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ABSTRACT

The increasing variability of weather conditions associated with global climate change is becoming a major problem
for dairy farming. The present article provided the results of studies on the relationship between the milk production
of Holstein cows and environmental parameters during the warm season. The study investigated whether the
relationship between weather conditions (air temperature, relative humidity, wind direction, wind strength, and
insolation) and daily milk yield, as well as its components (milk fat yield and milk protein), depended on the
conditions comfortable for the cows. The temperature-humidity index was calculated based on air temperature and
relative humidity data, which were recorded by the nearest weather station to the farm, which is subordinate to the
Ukrainian Hydrometeorological Center. It was found that the relationship between environmental parameters and
milk yield was weak concerning the increase in proportion to the growth of heat load. However, the factorial
analysis indicated that the total influence of weather factors on milk yield, milk fat, and protein yield was 42-46%.
Moreover, weather conditions could significantly impact dairy productivity when cows are kept in naturally
ventilated barns. This suggests further investigation of issues related to the microclimate improvement in cowsheds
in hot seasons using sprinkler systems for cooling dairy cows.
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INTRODUCTION

The dairy industry is susceptible to global climate change (Smith et al., 2007; Escarcha et al., 2018). In recent years, this
has become a challenge for countries with hot climates and European countries with temperate continental climates
(Tomczyk et al., 2019). The increasing variability of weather conditions and high summer temperatures lead to a drop in
cow milk yields and a deterioration of milk quality as the main raw material for the dairy processing industry (Zazharska
et al., 2018; Maggiolino et al., 2020).

An increase in the frequency of thermal stresses in the summer produces noticeable effects on dairy cattle,
including various physiological and metabolic disorders (Polsky and von Keyserlingk, 2017; Danchuk et al., 2021). The
reduced feed consumption by animals decreases milk yield during persistent heat (Nardone et al., 2010). However, this is
only 35% associated with decreased appetite in cows, while the remaining 65% of losses are due to the direct effect of
heat stress related to hormonal imbalance, rumen dysfunction, and decreased absorption of nutrients (Rhoads et al.,
2009).

Dairy cattle are directly affected by extreme environmental factors when kept year-round in naturally ventilated
barns (NVB) without the use of pastures during warm periods of the year (Hempel et al., 2019; Mylostyvyi et al., 2019).
Natural ventilation (through the pulled-up blinds and skylights) and mechanical ventilation (using accelerating axial flow
fans) during the summer heat cannot provide comfortable conditions for cows. Therefore, their milk yield can be reduced
to one liter per head per day (Izhboldina et al., 2020; Mylostyvyi et al., 2021).

Therefore, an investigation into the impact of environmental parameters on dairy cow performance can anticipate
the scale of losses in the dairy industry during high summer temperatures (Binsiya et al., 2017). Predictions based on
such studies will pursue strategies to mitigate the adverse effects of global warming on milk production promptly (Gunn
et al., 2019; Avtaeva et al., 2021).
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Considering the direct impact of environmental factors on the physiological state of productive animals, the
comfort conditions for dairy cattle are assessed using particular indices. For example, the temperature and humidity
index (THI) based on measurements of air temperature (AT) and relative humidity (RH) has been widely used to
determine the severity of heat stress. The THI is informative and easy to calculate (Sejian et al., 2021). According to
Rodriguez-Venegas et al. (2022), temperature-humidity index (THI) values classify heat stress in dairy cows as 68-71
THI (light stress), 72-76 THI (moderate stress), 77-79 THI (intense stress), and >80 THI (extreme stress). Data on the
relationship between the productive qualities of cattle and environmental factors need constant clarification and
supplementation under conditions of rapid global warming. On their basis, all new thermal indices are created, which
have recently become the focus of many researchers (Mbuthia et al., 2022).

Therefore, this study aimed to determine the relationship between environmental parameters and milk productivity
of Holstein cows kept in NVB during the warm season.

MATERIALS AND METHODS

Ethical approval
The study was conducted according to the guidelines of the Declaration of Helsinki and approved by the
Commission on Bioethics of the Institute of Biotechnology and Animal Health (protocol No. 5 dated May 29, 2018).

Study design

The study was conducted on dairy cows at one of the largest commercial dairy complexes for breeding Holstein
cattle in central Ukraine (48°28'44" N, 35°36'46" E). The work involved the study of the relationship between the dairy
productivity of cows and environmental parameters for two years (2017, 2018), taking into account only the warm
season (May to September).

Keeping, feeding, and recording the milk productivity of cows

Dairy cows were kept in NVB without tethering. These were Holstein cows of medium lactation (90-150 days of
lactation) with an average milk yield of 25-26 kg/day. The cows’ milk yield and the number of animals (ranging from
700 to 800 cows) did not differ significantly yearly. The barns had a four-row arrangement of cubicles (length of 2.25 m
and width of 1.1 m), and sand was used as bedding. The cows received a total mixed ration, including corn silage, alfalfa
hay, grain hay, wheat straw, barley grain, oats, and corn. Rapeseed, sunflower, and soybean meal, dried cellulose, and
mineral and vitamin supplements were also included in the rations. The rations were balanced for essential nutrients
according to the recommendations of the National Research Council (NRC, 2001). Feeding alleys and group water
troughs were readily available in the facility. The ration was not changed during the year. The animals were kept indoors
during the study without grazing. Information on the dairy productivity of cows at a commercial dairy complex was
obtained using the DairyComp 305 herd management system (VAS, USA). Average milk production values for the herd
of cows (daily milk yield [DMY]; milk fat [MF]; milk protein [MP]; percentage of milk fat [PMF] and protein [PMP])
were calculated using a standard set of statistical functions, recording the indicators daily after milking.

Recording of weather conditions and systematization of the data obtained

Weather data from the nearest weather station was taken from the website of the Ukrainian Hydrometeorological
Center, receiving data from all meteorological stations in the country. The distance from the dairy farm to the
meteorological station in Pavlograd (Dnipropetrovsk region) did not exceed 25 km in a straight line. Weather data
(insolation conditions [IC], wind direction [WD], wind strength [WS], air temperature [AT], and relative humidity [RH])
were recorded continuously at one-hour intervals. Then, the average value of these indicators for a day was calculated
(the data was used to find the Pearson correlation). Various meteorological data were systematized using codes described
in more detail in the previously published study (Mylostyvyi and Chernenko, 2019). For example, the coding for wind
strength (m/s) proceeded from gradually increasing values of the Beaufort wind strength scale, starting from calm (point
0) to high wind (point 7). A similar principle was employed by assigning numerical values as codes to each
environmental parameter. The calculations of the THI (Kibler, 1964) and THI index for NVB (THlcyt), which was
tested by Mylostyvyi et al. (2020), were made according to the given equations:

THI=1.8x T - (1-RH/100) x (T - 14.3) + 32

THIcyr = 46.00549 + 1.04460 x T,

Where, THI is the temperature-humidity index, THIcyr denotes the temperature-humidity index in a hangar-type
barn, T is air temperature (°C), and RH signifies relative humidity (%).

It should be noted that a similar approach to the systematization of data covering the warm period of 2017 has been
previously outlined in the form of a data descriptor (Mylostyvyi and Chernenko, 2019). The decision to use this dataset
again was driven by the need to combine the 2018 and datasets of the previous year. This is a distinctive feature of this
article. The originality of the approach in this study was to determine the extent to which weather factors influence the
dairy performance of cows using factorial ANOVA, as well as a new approach to determine the relationship between
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these traits, taking into account the extent to which cows were under heat stress (according to THI value), or they were in
comfortable conditions.

Statistical analysis

The mean values (Mean) and standard deviations (SD) were calculated for each of the above weather and cow
productivity indicators. Correlation analysis was performed using Spearman’s rank correlation coefficient. A factorial
ANOVA was used to determine the effect of environmental parameters on the dairy productivity of cows. The percent of
exposure (%) of the meteorological factors on the productivity of dairy cows was determined by the method of biometric
analysis (Kovalenko et al., 2010) based on the results of ANOVA in the program Statistica 12 (StatSoft, Inc., Tulsa, OK,
USA). The difference with values of p < 0.05 was considered statistically significant.

RESULTS

Weather conditions during the study period from May 1 to August 31, 2018, are shown in Table 1. Of these 123 days (or
2952 hours) of warm weather, 2662 hours were estimated, representing about 90.2% of the duration of the specified
warm period. It was found that clear weather, cloudy, rainy hours, and overcast conditions accounted for 2253 (84.6%),
294 (11.0%), 103 (3.9%), and 12 (0.5%) hours, respectively. May was the month with the most clouds, July was the
rainiest, and the largest number of clear days was seen in August.

In some months of the year, the predominant wind was East (E) in May, North-East (NE) in June, and North (N) in
July and August. During the warm period, the prevailing winds were in N, NE, and E directions (31.1, 25.1, and 23.9%,
respectively). The total amount of time when the wind strength corresponded to 0 was 120 hours (4.5%), 1-7 denoted 58
(5.9%), 932 (35.0%), 844 (31.7%), 352 (13.2%), 103 (3.9%), 6 (0.2%) and 147 hours (5.5%), respectively. May was the
windiest month when the period of wind strength from 3 to 7 lasted for 492 hours (64.7%) of the total time. The duration
of the calm air period was the greatest in July (8.2%).

It should be noted that a rather large variability characterized the weather conditions during the warm period of
years since the differences in clear days were up to 13%, in the strength and direction of the wind — up to 21%. The mean
values of air temperature and relative humidity in the warm season are shown in Table 2. These data indicated the
inconstancy of weather conditions during the warm period. Mean temperatures from May to July exceeded the indicators
of the previous year by 0.9-3.4°C, while August was slightly cool (by 0.4°C). The same dynamics were observed in the
mean indicators of the temperature and humidity index, and the differences were 1.6-4.6 and 1.0 units, respectively.

For a clearer picture of the duration of dairy cows under heat stress of varying severity, the data for the two-year
observation period are presented in Table 3. It should be noted that the number of hours during which animals experienced
heat load (THI > 68) during the warm season increased from 1,160 hours in 2017 to 1,351 hours in 2018 (by 191 hours). At the
same time, the period during which cows could be under heat stress when kept in NVB (based on THIcyt values) increased by
106 hours in 2018, compared to the previous year.

Compared with May as the most comfortable month for the cows, there were significant changes in the
composition of cow milk during the summer heat of 2018 (Table 3). In some summer months, milk fat yield decreased
by 38 g, milk protein yield decreased by 33 g, and percent milk fat and milk protein decreased by 0.1% and 0.02%,
respectively (p < 0.05). The drop in daily milk yield during the summer months ranged from 0.3 to 0.9 kg/day, echoing
last year’s similar dynamics of milk production of cows on the dairy complex under the influence of heat stress (Table
4).

It was found that the correlation between insolation conditions and the milk productivity of cows was weak (Table
5). The correlation was expressed only between insolation conditions and milk fat percentage (r = +0.3; p < 0.05). The
relationship between wind strength and daily milk yield was weak (r = +0.2; p < 0.05). The relationship between air
temperature and daily milk yield/milk fat was weakly negative (r = -0.2-0.3; p < 0.05); the relationship between relative
humidity and milk fat yield/percentage (r = -0.2-0.4; p < 0.05) was similar. The relationship between temperature and
humidity indices (THI and THI¢yr) and milk fat yield was strongest (from r = -0.3 to r = -0.5; p < 0.05) in different
years.

It should be noted that the strength of general trends in the relationships between weather factors and cows’ milk
productivity both in 2018 and in the previous year, was generally low, although reliable.

We hypothesized that the relationship between meteorological parameters and the milk production of cows should
have depended on whether the animals were under conditions of comfort or heat stress of varying severity. The
correlation between the indicators was assessed using data for two years (246 tests) by distributing them according to the
value of the temperature and humidity index. Out of 246 tests, 138 tests belonged to the comfort zone; 72 tests
corresponded to light heat stress and 36 tests corresponded to moderate heat stress, in which cows were kept for 138, 72,
and 36 days during the hot period, respectively (Table 6).

Indeed, the data obtained indicated that weather conditions had a different relationship with cow productivity,
depending on the conditions, in which the animals were kept. For example, 1C positively correlated with milk yield and
milk components during the period of thermal comfort, while during periods of low and especially moderate stress, the
negative relationship between the indicators increased.
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A similar situation was observed with respect to wind strength when under conditions of low heat stress, the
relationship between WS and DMY/MP became negative. The WD negatively correlated with the cows’ milk
productivity in the temperature comfort zone; however, this relationship was weakened, losing its significance under heat
stress. The negative correlation between AT and DMY, and milk components (MF/MP) increased with higher heat stress
on the animals, while the positive correlation between RH and milk yield/components decreased. With the increase of
heat load beyond temperature comfort, the negative relation between temperature and moisture indices and milk
productivity of the animals gradually increased. In this respect, THIcyr was the most informative indicator, which
correlates well with milk yield and milk components during heat stress.

Since the influence of weather conditions in hot periods of the year on milk yield/composition of milk was
significant (although in some cases with a rather low correlation), it decided to determine the impact of meteorological
factors on the milk productivity indicators based on the comfort state of animals, using four-factor analysis for this
purpose.

It was found that the total impact of environmental factors on cow milk yield was 46% (Figure 1). The impact of
individual factors did not exceed 1-10%, namely WD (10%) and WS (7%) had a sound effect on the daily milk yield.
The effect of IC and THI on DMI (9%) was not proven.

The total impact of weather factors on milk components (MF/MP) was 42-45% (Figure 2 and Figure 3). The effect
of WD, WS, and THI on MF was 5-8% (p < 0.05). The impact of the combination of IC and THI and WD and THI was
slight (4-5%), and it was insignificant (p > 0.05). The individual influence of WD, WS, and THI on MP was within 4-5%
(p < 0.05), while the combination of IC and THI (9%) and WD and THI (5%) had no significant effect (p > 0.05).

It should be noted that only THI values had a significant (p < 0.05) influence on PMP and PMF (7% and 4%,
respectively), while the percentage of individual factors fluctuated within 2-3%. Generally, the effect of weather factors
on the percentage of fat and protein in cow’s milk was estimated at 30-36%.

Regarding the design features of the premises (which are already included in THIcut), they had a significantly
greater effect on cows’ milk productivity. The microclimate of the barn also affects the productivity of cows, along with
environmental factors. Indeed, the obtained results indicated an increase in the effect of indoor temperature and humidity
on DMI by 7.2%, MF by 4.2%, MP by 4.3%, and PMF by 5.7% (Figure 4).

Table 1. Environmental conditions at a Holstein cattle dairy farm in central Ukraine from May to August 2018

Parameters May June July August
hours (%) hours (%) hours (%) hours (%)
Weather characteristic
Clear 598 83.8 381 80.4 550 74.7 724 98.1
Mostly cloudy 81 11.3 63 13.3 138 18.8 12 1.6
Mostly cloudy, rain 26 3.6 27 5.7 48 6.5 2 0.3
Overcast 9 1.3 3 0.6 - 0 - 0
Wind direction
North 195 27.3 136 28.7 263 35.7 234 31.7
North-East 170 23.8 152 321 131 17.8 215 29.1
East 240 33.6 76 16.0 95 12.9 225 30.5
South-East - 0 - 0 - 0 - 0
South 37 5.2 32 6.8 29 3.9 14 1.9
South-West 32 45 30 6.3 35 4.8 2 0.3
West 28 3.9 18 3.8 120 16.3 21 2.8
North-West 12 1.7 30 6.3 63 8.6 27 3.7
Wind strength, forces®
0 26 3.7 7 15 60 8.2 27 3.7
1 31 4.3 22 4.6 62 8.4 43 5.8
2 165 23.1 160 33.8 323 43.9 284 385
3 185 25.9 151 31.9 196 26.6 312 423
4 100 14.0 104 21.9 77 10.5 71 9.6
5 54 7.6 30 6.3 18 2.4 1 0.1
6 6 0.8 - 0 - 0 - 0
7 147 20.6 - 0 - 0 - 0

"Numerical values from 0 to 7 characterize the wind force, similar to the Beaufort wind strength scale described earlier (Mylostyvyi and Chernenko,
2019).

Table 2. Temperature and humidity conditions at a Holstein cattle dairy farm in central Ukraine in 2018

Month Air temperature Relative humidity THI THlcyr
on Mean + SD Mean + SD Mean + SD Mean + SD
May 19.0+3.05 56.2+14.23 63.4+3.93 65.9+3.19
June 22.3+3.49 52.4+11.08 67.9+4.59 69.3+3.65
July 22.5+1.66 69.5+9.58 69.4+2.27 69.5+1.73
August 23.8+1.87 47.3+9.36 68.9+2.62 70.6£1.94

THI: Temperature—humidity index (Kibler, 1964), THIcyr: Temperature—humidity index in the hangar-type barn (Mylostyvyi et al., 2020). SD:
Standard deviation
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Table 3. Distribution of temperature-humidity index values depending on the severity of heat stress in the center of
Ukraine in the warm months of 2017%/2018

Month THI (hours) THIcyt (hours)

<68 68.0-71.9 72.0-79.9 80.0-89.9 <68 68.0-71.9 72.0-79.9 80.0-89.9
May 649 /502 73/132 15/80 -/- 606 / 476 87/95 441143 -I-
June 4291224 152 /97 133/146 1/7 4181217 123/89 168/ 154 6/14
July 386/276 146/ 220 188 /238 5/2 391/324 131/175 184 /237 19/-
August 288 /309 148/ 186 245 /243 54/ - 253/295 156 /130 206 /290 120/23

The data of 2017 in the table were taken from the data descriptor (Mylostyvyi and Chernenko, 2019). THI: Temperature—humidity index (Kibler,
1964), THlcyr: Temperature-humidity index in the hangar-type barn (Mylostyvyi et al., 2020). The gradation of temperature and humidity index
values was as follows, values below 68 corresponded to comfortable conditions for cows, 68-71 to light stress, 72-79 to moderate stress, and 80-89 to
strong stress. No data (-) indicates that no hours have been recorded with this temperature and humidity index value

Table 4. Average daily milk yield and milk components of Ukrainian Holstein cows

Daily milk yield Milk fat yield Milk proteinyield  Milk fat content Milk protein

Month (kg) (kg) (kg) (%) content (%)
Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
May 251+0.12 0.888 +0.02 0.803 +£0.02 3.53+0.09 3.20+0.07
June 252+0.14 0.874 £0.02 0.804 +£0.02 3.46 +0.08 3.19+0.08
July 24.8+0.76 0.850 +0.03 0.788 £0.03 3.43+0.04 3.18+0.09
August 24.2+0.23 0.852 +0.02 0.770 +£0.02 3.53+0.06 3.18+0.08

SD: Standard deviation

Table 5. Correlation between environmental

conditions and

milk productivity of Ukrainian Holstein cows for

201742018
DMY MF MP PMF PMP

IC -0.20%-0.12 -0.17/+0.11 -0.11/+0.003 -0.09/0.27* -0.05/+0.11
WD +0.09/+0.19 +0.02/-0.01 -0.01/+0.16 -0.02/-0.21 -0.04/+0.04
WS -0.41%/+0.18* -0.21*/+0.09 -0.19%/+0.08 -0.05/-0.06 -0.06/-0.06
AT -0.19%/-0.23* -0.46%/-0.26* -0.37%/-0.17 -0.44*/-0.11 -0.33%/-0.02
RH +0.40%/+0.08 +0.23*/-0.20% +0.13/-0.05 +0.07/-0.35% -0.01/-0.14
THI -0.113/-0.21* -0.45%/-0.33% -0.35%/-0.19% -0.46*/-0.22% -0.35%/-0.06
THigur -0.19%/-0.22* -0.47*/-0.26% -0.37*%/-0.16 -0.44*/-0.11 -0.33%/-0.02

The data of 2017 in this table were taken from the data descriptor (Mylostyvyi and Chernenko, 2019). DMY: Daily milk yield, MF:

Yield of milk fat,

MP: Yield of milk protein, PMF: Percentage of milk fat, PMP: Percentage of milk protein, IC: Insolation conditions, WD: Wind direction, WS: Wind
strength, AT: Air temperature, RH: Relative humidity, THI: Temperature—humidity index (Kibler, 1964), THIcur: Temperature—humidity index in the
hangar-type barn (Mylostyvyi et al., 2020).

Table 6. Correlation between weather conditions and cows' milk productivity depending on the THI values of Ukrainian
Holstein cows for 2017'/2018

DMY MF MP PMF PMP
Comfort zone. THI<68.0"
IC +0.17* +0.12 +0.14 -0.01 +0.04
WD -0.20* -0.25* -0.23* -0.13 -0.13
WS +0.20* +0.07 +0.12 -0.10 -0.02
AT +0.29* -0.04 +0.09 -0.35* -0.15
RH -0.15 -0.12* -0.24* -0.10 -0.19*
THI +0.28* -0.07 +0.05 -0.39* -0.19*
THlcyr +0.29* -0.04 +0.09 -0.35* -0.15
Light heat stress (THI = 68.1-72.0%)
IC -0.14 +0.05 -0.09 +0.28* 0.00
WD -0.05 -0.15 -0.05 -0.17 -0.02
WS -0.23* -0.19 -0.32* +0.03 -0.26*
AT -0.44* -0.28* -0.36* +0.18 -0.11
RH +0.40* +0.16 +0.33* -0.32* +0.09
THI -0.22 -0.22 -0.19 -0.04 -0.06
THlcyr -0.44* -0.28* -0.36* +0.18 -0.11
Moderate to severe heat stress (THI = 72.1 and>®)
IC -0.45* -0.36* -0.16 +0.05 +0.17
WD 0.00 -0.01 -0.03 -0.02 -0.04
WS +0.12 -0.03 +0.09 -0.26 +0.02
AT -0.32 -0.37 -0.22 -0.16 -0.04
RH +0.17 +0.19 +0.09 +0.08 -0.03
THI +0.27 -0.34* -0.23 -0.18 -0.10
THlcyr -0.32 -0.37* -0.23 -0.16 -0.04

'n=138, *n=72, *n=36. *p<0.05. DMY: Daily milk yield, MF: Yield of milk fat, MP: Yield of milk protein, PMF: Percentage of milk fat, PMP:
Percentage of milk protein. IC: Insolation conditions, WD: Wind direction, WS: Wind strength, AT: Air temperature, RH: Relative humidity. THI:
Temperature—humidity index (Kibler, 1964), THICHT: Temperature—humidity index in the hangar-type barn (Mylostyvyi et al., 2020).
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Figure 1. The influence (percentage) of weather factors on daily milk yield of Ukrainian Holstein cows. Factor A:
Insolation conditions, Factor B: Wind direction, Factor C: Wind force, Factor D: Temperature and humidity index
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Figure 2. The influence (percentage) of weather factors on the milk fat yield of Ukrainian Holstein cows. Factor A:
Insolation conditions, Factor B: Wind direction, Factor C: Wind force, Factor D: Temperature and humidity index
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Figure 3. The influence (percentage) of weather factors on the milk protein yield of Ukrainian Holstein cows. Factor A:
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Figure 4. The percentage of temperature and humidity indices influence the milk productivity of Ukrainian Holstein
cows. DMY:: Daily milk yield, MF: Yield of milk fat, MP: Yield of milk protein, PMF: Percentage of milk fat, PMP: Percentage of
milk protein. THI: Temperature—humidity index, THlcy: Temperature—humidity index in the hangar-type barn

DISCUSSION

The growth of average global temperatures and changing rainfall patterns contribute to extreme weather events that
significantly challenge agriculture. More extreme conditions and greater regional climate variability are predicted,
accompanied by an increase in the number of heat waves and their duration in the eastern and southeastern regions of
Europe (Tomczyk et al., 2019). In Ukraine, critical temperatures in cold and hot seasons negatively impact the degree of
realization of the genetic potential of cattle (Baschenko et al., 2020). Therefore, optimization of the indoor microclimate
with year-round intensive loose housing of dairy cows in conditions of seasonal hypo- and hyperthermia is a reserve for
the development of animal breeding.
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The body of an animal can homeostasis and regulate physiological processes. In a certain range of conditions, it
manages to compensate for changes and disturbances in physiological equilibrium and, therefore, maintain physiological
constancy. However, a significant increase in air temperature was followed by heat stress, leading to a decrease in milk
yield and changes in milk components (Polsky and von Keyserlingk, 2017).

In addition to managerial decisions (Kismul et al., 2018), feeding strategies (Conte and al., 2018) and technical
means (Gunn et al., 2019) aimed at reducing exposure to high temperatures by creating comfortable conditions for
animals during short-term heat waves, great attention is also paid to the selection of livestock for resistance to high
temperatures in the long term (Izhboldina et al., 2020).

In this case, the practical significance of the correlation analysis of the indices lies in the fact that, when selecting
animals, it leverages positive qualities and reduces the undesirable ones and selects a smaller number of traits, which
significantly accelerates the rate of genetic improvement of the herd.

The literature provides rather contradictory reports on the correlation between weather conditions and cows’
productivity. For example, a weak negative correlation (r = -0.28) was found between air temperature and milk yield
(Baschenko et al., 2020), while Herbut et al. (2018) reported a strong relationship between cow productivity and ambient
temperature (r = -0.89). It was also reported by Baschenko et al. (2020) that the relationship between the fat content of
cows’ milk and high air temperature (r = -0.63), relative humidity (r = -0.38), and atmospheric pressure (r = -0.22), while
the correlation between milk fat and air movement was relatively low (r = -0.06). It was reported that there was a strong
negative correlation between THI and milk yield (r = -0.88), protein (r = -0.79), and fat (r = -0.86) in the hot season
(Cheruiyot et al., 2020).

The discrepancies in the data reported by the researchers may be due to the fact that weather conditions are
characterized by great variability and inconstancy, which complicates the assessment of the influence of individual
parameters on the animals’ productivity.

It should also be noted that the impact of weather on animals depends on the animal management system,
especially if the cows are in naturally ventilated premises, the climate directly depends on environmental conditions
(Hempel et al., 2019). Despite the high correlation between the temperature and humidity conditions in non-insulated
premises and the ambient conditions (r = 0.95; R? = 0.90) reported by Mylostyvyi et al. (2019), the influence of premises
factor on cows’ milk productivity turned out to be quite significant (Figure 4). However, it should be taken into account
when assessing the relationship between the indices.

On a final note, science recognizes climate change as one of the key causes of changes in the productivity of dairy
cattle (Sejian et al., 2021). However, the complexity of the relationships between weather conditions and individual
indicators of animal productivity makes it difficult to assess their impact on future losses since the impacts associated
with climate change can be very diverse (Lees et al., 2022). Recent studies indicated an increase in the strength of the
correlation between the productivity of dairy cows and the environmental conditions in connection with global warming,
which confirms the demand for further research in this direction (Cheruiyot et al., 2020). To solve the problem of global
climate change associated with the anthropogenic factor, it is necessary to rethink the relationship of the world
community to the planet and the emergence of a new Culture of humanity.

CONCLUSION

It has been established that the productivity of dairy cows can be conditioned by almost 50% by environmental
conditions when kept in naturally ventilated barns in the warm period of the year. The combination of meteorological
parameters and microclimate conditions associated with barn design can increase the influence of these factors on milk
yield and milk components. This shows the importance of using indices considering the combined effects of different
environmental factors on dairy cattle to find effective strategies for mitigating global climate change.
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