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Effect of hot weather on microclimatic parameters in stable for sows

Ľubomír Botto1, Jana Lendelová2, Andrea Strmeňová1 
1Animal Production Research Centre Nitra, Hlohovecká 2, 951 41 Lužianky, Slovakia 
2Slovak University of Agriculture in Nitra, Tr. A. Hlinku 2, 949 76 Nitra, Slovakia

Abstract. The objective of this work was to evaluate the 
effect of hot summer weather on microclimatic parameters 
in the stable for mated and pregnant sows without and with 
using of evaporative cooling. Sows were housed in 
strawless gestation crates. Exhaust cross-ventilation was 
used in the stable. The high-pressure system was used for 
evaporative cooling. Pipeline with nozzles were installed 
outside the building on the wall above the inlet openings. 
Cooling effect was evaluated by comparing the measured 
parameters of the microclimate in the section with cooling 
(C) and without cooling (N) and in the outdoor 
environment. Evaporative cooling system was activated 
since noon to 6.00 p.m. Measurements were carried out 
from 1.00 to 6.00 p.m. Universal device ALMEMO 2290-4 
and anemometer Testo 435 were used for recording of 
measured parameters. Basic statistic parameters were 
calculated, data were analysed by One-Way AOV by the 
STATISTIX, version 9.0. 
During the evaluated summer period (48 h), the outdoor air 
temperature ranged from 21.5 to 34.8°C and relative air 
humidity ranged from 32.2 to 84.2%. Indoor air 
temperature in the section N ranged from 23.4 to 33.3°C 
and in the section C from 24.0 to 31.1°C. The relative 
humidity ranged from 35.7 to 76.4% and from 56.0 to 
74.4% in sections N and C. The temperatures 32°C and 
higher were registered only in the section without cooling. 
At an average outdoor air temperature 31.54°C (during the 
application of water spraying), the temperature of air in the 
section C (29.96°C) was lower by 2.92°C than in the 
section N (32.88°C, P<0.001) and lower by 1.58°C than the 
outdoor temperature (P<0.001). Relative air humidity in 
section C was higher by 18.52% than in section N (67.17% 
vs. 48.65%, P<0.001). The average air flow velocity in 
animal zone in section N was 0.113 m/s and in section C it 
was 0.175 m/s (P>0.05). The average outdoor wind speed 
was higher (1.226 m/s, P<0.001). 
Efficiency of evaluated evaporative cooling system was 
moderate, because the nozzles were placed outdoors and 
only part of the humidified and cooled air was drawn into 
the building through inlet openings, and also because the 
indoor air flow velocity was low. 
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Introduction 

Pigs are relatively sensitive to high environmental 
temperatures when compared to other species of farm 
animals. A lot of research has been done on the factors 
affecting heat production in pigs (Brown-Brandl et al, 
2001). Air temperature as cardinal environmental factor is 
influenced by relative humidity and air flow velocity. 
Optimum parameters of temperatures, relative humidity 

and air velocity for pigs in Slovakia presented Botto et al 
(2010). Recommended optimum of the air temperature for 
pregnant sows is 12-20°C at relative humidity 50-75%. 
Maximum air flow velocity at optimum temperature is  
0.3 m/s and at higher temperature than optimum 2.0 m/s. 
Air humidity level is very important in cooling process. 
Sows are exposed to heat stress when temperature exceeds 
the upper critical temperature of the thermoneutral zone of 
the sow (Black et al, 1993) and they will reduce both 
production and reproduction to control body temperature. 
Sows begin to feel the negative effects of heat stress at  
a temperature 20°C, and temperatures 26°C and higher are 
considered a critical for pigs (Christianson et al, 1982; 
Quiniou et al, 2001). Heat stress is one of the major 
concerns in pork production during summer period because 
pigs do not have functional sweat glands like other 
livestock species to assist them in efficiently removing 
body heat (Souza, 2009). Heat stress in pigs impairs the 
animals’ welfare and environment (Huynh, 2005). The pigs 
would rid themselves of excess body heat by panting or 
surface wetting in water or their own excreta under the high 
ambient temperature and humidity (Huynh et al, 2006). 
High ambient temperatures cause heat stress and contribute 
to an increase in sow nonproductive days (St-Pierre et al, 
2003). Exposing of sows to heat stress before mating and 
during early pregnancy may cause reduction in the 
conception rate and increase in the embryo mortality 
(Renaudeau et al, 2003), therefore negatively affecting 
subsequent reproductive performance (Suriyasomboon et al, 
2006).  
Utilization of enhanced air flow is one possible method of 
cooling during high ambient temperatures. In this system 
the sensational effect of temperature perception is applied. 
It means that at equal ambient temperature but higher air 
flow the ambient temperature is sensationally decreased. 
The cooling effect of air movement is typically expressed 
by effective temperature, the temperature that animals 
actually feel. Barbari and Conti (2009) found out that the 
high velocity air stream combined with wet floor was 
preferred by sows during the hottest period.  
Evaporative cooling such as water dripping, showering 
system and evaporative pads are common and effective 
way in practice (Bull et al, 1997), but often limited to high 
relative humidity conditions with inducing additional water 
vapour into the animal occupied zone (Lucas et al, 2000). 
Water evaporation cause air-cooling in the building but at 
the same time, it causes an increase in humidity. 

Material and methods 

The objective of this work was to evaluate the effect of hot 
summer weather on microclimatic parameters in the stable 
for mated and pregnant sows without and with using of 
evaporative cooling.  
The experiment was conducted in relatively hot summer 
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2012 (29-34°C) in the stable for mated and pregnant sows. 
Animals were housed in strawless gestation crates, which 
were arranged in 13 transverse rows with a total housing 
capacity of 120 sows. The housing also included 4 pens for 
boars, which were located in the alley next to the 
longitudinal peripheral wall oriented to the northwest. Feed 
was metered into a continuous trough, which also served 
for watering. Water level was maintained there by valve. 
Extract cross-ventilation was used in the house. Air was 
exhausted by 7 fans installed in the south-eastern outdoor 
wall with total capacity of 4000 m3/h. Ten inlet flap-
regulated openings, 2 x 600 x 200 mm each, were situated 
in the opposite wall of the building. Outside air cooled by 
sprayed water was drawn into the building, so indirect 
evaporative cooling process was used. 
High-pressure water nozzles (11 units) provided spray. 
They were installed outside the building on a plastic pipe, 
located at the northwestern wall, at the end of the eaves, 
650 mm above upper edge of the flap. Water jet sprayed out 
of nozzle by an angle of 45 ° downward. 
During the experiment the air was cooled only in one half 
of the house (section C) and in the other one not modified 
air was exhausted (section N). Indirect evaporative cooling 
system was activated since noon to 6.00 p.m. 
Measurements were carried out from 1.00 to 6.00 p.m. Air 
temperature, relative humidity and air velocity were 
continuously recorded at 12 locations in each section in the 
zone of animals (500 mm above the floor) and at one place 
outdoor. Universal device ALMEMO 2290-4 and 
anemometer Testo 435 were used for recording of 
measured parameters. 
Obtained microclimate parameters (temperature, relative 
humidity, air flow) were statistically processed and 
compared among the cooled (C), not cooled (N) sections 
and outdoor environment. Basic statistic parameters (mean 
values and standard deviations) were calculated, data were 
analysed by One-Way AOV, and significant differences 
were tested by Tukey HSD All-Pairwise Comparisons by 
the STATISTIX, version 9.0. 

Results and discussion 

During the evaluated summer period, the outdoor air 
temperature ranged from 21.5 to 34.8°C and relative air 
humidity ranged from 32.2 to 84.2% (Table 1). Air 
temperature in the stable for sows ranged from 23.4 to 
33.3°C and the relative humidity ranged from 35.7 to 
76.4%. In the section without activated evaporative cooling 
were registered the temperatures 32°C and higher, which 
represented the proportion 21.53 % of the whole 
observation time. Such values did not occur in the section 
with cooling. 
When the outside air temperature was 31.54 ± 0.66°C, the 
indoor temperature in the section without cooling (N) was 
the highest 32.88 ± 0.71°C (Table 2). The temperature in 
the section with cooling (C) was the lowest 29.96 ± 0.77°C. 
Temperature in section C was lower by 2.92°C than in 
section N and lower by 1.58 °C than outdoor temperature. 
In section N, the temperature was higher by 1.34°C than 
the outdoor temperature. The differences in all cases were 
on a very high significant level (P<0.001, Table 3) 

Relative air humidity in section C was higher by 18.52% 
than in section N and in comparison with the outdoor 
humidity it was higher by 21.85% (Table 2). Relative air 
humidity in section N was higher only by 2.80% compared 
with the outdoor air humidity. However, similar to 
temperature also in relative air humidity very high 
significant differences were recorded in all cases (P<0.001, 
Table 3). 
The average air flow velocity in animal zone in section N 
was 0.113 ± 0.066 m/s, and in section C it was 0.175 ± 
0.030 m/s (Table 2). The difference between the sections N 
and C was not significant (Table 3). The average outdoor 
wind speed (1.226 ± 0.919 m/s, P<0.001) was significantly 
higher compared to air flow in both sections. 
According to Myer and Bucklin (2001), sows begin to feel 
the negative effects of heat stress at a temperature 20°C, 
and temperatures 26°C and higher are critical for them 
(Quiniou et al, 2001). All indoor air temperatures exceed 
20°C, the upper value of the optimum. Average indoor 
relative humidity was in the optimum range recommended 
by Haeussermann et al (2007).  
Huynh et al (2006) evaluated the combinations of two 
cooling systems (water bath and sprinkling) in pens with or 
without additional outdoor yards. They found out that the 
bath and sprinkling reduced respiration rate and their 
surface body temperature. Rectal temperature was not 
influenced by any treatment. A cooling system with 
sprinkling should avoid introducing surplus water into the 
air of barns. The main limitation of vapour cooling system 
is a heavy water use and an increasing of air humidity. 
Evaluated system of indirect evaporative cooling is easier 
from service and economy view points, but it is not 
possible to achieve adequate results at cooling, as described 
Lucas et al (2000), without additional construction and 
technological arrangements. 
In pig husbandry was developed a lot of technical solutions 
with direct and indirect elimination of heat stress of animal 
with different breeding effect and economy. Some cooling 
systems involve high investments and some can cause 
adverse effects like increased humidity. It is known that 
high relative humidity depresses pig production (Lucas et 
al, 2000). Silva et al (2009) found positive effects of sow 
cooling by using the floor cooling system. Although the 
results of this method of cooling are interesting in view of 
the breeding results, its implementation in existing pig 
husbandry is difficult.  

Conclusion 

The specificity of the evaluated indirect evaporative 
cooling is that this system uses outside air humidification 
before its inlet into the experimental stable for mated and 
pregnant sows. The resulting temperature difference with 
the application of cooling reached in our experiment 
cooling of the indoor air about 3°C. Partial increase of 
indoor relative humidity was within the range of 
recommended values. During the period with the higher 
relative humidity of ambient air, the air cooling system is 
not used. Running fans with higher output provided cooling 
at that time only by air flow. Due to low indoor air flow 
velocity (below 0.18 m/s), a change in apparent 
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temperature was slight. It would be possible to provide 
markedly better effectiveness of indirect cooling by 
increasing the air velocity up to 2 m/s in the zone of 
animals and thus achieve better conditions for thermal 
comfort of housed sows. In capital-intensive cooling 
systems it is possible to achieve greater impact; however, 
usually they cannot be installed additionally in full 
operation on farm. Efficiency of evaluated evaporative 
cooling system was moderate, because the nozzles were 
placed outdoors and only part of the humidified and cooled 
air was drawn into the building through inlet openings, and 
secondly because the indoor air flow velocity was low. 
 
Acknowledgements. This article was possible through 
projects "CEGEZ No. 26220120042" supported by the 
Operational Programme Research and Development funded 
from the European Regional Development Fund, and 
APVV-0632-10 of the Slovak Research and Development 
Agency. 

References 

Barbari, M., Conti, L., 2009: Use of different cooling systems by 
pregnant sows in experimental pen. Biosystems engineering, 
103(1): 239-244.  

Black, J.L., Mullan, B.P., Lorschy, M.L., Giles, L.R., 1993: 
Lactation in the sow during heat stress. Livestock Production 
Science, 35: 153–170. 

Botto, Ľ., Brestenský, V., Demo, P., 2010: Information handbook 
on pig housing technology and methods with fulfilment of all 
welfare conditions. (In Slovak). 1st edition - Bratislava: MA SR 
- Nitra: APRC Nitra, 98 p. 

Brown-Brandl, T.M., Eigenberg, R.A., Nienaber, J.A., Kachman, 
S.D., 2001: Thermoregulatory profile of a newer genetic line 
of pigs. Livestock Production Science. 71, 253-260. 

Bull, R.P., Harrison, P.C., Riskowski, G.L., Gonyou, H.W., 1997: 
Preference among cooling systems by gilts under heat stress. 
Journal of Animal Science, 75(8): 2078-2083.  

 

Haeussermann, A., Hartung, E., Jungbluth, T., Vranken, E., Aerts, 
J.-M., Berckmans, D., 2007: Cooling effects and evaporation 
characteristics of fogging systems in an experimental piggery. 
Biosystems Engineering, 97(3): 395–405. 

Huynh, T.T.T., 2005: Heat stress in growing pigs. [Ph.D. Thesis.] 
Wageningen Institute of Animal Science. Wageningen 
University, The Netherlands, 167 pp., ISBN 90-8504-156-2. 

Huynh, T.T.T., Aarnink, A.J.A., Truong, C.T., Kemp B., 
Verstegen, M.W.A., 2006: Effects of tropical climate and water 
cooling methods on growing pigs’ responses. Livestock 
Science, 104(3): 278-291.  

Lucas, E.M., Randall, J.M., Meneses, J.F., 2000: Potential for 
evaporative cooling during heat stress periods in pig 
production in Portugal (Alentejo). Journal of Agricultural 
Engineering Research, 76(4), 363-371. 

Myer, R., Bucklin, R., 2001: Influence of Hot-Humid 
Environment on Growth Performance and Reproduction of 
Swine. Document AN107, Extension, IFAS, University of 
Florida, 7 pp., http://edis.ifas.ufl.edu/AN107. 

Quiniou, N.J., Renaudeau, D., Milgen, J., Dubois, S., 2001: 
Modelling heat production and energy balance in group-housed 
growing pigs exposed to cold or hot ambient temperatures. 
British Journal of Nutrition, 85: 97-106.  

Renaudeau, D., Noblet, J., Dourmad, J.Y., 2003: Effect of ambient 
temperature on mammary gland metabolism in lactating sows. 
Journal of Animal Science, 81(1): 217-231. 

Silva, B.A.N., Oliveira, R.F.M., Donzele, J.L., Fernandes, H.C., 
Abreu, M.L.T., Noblet, J., Nunes, C.G.V., 2006: Effect of floor 
cooling on performance of lactating sows during summer. 
Livestock Science, 105(1-3): 176-184. 

Souza, L., 2009: How can heat stress affect your production? The 
Pig Site - the website for the global pig industry, May 11, 
2009, Available at: http://www.thepigsite.com. 

St-Pierre, N.R., Cobanov, B., Schnitkey, G., 2003: Economic 
losses from heat stress by US livestock industries. Journal of 
Dairy Science, 86(E. Suppl.): E52–E77. 

Suriyasomboon, A., Lundeheim, N., Kunavongkrit, A., Einarsson, 
S., 2006: Effect of temperature and humidity on reproductive 
performance of crossbred sows in Thailand. Theriogenology, 
65: 606-628. 

 
 
Table 1. Temperature and relative humidity during the evaluated summer period (48 h) 

Measuring location 
Temperature, °C Relative humidity, % 

x ± SD Min Max x ± SD Min Max 
Outdoor environment 27.28 ± 4.29 21.5 34.8 63.12 ± 16.03 32.2  84.2 
Section N (without cooling) 27.91 ± 3.40 23.4 33.3 57.97 ± 12.33 35.7  76.4 
Section C (with cooling) 27.36 ± 2.47 24.0 31.1 66.70 ± 5.92 56.0  74.4 
 
Table 2. Average values (± SD) of microclimate parameters in cooling time 
Measuring location Temperature, °C Relative humidity, % Flow velocity, m/s 
Outdoor environment 31.54 ± 1.20  45.85 ± 10.85 1.226 ± 0.919 
Section N (without cooling) 32.88 ± 0.71 48.65 ± 5.10 0.113 ± 0.066 
Section C (with cooling) 29.96 ± 0.77 67.17 ± 3.00 0.175 ± 0.030 
 
Table 3. Differences of microclimate parameters among outdoor and indoor environments 
Measuring location Temperature, °C Relative humidity, % Flow velocity, m/s 
Section N - Outdoor environment 1.34*** 2.80*** -1.113*** 
Section C - Outdoor environment -1.58*** 21.32*** -1.051*** 
Section N - Section C 2.92*** -18.52*** -0.062NS 
*** Differences are significant on the level of P<0.001, NS Differences are not significant (P>0.05). 
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