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Brown Swiss cows are more heat resistant than
Holstein cows under hot summer conditions of the
continental climate of Ukraine
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Abstract Finding livestock breeds that are resistant to high temperatures may be one of the strategies for mitigating the
impact of global climate change on dairy farming. In this investigation, we studied the heat resistance of Holstein (HB) and
Brown Swiss (BS) cows on two commercial dairy farms under the hot summer conditions of Ukraine. The physiological
response of animals determined heat resistance by measuring rectal temperature (RT) and respiratory rate (RR) in the
morning (from 4:00 to 6:00) in comfortable conditions and the afternoon (from 14:00 to 16:00), during heat load. The
temperature-humidity index (THI) was used to characterize weather conditions and microclimate in naturally ventilated
rooms (NVBs). BS cows were found to be heat resistant. The reaction of HB cows to the heat was manifested by higher
growth of RT and RR, and they suffered significant losses in the daily milk yield per cow in the summer. Further research
will need to elucidate the biological and genetic mechanisms of the identified breed differences in heat tolerance of dairy

Cows.
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1. Introduction

Global climatic changes, weather variability, and
periods of extremely high temperatures in summer are
becoming a problem for territories with a tropical climate and
a temperate continental climate typical for most European
countries (Tomczyk et al 2019). Longer heat waves, which are
increasingly recorded during warm periods of the year, lead
to a decrease in milk yield and tangible economic losses
(Ferreira et al 2016).

Selecting animals that are more resistant to high
temperatures may be one of the strategies for mitigating the
effects of climate change. Numerous studies indicate the
breed features of the heat resistance of cows (Gantner et al
2011; Smith et al 2013; Daltro et al 2017). As a rule, local
aboriginal cattle are more resistant than high-yielding dairy
breeds, the metabolism of which is associated with high heat
production and the difficulty of maintaining isothermia in hot
environmental conditions (Bernabucci et al 2014). Therefore,
they are more prone to manifestation of heat stress (Das et al
2016).

Physiological adaptability is considered one of the
primary response mechanisms that allow animals to survive
(Rashamol et al 2018). Respiratory rate (RR) and pulse rate,
rectal temperature (RT), degree of sweating, and skin

temperature are physiological parameters that help maintain
heat balance and homeostasis during hyperthermia (Abdela
and lJilo 2016).

The use of physiological parameters such as time,
rectal temperature, and respiratory rate of animals under
temperature load remains a simple and available method for
assessing the heat resistance of animals (Daltro et al 2017),
along with complex metabolic markers of heat stress in dairy
cows, which are actively used in recently (Kim et al 2018).
Determination of the heat resistance of individual breeds
should be the initial stage for selecting animals and further
clarification of the nature of their adaptive capabilities and
the ability to maintain high productivity under extreme
weather. According to scientists’ forecasts, only under such
conditions can one count on success, relying on long-term
breeding strategies and the creation of animals that are
resistant to global climate change, the consequences of which
will increasingly be felt for dairy farming in the future,
according to scientists’ forecasts (Wangui et al 2018). Thus,
the work aimed to investigate the heat resistance of the
organism and the productivity of Holstein (HB) and Brown
Swiss (BS) cows during the summer heat.

2. Materials and Methods
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2.1. Animals

The research was carried out as part of the research
project of the Dnipro State Agrarian and Economic University,
“Ensuring sustainable development of animal husbandry and
natural resistance under the influence of environmental and
technological factors” (state registration  number
0114U005590).

This experiment was conducted following the
requirements for humane treatment of animals and
approved by the Bioethics Commission of the Institute of
Biotechnology and Animal Health. The research was carried
out in the summer of 2018. The study was conducted on two
commercial dairy farms in Ukraine, where livestock of the
Holstein breed (48°28'44" N, 35°36'46" E) and Brown Swiss
(48°34'03.1" N, 34°54’47.0" E) are bred. Groups of animals
were formed from re-giving birth dairy cows of average
lactation (days in milk from 91 to 210). The daily milk yield of
Holstein cows (HB, n = 31) was 25.4+0.19 kg, of Brown Swiss
cows (BS, n = 31), it was from 27.3+0.22 kg.

2.1.1. Keeping and feeding cows

The conditions for keeping and feeding the cows were
similar. In short, free-stall housing was used for lactating
cows in naturally ventilated barns (NVBs). Sand or rugs were
used as bedding in the cubicles. The cows were fed a general
mixed ration based on corn silage. The diets were balanced
in essential nutrients, according to the National Research
Council (NRC 2001). The cattle-breeding housing included
feed alleys and group drinkers with free access. Conditions
for keeping cows have been described in more detail in our
previously published study (Mylostyvyi et al 2020).

2.2. Weather conditions

The territory on which the dairy farms are located,
according to the Koppen climate classification, refers to a
humid continental climate with hot summers (Dfa). Weather
data from the nearest meteorological stations were taken on
the website of the Ukrainian Hydrometeorological Center, as
we described earlier (Mylostyvyi and Chernenko 2019).
Weather data were taken into account throughout the day
during the study, during the week, and the month preceding
the study.

2.2.1. Microclimate of barns

Indoor air temperature (AT) and relative humidity (RH)
were recorded using a thermo-hygrometer (Ambient
Weather WS-10, Ambient LLC, Chandler, AZ, USA) throughout
the day during the study, continuously placing remote
sensors in stalls at animal level. At the same time, the
temperature-humidity index (THI), calculated according to
Kibler (1964), served as an indicator of heat stress (HS) in
COws:

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

where THI is the temperature-humidity index, T is the air
temperature in °C, and RH is the relative humidity in %.

2.3. Determination of heat resistance

The heat resistance of the cows’ organism was
assessed during the hot period. For this purpose, rectal
temperature (RT, °C) and respiratory rate (RR, breaths/min)
were determined from 4:00 to 6:00 in the morning (during
the period of thermal comfort) and during maximum air
warming from 14:00 to 16:00. Rectal temperature was
measured with a VT 1831 Digital veterinary thermometer
(Microlife, Switzerland) for 3 minutes. The respiration rate
was determined visually by counting the number of chest
movements of the cows in the lying position for 30 s and
multiplying the result by two.

Heat resistance (HT), an index combining respiratory
rate and rectal temperature at which high values are the
worst, was calculated according to Benezra (1954):

HT= (RT/38.3) + (RR/23.0)

where RT is body temperature in °C at temperature load; RR
is the respiratory rate per minute at temperature load; 38.3
and 23.0 are the average values of body temperature and
respiratory rate in optimal conditions.

The thermal vulnerability index (TVI), which combines
the respiratory rate and rectal temperature, at which high
values are the worst, was determined according to Dmitriev
(1970):

TVI = (Td/Tm) + (Rd/Rm)

where Td is the body temperature of animals in the daytime;
Tm is the body temperature of animals in the morning; Rd -
respiratory rate per minute during the day; Rm - respiratory
rate per minute in the morning hours.

2.4. Milk productivity

Productivity (daily milk yield (kg), fat, and protein
content (%)) for a herd of HB (n = 756) and BS (n = 1300) dairy
cows were taken into account according to the data of Dairy
Comp - 305 - Herd Management Software at each farm from
May to September 2018.

2.5. Statistical analysis

The statistical software package STATISTICA 10
(StatSoft, Inc., Tulsa, OK, USA) was used for statistical data
processing. The distribution of almost all variational series
was not subject to the criteria of normality; therefore, in the
further analysis, the methods of nonparametric statistics
were used. Data are presented as means (Mean) and
standard error of the mean (SE). The significance of
differences between groups was assessed using the
nonparametric Mann-Whitney test. Differences were
considered statistically significant at values of P < 0.05.

3. Results
3.1. Weather conditions

To maintain optimal physiological functions of the
cow’s body, the environmental conditions must correspond
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to the limits of temperature comfort for animals, which
depends not only on the magnitude of external temperatures
but also on humidity, affecting animals’ ability to maintain
temperature equilibrium.

An equally important point on which the body’s
response to the effects of weather factors depends is the

duration of their exposure to animals. At least three to five
days of staying beyond the upper limit of thermoneutrality is
required to affect the clinical state of the animals. That is why
the data presented (Table 1) characterize the weather
conditions on the day of the study and cover the period
before and during the week before their actual conduction.

Table 1 Weather conditions according to the data of the nearest weather stations.

Index Holstein Breed Brown Swiss
Mean SE Min Max Mean SE Min Max
Throughout the day during the research
AT 26.5 4.96 19.0 34.0 25.7 5.49 17.0 34.0
RH 43.8 14.37 23.0 83.0 45.9 16.99 25.0 77.0
THI 72.2 4.53 65.4 79.1 71.3 5.12 62.0 78.6
The day before the research
AT 26.3 4,55 19.0 33.0 24.9 5.22 18.0 32.0
RH 46.2 11.51 30.0 68.0 53.7 11.92 38.0 73.0
THI 72.5 4.45 64.7 78.7 71.3 5.85 63.2 79.2
During the week before the research
AT 23.0 4.99 14.0 33.0 24.8 5.28 15.0 34.0
RH 49.8 14.7 27.0 83.0 48.4 15.22 21.0 88.0
THI 68.4 5.44 57.3 78.7 70.6 5.63 58.7 80.0

Note: AT is the air temperature, ° C; RH is the relative humidity, %; THI is the temperature and humidity index, units.

Based on the data presented, it can be argued that the
weather conditions in which the HB and BS cows were
located were almost the same. In particular, the presented
differences in average temperatures and THI per week (1.8 °C
and 2.2 units), per day (1.4 °C and 1.2 units), and throughout
the day during the research (0.8 °C and 0.9 units), did not
have a significant difference.

3.2. Microclimate in naturally ventilated farm structures
during research

The microclimate parameters of the barns in which
the experimental animals were kept were determined by
measuring the air temperature and relative humidity,
followed by calculating the temperature-humidity index
(Table 2).

From the data presented (Table 2), it can be seen that
when keeping cows of the HB and BS, a significant difference
was recorded between the morning and daytime indoor
temperatures during the day. The temperature difference
averaged 13.2 °C and 10.3 °C, the THI values differed by 11.9
and 10.3 units, respectively (P < 0.05). It was much hotter
during the day than in the morning.

3.3. Physiological indicators and heat resistance of animals

According to the changes in the temperature regime
in the barns, the clinical indicators in cows changed (Table 3).
It was found that under conditions of thermal comfort (in the
morning), HB and BS cows did not differ significantly
according to clinical indications (rectal temperature and
respiratory rate). However, these indicators in Swiss cows

were slightly higher than the average values, by 1.3% and
4.1%, respectively.

With anincrease in the air temperature during the day
to 30 °C in cows of both breeds, the rectal temperature
noticeably increased as well the frequency of respiratory
movements. At the same time, a more significant increase (by
3.4% and 35.0%) was observed in HB, versus 1.3% and 28.7%,
respectively, in BS animals. That is, the body of HB cows
reacted more tangibly to the temperature load by changing
clinical parameters.

The heat resistance of the body ensures its adaptive
ability, which allows maintaining a high level of milk
production in extreme temperature conditions. The heat
resistance index (according to Benezra) in animals of the
Holstein breed was 3.9% higher than in the Swiss breed. The
heat vulnerability index (according to Dmitriev) in cows of the
Holstein breed was also higher than that of the Swiss breed,
by 0.14 (5.3%).

It is logical to assume that the structure of
constructing the Benezra and Dmitriev indices determines
the inverse relationship between their values and the level of
heat resistance. The high level of these indices in animals of
the Holstein breed corresponds to their lowest heat
resistance.

The level of milk production can confirm this in
animals since the ability of animals to maintain their body
temperature effectively depends on the effectiveness of
thermoregulatory mechanisms, spending the minimum
amount of internal energy reserves necessary for the
synthesis and secretion of milk.
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Table 2 Microclimate of farm structures during research.

Index Morning Afternoon
Mean SE Min Max Mean SE Min Max
Holstein Breed
AT 21.1 0.67 19.4 22.3 34.3* 0.37 33.8 35.0
RH 52.6 2.06 50.0 56.0 25.2%* 2.29 22.0 29.0
THI 66.9 0.83 64.6 68.3 78.7* 0.64 77.8 79.9
Brown Swiss
AT 20.3 0.76 18.9 21.2 30.6* 0.49 29.4 31.7
RH 74.8 0.83 74.1 76.4 39.6* 3.99 33.0 53.0
THI 66.9 1.15 64.9 68.4 77.2* 0.84 75.9 80.0
Note: AT is the air temperature, °C; RH is the relative humidity, %; THI is the temperature and humidity index, units.
*Significant difference (P < 0.05) between the values of the indicators in the morning and the afternoon.
Table 3 Physiological indicators of dairy cows.
Index Morning Afternoon
Mean SE Min Max Mean SE Min Max
Holstein Breed, n = 31
RT 37.4 0.99 33.9 38.6 38.7 0.58 37.5 39.9
RR 42.6 10.24 24 64 65.5 9.79 46 90
HT - - - - 3.86 0.433 3.01 4,95
TVI 2.65 0.413 2.09 3.83
Brown Swiss, n =29
RT 37.9 0.80 35.5 38.9 38.4 0.58 36.8 39.1
RR 44.4 11.90 24 70 62.3 10.54 38 78
HT - - - - 3.71 0.462 2.66 4.41
TVI 2.51 0.468 2.01 3.60

Note: RT is rectal temperature, °C; RR is the respiratory rate, breaths/min; HT is the coefficient of heat resistance (according to Benezra); TVl is the

coefficient of thermal vulnerability (according to Dmitriev).

3.4. Milk productivity of cows

The milk productivity of HB and BS breeds in the warm
season from May to September inclusively indicates (Table 4)
that, compared to May (which we considered the most
comfortable for animals in terms of weather conditions), in
the hot summer months (especially July and August), the
average daily milk yield of cows decreased.

The daily milk yield of HB cows from July to September
decreased by 1.2-3.6% compared to May. In BS cows, milk
losses during this period were less, only 0.4-1.4%. It is
significant (Figure 1) that the daily milk yield in BS almost
recovered to the initial level in September. In HB, the daily
milk losses per cow remained significant (0.1 kg versus 0.8
kg).

During the hot period, the main components of milk
of both breeds’ milk were higher than in the spring period,
which is associated with an increase in milk dry matter
against the background of a decrease in daily milk yield.

4. Discussion
4.1. Keeping dairy cows

The productivity and health of animals and their ability
to adapt to weather conditions depend on keeping and
feeding. Modern intensive milk production technologies,

which are common in European countries, use free-stall
housing of many dairy cows in naturally ventilated animal
buildings (Algers et al 2009). They are fed with nutrient-
balanced feed mixtures of corn silage and concentrates,
depending on the lactation period and milk yield (NRC 2001).
Although the intensive exploitation of animals on
dairy farms leads to premature leaving the herd and animal
health problems (Petrovic et al 2019), in our case, keeping of
dairy cows in NVB and the same level of feeding on these two
commercial dairy farms were favorable for studying the
breed characteristics of the heat resistance of animals.

4.2. Weather conditions and indoor climate

Weather conditions directly affect animal welfare and
productivity (Tao et al 2018). Traditionally, the effect of heat
on the body of animals is assessed by the temperature-
humidity index (THI), or similar indices (for example, ETIC and
TGWB index), which simultaneously take into account the
effect of several weather factors on dairy cows (Dikmen and
Hansen 2009; Kumar et al 2018; Yao et al 2019). However, the
Temperature Humidity Index (THI), a combination of dry-bulb
temperature and relative humidity, is the most common
measure of heat stress used in dairy cows and is easy to use
(Hammami et al 2013; Heinicke et al 2018).
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Table 4 Average daily milk yield per herd of cows in the warm season (Mean#SE).

Index Month?
May June July August September
THI=63.4 THI=67.8 THI=69.5 THI=68.9 THI=61.7
Holstein Breed
Daily milk yield (kg) 25.1+0.02 25.2+0.02 24.8+0.13* 24.2+0.04* 24.3+0.04*
Milk fat (%) 3.53+0.015 3.46+0.014 3.43+0.008* 3.53+0.011 3.74+0.020*
Milk protein (%) 3.20+0.012 3.19+0.014 3.18+0,016 3.18+0,015 3.29+0.013
Brown Swiss
Daily milk yield (kg) 28.1+0.09 28.2+0.57 27.7+0.08* 27.7+0,12* 28.0+0.07
Milk fat (%) 3.47+0.006 3.48+0,077 3.51+0,009* 3.6210,012 3.84+0.016*
Milk protein (%) 3.29+0,006 3.3810.070 3.43+0,006* 3.44+0.005* 3.46+0.004*

Note: 'The average values of THI for the corresponding month are given. * Significant difference (P<0.05) between the daily milk yield and milk

components in the June-September period compared to May.
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Figure 1 Dynamics of daily milk yield in a herd of dairy cows in the warm season, depending on the breed of animals.

At the same time, the use of meteorological data from
the nearest stations at the location of farms is a generally
accepted practice for assessing the impact of weather
conditions on animals (Bohmanova et al 2007). However,
weather conditions near livestock buildings can significantly
depend on the terrain features, wind speed, and farm
location above sea level (Yi et al 2018; Broucek et al 2019).
Therefore, the data received from the nearest stations and
the state of the air on a particular dairy farm may differ. This
is also evidenced by our recent studies (Mylostyvyi et al
2020).

In addition, there is much uncertainty associated with
measuring microclimate parameters when it comes to
keeping dairy cows in naturally ventilated buildings (Doumbia
et al 2020). The accuracy of the results varies significantly due
to the non-uniform distribution of heat and humidity sources
associated with equipment operation and air turbulence
(Hempel et al 2018), which directly depends on
environmental conditions. And although the same technique

and equipment were used to determine the microclimate, we
do not exclude the possibility of the influence of the design
features of NVB on the accuracy of our results.

In our study, there were no significant differences in
meteorological conditions between the genetic groups of
animals. In addition, all the cows had the same level of
feeding and productivity. Consequently, the level of
production factors cannot be considered responsible for heat
resistance. Therefore, the differences we found in the
response of cows of the studied breeds are related to their
genetic characteristics.

4.3. Changes in the physiological parameters of animals

Animals are susceptible to environmental conditions
by changing physiological parameters. It was established
(Mader et al 2006) that the correlation coefficient (r)
between THI and the degree of dyspnea, which was visually
assessed by severity in points (from 0 - no dyspnea to 4 -
severe dyspnea), varied from 0.47 to 0, 87. In other studies
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(Wang et al 2018), it has been shown that Equivalent
Temperature Index for Cattle (ETIC) was very good at
predicting changes in physiological responses. The coefficient
of determination (R2) for body temperature and respiratory
rate was 0.40 and 0.49, respectively.

Differences in ambient temperature, relative
humidity, and THI between morning and afternoon, with
higher temperatures and lower values of relative humidity in
the afternoon, were associated with higher solar radiation.
This indicates that the animals were exposed to significant
heat stress, especially in the afternoon, regardless of the
genetic group, since the THI was higher than the values
reported for animals under thermoneutral conditions (Daltro
et al 2017). Therefore, during the day, animals of all genetic
groups showed physiological indicators higher than morning
values.

It is well known (Amamou et al 2019) that with an
increase of THI in HB cows, an increase in physiological
variables such as respiration rate and rectal temperature
occurs. In terms of heat load, BS cows had a lower rectal
temperature and respiratory rate than HB cows, confirming
other researchers who found that BS cows were more
tolerant of heat stress than HB cows. In particular, during the
stay in the shade throughout the hot period (Ray et al 2004),
BS cows had a lower rectal temperature (39.2 °C) than HB
cows (39.7 °C). The respiratory rate in HB was higher (87
breaths/min) than in BS (79 breaths/min).

Specialized dairy cows are more sensitive to
hyperthermia as they generate more metabolic heat (Wangui
et al 2018). For example, in Brazilian tropical conditions,
mean rectal temperature (RT), respiratory rate (RR), and
heart rate (HR) were higherin HB cows than in local Girolando
(Gir) cows and their crossbreeds with HB (Daltro et al 2017).
Smith et al (2013) reported that Jersey (Jer) cows were more
heat tolerant than HB cows.

It was expected that purebred HB cows would suffer
more from heat stress, as this breed is less adaptable to
climate change due toits higher metabolic rate and problems
with heat loss. For example, compared to smaller animals
that lose heat more easily (McManus et al 2009), such as Gir
(Daltro et al 2017) or Jer (Smith et al 2013).

However, the comparative animals were similar in our
case since BS and HB are large animals, approximately the
same live weight and productivity. The nature of the
differences in their response to heat stress may lie in the
breed peculiarities and genes responsible for the thermal
resistance of animals (Wang et al 2013; Kumar et al 2021).
Thanks to easier heat dissipation and physical support, BS
animals are more resistant to heat than HB (Nasr and El-
Tarabany 2017).

4.4. Heat resistance and milk production of cows

Dairy cattle are susceptible to the decrease in milk
yield caused by heat stress. As the frequency and duration of
heat stress events increases, long-term food security
concerning dairy products is threatened. Identifying dairy
cattle that are more resistant to heat stress will be an

important step towards breeding dairy herds that are more
adaptable to the coming climate change (Gantner et al 2016).

Most of the existing studies examining the differences
between breeds in thermal tolerance have been conducted
on HB cows, probably because they are the predominant
dairy breed worldwide (Maggiolino et al 2020). Although BS
cows are less numerous worldwide than HB cows, they are
widely used for cheese production due to the composition of
milk components.

With an increase of THI in dairy cows, there is a
decrease in milk, fat, and protein yields (Amamou et al 2019).
The reduction in daily milk yield in dairy cows by 0.3-0.9 kg,
found in our study, is confirmed in the works of other
researchers. Maggiolino et al (2020), calculating daily milk
loss based on standardized 4% milk fat, reports that an
increase in THI above the threshold per unit was
accompanied by a decrease in milk yield in the range of 0.38-
1.00 kg/day per BS cow. Similar values for milk yield at lower
THI thresholds have been reported in HB cows. In the
Mediterranean Basin, losses were 0.41 kg/day with THI
values slightly higher than 69 (Bouraoui et al 2002); from 0.43
to 1.27 kg/day at THI greater than 70 (Bernabucci et al 2014)
and even with THI values somewhat greater than 55 - by 0.13
kg/day (Amamou et al 2019).

The established THI thresholds for milk yield, milk fat,
and protein content indicate that BS has higher thermal
stability than the literature values given for HB cows
(Heinicke et al 2018). As the THI increases, BS cows tend to
produce the same volume of milk but with a deterioration in
the quality of the components (Maggiolino et al 2020), which,
in principle, is demonstrated by our study (Figure 1).

These differences between BS and HB in terms of milk
yield dynamics can be associated with different metabolic
reactions of animals and the mammary gland to HS, as
reported in their work by Maggiolino et al (2020). However,
we still lack complete knowledge of the mechanisms of
hyperthermia that negatively affect milk synthesis, given that
environmental conditions affect the organism of an animal as
a whole (Amamou et al 2019).

According to Dikmen et al (2012), the heritability
coefficient of body temperature in dairy cows is 0.17, with a
decrease in milk yield at HS - 0.19 (Nguyen et al 2016). Since
the sensitivity of animals to HS varies depending on genetic
factors, genetic methods can solve HS problems in animal
husbandry (Binsiya et al 2016). Thermal tolerance selection
can be accelerated by genomic selection using complete
genome DNA markers that predict heat stress tolerance
(Gantner et al 2016). This approach, although long term, will
improve the adaptation of animals to excessive heat stress,
so the creation and breeding of thermotolerant species can
be a good strategy in the fight against HS.

5. Conclusions

Evaluation of the heat resistance of dairy cows
revealed differences in the dynamics of physiological
parameters with an increase in THI above the comfort limit.
HB cows responded to heat load with a more significant
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increase in RT and RR. The best values of the indices
characterizing heat resistance (HT and TVI) were recorded in
BS cows, which were also characterized by lower daily milk
yield losses during the summer heat in the continental
climate of Ukraine. The discovered interbreed differences in
the organism’s thermal stability require further clarification
of their biological and genetic nature.
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