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ABSTRACT

This study aimed to determine the enthalpy index in three municipalities of Mato Grosso, to characterize
the bioclimatic profile for the poultry industry. In the research, the compensated daily dry bulb temper-
ature and the daily average relative humidity were used. The data corresponding to a historical series of
35 years, between 01/01/1985 and 12/31/2020, recorded in conventional meteorological stations in the
municipalities of Canarana, Nova Xavantina, and Santo Antonio de Leverger, available in the Meteoro-
logical Database for Teaching and Research of the National Institute of Meteorology (INMET). Then,
monthly descriptive statistics of the historical series were determined and bar plot graphs with enthalpy
values were developed. These graphs included the lower and upper enthalpy limits, suitable for laying
hens and broilers, to qualify the thermal conditions of environmental comfort in the three municipalities
of Mato Grosso. It was concluded that the enthalpy index made it possible to characterize the bioclimatic
profile of the mentioned municipalities for poultry farming, according to the months of the year. The
natural thermal conditions in these municipalities were not favorable to poultry farming, requiring extra
investments in the air conditioning of the sheds. The increase in thermal discomfort for broilers was
accentuated from the fourth week of the production cycle. The applied methodology presented itself as
an adequate tool to assist in the elaboration of projects related to environmental changes in aviaries.

Keywords: Animal welfare, ambience in rural facilities, thermal comfort.
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1 INTRODUCTION

Brazil is a world reference in the poultry sector, with expressive exports and a high domestic
consumption due mainly to the new eating habits of the population and more accessible prices when
compared to other sources of protein. Nationally, the Midwest region occupies the third position in
broiler and laying poultry, with Mato Grosso being the second largest exporter of eggs in 2019 and the
first in this region (ABPA, 2020). In addition, the state leads the production of corn and soybeans in the
country, which are important sources of raw material used in concentrated feed for poultry (CONAB,
2020).

When it comes to the growth and modernization of Brazilian agribusiness, Mato Grosso is in-
creasingly consecrated as a national leader and the development of poultry farming is part of this esca-
lation within the state, which has been presenting an entrepreneurial capacity for poultry projects. Ro-
drigues et al. (2014) emphasized that the search for new breeders in the poultry industry would be an
interesting action of the agribusiness in different regions of the country because it could promote and
encourage the construction of new facilities and the development of integration agreements, generating
a profitable long-term investment option. However, sustainability requires the adoption of viable tech-
nologies that aim to increase productivity and/or reduce costs concomitant with practices that ensure
production health, animal welfare, and minimal impact on the environment.

In recent years, the increase in temperatures, resulting from global warming, has caused consid-
erable losses to producers, who have been requiring investments for the air conditioning of poultry
houses (AMARAL et al., 2016). According to these authors, the option of acclimatized houses in the
country may favor the growth of production in warmer Brazilian regions, such as the Midwest.
According to Barbosa Filho (2004), Mendes and Paz (2008), Nascimento et al. (2011), Santos et al.
(20144, b), the thermal environment of the house has a direct influence on the productive and reproduc-
tive performance of the birds. In this sense, temperature, relative humidity, and wind speed constitute
the tripod of thermal comfort in poultry houses. Therefore, knowledge of these climatic variables is
relevant to support the design of the facilities and define elements such as orientation, materials, and
ventilation system.

Among other criteria, the thermal conditions in poultry facilities have been evaluated based on
the enthalpy index (MACARI and FURLAN 2001, BARBOSA FILHO et al. 2007 and 2009, NAZA-
RENO et al. 2009, GARCIA et al. 2015, AKAMINE and PASSINI 2017, BENINCASA et al. 2017,
QUEIROZ et al. 2017, FERRAZ et al. 2018, ROMANO et al. 2018, SILVA et al. 2018, HARADA et
al. 2021. Thus, this study is based on the hypothesis that the cited index can qualify the thermal environ-

ment to assist in the construction of poultry facilities. The addressed theme motivated the present
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research, which aimed to determine the enthalpy index in municipalities of Mato Grosso, aiming to

characterize the bioclimatic profile for poultry farming.

2 MATERIAL AND METHODS

The research used the daily values of average compensated daily temperature and average daily
relative humidity, available in the Meteorological Database for Teaching and Research (BDMEP) of the
National Institute of Meteorology (INMET), in the period from January 1985 to December 2020. The
selection of the municipalities was based on the following criteria: having a meteorological station op-
erating for 30 years or more, having altitude different by 150 m or more, and being located near important
access roads, such as federal or state highways. Thus, the municipalities of Mato Grosso Canarana, Nova
Xavantina, and Santo Anténio de Leverger were chosen (Figure 1). The continuous cartographic bases
of the Brazilian Institute of Geography and Statistics (IBGE) and the QGIS program (IBGE, 2021; QGIS,
2020) were used to elaborate this figure.

The conventional weather station in Canarana is located at coordinates -13.47° latitude and -
52.27° longitude with an altitude of 430 m, has code OMM 83270, and has been operating since
04/08/1987. In Nova Xavantina, this class of station was installed at coordinates -14.70° latitude and -
52.35° longitude with an altitude of 316 m, has code OMM 83319, operating since 08/05/1987. In the
municipality of Santo Antdnio de Leverger, there is the Padre Ricardo Remitter conventional weather
station at the coordinate’s latitude -15.7833° and longitude -56.0667° with an altitude of 140 m, code
OMM 83364, operating since 01/01/1986. The climate of this tropical region has been classified as Aw
(PEEL et al., 2007; ALVARES et al., 2013), ranging the average annual temperature from 15.9°C to
35.1°C and oscillating the average annual rainfall between 1210 mm and 1735 mm (INMET, 2021).
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Figure 1. Location of the selected municipalities in the state of Mato Grosso, Brazil.
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The values of the variables temperature and relative humidity, obtained from the Meteorological
Database for Teaching and Research of the National Institute of Meteorology, were stored in EXCEL
spreadsheets. Then, the filter and classification tools of this spreadsheet were used to detect and eliminate
probable flaws that occurred during the filling of the records. Thus, it was possible to select valid data
to estimate the enthalpy index (H), according to the empirical expression proposed by Barbosa Filho

(2007), given by the following equation:

UE&J&; u‘T‘ﬂ?j H 1
H=[67 + 0,243 - Tps + ——10 2373+ ]- 4,1868
100 Ths

Where: H = Enthalpy Index (kJ-kg-1 of dry air);
Ths = Air or dry bulb temperature (°C);
Urel = Relative humidity (%).

Based on the literature, the ideal enthalpy index intervals were verified, accordingto the
characteristics of the birds, adapted from studies by Macari and Furlan, 2001; Barbosa Filho et al., 2007
and Harada et al., 2021 (Tables 1 and 2). Next, the proceduresfor data analysis were performed with the
aid of the R Program (R CORE TEAM, 2020).Thus, the main descriptive statistics of the meteorological
variables were determined, based on the measures of position and dispersion for the three
municipalities. Subsequently, the column graphs with the monthly mean values of the enthalpy index
were prepared, indicating the appropriate enthalpy limits. For layers, the limits corresponded to the
criteria of comfort, alert, danger, and emergency. In the case of broilers, the limits were defined

according to the production cycle.

Table 1. Ranges for classifying the thermal condition of layers, according to enthalpy limits.

Limits
Interval Thermal condition
Lower Superior
1 36,1 64,6 Comfort
2 647 70,5 Alert
3 70,8 773 Review
4 77,6 03,1 Lethal

Source: Adapted by the authors from Macari and Furlan (2001) and Harada et al. (2021).

Table 2. Limit values of the enthalpy index to characterize the thermal condition of poultry.

Week Limits Thermal condition
Comfort Alert Danger Emergency
First Lower 77,0 88,6 106,6 122,4
Superior 83,3 106,5 122,0 145,8
Second Lower 66,9 77,3 93,3 106,5
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Superior 77,0 92,8 106,4 127,6
Third Lower 57,7 67,2 80,7 92,7
Superior 66,9 80,6 92,5 121,9
Fourth Lower 49,5 57,8 69,8 80,2
Superior 57,7 69,6 80,1 116,4
Farm Lower 39,6 55,1 66,3 76,7
Superior 54,9 66,2 76,3 1111
Sixth Lower 37,4 52,2 63,1 72,7
Superior 52,1 63,0 72,6 106,0

Source: Adapted by the authors from Barbosa Filho et al. (2007).

3 RESULTS AND DISCUSSION

Table 3 shows the main descriptive statistics of the monthly dry-bulb temperature for the three
municipalities of Mato Grosso. The lowest average temperatures were observed during June and July
for the three municipalities. According to the values of standard deviation and coefficient of variation,
the average compensated room temperature showed high variability in the historical series because these

measures of dispersion were higher than 3.03°C and 11.35%, respectively.

Table 3 Mean compensated dry bulb temperature values (°C), standard deviation (°C), and coefficient of variation (%) in the
year for the three municipalities in the state of Mato Grosso, Brazil.

Month of the Canarana Nova Xavantina Santo Antbnio de Leverger
ear
ganuary 25,06+4:% (19,74) 25,6452 (20,35) 26,97+4* (16,45)
February 24,96+4? (16,88) 25,63+4:% (19,36) 26,78+477(17,80)
March 25,2147 (17,32) 25,68+420(16,38) 26,8315 (19,88)
April 25,33+380 (14,99) 25,46+4:% (19,46) 26,36+5° (19,67)
May 24,70+317 (12,81) 24,00+347 (14,45) 24,15+3% (15,94)
June 24,06+4 (18,03) 22,55+3% (17,13) 23,0243 (17,25)
July 24,14+3% (15,76) 22,11+338 (15,29) 22,3647 (19,99)
August 26,05+373 (14,31) 24,32+43 (17,79) 24,7853 (21,56)
September 27,35+3%4(13,33) 26,7150 (18,77) 26,93+4:72(17,52)
October 26,71+3% (11,35) 27,23+419 (15,05) 27,88+3% (12,39)
November 25,76+3% (11,84) 26,2445 (17,64) 27,5054 (18,68)
December 25,12+327(13,01) 25,80+476 (18,44) 27,25+47°(17,26)

Exponents preceded by + represent the standard deviation (°C) and values in parentheses correspond to the coefficientof

variation (%).

During nine months of the year, in the cities of Canarana and Nova Xavantina, the average com-

pensated temperature values were below the ideal range for layers recommended by Barbosa Filho
(2007), which should vary between 26°C and 34°C. For the municipality of Santo Ant6nio de Leverger,
the situation was different, with eight months of the year with temperatures within the suggested range.
However, feed consumption changes by about 1.72% for each 1°C oscillation in environmental temper-
ature between 18°C and 32°C (PLAVNIK, 2003). Also, according to this author, the change of 1°C for
temperatures between 32°C and 38°C can cause a reduction in feed consumption close to 5%, which
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influences egg size and weight (BERTECHINI, 2012).

Regardless of the municipality and month of the year, the average compensated temperature val-
ues were below the ideal limits for poultry during the first two weeks of the production cycle, which
should range between 29°C and 35°C (ABREU and ABREU, 2002; SILVA, 2007; SILVA et al., 2008).
However, the municipality of Santo Antonio de Leverger showed a more favorable condition, because
the differences concerning the minimum value of the mentioned interval were small for eight months of
the year.

The main descriptive statistics of the average relative humidity are shown in Table 4. The mu-
nicipalities of Canarana and Nova Xavantina showed a similar humidity condition, with the lowest val-
ues being observed in the period between May and November. However, the municipality of Santo An-
tonio de Leverger had the lowest humidity values between June and December. The values of the dis-
persion measures were high for all months and municipalities, indicating great variability throughout the
historical series.

Table 4: Values of mean relative humidity (%), standard deviation (%) and coefficient of variation (%) inthe year for the three
municipalities in the state of Mato Grosso, Brazil.

Month of the Canarana Nova Xavantina Santo Antbnio de Leverger
ear
ganuary 85,77+2247 (26,20) 87,11+1249 (14,34) 81,9613 (15,74)
February 86,23+201 (23,20) 87,24+14°7(16,70) 83,25+14:%%(15,26)
March 86,12+18%6(21,89) 87,24+15%° (17,65) 83,11+13%0(22,49)
April 81,93+186 (22,66) 84,43+242°(28,77) 82,14+15% (14,60)
May 72,62+10°7 (14,55) 79,22+13% (17,15) 80,90+14.% (27,36)
June 63,13+182°(28,83) 75,75+17:% (23,71) 77,53+112% (27,18)
July 53,05+12:51(23,77) 68,40+18% (26,41) 70,56+9:% (15,88)
August 45,99+72 (15,72) 61,22+1131 (18,47) 61,74+1222(17,38)
September 53,48+12:%(24,12) 61,77+87 (14,11) 61,3692 (23,90)
October 71,7418 (25,32) 73,83+1718(23,27) 68,8992 (28,54)
November 80,74+21:° (26,98) 83,26+12:92 (14,44) 75,14+131 (16,30)
December 85,12+14:8 (17,37) 86,73+13:% (15,98) 79,39+16:% (25,68)

Exponents preceded by + represent the standard deviation (°C) and values in parentheses correspond to the coefficientof vari-

ation (%).

In the municipality of Canarana, the relative humidity was satisfactory for June, within the ideal

range for layers, as proposed by Barbosa Filho (2007), which is between 63% and 67%. For the munic-
ipalities of Nova Xavantina and Santo Antonio de Leverger, this condition of relative humidity was
favorable during August and September. The municipality of Canarana had eight months with humidity
above the ideal range and three below, while in the municipalities of Nova Xavantina and Santo Anténio
de Leverger the relative humidity, for ten months, was above the maximum limit of the recommended

range.
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Regarding poultry, the municipality of Canarana presented the lowest number of months with

relative humidity ranging between 60% and 80%, ideal limits suggested by Abreu and Abreu (2002);
Silva (2007); Silva et al. (2008). On the other hand, the municipalities of Nova Xavantina and Santo
Antdnio de Leverger reached this condition in six and seven months, respectively. It is also noteworthy
that the highest values of relative humidity corresponding to the municipality of Santo Ant6nio de Lev-
erger were close to the upper limit cited, which favors the poultry industry.

Figure 2 shows the average monthly enthalpy values for the municipalities of Canarana, Nova
Xavantina, and Santo Antonio de Levenger, as well as the limits of the intervals to classify the thermal
condition of the layers. In this Figure, it is verified that the thermal environment in the three municipal-
ities varied between the comfortable limits for layers, only during July. The alert situation is verified for
May, June, August, and September. However, for the remaining seven months a dangerous enthalpy was
reached. The results obtained indicate that the natural environment of the evaluated municipalities was
not adequate for egg-laying aviculture, that is, the projects of aviaries require special attention, about the

covering and climatization, which can lead to extra costs and high investments.

Figure 2. Distribution of mean monthly enthalpy values in the evaluated municipalities and ideal limits forcharacterizing the
thermal environment of layers during the production cycle.
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In the three municipalities of Mato Grosso, the average monthly enthalpy values were not suitable

for the first week of the production cycle of poultry during the months of May, June, July, August and
September (Figure 3). In the remaining months, a favorable condition was observed only in Nova
Xavantina and Santo Antonio de Leverger. Regarding the second week of the production cycle, the
situation was not appropriate in the three cities, only during the months of June, July and August. However,
these months were favorable for the third week of the cycle. In general, enthalpy values below the
comfort range indicate cold stress in the birds, worsening the situation in the first week, when their

thermoregulation mechanisms are not fully adapted.

Figure 3. Distribution of mean monthly enthalpy values in the evaluated municipalities and ideal limits tocharacterize the
thermal environment for poultry in the first three weeks of the production cycle.
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Figure 4. Distribution of mean monthly enthalpy values in the evaluated municipalities and ideal limits tocharacterize the
thermal environment for poultry in the last three weeks of the production cycle.
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It should be emphasized that the last three weeks correspond to the most critical period of the
production cycle of broilers, in which the poultry producer has already hadseveral expenses with day-old
chicks, inputs, feed, water, energy, among others, and thuscould have irreversible losses caused by heat
stress. The enthalpy values estimated for theselected locations in this research demonstrated the need to
alleviate thermal discomfort through environmental modifications in poultry houses, with emphasis on
the design of the roof and the ventilation system. According to Akamine and Passini (2017), recycled
tiles (tetrapak) on the roof can reduce enthalpy by up to 12.8%. In addition, the enthalpydifference
throughout the day can vary between 3.9 and 7.5 kJ-kg-1 of dry air (QUEIROZet al., 2017). Based on
these studies, it is inferred that the proper design for the cover of the facilities in the three selected mu-

nicipalities can satisfy the thermal comfort conditionsof the birds during most of the year.
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4 CONCLUSION

The enthalpy index made it possible to characterize the bioclimatic profile of the municipalities
in Mato Grosso selected for poultry production, according to the months of the year. The natural thermal
conditions in these municipalities were not favorable forpoultry production, requiring extra investments
in the acclimatization of the houses. Theincrease in thermal discomfort for poultry became more pro-
nounced after the fourth weekof the production cycle. The methodology applied presented itself as an

adequate tool toassist in the elaboration of projects related to environmental changes in poultry houses.
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