health of animals [13; 14]. In addition, the
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time of day, the milking and feeding schedules can have a significant effect on the amount of water
consumed.

The study aim was to determine the drinking water inputs under the loose housing system of
cows, depending on the time of day, milk yield and the inside climate.

This is a part of research to develop a mathematical model of a dairy farm water supply system
based on “animal-environment-machine” principle. A complex process of the system management
requires continuous monitoring of parameters and operating modes of equipment associated with
water preparation, supply and recording, as well as direct control over other systems and parameters
affecting the water consumption [15].

Materials and methods

The study took place in August-November 2019, in a cow barn for 320 head with the loose-
housing system. A group of 80 Holstein cows with the target milk yield of 10 000 to 12 000 kg-head™
for the entire lactation period was selected to determine the required indicators. The cows were on the
first lactation period — from the 14™ to 100" day. The milk yield and the drinking water consumption
were recorded for the whole group.

In the study, the experimental data on hourly water consumption in the cow group, the
temperature and relative humidity of the indoor air were determined. The study also took into account
the daily milk yield, formed from three milkings — morning, afternoon, and evening, and the external
weather conditions, with the data received from the state weather station located at a distance of 12 km
from the cow barn.

In the cow barn there were two Miraco 6301 automatic group waterers made of durable plastic
with a length of 3.66 m and a capacity of 416 litres each (Fig. 1).

The main source of water on the farm is an artesian well more than 150 meters deep, with the
water temperature being from + 5 °C to + 6 °C. The water is pumped through the pipes to the cow
barn. The water temperature in the waterers ranged from + 5.4 °C to + 13.2 °C for the entire study
period, with an average daily air temperature in the barn being from + 2.7 °C to + 20.8 °C.

W N SR
-

Fig. 1. Drinking equipment and inside climate control device:
1 — Miraco group waterer; 2 — IsoCell inflatable curtains

The cow barn had a natural ventilation system through the light ridge on the roof and adjustable
systems, such as IsoCell inflatable curtains (Fig. 1) on the windows and pressure fans located inside
the barn.

The temperature and relative humidity in the cow barn was measured in real-time mode using the
recorder unit (Fig. 2) located directly above the stalls at a height of 2.0 meters. The recorder unit
included the temperature sensors with a measuring range from —40 °C to + 80 °C and a measurement
error of £0.5°C, and relative humidity sensors with a measuring range from 0 to 100 % and a
measurement error of + 3 %. The sensors were scanned and the readings were recorded every 10 min.

Water was supplied to the waterers through a metering unit — an electronic flow meter DU-15
(Fig. 2). The flow meter was designed for continuous round-the-clock operation at an ambient
temperature from -40 °C to + 90 °C. It was a pulse type sensor with the pulse weight of 1 impulse per
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0.018 litres. The water consumption was recorded every hour during the day, separately for each
waterer.

Fig. 2. Equipment for inside climate parameter recording and water consumption:
1 — inside climate parameter recorder; 2 — electronic flow meter DU-15

The daily milk yield was recorded for three milkings: in the morning, afternoon, and evening,
using the milk meters installed on the milking equipment. The milking system had electronic
recording of process indicators, such as the milk yield per group, milking time, number of animals in
the group, etc. These indicators arrived at the central server of the farm and were included in the
database. The feed mixture was distributed to the feed table with a distributor-mixer once a day at
08-00 a.m. During the study the diet composition and its moisture content did not change.

The study results were analysed by standard methods of mathematical statistics; the average

values and standard deviations for the parameters and indicators under consideration were calculated
[16].

Results and discussion

Fig. 3 shows the average hourly water intake of one cow in November 2019: in the time interval
from 00-00 to 07-00 a.m. it was 3.1 I'head”"-hour™, from 8-00 to 15-00 it was 3.4 'head"-hour™, and
from 16-00 to 23-00 it reached 4.1 l-head'-hour'. The maximum average water consumption of
6.5 I'head "-hour”' was registered after the evening milking. The minimum water consumption of
0.8 I'head "-hour™ was registered during the morning feeding. Such a pattern was observed during the

entire study period.
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Fig. 3. Bar graph of the average hourly water intake of one cow in November 2019

When analysing the water consumption, the temperature and humidity conditions in the cow barn
were considered. The monitoring results of changes in the indoor and outdoor air temperature are
presented in Fig. 4.
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Fig. 4. Dependence of the average daily indoor temperature on the average daily outdoor
temperature from August to November 2019

As can be seen from Fig. 4, the inside climate in the cow barn was closely related to the outdoor
climate and depended on the control mode of the inflatable membranes on the windows. The in-barn
temperature exceeded the outdoor temperature by 5-9 °C. Near the waterers, the average daily air
temperature was in the following range: from 10 August to 18 August — from + 18.2 °C to + 20.8 °C
with an average daily relative humidity of 78.4-96.8 %; from 23 September to 6 October — from + 6.9
°C to + 16.7 °C with an average daily relative humidity of 81.3-98.0 %; from 11 November to 23
November — from + 2.7 °C to+ 11.1 °C with an average daily relative humidity of 95.9-100 %. It
should be noted that the comfort zone in terms of temperature and relative air humidity in the premises
for dairy cows is+5.0 °C to+ 15.0 °C and 40-75 %, respectively [11; 17]. The temperature
requirements during the study period were partly observed, while the air humidity did not comply with
the established standards.

In the period from 10 August to 18 August, the daily milk yield amounted to 38.9-44.7 1-head™,
with the water consumption being 1.72-2.19 1-1"" of milk; from 23 September to 6 October, the daily
milk yield was 42.5-45.2 I‘head’, with the water consumption being 1.8-2.02 1-1" of milk; and from
11 November to 23 November, the daily milk yield was 39.7-42.1 I'head”, with the water
consumption being 1.88-2.25 1-1" of milk. The average water consumption through a waterer of one
cow to produce one liter of milk for the entire study period was 1.99 £ 0.26 1. Fig. 5 shows the
relationship between the cow productivity and water consumption. At the cow productivity from 39 to
41 I'head™-day’’, the water consumption grew; the further increase in the productivity resulted in the
decrease of the specific per head water consumption. The determination coefficient R* = 0.5846 shows
a significant relationship between the dependent and independent variables. However, it is not high
enough. Therefore, some additional factors influence water consumption.
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Fig. 5. Relationship between per head daily milk yield and per head daily water consumption
from August to November 2019
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Figs. 6-8 show the graphical dependencies of per cow daily water consumption on the average
daily indoor air temperature.
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Fig. 6. Dependence of per cow daily water consumption on the indoor air temperature
from 10 August to 18 August 2019
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Fig. 7. Dependence of per cow daily water consumption on the indoor air temperature
from 23 September to 6 October 2019
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Fig. 8. Dependence of per cow daily water consumption on the indoor air temperature
from 11 November to 23 November 2019

The statistical analyses of the obtained data resulted in the regression equations for the
dependence of per head daily water consumption on the air temperature in the barn:

e From 10 August to 18 August
P=2441.T>-145.47-T* + 2887.7-T— 19008, R* = 0.384, (1)
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where P — water consumption, I-head'-day';
T - indoor air temperature, °C;
R?— determination coefficient.

® From 23 September to 6 October
P =0.023-T°-0.805-T* + 9.944-T + 40.25, R* = 0.609, (2)

e From 11 November to 23 November
P=0.0517-T°-1.197-T* + 8.39-T + 68.82, R* = 0.212. (3)

The determination coefficient R* of equation (1) 0.384 and equation (3) 0.212 shows an
insignificant relationship between the dependent and independent variables in the equation, compared
with equation (2), where R* = 0.609. This confirms the influence of additional unaccounted factors on
the water consumption during these periods.

Conclusions

According to the study results, the milking schedule significantly affected the level of water
consumption by cows. It increased in the first hour after the afternoon and evening milkings by 40-
45 % that was associated with the water balance restoration in the animals’ body. During this time,
animals need the maximum access to water in order to reduce the risks of associated stress affecting
the subsequent milk production.

The temperature and relative humidity inside the barn, which are formed under the influence of
the external weather conditions, are important factors affecting the water consumption by animals. The
study allowed clarifying the degree of this effect, as well as the need to consider it when optimizing
the process of cow watering.

The study results will be used to develop a comprehensive model for water supply of cows on
dairy farms. This model will be a symbiosis of simple mathematical models for the control over
technological processes aimed at increasing the cows’ productivity and optimizing the energy and
water inputs. The task of the follow-up studies is to include in the list of relevant affecting factors the
animal weight, feeding diets and gas components of the inside air. This is expected to contribute to a
more reliable integrated model.
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