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The results of scientific research on climate change occur-
ring on our planet at the present stage are presented in the
review. The impact of heat stress on the well-being and pro-
ductivity of large cattle is considered. Adaptation, as a process
of adjustment in natural systems to global climate change, is
presented. Among the major risks negatively affecting and con-
tinuing to impact the economic development of the livestock in-
dustry is climate change on our planet. In Ukraine, the problem
of heat stress becomes urgent in the summer. Heat stress has
a negative effect on the welfare, health, and productivity of ani-
mals. The responses to heat stress include decreased fodder
consumption, searching for a shadow, greater sweat production
and shortness of breath, higher consumption of water and fre-
quency of drinking, longer standing time and shorter lying time.
Heat stress has a direct effect on performance through the de-
crease in fodder consumption and milk synthesis. Heat stress
causes a decrease in the reproductive function of animals.
The consequences of the on the reproductive function of cat-
tle depended on the magnitude and duration of its effect, the
breed, and physical activity of animals. Many strategies for
adapting to climate changes in livestock industry consider the
short-term impact on animals during intense heat. However, in
modern conditions of climate change, one should be governed
by strategies leading to the long-term solution to the problem.
One of these is the genetic adaptation of animals, involving the
resistance to heat stress as a functional trait in the programs of
animal breeding. Genetic diversity of animals will be important
in further breeding work with cattle.

Key words: climate change, large cattle, heat stress, animal
health, milk productivity, adaptation

Introduction

Climate change is one of the threats facing humanity.
It will have impact on the environment and economy.
The average air temperature is the main index of cli-
mate change. In 1880-2020, the average ambient
temperature over land and ocean increased by 1°C
as compared to 1951-1980 [29]. In some parts of the
world, warming has already exceeded 1.5°C as com-
pared to the pre-industrial level. In many Arctic regions,
the average temperature has already increased by
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more than 3°C [74]. According to the simulated climate
changes, the average temperature on the planet may
be 2.6—4.8°C higher by 2100 as compared to the con-
ditions in 2010 [11]. It is expected that when the planet
becomes warmer, the changeability of the climate and
weather will be greater. The changes in the incidence
and gravity of extreme climatic phenomena and in the
changeability of weather conditions will have consider-
able consequences for humans and natural systems.
There is a forecast of higher incidence of heat stress,
drought, and floods by the end of this century.
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Climate change on the current stage, is one of the rel-
evant risks, defining the global development of humanity.
This process affects all the regions of the world and all
the strata of the population. Even for rather moderate cli-
matic zones, like Central Europe, the expected climatic
conditions, especially in summer months, are deemed
to include a higher incidence of heat and drought peri-
ods [28]. Based on the analysis of 20-year-long weather
observations in July in Ukraine, namely in the western
Forest-Steppe, O. Zhukorsky [81] not replaced specified
the tendency of a temperature increase by 1.3°C and
a higher number of tropic days. The author highlighted
that the bioclimatic conditions for large full-grown cattle
were characterized as comfortable, but there were more
days not elaboratedwith the average rate of thermal
stress. S. P. lvaniuta et al. [35] note that in recent years,
the frequency of days with a maximum temperature in
summer above 35 and 40°C has almost doubled.

One of the envisaged consequences of climate
change is the higher incidence and intensity of heat
waves which are defined as several, usually from three
to five, consecutive days when the maximal environ-
mental conditions exceed some threshold [54, 44].

The geographic regions and economic branches
are notable for different degrees of their susceptibili-
ty to climate change. In general, agriculture, forestry,
aquaculture, and energy sectors may be the most sus-
ceptible to the manifestation of climatic changes, as
they are anthropogenic and natural ecosystems [35].
T. F. Stocker et al. [70] noted that the changes in the
climatic system create serious threats and challenges
for the stable development of society, caused by higher
risks for human health and activity, natural ecosystems,
and economic sectors, and thus require detailed research
and elaboration of the adaptation measures.

The impact of heat stress on livestock

The environment plays a relevant role in maintaining
the health, well-being, and performance of animals. The
organism of an animal is impossible to imagine outside
of the bounds of the environment and the interaction
therewith. Every species of animal has its limits of com-
fortable ambient temperature. These limits are called
a thermoneutral zone. The increase or decrease in the
ambient temperature outside the bounds of the thermo-
neutral zone has a negative impact on the well-being
and performance of animals [66]. Beyond the upper crit-
ical limit of the ambient temperature of the thermoneutral
zone, the animal starts feeling heat stress. Heat stress
is defined as a state when an animal cannot dissipate
a sufficient volume of heat, regardless of its being pro-
duced or consumed by the organism, and to maintain
heat balance of the body. It may cause physiological
and behavioral reactions, which will lead to physiological
disorders, resulting in a negative impact on the health,
well-being, and performance of farm animals [52].

The ambient temperature, comfortable for large cattle,
depends on the species-specific traits of animals. Accord-
ing to M. Fiedler et al. [20], the ambient temperature, com-
fortable for large cattle, is within 0...+15°C, and as per the
FAO [50], in middle latitudes, these thresholds fluctuate
from +4 to +24°C, in tropic latitudes — from +15 to +27°C.

Heat stress is more problematic and has a greater
effect than cold stress [45]. Climate change elevates
heat stress and decreases cold stress. Thus, heat stress
dominates thermal stress [10].

The impact of hot weather on large cattle becomes
ever more relevant due to climate change. The problem
of the impact of climate change on livestock industry is
as follows: how much do the animals depend on the
thermal environment, and how can one mitigate the ef-
fect of higher ambient temperature on them? The cur-
rent impact of the thermal environment is evaluated by
the effect of climatic conditions on the health, well-being,
and performance of animals [53].

To decrease climatic risks for livestock industry, one
should understand in which way potential ecological
stressors can affect the functioning of the animal organ-
ism and the implementation of its genetic potential [67].

The impact of heat stress on the well-being
and health of animals

The impact of climate change on the health of ani-
mals may be direct or indirect. Direct consequences are
mainly conditioned by the changes in the environmental
conditions, including air temperature, relative humidity,
precipitation, drought, and floods. These environmental
conditions cause diseases and death of animals related
to air temperature. The indirect impact of climate change
on health is conditioned by the microbial density and
distribution of transmissive diseases, food and water
shortage, or food-borne diseases [40].

Among different means that help maintain homeosta-
sis, physiological adaptivity is considered to be one of the
mechanisms of the primary response that helps animals
survive. Respiratory and heart rates, rectal temperature,
sweat production degree, and skin temperature are the
physiological parameters that help maintain the heat bal-
ance and homeostasis under hyperthermia [1]. The first
reaction of the animals to hot weather is an increase in the
respiratory rate, rectal temperature, and heart rate, which
has a directimpact on fodder consumption, decreases the
rates of growth, the milk yield, and reproductive traits, and
in extreme cases even leads to death. The imbalance be-
tween the metabolic heat production of the animals and its
dissipation into the environment causes heat stress [16].

Usually, the observed responses to heat stress include
decreased fodder consumption, searching for a shadow,
greater sweat production and shortness of breath, higher
consumption of water and frequency of drinking, longer
standing time and shorter lying time, as well as lower
frequency of defecation and urination [10].
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The decreased fodder consumption is one of the re-
actions to high ambient temperature. Under higher heat
stress, the ruminants lose appetite, have slower intestinal
motility, and decreased rumination [80].

Neuroendocrine regulation is one of the decisive ways
for animals to survive in a stressed state [2]. The hypo-
thalamo-pituitary-adrenal system plays a relevant part in
the thermoregulatory mechanisms of animals. The corti-
cotrophic releasing factor, adrenocorticotrophic hormone,
and glucocorticoids are primary products of the hypothal-
amo-pituitary-adrenal axis, which, in the long run, control
the pathway of a response of animals to stress, regulat-
ing the energy distribution to maintain life activity in the
process of hepatic gluconeogenesis [51]. During the heat
tension period, there is an increase in the level of adren-
alin and noradrenalin, which regulate the cardiovascular
frequency during thermal stress and maintain blood
supply to the organs [2].

Having conducted the study using the bulls of Angus
and Volyn meat breeds, O. Zhukorsky [82] stated
that a high heat burden for ten days led to heat stress.
He observed a high rate of correlation between rectal
temperature and air temperature, rectal temperature
and prolactin, air temperature and prolactin. At the same
time, the author noted breed-specific differences in the
sensitivity to thermal stress, indicating that Angus bulls
were more sensitive to heat stress than Volyn meat breed.
The studies of A. Afsal et al. [2] with dairy cattle involving
heat stress found a decrease in the prolactin concentra-
tion and an increase in the level of somatotropic hormone,
which had a negative effect on the performance.

The immune system of animals is the main defense of
their organism, which protects them from environmental
stress factors and other harmful effects [75]. Heat stress
may have a negative impact on immune functions via the
cellular and humoral immune response [4]. As a result,
after the period of hot weather, the cattle may be more
susceptible to diseases, for instance, there may be a more
significant number of animals with mastitis, which will lead
to economic losses [15]. N. Lacetera [40] stated that heat
stress had a negative impact on the health of animals,
causing metabolic disorders, oxidative stress, and immu-
nity inhibition, which made the animals more susceptible
to diseases.

Heat stress causes a decrease in the reproductive
function of animals. The consequences of the heat stress
effect on the reproductive function of cattle depended on
the magnitude and duration of its effect, the breed, and
physical activity of animals. The impact of heat stress due
to hormonal imbalance caused a decrease in the quality
of oocytes and sperm along with slower development of
embryos and their survival. It occurs due to the decreased
secretion of luteinizing hormone and estradiol, which
leads to a shorter length and intensity of estrus expres-
sion, higher frequency of manifestations of quiet sexual
excitement in farm animals. Oocytes, susceptible to heat
stress, lose their ability to fertilization and development
in the blastocyst stage. Poor secretion of progesterone
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restricts the functions of the endometrium, and thus, the
development of the embryo. On hot days, the tempera-
ture of the testes increases, so the fertility of breeding
bulls decreases due to impaired spermatogenesis and
sperm quality [38, 51].

J. W. Ross et al. [62], M. Cheng et al. [10] reported
that heat stress affects the reproduction of both genders.
In females, heat stress shortens the estral period and fer-
tility, simultaneously increasing the frequency of embryo
deaths. In males, there is a decrease in sperm quality,
the volume of testes, and the amount of fertile sperm.

“The impact of heat stress on reproduction is complex
and multifactorial and is compounded by growing chal-
lenges due to climate change. Both animal welfare and
fertility are vulnerable parameters easily affected by heat
stress. Heat stress leads to a marked decrease in the de-
velopmental competence of oocytes and the fertilizing ca-
pacity of spermatozoa, leading to a declining reproduction
rate and losses for the cattle industry” [37].

M. M. Sharan, Yu. T. Salyha [68] note that advances
in reproductive biotechnology are a powerful tool that
can be used to improve production and address livestock
challenges in the future.

The problem of heat stress is extremely urgent in
the regions where the weather is characterized by high
summer temperatures and humidity. This combination
has a negative effect on the restorative ability of cows,
the course of gestation, and the functional state of the
newborn calves [83].

The impact of heat stress on the performance
of animals

Heat stress has a direct effect on performance
through the decrease in fodder consumption and milk
synthesis [16]. The metabolic production of heat, caused
by heat stress, increases, and thus, milk production de-
creases [36]. M. Rhoads et al. [60] noted that under heat
stress, dairy cows eat less fodder, which leads to their
decreasing dairy performance by approximately 35%.
According to U. Bernabucci et al. [7], the decrease in
milk production caused by heat stress may amount to
about 14% at the beginning of lactation and 35% in
the middle of lactation.

The increase in air temperature becomes an urgent
problem in summer. For instance, in Ukraine, R. M. Di-
birov [17], N. Boltyk [8] found that due to high tem-
peratures in July and August (+28...+30°C) as com-
pared to June (+18...+20°C), the dairy performance
of cows decreased by 7.4—16.0% in the northern zone,
by 6.2—12.9% — in the central zone, and by 5.5-12.6%
in the southern zone. T. O. Vasylenko et al. [77] stated
that in August, under the average air temperature of
23.4°C, as compared to that of 14.7°C in May, the milk
yield of cows decreased by 5.5%, the yield of fats —
by 7.3%, and the yield of protein — by 5.7%. In the
Mediterranean region, due to higher than comfortable
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air temperature values in spring and summer, there is
a reliable decrease in the daily milk yield of all cows
regardless of their performance [23]. According to the
data of R. V. Mylostyvyi et al. [51], V. Sejian et al. [66], in
Switzerland, the Czech Republic, and Poland, in sum-
mer, dairy cows are under heat stress for 6-10 h a day,
and in Spain, Italy, and south of France — from 13 to
18 h, thus losing 3.0-5.5 kg of milk. In Eastern Europe,
the duration of the stress period is 30—60 days, which
causes a drop in productivity of 10-35%.

Heat burden has a greater impact on highly produc-
tive cows [69, 79], which is reasonable because there
is a positive correlation between higher milk yield, fod-
der consumption, and metabolic release of heat [36].
Similar conclusions were made by M. M. Rojas-Down-
ing et al. [61], who found that highly productive dairy
cows released more metabolic heat than cows of low
productivity, and thus, they were more sensitive to
heat stress.

During the dry season, heat stress affects the pro-
liferation and development of the dairy glands which
then leads to smaller milk yield. In dairy cattle, this sit-
uation leads to a considerable drop in milk production,
especially in highly productive cows. The decrease in
milk production due to heat stress may amount to al-
most 10—15% at the farms, using the cooling methods,
and reach 40-50%, if no cooling is used [73].

M. A. North et al. [55], studying various predictive
models of heat stress, indicate that they all lead to
reduced milk production.

In addition to milk yield, a hot and humid environ-
ment also affects the milk composition. O. Ravagnolo
et al. [59], T. Gorniak et al. [31] stated that heat stress
on lactating cows led to a lower content of milk fat and
protein. A negative correlation between the heat burden
and milk fat and protein composition was reported by
R. Bouraoui et al. [9], U. Bernabucci et al. [6], J. B. Gar-
neretal. [22], J. M. L. Heck et al. [32], D. L. Hill et al. [33],
C. Lambertz et al. [41], G. E. Pollott [56], M. A. Quist
et al. [58]. Heat stress also changes the lipid profile
of milk [43]. However, rather contradictory results were
published regarding the impact of heat stress on the fat
content in milk. For instance, F. C. Cowley et al. [14]
did not find any changes in the portion of milk fat
under heat stress but specified the tendency toward
the decrease in the content of both protein and casein.
According to the data of H. M. A. Gaafar et al. [21], the
fat content in cows’ milk under heat stress decreased
by 3.79-3.49%.

Heat stress has a negative effect on the quality of
products of animal production. A. Summer et al. [72]
noted that a negative impact of heat stress on the milk
composition (organic and inorganic components) led to
its suitability for cheese production and product quality.
These changes lead to considerable negative economic
consequences for producers and consumers.

Due to lower metabolism rate and heat production,
large meat cattle are usually considered to be less

susceptible to heat stress than dairy cattle. However, it
also compensates for the increased body temperature
using homeostatic mechanisms (shortness of breath,
sweat production, and drooling) and behavioral chang-
es, including a decrease in activity, greater consumption
of water, and a decrease in fodder consumption. It leads
to a slower rate of animal growth [72].

Heat stress has a negative effect on meat produc-
tivity. With a higher external heat burden, large cattle
re-distribute the energy, usually designated for growth
and maintaining homeostasis [36, 59], which leads to
a decrease in the live bodyweight gain. There is a con-
siderable variability in the average daily live body-
weight gain and fodder conversion in different studies,
conducted in feedlots [24-26, 42, 71]. However, they
reflect the general decrease in the growth rate of ani-
mals under the impact of heat burden. P. A. Gonzalez-
Rivas et al. [30] reported that heat stress affected meat
production for all the main commercial types of cattle.
N. A. Elam et al. [19], A. Summer et al. [72] stated that
ruminants, subjected to heat stress, were notable for
poorer meat quality.

Generally, heat stress led to a decrease in milk and
meat production in all types of cattle.

Whatever affects the production of fodder may also
impact the feeding of animals, and thus, their perfor-
mance. Therefore, a decrease in the harvest of fodder
crops will lead to poorer availability of fodder and an
increase in the cost of products. In cold zones, an in-
crease in the average temperature may cause the pro-
longation of a vegetation period for fodder with a de-
crease in their quality [49].

It should be noted that many recent publications of
the studies also demonstrated that the consequences
of climate change differ depending on the region, dura-
tion, and distribution of heat stress. In addition, the ef-
fect on specific breeds and individual animals will vary
greatly. Thus, one should define key factors for each
geographic territory, which present specific interests,
breed (genotype), and industrial system [28].

According to all the evaluated scenarios, it is fore-
casted that in this century, heat stress will become
a serious problem for large livestock industry systems,
resulting in a decrease in milk and meat production.
Therefore, it is important to pay special attention to the
potential magnitude and degree of adaptation mea-
sures that will be required in different places to coun-
teract the consequences of ever-increasing heat stress
for large cattle [76].

The data from the studies, conducted by different
scientists, demonstrate a considerable decrease in the
performance of animals, which leads to enormous eco-
nomic losses during heat stress. It is evident that climate
change will affect the performance of cattle in many
regions, and many simulations define this effect to be
harmful. The impact of climate change on the livestock
industry will be a consequence of combined chang-
es in ambient temperature, precipitation, incidence,
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and magnitude of extreme weather phenomena. It will
include both direct and indirect effects. Climate change
enhances a general need for strategies for adapting
to and mitigating consequences, which would cover
available instruments of management, feeding, breed-
ing, and health protection of animals. The envisaged
changes will create the pressure of selecting with the
consideration of the traits, relevant to biological suit-
ability and production of specific products. The clas-
sified information, obtained regarding the evaluation
of the impact of climate change on the performance
and well-being of animals, may become very valuable
for the elaboration of the relevant strategies of adapt-
ing to and mitigating the consequences to support the
manufacture of animal products in the scenario of cli-
mate change.

The adaptation of livestock industry
to climate change

Adaptation to global climate change is a process of
adjustment in natural or human systems in response
to actual or expected climatic effects which would help
decrease their negative consequences and utilize favor-
able possibilities. All animals can adapt to the thermal
environment. The animals change their behavioral,
physiological, and morphological characteristics or their
combination in response to the thermal environment
and thus adapt thereto [3, 27]. Therefore, animals can
develop the mechanisms of survival that minimize the
impact of thermal burden on the organism in general.
The overcoming mechanisms, developed by animals
in response to heat stress, are referred to as adapta-
tion and adjustment.

The acclimation and adaptation ensure the resil-
ience level of large cattle populations. Acclimation is
a homeostatic process, governed by the endocrine
system, which leads to cellular, metabolic, and sys-
tematic changes that allow animals to react to and
cope with heat stresses [3]. Animals adjust to the en-
vironment they live in and to the external stress by
acclimation to a specific stressor or several stressors
[13, 27]. The adaptation is related to biological chang-
es in subsequent generations via the support for ge-
netic selection in the population through a permanent
impact of the stressor, maintaining the survival of spe-
cies [64].

Adaptation may be decisive for survival, but it often
has a negative impact on the performance and prof-
itability of the animal breeding systems. The ability to
adapt in part depends on the plasticity of behavioral
traits and in part — on morphological and physiologi-
cal changes, which adjust animals to survival in a bet-
ter way [48]. The adaptation is a coordinated pheno-
typic reaction to stressors, and the response will get
weaker if the stressors are removed. If chronic stress
lasts for several generations, the adaptation reaction
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will become genetically “fixed”, and the animal will adjust
to the environment [13]. The knowledge about genetic
differences between adapted animals will promote breed-
ing work under global climate changes.

The potential strategy of mitigating consequences
should lie in breeding animals, resistant to climate
change. Resilience is defined as the ability of the animal
to get quickly restored after the disturbance effect or the
ability to suffer the minimal effect of disturbance [12].
In the context of climate change, resilience will reflect the
stable performance of animals regardless of a weather
change.

The adjustment of an animal may be defined as an
ability to survive and reproduce in a specific environ-
ment [57] or a degree to which an organism, population,
or species may remain adjusted to a wide scope of en-
vironments using physiological or genetic means [5].

Flexibility is usually considered to be an evolution-
ary adjustment to environmental changes. Flexibility is
a key mechanism, using which organisms can cope
with climate change, since it allows them to react to
changes throughout their lives. Flexibility is of great
importance to large cattle since there is a large interval
between generations, and evolutionary reactions via
natural selection may not lead to rapid changes to mit-
igate the consequences of climate change. The spe-
cies, which evolve in warm and stable tropic climate,
have lower flexibility as compared to those in variable
moderate environments since it is believed that the
magnitude of the temperature variation is directly pro-
portional to the flexibility ability. This is a great pos-
sibility to breed the populations of cattle, bred in Eu-
ropean regions with various climatic conditions and
variable temperatures. The methods of selection and
experimental evolution demonstrated that flexibility
is a trait that may develop during direct selection or
as a correlated response to choosing specific traits.
Therefore, it is reasonable to use the flexibility, ac-
cumulated in the breeds of large cattle, in the new
selection goals [63].

The producers may adapt to climate change, adjust-
ing the genetics of their animals to the changed envi-
ronment or adapting the production environment, while
preserving the genetic profile of animals. It is expected
that farmers will first use the adaptation technologies,
which can be quickly implemented and change the ge-
netic profile of animals only when this process becomes
inevitable [34]. J. M. Rust [65] stated that climate change
affected both extensive and intensive systems of animal
production.

The systems of intensive animal production have
more possibilities to adapt via technological changes,
and the latter can make them rather insusceptible to
climate change and preserve highly productive breeds.
To fight the consequences of short-time heat waves,
one can use various technologies, including air-condi-
tioning, shadowing, or raining, to decrease excessive
heat burden [46]. Access to these technologies and
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capital will define the ability of producers to protect their
herds from the physiological stress of climate change.
Large-scale implementation of these technologies will
also depend on the availability and prices of energy
and water. A question arises: how long can one support
the industrial environment under these conditions [34]?
Although the direct impact of climate change on ani-
mals may be insignificant, if the increase in temperature
does not exceed 3°C [18], the forecasts demonstrate
the need for further selection of breeds with efficient
control of thermoregulation. It requires the inclusion of
traits, related to thermal tolerance, into the selection in-
dices, and a greater consideration of the interaction be-
tween a genotype and environment to identify animals,
most adapted to specific conditions.

I. Hoffmann [34] stated that the adaptation to the
climate change can be considered in two ways:

1. How can the genetic resources of animals cope
with climate change and adapt to it, still ensuring food
safety and earning in rural areas?

2. How can one preserve the value of genetic re-
sources and minimize a potential loss of diversity in case
of climate change?

Genetic diversity of animals within the breed is im-
portant for further improvement of cattle [39].

Genetic diversity of animals is decisive for food
safety and the development of rural areas. It allows se-
lecting the number of livestock or creating new breeds
in response to the change in conditions, including
climate change, new or renewed threats of diseases,
new knowledge about human needs for food, and
a change in market conditions or needs of the society.
All these are considerably unforeseen. The factor
that can be predicted is an increase in human need
for food in the future. The most acute consequences
will be in developing countries, where it is expected
that demand will grow faster than production, and in
the areas where climate change is forecast to have the
greatest impact [34]. The importance of preserving the
gene pool of local breeds is emphasized by M. M. McIn-
tosh et al. [47], A. K. Wankar et al. [78].

A current tendency of climate change poses a threat
to health, well-being, and performance of large cattle in
the entire world. Heat stress makes animals more sus-
ceptible to diseases and is one of the reasons for perfor-
mance losses. A real challenge is the mitigation of this
effect and adaptation of the systems of animal breeding
to the variable climate. The adaptation to extreme cli-
matic conditions and the mitigation of their harmful effect
will play a relevant role in the fight against heat stress for
cattle. Many strategies for adapting to climate changes
in livestock industry consider the short-term impact on
animals during intense heat. However, in modern con-
ditions of climate change, one should be governed by
strategies leading to the long-term solution to the prob-
lem. One of these is the genetic adaptation of animals,
involving the resistance to heat stress as a functional
trait in the programs of animal breeding.
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Bnnue 3miHKM KnimaTy Ha opraHi3am BenUKOi poraToi Xyao6u1 Ta cnocobu Moro NOM’siKLEHHS

M. B. adid, M. I. Kysie, H. M. Kysie
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IHcTuTyT Bionorii TBapuH HAAH, Byn. B. Ctyca, 38, m. JIbBiB, 79034, YkpaiHa

B ornspi npeactasneri pesynsratn HayKoBUX AOCNIAKEHb LWOAO 3MiHM KNimarTy, sika BiabyBa€TbCS Ha HaLLil NraHeTi Ha Cy4acHOMY
etani. Po3rnsiHyTo BNAMB TEMNOBOrO CTpecy Ha Ao6pobyT 300poB’st Ta NPOAYKTUBHICTE BENWKOI poraTtol xynobu. MpeacraeneHo anan-
TaLjito SK MpoLec NPUCTOCYBaHHS Y NPUPOAHMX cucTemax Ao rnobanbHoi 3MiHu knimaTy. [1o HanbinbLUNX pU3KKIB, SIki HeraTMBHO BNMBa-
10Tk i Hagani 6yayTb BNAMBATV HA €KOHOMIYHUIA PO3BMTOK TBAPUHHMLIbKOI ranysi, HanexuTb 3MiHa knimary, sika BigbyBaeTbCsa Ha HaLlin
nnaHeTi. B Ykpaini npobnema TennoBoro cTpecy akTyarnbHO CTae Y NiTHil nepiod. TennoBuii CTpeC HEraTMBHO BRNMBae Ha Jo6PobyT,
370pOB’st Ta NPOAYKTUBHICTb TBAPWH. PeakLii Ha Tennosui CTpec OXOMIOKTb 3MEHLLEHHS CNOXKMBAaHHSA KOPMY, MOLLIYK TiHi, NTOCUneHe noto-
BVAINEHHS Ta 3a4MLLKY, 36iNbLUEHHS CNOXWBAHHA BOAM Ta YacTOTU NUTTS, 30iNbLUEHHS Yacy CTOSHHS Ta 3MEHLLEHHS Yacy NexaHHS.
Tennosuii cTpec HesnocepeaHbO BNINBAE Ha NPOAYKTUBHICTb Yepe3 3MEHLLEHHSI CMOXMBAHHSI KOPMY Ta, 3peLUTOl, CUHTE3Y MOSIOKa.
TennoBuii CTPEC CNPUYMHSIE 3HKEHHS PENPOAYKTUBHOI hyHKUIT TBapyH. Hacnigkv BNnuBy Ha penpoayKTUBHY dyHKL0 Xyaobu 3ane-
anu Bif, BEMUYUHMN A TPMBANOCTI MOTo Aji, Topoau, a Takox (PisnyHOi akTMBHOCTI TBapuH. barato ctparerin aganTauii 4o KniMaTuiHnX
3MiH y CKOTapCTBi BPaxoByOTb KOPOTKOYACHWI BNSIMB Ha TBApWH Mig Yac iHTeHCMBHOI cneku. OgHaK y CydacHMX ymMOBaxX 3MiHW Krimaty
noTPiGHO OpiEHTYBATWCS Ha CTpaTerii, ki NPM3BOASATL A0 AOBIOCTPOKOBOrO BUPILLEHHS Mpobnemun. OAHIElo i3 Takux € reHeTUYHa agan-
Tauis TBApWH, WO nepeabayae 3anyyeHHs CTIMKOCTI A0 TENIOBOro CTPecy AK PyHKLiOHaNbHOT 03HaKW B Mporpamax po3BeAeHHs TBapyH.
leHeTUYHa pi3HOMAHITHICTb TBApVUH MaTUME BaXKNUBE 3HAYEHHS Y NoAarbLUil CeNneKLiiHin poboTi 3 Benmkoto porator Xyaoboto.

KnrouoBi cnosa: 3viHa krimarty, Benuvka porata xyaoba, TennoBuii CTpec, 340pOoB’s TBapWH, MOMNOYHa NPOAYKTUBHICTb, adanTadlisi
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