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Introduction 
The tropical region is characterized by high 
temperature and humidity, which can be 
harmful to poultry birds if it is not properly 
managed. High temperature and humidity can 
lead to heat stress and even death in extreme 
cases (Qureshi, 2001; Olawumi and Ogunlade, 
2010). Indeed, heat stress has been reported to 
cause a decrease in feed intake, feed efficiency, 
egg quality and quantity, as well as flock activity 
with a subsequent increase in pulse and 
respiratory rates, water intake and death (Ubosi, 
2001; Yunusa, 2002; Olawumi, 2011). 
Consequently, heat stress, if not well managed, 
may   exacerbate   the    problem    of    low    and 
inadequate supply of eggs and poultry meat to 

meet the dietary protein needs of the inhabitants 
of these regions. Also, while it is evident that the 
need for eggs and poultry meat is increasing in 
the tropical regions, their supply can be 
hindered by several constraints such as the 
breed of poultry birds, harsh environmental 
factors, type of housing, insufficient capital, and 
inadequate technical know-how of the farmers 
(Bhadauria et al., 2014). 

Several methods including poultry house 
design, use of forced ventilation, the monitoring 
of feed intake and adjustment of its 
compositions, administration of quality, cool 
and carbonated water, fogging system, 
sprinkling system, and use of lightweight breeds 
of birds have been adopted as strategies for 
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There is a gap between the population growth and protein 
supply in many tropical countries where per capita income is 
low and the majority of people consume less protein than a 
daily standard for recommended protein intake. Poultry egg 
production remains the fastest route to bridging the protein 
demand-supply gap in these regions. However, poultry are 
faced with heat stress in the tropics which is deleterious to 
health and productive performance of laying and meat 
production. In addition, the problem limits dietary protein 
supply in the affected countries. The harmful effects of heat 
stress may be alleviated if attention is paid to sources of heat 
generation in the design and construction of the open poultry 
houses. This review discusses the internal climatic conditions 
of the poultry houses, how the birds respond to them, and 
their implications on heat management for poultry 
production. Hence, this paper provides pertinent information 
for guidance on parameters for open poultry houses 
architectural design that ensures optimum climatic conditions 
that will alleviate heat stress problem in poultry production in 
hot and humid climate. 
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addressing the problem of heat stress (Lacy and 
Czarick, 1992; Beker and Teeter, 1994; Daghir, 
2008; Holik, 2015). Of all the methods used to 
alleviate the heat stress problem in the poorest 
tropical countries, open housing system 
appeared to be the most favored one because of 
the simplicity of their design and construction 
cost. Unfortunately, the problem of heat stress 
still persists and, hence the attention of research 
has been focused on addressing the problem 
(Daghir, 2008). This is contrary to the 
expectation that natural ventilation allowing free 
flow of air within and across the open poultry 
house will ease heat stress on the birds. 

This paper reviews the internal climatic 
conditions of the poultry house, how the birds 
respond to them, and their implications on heat 
management for poultry production. The 
information will provide guidance on 
parameters for the open poultry house 
architectural design that ensures optimum 
climatic conditions that will alleviate heat stress 
problem in poultry production in hot and humid 
climates. 
 
Regulation of body temperature 
Birds are warm-blooded ‘homoeothermic’ 
flighty feathered oviparous vertebrates that 
possess a high metabolic rate, with a normal 
breathing rate of 40-50 breath per minute 
(Gordon, 1982; Mason, 1984). On the average, 
birds maintain an internal body temperature of 
between 39ºC and 42.2ºC (Hulzebosch, 2004; 
Daghir, 2008; Holik, 2009). During hot weather 
poultry bird maintains thermo-neutral 
temperature by losing heat mainly through 
evaporative cooling and convection (Daghir, 
2008; Holik, 2009; Bhadauria et al., 2014). 

Climate plays a major role in the well-being 
and health of poultry birds. The climatic factors 
of interest include temperature, relative 
humidity, air composition, air velocity and 
movement, and lighting (Olanrewaju et al., 2006; 
Mendes et al, 2013; Holik, 2015).  A review of 
literature on the effects of the climatic factors on 
the birds is highlighted below. 

 
Temperature 
Milligan and Winn (1964) and also Mardsen and 
Morris (1987) noted that generally, birds can 
survive under a wide range of temperatures. 
However, in a part of the tropical region in 
Southern America, Jensen (1977) observed that 
in hot season pullets rarely attain satisfactory 

body weight at maturity. Bell (1987) showed that 
hot months of the year (i.e. April – June) is the 
period of lowest egg production in USA. Payne 
(1966) showed that at 21 weeks pullets reared 
from 6 weeks of age at 33ºC were 118 g lighter in 
body weight with smaller egg sizes than those 
reared at 20ºC. Also, Smith and Oliver (1972) 
subjected laying birds to an environmental 
temperature of 21ºC and 38ºC respectively, and 
observed a reduction of 40% to 50% in egg 
production and egg weight at 38ºC. They 
concluded that lower egg production and poor 
eggshell quality were due to insufficient feed 
consumption and high temperature, 
respectively. In a similar study, Stockland and 
Blaylock (1974) observed the body weight of the 
pullets reared at 29.4ºC was 130 g lighter than 
those reared at 18.3ºC. Increase in egg breakage 
and reduction in eggshell thickness was caused 
by heat stress (Lin et al., 2004). In addition, Ebeid 
et al. (2012) reported that heat stress caused a 
reduction in egg weight (3.24%), eggshell 
thickness (1.2%), eggshell weight (9.93%), and 
eggshell (0.66%). Vo et al. (1978) reported that 
Leghorn pullets reared at 35ºC had 20% to 30% 
less body/Egg weight than those reared at 21ºC. 
They also found a delay of sexual maturity in 
the birds reared at 35ºC. North (1983) found a 
lower performance when laying birds were kept 
in a house with a temperature more than 24ºC. 
Data were reported in Table 1, where the values 
related to 16ºC considered 100 as baseline. 

According to NRC (1981) optimum feed 
intake occurs when egg laying bird is kept in a 
house with a temperature of 20ºC to 21ºC and 
feed intake is reduced at the rate of 1.5% per 1ºC 
till the temperature reaches 35ºC. Similarly, 
Austic (1985) reported a decrease of 1.7% per 1ºC 
when the house temperature was out of 18ºC to 
22ºC in growing birds. 

In the review of literature on the effect of 
temperature on performance of layers, Charles 
(2002), concluded that a temperature range of 
19ºC to 22ºC is the optimum. In other reviews 
done by Holik (2015), it was concluded that 
birds are comfortable when environmental 
temperature is within the range of 18ºC to 24ºC. 
Consequent on the above, poultry house 
designers must take into consideration internal 
housing environment temperature optimum for 
health of birds and productive performance in 
terms of mortality, egg production and quality, 
feed intake and feed conversion ratio, and body 
weight gain. 
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Table 1. Effect of house temperature on egg production, egg weight, and feed conversion ratio 

 
Relative humidity  
For optimum performance the range of relative 
humidity for laying birds during brooding is 
reported to be 60% to 80% and after brooding is 
50% to 70% (Winn and Godfrey, 1967). While 
observing the physiological behavior of birds in 
response to changes in temperature and relative 
humidity, Qureshi (2001) noted that the birds 
were most comfortable at 20ºC to 25ºC house 
temperature and 75% relative humidity. Poultry 
birds were moderately uncomfortable as the 
temperature and relative humidity increased to 
30-35ºC and 100%, respectively. The birds 
became extremely uncomfortable and even died 
at temperature beyond 40ºC and 100% relative 
humidity. 

Winn and Godfrey (1967) reported that feed 
efficiency, feathering, pigmentation, and weight 
gain of birds were adversely affected at 
temperature above 26.7ºC combined with high 
relative humidity. Furthermore, at higher 
temperature range of 35ºC to 37.8ºC 
performance of birds was poor regardless of the 
level of relative humidity. They noticed that 
higher humidity caused improvement in the 
birds’ performance. However, the level of 
humidity must be checked because it could 
serve as a habitat for microorganisms and 
therefore, it increases the threat of diseases 
(Bruce and Drysdale, 1994; Hulzebosch, 2004). 
Also, high humidity combined with a relatively 
high temperature can make cooling due to 
evaporation difficult for the birds (Daghir, 2008).  
In general, an internal housing environment 
design for optimization of performance of laying 
birds should not exceed 85% relative humidity 
(Qureshi, 2001; Daghir, 2008; Holik, 2009). 
 
Air composition  
Naturally, dry air is composed of nitrogen 
(78.09%), oxygen (20.95%), argon (0.93%), carbon 
dioxide (0.04%), small amounts of several other 
gases and water vapor (Zimmer, 2013).  Oxygen 
(O2) is essential for respiration in birds. It is 

inhaled and carbon dioxide (CO2) is exhaled 
(Hulzebosch, 2004). Under the intensive 
production poultry droppings in the presence of 
suitable environmental conditions cause 
production of unpleasant and polluted gases, 
which decrease the quality of indoor air (Reddy 
et al., 2007). Ammonia (NH3), methane (CH4), 
and hydrogen sulphide (H2S) are products of the 
biodegradation of the faecal material (Reddy et 
al., 2007). Voermans et al. (1995) observed that 
constant collection of faecal materials from birds 
on walls and floors increased odor and gaseous 
emissions. The gases are of particular 
importance because of their deleterious effects 
on the birds’ productive and health 
performance, deterioration of poultry cages, the 
poultry house’s roofing sheets, and the hazard 
they pose to human health. 

Ammonia has been recognized to cause 
problem in poultry production (Wang et al, 
2010). Several authors have shown that a high 
level of ammonia lowered feed efficiency, body 
weight, and stunted growth rate (Reece et al., 
1981; Beker et al., 2004; Miles et al., 2004). Also, it 
irritates the mucous membrane causing 
respiratory diseases and increases mortality in 
extreme cases (Reece et al., 1980; Smith, 1998; 
Kristensen and Wathes, 2000; Hulzebosch, 2004; 
Dong et al., 2006). It is recommended that NH3 
concentration within a poultry house be kept 
below 25 ppm for optimum production (Czarick 
and Fairchild, 2002). 

Carbon dioxide is a product of respiration in 
birds (Hulzebosch, 2004). High concentration of 
CO2 could develop poor health conditions 
characterized by high blood pressure, 
convulsion, asphyxia, dyspnea, and ultimately 
death might result (Czarick and Fairchild, 2002). 
For optimum poultry production, the 
concentration of carbon dioxide must not exceed 
2500 ppm (Hulzebosch, 2004). 

Methane (CH4) produced twenty three times 
the greenhouse effect of carbon dioxide (Brouček 

Temperature (°C) Egg production (%) Egg weight (%) Feed conversion ratio† (%) 
16 100 100 100 
18 100 100 95 
21 100 100 91 
24 100 99 89 
27 99 96 86 
29 97 93 85 
32 94 86 84 

†Feed intake (g) to egg production (g). 
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and Čermák, 2015). Meda et al. (2011) noted that 
an average of 13 mg CH4 was produced per 
chicken daily amounting to 800 g per bird in a 
period of 60 days. Similarly, Calvet et al. (2011) 
asserted that CH4 gas production rate depended 
on litter management and conditions, and 
produced at the rate of 0.44 mg.h-1 per bird in 
summer.  Low concentration of hydrogen 
sulphide (H2S) is fatal to poultry and human 
health (Hulzebosch, 2004). 

Due attention should be paid to waste 
management by modifying housing design to 
reduce the area of gas-emitting surfaces, allow 
for easier removal of faecal materials, and 
permit better control of temperature and 
ventilation. 
 
Air velocity and movement 
When the weather is hot the air within the 
building heats up by the heat radiating from the 
building surfaces, birds and other mechanical 
equipment (Daghir, 2008). Air velocity and air 
movement are very important in convectional 
cooling and regulation of air quality 
(Hulzebosch, 2004; Daghir, 2008). Hulzebosch 
(2004) reported that if the temperature remains 
within the range of 25ºC to 30ºC, air velocity of 
0.1 m/s to 0.2 m/s can be maintained, but if the 
temperature goes beyond that an increase in air 
velocity will help aid convectional cooling. 
Furthermore, at air velocity of 0.1 m/s to 0.2 
m/s the movement pattern of air can be easily 
controlled through building design and 
ventilation within the building. 
 
Lighting 
Lighting in poultry house remarkably influence 
health and productive performance of chickens, 
and hence regarded as a critical environmental 
factor in poultry production (Olanrewaju et al., 
2006; Mendes et al, 2013; Holik, 2015). Lighting 
affects feed intake pattern, growth, physical and 
physiological activities (including bone 
metabolism, immune responses, sleep, and rest), 
and mortality rate (Classen et al., 1991; Riddell 
and Classen, 1992; Classen et al., 2004). 
Consequently, determination of optimum 
lighting program for general wellbeing and 
performance of chickens has attracted research 
attention. 

A continuous lighting program of 16 hrs light 
and 8 hrs darkness is the conventional lighting 
and had proved successful for overall 
performance and productivity of birds (Gordon, 

1994; Davis et al., 1997; Rozenboim et al., 1999; 
Holik, 2015). However, further improvement in 
the productive performance of birds was 
achieved with application of intermittent 
lighting (IL) schedules where duration of 
lighting (photoperiod) and darkness were varied 
depending on the type of housing, light 
intensity, and age of birds (Saxena, 2000; 
Olanrewaju et al., 2006). Furthermore, 
introduction of light at midnight for 2 hrs at 
pullet of 0-18 or 4-18 weeks age resulted in 
increased egg production and weight gain 
(Leeson et al., 2003a,b). The additional lighting 
provided at midnight provided the birds with 
an advantage of feeding in a cooler night 
environment. Also, Nishibri et al. (1989) 
recommended provision of light at cooler 
periods of the day (i.e. 6 pm – 6 am) instead of 
the hot periods to ensure minimal heat stress. 
Consequently, this development calls for a more 
controllable lighting system within the building 
for the duration of the day. 

Furthermore, the source of artificial light 
used in the poultry house contributes to heat 
generation within the house. For example, 6-8 W 
light emitting diodes (LEDs), 60 W incandescent 
light bulbs and 13-115 W compact fluorescent 
(CFLs) emits 3.6 kJ/h, 89.7 kJ/h and 31.7 kJ, for 
production of 800 Lumens light output 
(Abhishek, 2016). 
 
Housing system 
Internal heat within the poultry house is the sum 
of heat generated by the birds, the atmosphere, 
the roof, biodegradation of the fecal material, 
and sunny or shaded ground all of which add to 
heat load on the chickens (Gordon, 1982; Mason, 
1984; Clark, 2013). Generally, dark-colored 
surfaces tend to absorb more heat when exposed 
to direct solar radiation than brighter surfaces 
under the same conditions (Walsberg, 1983). 
Also, feces if kept for too long in the poultry 
house without removal or treatment emit heat 
among various other harmful gases such as NH3, 

CH4 and H2S from decomposition (Reddy et al., 
2007). Finally, exposure of the roof to direct solar 
radiation throughout the day due to the east–
west orientation of poultry house makes the roof 
one of the major sources of internal heat 
generation. Therefore, the housing system to be 
adopted for efficient management of heat stress 
in poultry production must take into account the 
various sources of heat generation in the pen 
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house and how to quash their harmful effects on 
the birds. 
 
Open housing system 
Open house system has been adjudged a good 
method of housing in a hot climate. However, 
the open houses are prone to insects and some 
small animals that can disturb the welfare of 
birds, production, and health. Also, 
environmental control is too poor in such 
poultry houses. In order to control the menace of 
the unwanted insects and other predator 
animals, the dwarf sidewalls of the poultry 
house were raised to the roof level with strong 
corrugated iron wire netting or mesh. 
Furthermore, ant-proof gutter is constructed 
round the outer perimeter of the house. The 
gutter is usually filled with insecticides to 
prevent insects, particularly ants from gaining 
entrance into the house (Oluyemi and Roberts, 
1979). 

It is easier and more economical to manage 
heat within the building through natural 
ventilation (Saxena, 2000; Qureshi, 2001; Daghir, 
2008). However, careful attention should be paid 
to architectural design and construction 
materials, installed mechanical facilities, and 
location/orientation to alleviate heat stress-
associated problems in the rearing of laying 
birds. Some of the key poultry house 
construction features are reviewed here. 
 
Orientation 
Research has shown that a building receives less 
direct radiation if orientated east-west rather 
than north-south (Bond, 1967; Costa and 
Hunton, 1979; Clark, 2013). This is important to 
note, because direct sun radiation on the birds 
can create a situation of heat stress. In some 
cases, birds move away from the sun's rays if 
possible, which lead to clustering. This greatly 
increases the effective density of the birds 
thereby reducing convection cooling (Daghir, 
2008). 
 
Roof overhang 
An appropriate roof overhang design helps 
shade the building sidewalls from direct and 
indirect heat radiation from the sun. The height 
of the building’s sidewall and height of its 
opening to the ground is directly proportional to 
the length of the roof overhang (Daghir, 2008). 
When the sun is above 45o zenith angle, 70% of 
the sidewall’s height requires shading (Clark, 

2013). From 07:00 to 09:00 hours and 15:00 to 
17:00 hours, when the heat radiation intensity on 
the east and west-facing wall is the highest 
(Anon, 1975), only the bottom quarter of the wall 
would be exposed. However, Shades at 45o 
reduces the length of roof overhang to shade the 
whole wall (Clark, 2013). If shading is done 
appropriately heat load radiating from the sun is 
reduced by 30% (Clark, 2013). 
 
House width, length and height 
Practices have proven that for effective natural 
ventilation the house the width must not exceed 
12 m (Daghir, 2008). This is also to eradicate the 
problem of uneven temperature and air 
exchange rate within the building. It is of 
optimum advantage to keep the width less or 
equal to 12 m in hot and humid climate. Houses 
may be designed at convenient length. Doors 
should be placed at interval of 15 m to 30 m for 
easy air circulation within the building (Daghir, 
2008). It has been observed that the higher the 
height of the house the better the airflow for 
convection cooling. A height of 3-4 meter is 
recommended (Qureshi, 2001). However, for 
battery cages the height of the building is a 
function of the number of tiers of the cages 
employed. It is also important to note that the 
higher the tiers the more the production of faecal 
materials, which in turn can be problematic in 
waste management. 
 
Side wall openings 
The low solid portion of the wall should be a 
minimum of 40 cm in height in order to protect 
the house from rainwater seepage, direct and 
indirect radiation of the sun, predator and pests, 
and a surface to overlap the curtain for 
regulation of the temperature within the house 
during the cooler times of the year (Daghir, 
2008).  Adjustable curtains can be used to control 
flow of air during windy and cooler period of 
the year to control flow and velocity of air and 
temperature within the building. However, the 
choice of color for the curtain can also help 
manage birds lighting program scheme of the 
bird (Timmons et al., 1989; Daghir, 2008, Holik, 
2015). The curtain should overlap by at least 30 
cm at the top and bottom (Daghir, 2008). 
 
Building obstruction 
Proper offset from adjacent building must be 
established to prevent decreased air exchange 
rates and exposure to microorganism emanating 



6                                                                                                                                                                  Heat Stress in Poultry 

Poultry Science Journal 2018, 6(1): 1-9 

from the building in question (Daghir, 2008). 
The minimum spacing required is expressed as 
D = 0.4HL0.5, where D, H and, L are the distance 
from, height and length of the next building, 
respectively (Timmons, 1989). 
 
Ridge openings 
Since hot air tends to rise above cooler air, ridge 
opening can be effective in letting out hot air 
from the building in houses with un-insulated 
roofs (Saxena, 2000; Daghir, 2008). Note, it is 
however not effective in houses with insulated 
roofs because the temperature is uniform within 
the building. 
 
Roof slope 
For un-insulated roofs, a steep roof slope of 45o 

is strongly recommended because the roof 
absorbs less heat radiation from the sun, 
maximizes the distance of the roof to the birds, 
increases the rate of air exchange through ridge 
openings and increases open environment for air 
exchange (Anon, 1975; Daghir, 2008; Clark, 
2013). On the other hand, the slope in the 
insulated roof is dependent on the quality of the 
insulation. 
 
Roof insulation 
For a naturally ventilated poultry house, a 
minimum R-value of 1.25 m2 C/W is 
recommended for ceiling insulation, whereas 
houses having high temperatures over 40°C 
would require a minimum R-value of 2.25 m2 
C/W or more depending on the severity of the 
temperature (Daghir, 2008). Locally sourced 
materials including thatched roof and bamboo 
are used as roofing materials for construction of 
naturally ventilated poultry houses (Qureshi, 
2001). 
 
Cooling system 
Roof may be cooled substantially by use of 

rooftop sprinklers (Daghir, 2008; Clark, 2013). 
However, due attention should be paid to choice 
of material for roofing because constant 
introduction of water to the surface of some 
materials causes staining and rusting (Daghir, 
2008). Fogging system is another method of 
aiding evaporative cooling, and it is more 
effective than rooftop sprinkler (Daghir, 2008; 
Clark, 2013). It requires high water pressure to 
produce better mist. It should be noted that 
fogging tends to increase relative humidity. 
Circulation fan can be used to increase air 
movement so as to increase convection cooling. 
Generally, circulation fans produce air 
movement at 0.5 m/s or greater that covers an 
area 15 times its diameter in length by five times 
its diameter in width (Daghir, 2008). 
Furthermore, installing fans at the center 1.0 to 
1.5 m above the floor tilted downward at an 
angle can maximize air movement. 
 
Shade trees 
Trees and shrubs help reduce reflected solar 
radiation from the ground through convection 
cooling (Clark, 2013). Vegetation should be at 
medium height to allow for airflow into the 
house, and to discourage rodents and bird nest 
(Daghir, 2008). Also, tall trees can also serve as 
shading device to reduce the heat gain by the 
roof and sidewalls directly from the sun. 
 
Conclusion 
From the foregoing, it may be concluded that 
heat stress due to harsh climatic conditions in 
the tropics is deleterious to health and 
productive performance of poultry and, by 
implication, economics of egg and poultry meat 
production. In addition, the problem limits 
dietary protein supply in the affected countries. 
However, the problem may be alleviated if 
attention is paid to sources of heat generation in 
the design and construction of the open poultry 
houses.
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