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A b s t r a c t  
 

An adverse effect of heat stress in poultry depends on both the external factors such as diet, 
water supply, rearing technology, birds’ population density, air humidity and flow rate, etc., and the in-
ternal factors, particularly, poultry species and breed specificity, physiological conditions, etc. Herein, 
the approaches to prevention and alleviation of heat stress in poultry are summarized and discussed. 
Different strategies were proposed for lowering of body heat production and for better heat dissipation, 
thus maintaining productivity and product quality and minimizing losses for poultry farms. These strate-
gies include the increase in energetic level of a diet in accordance with decrease in feed consumption 
due to stress (N.J. Daghir, 2009) and inclusion of higher (up to 4-5 %) levels of fat (B.L. Red, 1981; 
N. Usayran et al., 2001; A.A. Ghazalah et al., 2008); decrease by 2-4 % of dietary crude protein 
(Q.U. Zaman et al., 2008) and carbohydrate levels (metabolization of fat produces less heat than pro-
tein and carbohydrates) (N.A. Musharaf, J.D. Latshaw, 1999; N.J. Daghir, 2008); changes in amino 
acid profile of a diet (diets imbalanced in amino acids may increase heat production; moreover, re-
quirements in lysine and sulfur-containing amino acids are much higher in heat stressed poultry) 
(R.M. Gous, T.R. Morris, 2005; S. Syafwan et al., 2011; O. Vjreck, M. Kirchgessner, 1980); supple-
mentation with additional 250 ppm of vitamin C (M. Ciftci et al., 2005; A. Kavtarashvili, T. Kolokol-
nikova, 2010), 200 ppm of vitamin E (Z.Y. Niu et al., 2009; A.A. Rashidi et al., 2010), 8000 IU/kg of 
vitamin A (H. Lin et al., 2002), minerals or proper premix of vitamins and minerals (V.I. Fisinin et al., 
2009), supplementation of feed or drinking water with electrolytes NaHCO3, KСl, CaCl2, NH4Cl 
(R.G. Teeter et al., 1985; T. Ahmad et al., 2005); pelleting of diets (R.M. Gous, T.R. Morris, 2005; 
A. Kavtarashvili, T. Kolokolnikova, 2010); special regimes of feeding (K. Hiramoto et al., 1995; 
M.H. Uzum, H.D. Oral Toplu, 2013) and intermitted lighting (A. Kavtarashvili, T. Kolokolnikova, 
2010; D. Balnave, S.K. Muheereza, 1998); periodic (in 7-day periods) substitution of soda (NaHCO3) 
for 50-80 % of dietary salt (P.S. Silva et al., 1996; A. Kavtarashvili et al., 2010); feeding of mixture of 
ground mussel and lime (1:1) from separate feeders with simultaneous decrease in dietary Ca level; in-
clusion of dietary enzyme preparations (V.I. Fisinin et al., 1999) and probiotic strains of Lactobacillus 
(P.T. Lan et al., 2004); the use of special anti-stress additives and preparations (P. Surai et al., 2012; 
Р. Surai et al., 2013); moistening of enzyme-supplemented diets (H. Lin et al., 2006; M.A. Khoa, 
2007); increase in air velocity in poultry houses up to 2.0-2.5 m/s (J. Donald, 2000); tunnel ventilation 
systems (M. Czarick, B.L. Tyson, 1989); systems of evaporative air cooling (J. Donald, 2000; 
E.S. Mailyan, 2007); the use of heat-insulating and light-reflective roof materials, sprinkling of roof 
with cold water (S. Yahav et al., 2004); 15-20 % decrease in stock density (T. Ahmad et al., 2006); a 
decreased litter thickness (to 3-5 cm) (Salah H.M. Esmail, 2001); decrease in any disturbing activity 
(vaccination, repopulation etc.) during the hottest hours; providing poultry with constant access to wa-
ter including days when poultry is vaccinated via water; elimination of spray vaccines during heat stress 
(O. Mikhailovskaya et al., 2010); regular cleaning and disinfection of drinking water and drinking sys-
tems; acidification of drinking water (A. Kavtarashvili, 2013); regular refilling of drinking system with 
fresh and cold water; isolation and shading of water tanks and pipes exposed to direct sunlight; cooling 
of drinking water (S. Yahav et al., 1996); thermal training of embryos during 2nd half of embryogene-
sis (Y. Piestun et al., 2008) and 3-day chicks (S. Yahav et al., 2001; S. Yahav et al. 2004); genetic im-
provements in thermal tolerance (A.V. Miftahutdinov, 2011) including activated expression of naked 
neck gene Na and frizzle feather gene F (N. Deeb et al., 2001; M.V. Raju et al., 2004). 
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Heat stress results in behavioral, physiological, and immunological 
changes in poultry, which has a negative impact on its health, feed consump-
tion, productivity, and quality of products [1, 2]. This inevitably results in sig-
nificant financial losses. The severity of the adverse effect of heat stress in 
poultry depends on external (diet, water supply, rearing technology, birds’ 
population density, air humidity, airflow rate, etc.) and internal (poultry spe-
cies and breed specificity, physiological condition, etc.) factors [3]. 

Currently, various methods and techniques for the prevention and alle-
viation of heat stress in poultry are known. 

Feeding methods for dealing with heat stress. Under the high tempera-
ture conditions, feed intake is reduced [2], the acid-base balance in the body 
changes [4, 5], the secretion and activity of endogenous enzymes decreases [6], 
the intestine absorbing capacity is broken [7], the passage of feed through the 
gastrointestinal tract is accelerated due to the 3-5 times increased water intake 
[8, 9]. As a result, a deficiency of nutrients, vitamins (especially C and E), and 
some macro- and trace elements arises in the bird’s body [10, 11].  

To reduce the negative impact of heat stress, researchers suggest various 
strategies for feeding in poultry.  

It is believed that the daily rate of nutrients under conditions of heat 
stress should be maintained by increasing the density of fodder proportional to 
the reduction of its consumption [12, 13]. For example, if the expected reduc-
tion in feed consumption is 10 %, the content of all nutrients (including vita-
mins, mineral compounds, and trace elements) must be increased by 10 %. But 
the use of this strategy for certain substances is sometimes limited with the pro-
duction capability. Thus, the addition of more than 6-8 % fat to the feed mixture 
is not always acceptable. In addition, the doses of certain feed additives cannot 
be changed without knowing how it can affect the health of poultry. In many 
cases, the reduction in food intake is so great that it cannot be compensated by 
increasing the amount of nutrients.  

Some authors claim that under heat stress, the increase in the proportion 
of crude protein in the diet at the background of low feed intake plays a positive 
role [14, 15]. Other researchers report the dangers of feeding broilers with the 
feed high protein content at high ambient temperature [16-18]. According to 
Q.U. Zaman et al. [19], in the heat stress conditions (32-39 С), the diet with 
low crude protein (190 g/kg) and high content of metabolizable energy (12.55 
MJ/kg) with standard values of essential amino acids contributes to greater effi-
ciency of broiler chicks than the feed with high amounts of protein (210 g/kg 
and 230 g/kg) and metabolizable energy (12.55 MJ/kg).  

The inclusion of 5 % of fat [20] in the diet of broiler chicks, 5 % of fat 
[21] and 4 % of soybean [22] or palm oil [23] for young hens at high tempera-
ture makes it possible to improve poultry productivity. This is because, first, fat 
enhances the palatability of fodder and encourages its consumption, and second, 
less endogenous heat is produced in fat metabolism than in protein and carbo-
hydrate metabolism [14, 24, 25].  

To reduce the endogenous production of heat in poultry under heat 
stress, V. De Basilio et al. [26] recommend using two diets: during the hottest 
period of the day it is a diet with higher (by 4-5 %) fat content and lower (by 2-
4 %) amounts of crude protein, in the cooler period it is a diet with a reduced 
fat content and a higher crude protein proportion.  

Positive results are obtained by a change in the proportion of fat and 
carbohydrates feed energy that is the ratio of effective and metabolizable energy 
[27]. In practice, the possibility of applying this method is somewhat limited due 
to the use of feed ingredients that the farms are able to purchase [12].  
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The balance of amino acids is also important. Consuming fodder of an 
unbalanced amino acid composition, poultry produce more heat per 1 g of fod-
der [11, 12]. The inclusion of additional amino acids in the diet results in the 
increase of oxidative processes in the follicular tissue, growth and development 
of follicles, and thus to the increase in poultry productivity [28]. When the am-
bient temperature increases, the consumption of lysine to maintain 1 kg of live 
weight of chickens and sulfur amino acids for the maintenance of egg production 
grows significantly [29]. Many authors [30, 31] find that fodder unbalanced in its 
amino acid composition increases the content of nitrogen compounds in the lit-
ter, which leads to the accumulation of ammonia in the poultry house and nega-
tively affects the productivity, health, and thermoregulation in poultry. 

Positive results were obtained with supplementation of fodder with 
additional 250 mg/kg of vitamin C [32, 33]. At higher doses (500 mg/kg and 
750 mg/kg of feed) the effect was negative [34]. When ascorbic acid is added to 
water, not to the fodder, water intake increases [35].  

Z.Y. Niu et al. [36] found that under heat stress (38 С) broilers 
treated with vitamin E (200 mg/kg of feed) had higher macrophage activity 
and increased levels of IgM and IgG compared to the poultry that were not 
given the vitamin. There is evidence [37] of a significant intensification of 
phagocytosis, an increase in the number of T-lymphocytes and SRBC (sheep 
red blood cells) antibodies, spleen weight, and bursa of Fabricius in broiler 
chickens in cases of supplementation of fodder with vitamin E (100 IU/kg 
feed) during heat stress (32 С). Other researchers [38] noted that at 33 С a 
supplement of vitamin Е in a dose of 200 mg/kg of fodder increased SRBC 
antibody titers in egg-production chickens. Vitamin E is an essential compo-
nent of antioxidant protection, but recent studies have shown that it is not al-
ways able to improve the situation [39, 40].  

The harmful effects of heat stress on egg laying can also be avoided by 
supplementation of fodder with vitamin A (8,000 IU/kg of feed) [41]. The great-
est effect is achieved when complexes of vitamins, for example C and E [42], A 
and E [43], or the relevant vitamin-mineral premixes are fed [40].  

High efficiency was shown for fodder or water supplements of various 
salts electrolytes (NaHCO3, KСl, CaCl2, NH4Cl) [4, 44]. Supplementing feed 
with sodium bicarbonate at the rate of 4-10 kg/t helps restore the acid-base bal-
ance lost in alkalosis resulting from hyperpnoea in birds in the heat. An addi-
tional amount of electrolytes such as potassium chloride (0.25-0.5 % in drinking 
water or 0.5-1.0 % in feed) restores the electrolyte balance [33]. Drinking elec-
trolyte solutions should be given in the morning before the rapid rise of air tem-
perature [45]. Excessive potassium is better endured by birds than excessive so-
dium [46]. Under heat stress, the body tends to retain more electrolytes (Na, K, 
Cl) to maintain the acid-base balance. The amount of electrolytes in the urine is 
dependent on their content in the feed and on the ambient temperature. Water 
consumption is associated with the poultry age, with the K, Na, and Cl uptake 
with feed and has a direct effect on the litter moisture content and changes in 
rectal temperature [47, 48]. 

 Fodder structure may affect the amount of energy spent for its consump-
tion. For example, the intake of pelleted feed requires one-third less time com-
pared with the same amount of spilled feed and allows birds to save about 6 % of 
energy [12], which can be beneficial for reducing heat production. Furthermore, 
pelleting increases the physical density of feed providing greater intake of nutrients 
[12, 33, 49]. 

Special feeding regimes provide positive results. Some scientists [50-52] 
recommend limiting feeding poultry 4-6 hours prior to the heat stress. During 
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this time, the remains of food are evacuated from the gut, and the increase of 
heat associated with feed consumption in the hottest period of the day is re-
duced. It is advisable to move the time of the main feeding to the morning and 
evening or use the «night feeding principle» [53]. To do this, we recommend 
implementing modes of intermittent illumination providing night illumination 
for 2 hours, dark periods of 3-4 hours in the hottest time of the day and night 
feeding [49, 54]. Other authors propose to add gradually (15 minutes per week) 
one hour of illumination at night during the hot period of the year (for example, 
from midnight to 1:00 a.m. but not less than after 4 hours since the end of the 
main illumination period). The regular illumination regime mode is restored in 
the fall, gradually reducing the «night feeding» in the same way. However, the 
use of such technology in poultry may shift the circadian rhythm of egg laying 
[55, 56], which may lead to some reduction in productivity. D. Balnave and 
S.K. Muheereza [57] reported that under a regime of intermittent illumination 
of 3L:1D (L means light D means darkness, h) compared with 16L: 8D at high 
temperature (32 С), feed intake, body weight, egg weight, thickness, and 
strength of egg shell increased significantly. The positive effect of intermittent il-
lumination is due to the fact that birds move less in the dark and, thus produc-
ing less heat energy. It was found that at high temperature in poultry houses, 
feed intake can be stimulated by increasing the multiplicity of its distribution up 
to 5 times or more with periodic idle starts of feeding system lines [49]. 

The adverse effect of heat stress can be alleviated by replacing the salt 
in the fodder (50-80 %) with baking soda (periodically for 7 days), in the most 
severe cases, the amount of soda supplement is allowed to reach 2-4 kg per 1 
ton of fodder mixtures [53, 58]. There is evidence that supplementing the fod-
der with chromium at a dose of 600 mg/kg [59] or chromium (400 mg/kg) in 
combination with ascorbic acid (250 mg/kg) [60] increases the bodyweight of 
broilers. Positive results are obtained with the feeding of a mixture of ground 
mussel and lime (1:1) from separate feeders with a simultaneous decrease in 
dietary Ca level [53, 61]. 

To improve nutrient digestibility under heat stress, the inclusion of die-
tary enzyme preparations in the diet is recommended [53, 61]. Enhance feed 
palatability and nutrient digestibility is also enhanced by feed moistening using 
exogenous enzymes [49, 62, 63]. 

Probiotic strains of Lactobacillus can enrich the diversity of flora in the 
jejunum and cecum of chickens and restore the microbial balance in broiler 
chicks after heat stress [64]. During heat stress, special feed supplements and 
drugs may be used — ProviGard, Catosal (Germany), Betfin S1, OptiPro, zinc 
bacitracin, feed antibiotics, osmo-protective supplements, etc. [3, 40, 65-67]. 

While the feeding methods recommended to reduce the effects of heat 
stress have shown their potential benefits, none of them can be considered as the 
only ideal method or as effective as reducing the heat load on poultry using a 
variety of technological methods [12].  

Reduc ing  a i r  t empe r a tu re  in  pou l t r y  hou se s. As it is known, 
body temperature is determined by heat generation (heat production) and heat 
dissipation (heat release). At high temperatures, poultry suffer difficulties in 
achieving a balance between heat production and heat loss. If heat production 
exceeds the maximum loss for a long time, birds may die. Thus, a temperature 
increase of 4 С causes the death of broilers [13].  

To reduce the temperature in poultry houses, an increase in air velocity 
to 2.0-2.5 m/s and in the amount of fresh air to 6-7 m3 per 1 kg of body weight 
per hour is recommended, which creates a feeling of coolness in birds [53, 68]. 
At this, the use of tunnel ventilation maximizes the convective heat loss, espe-
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cially in high humidity conditions [69]. Farms should have spare power supply 
systems for the event of disruptions in hot periods. It is necessary to equip prem-
ises with evaporative cooling systems in which air passes through paper napkins 
moistened with water and enters the poultry house in cooled condition. With it, 
even at the ambient temperature above 35-38 С, a temperature of 24-28 С and 
below can be maintained in poultry houses [68, 70]. But one should keep in 
mind that the higher the humidity, the less effective evaporative cooling [62].  

Misting systems (fine mist generated under high pressure inside the 
premises) increases the effectiveness of ventilation to 50 %, but it is important to 
remember that poultry tolerates the impact of high temperatures at high relative 
humidity much worse, so in such conditions, it is not allowed to moisture floor, 
bathe birds, etc. Humidity in poultry houses at high temperature in the absence 
of adequate ventilation should not exceed 50 % [68, 71].  

The effectiveness of heat-insulating and reflective roofing materials (e.g., 
aluminum-plastic foil), irrigation of roofs with cold water, etc. has been reported 
[72, 73]. According to some authors, at high ambient temperatures, it is advisable 
to reduce the stocking poultry density by 15-20 % [33, 47]. According to V. Ho-
lik (74), the stocking density in the floor and cage poultry at the temperature 
of 25 С should be 5.5 birds per sq. m and 450 cm2 per bird; at 30 С, 4.5 
birds per sq. m and 550 сm2 per bird; at 35 С, 3.5 birds per sq. m and 650 сm2 
per bird. To reduce the release of biological heat of decomposing components, the 
thickness of the bedding used should be not more than 3-5 cm [70, 75]. The fre-
quency of litter removal from houses should also be increased [70]. 

H a n d l i n g  b i r d s  u n d e r  h e a t  s t r e s s. When handling birds dur-
ing heat stress, the following rules should be followed [45]: birds should not be 
disturbed during the hottest period of the day; vaccination, transportation of 
livestock to poultry houses for adult birds should be performed during the cool 
time of the day (early morning or late evening); under vaccination via drinking 
water, water supply should not be interrupted; spray vaccination should be ex-
cluded; prevention of bacterial infection should be performed (breathing with 
open mouth, there is no air filtration through nasal passages, secondary bacterial 
infections gets in the body, which results in bird wasting).  

F e a tu r e s  o f  d r i n k i n g  wa t e r  p r e p a r a t i o n  a n d  p r o v i d i n g  
w a t e r  t o  p o u l t r y  d u r i n g  p e r i od s  o f  h i g h  t e m p e r a t u r e. At high 
ambient temperatures, favorable conditions for the growth of microorganisms, 
pathogenic bacteria, fungi, and algae arise in drinking systems due to the pres-
ence of mineral and organic impurities in water. They accumulate and form a 
so-called biofilm. In addition, as a result of mineral substances deposition, a 
lime peel is formed in pipes that serves as a refuge for micro-organisms and dis-
rupts the normal operation of drinking systems [76]. 

At high temperatures, it is necessary to clean and disinfect water and 
drinking systems using products that contain a mixture of various organic (for-
mic, acetic, citric, fumaric, etc.) acids. Acidification of water contributes to the 
sanitation of oral cavity, nose, and the entire digestive system in poultry, favors 
beneficial bacteria, and inhibits pathogens (Salmonellae, Escherichia coli, mold 
and yeast fungi) in the gastrointestinal tract. The acidic environment also helps 
the production of pancreatic enzymes, enhances the conversion of pepsinogen to 
pepsin, and inhibits the passage of chyme through the gastrointestinal tract [76]. 
In addition, it is advisable to ensure systematic draining from drinking systems 
for filling them with fresh cold water; insulation of water tanks and water pipes 
located in the sun, their protection by shade; cooling of drinking water to 5-
18 C (increases feed consumption by 5-11.6 %) (8, 77); providing unlimited ac-
cess of birds to water and increasing drinking system by 20-25 %; timely re-
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placement of water filters [45]. It was found that cold-water intake (10 C) helps 
poultry stand the ambient temperature of 42.2 C for 11.5 h [8]. 

Hea t  t r a in in g. The results of heat stress can be effectively alleviated by 
heat training. The eggs of the meat chicken Cobb were incubated at standard 
temperature and humidity regime (37.8 С/56 %, control group) [78]. In the ex-
perimental group, the eggs were subjected to training from the 7th to the 16th 
days of incubation for 12 or 24 hours at the temperature of 39.5 С and air hu-
midity of 65 %. At the 35-th day of cultivation, chickens of all groups were sub-
jected to a thermal load (35.5 С for 5 hours), as a result, higher heat resistance 
of broiler chickens of experimental groups was shown. 

It was also found that heat training of 3-day old chicks (36-37.5 C for 
24 hours) increased poultry resistance to high temperatures in the later period of 
growth [56, 79]. Usually, right after the exposure to heat, the growth is slowed 
down but followed by compensatory growth contributing to the formation of 
greater body weight in broilers at the end of cultivation compared with poultry 
not subjected to heat training [79]. 

This phenomenon can be explained with heat training imprintingin de-
veloping embryos and with formation of epigenetic thermal adaptation in them 
manifested in the increased resistance of poultry to high temperatures [80]. A 
similar opinion is shared by other authors [81, 82] who have found that if poul-
try eggs are subjected to temperature stress during incubation, hatched individu-
als demonstrate changes in thermo sensitivity of hypothalamic neurons through-
out their life. 

S e l e c t io n  and  b r e ed ing .  Increasing of thermostability in poultry 
by selection and breeding can be considered a promising area of prevention and 
alleviation of heat stress effects [83]. However, one should remember that the 
actual heritability of the sign of poultry resistance to high temperatures is very 
low [84, 85]. In addition, selection for the increase of thermos-tolerance can 
cause a reduction in growth potential in a comfortable temperature conditions. 
Therefore, it is necessary to clarify the relationship and interaction of selection 
signs used in different temperature environments [86]. 

Results obtained in the study of the effect of heat load (35 С/50 %/14 
days, temperature/humidity/duration) in 38-week-old chickens of the egg crosses 
Hy-Line Brown, W36, and W98 prove their different thermos-tolerances [87]. 
Within the period of the thermal stress factor exposure, the reduction in egg pro-
duction, feed intake, and egg shell thickness was 31.0 %, 35.0 %, and 0.07 mm, 
respectively, in the brown cross; 19.7 %, 29.0 %, and 0.04 mm in the W36 cross; 
and 13.0 %, 27.0 %, and 0.05 mm in the W98 cross, and mortality, on the con-
trary, increased, respectively, by 16.0 %; 4.0 %, and 8.0 %. The consistency of 
changes in the shell thickness and calcium in the gut was detected: in brown 
cross individuals the absorption decreased by 52.5 %, while in other crosses it de-
creased by 30 % only. The findings suggest that thermos-tolerance in layers of 
investigated genotypes varies, and the cross W98 livestock has the highest ther-
mal stability. This provision based on the analysis of productivity values is also 
confirmed by the data on the known markers of the heat stress condition. Thus, 
polypnoea intensity in W98 is lower as indicated by the value of blood рСО2: in 
W36, it decreased by 24 %; in brown cross, by 17 %; in W98, by 13 % only. 

In a recent study [88], thermo-tolerance was evaluated in five commercial 
chicken genotypes (Lohmann Brown, Lohmann White, New Hampshire, dwarf 
White Leghorn, and White Leghorn) who were divided into two subgroups. Chick-
ens of the first subgroup of each genotype were kept at a comfortable temperature 
for a long time (18-20 С), chickens of the second group were kept under the heat 
stress conditions (30-32 С). Feed intake, body weight, egg production, egg 
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weight, shell thickness, and strength in all birds of the first subgroup were higher 
than in those subjected to hyperthermia. The most stable body weight, egg weight, 
and feed conversion were observed in New Hampshire chickens, and the intensity 
of egg production and egg mass rate per 1 bird/day proved to be the most stable in 
White Leghorn chickens. This study showed that the negative manifestation of 
heat stress depends on the genotype. 

The use of genes that contribute to thermal stability, such as the naked 
neck gene (Na) and the frizzled feather gene (F), in poultry breeding is note-
worthy. The naked neck gene (Na) increases the growth rate of broiler chickens, 
the production of pectoral muscles, the heat loss through the neck, with de-
creased fat deposits in the skin and pectoral muscle [89, 90]. In heterozygous 
(Na/nа) and homozygous (Na/Na) individuals, featherweight relative to body 
weight is by 20 % and 40 % lower, respectively, compared to fully feathered 
birds [91]. The frizzled feather gene (F) makes it possible to reduce bird 
feather insulation. The favorable effect of F gene on the body weight of broil-
ers at high temperature is lower than the effect of Na gene. However, there is 
a positive effect of the simultaneous use of heterozygous genes (Na/na и F/f ) 
in broiler chickens [92]. 

Thus, feed intake is reduced and water intake is increased under heat 
stress resulting in the reduction of poultry productivity. To alleviate the effects of 
heat stress, appropriate adjustments in the diet should be made, which will help 
reduce the heat production of the bird body and maintain the required intake of 
feed nutrients. Physical activity of birds needs to be minimized during the hottest 
time of the day. Prevention and alleviation of heat stress in poultry require an 
integrated approach and can include the following: selection for heat tolerance; 
changes in feeding, watering and lighting regimes; changes in the energy-
protein ratio and the balance of amino acids in the diet; use of special feed or 
water supplements (vitamins, trace elements, anti-stress supplements, enzymes, 
probiotics); poultry houses redesign; improvement of ventilation and cooling 
systems; special technological methods. The choice of appropriate measures 
depends on many factors, such as intensity, duration, and diurnal heat varia-
tion; genetic features of poultry; features of feeding and housing (floor or cel-
lular housing) of poultry; poultry age and productivity; relative air humidity; 
design of poultry houses, etc. The timely forecast of heat stress onset and ade-
quate measures for its prevention will help neutralize its negative effects on 
poultry and associated economic losses.  
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