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Abstract The objective was to evaluate the animal
thermal comfort indices from two integrated crop-
livestock-forestry (ICLF) systems. For this, tempera-
ture-humidity index (THI), black globe temperature
and humidity index (BGHI), and the radiant thermal
load (RTL) were assessed. Two ICLF (ICLF-1 and
ICLF-2) systems and one control system were estab-
lished. On the ICLF systems, the arboreal component
was the eucalyptus tree (Eucalyptus grandis x Euca-
lyptus urophylla; H13 clone), planted in simple wide-
spaced rows. The ICLF-1 system had a tree spacing of
14 x 2 m with 357 trees per hectare, and the ICLF-2
had a tree spacing of 22 x 2 m with 227 trees per
hectare. The control system had five scattered native
trees per hectare, pertaining to Gochnatia and
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Dipteryx species. The forage component in all three
systems was piata-grass (Brachiaria brizantha cv.
BRS Piatd). The experimental design was a random-
ized block in a sub-subplot design scheme with four
replications. The presence of shade provided by the
trees offered better conditions of animal comfort when
compared with the condition of full sun. The ICLF-1
system, with higher tree density, provided better
indicators for thermal comfort, THI, BGHI, and RTL
when compared with the condition of full sun, while
ICLF-2 was no different than ICLF-1 for BGHI.
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Introduction

The concern regarding environmental conditions of
production systems has increased in the past half
century, particularly related with those that affect animal
welfare. The increasing public pressure and increased
awareness of the importance of animal husbandry have
triggered researches for new production strategies
capable of meeting the principles of sustainability and
animal welfare (Pires and Paciullo 2015). Thermal
comfort is one of the issues raised in animal welfare, and
is an essential condition for optimal productivity of
grazing animals (Navarini et al. 2009). Climatic ele-
ments (e.g., air temperature, relative humidity, solar
radiation and wind speed) are highly associated with
thermal comfort. Brazil, because it is located in the
intertropical zone, presents a high incidence of solar
radiation throughout the year (Alves 2012). As a result,
livestock raising on pastures is under great influence of
weather conditions since animals are susceptible to
slight climatic changes (Navarini et al. 2009).

Most of the animals that produce meat, milk, hide,
wool and eggs are considered homeothermic animals
because of their ability to control body temperature
almost to a constant, varying within a narrow range
(Silva 2000). These animals, when subjected to great
solar radiation, high temperatures, and increased
relative humidity, enter in a physiologic state known
as heat stress. Under these conditions, in order to
reestablish thermal neutrality, the animals trigger
mechanisms of thermal regulation, among which are
physiological responses (e.g., increase in heart rate,
respiratory rate and metabolic rate), and behavioral
responses, such as reduction in grazing time (Glaser
2003). As a consequence, the heat stress results in
impairment of feed intake, growth and reproductive
performance (Marques et al. 2006). To overcome this
situation, producers can use natural shading, which is a
tool used to improve animal welfare and animal
thermal comfort by reducing the great levels of solar
radiation and temperature, and improving air humidity,
which enhance the performance of animals (Schiitz
et al. 2009; Gurgel et al. 2012; Baliscei et al. 2013).

A well designed integrated crop-livestock-forestry
(ICLF) system is a good choice for producers willing
to diversify their revenue sources without decreasing
animal production, in early stages of tree development
(Oliveira et al. 2014). These systems, which integrate
trees, crops, pasture and animals in the same area on a
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timescale, are particularly indicated to enhance ther-
mal comfort and animal performance because of the
presence of shade from trees, contributing to the
improvement of local microclimate and animal wel-
fare (Thornton et al. 2009; Broom et al. 2013).
Additionally, tree’s arrangements on ICLF systems
contribute to alleviate the effects of extreme temper-
atures, reduce the impact of rain and wind, promoting
comfort and serving as shelter for animals, in addition
to improve soil and environment (Dias and Souto
2006). Several studies reported additional income
when integrated systems are utilized. In Brazil, an
integrated crop-livestock system that dealt with recy-
cling of nutrients and power conversion, adopting
manure treatment in intensified agricultural systems,
had an effective contribution to improve the environ-
ment and the economic performance (Buller et al.
2015). In addition to economic advantages, other
benefits arise from the use of trees in integrated
systems such as carbon sequestration, especially when
utilizing eucalyptus (Almeida et al. 2013). The ICLF
systems help to mitigate greenhouse gas emissions as
well as to accumulate soil C (Salton et al. 2014).

Considering the aforementioned, our objective was
to evaluate animal thermal comfort indices from
integrated agrosilvopastoral systems utilizing euca-
lyptus (Eucalyptus grandis x Eucalyptus urophylla)
as the arboreal component and piata-grass (Brachiaria
brizantha cv. BRS Piatd) as the forage component in
the Brazilian savannah.

Materials and methods

This study was conducted at the Embrapa Beef Cattle,
in Campo Grande, Mato Grosso do Sul State, Brazil
(54°37'W, 20°27'S, and 530 m of altitude). This
location is geographically localized at the central
portion of the state (which is located in the mid-west
region of the country) in the neotropis zone of the
biogeography region of savannah (Sandeville Jr.
2004). According to the Koppen-Geiger climate
classification (Kottek et al. 2006), the Research Unit
is located in the transition between Cfa and AW
tropical humid, characterized by a regular rain distri-
bution, with an average annual precipitation of
1560 mm, dry season occurring during the coldest
months (May to August) and rainy season during the
summer, with an average annual temperature of 23 °C.
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Experimental area

The establishment of the experimental area utilized in
the present study was previously described by Oliveira
et al. (2014). Briefly, the experimental area was
established in 2008 and had 18 ha. Previously to the
establishment of the ICLF systems, the area was
subjected to herbicide desiccation, heavy disking, and
sub-soiling, and had no trees. After liming and gypsum
application, fertilization and soybean planting, the tree
component (Eucalyptus grandis x Eucalyptus uro-
phylla; H13 clone) was implanted in simple wide-
spaced rows (displacement of —20.41°S and
—54.71°W relative to the east-west axis). Two ICLF
systems (ICLF-1 and ICLF-2) were established,
differing on tree spacing and density (14 x 2 m with
357 trees per ha, and 22 x 2 m with 227 trees per ha,
respectively). During the experimental period, the
initial average height of the trees was 16 m and the
final, 20 m. After tree planting, the forage component
(piata-grass; Brachiaria brizantha cv. BRS Piata) was
planted in the area. An integrated crop-livestock
system (control; CON) was utilized in study and was
composed of five scattered native trees (Gochnatia
and Dipteryx species) per hectare, which is commonly
found in ordinary production systems of the region. In
this area, soybean planting was performed before the
establishment of the forage component, in a similar

way of the other systems. An aerial photography of the
experimental site and the tree species present in the
three systems are illustrated in Fig. 1.

Regarding the arboreal component found in the
three systems, the Eucalyptus urograndis, developed
in Brazil from the crossing of E. urophyla and E.
grandis, belongs to the Myrtaceae family. This species
is characterized by its large size when it reaches its
maturity, and has a high and straight trunk with
smooth bark, gray or brown and persistent leaves
(Lindon et al. 2001). On the other hand, the native
species Gochnatia polymorpha belongs to the family
Asteraceae, characterized by being a perennial tree,
with simple white-tomentous leaves in the inferior
face and matte in the superior face (Brandao et al.
2002). The species Dipteryx alata belongs to the
Fabaceae (Leguminosae: Papillonoldeae) family, is a
native from Bolivia and Colombia and is a perennial to
slightly deciduous tree (Guarim Neto 1986) with
compound leaves (Ferreira et al. 1998). During the
evaluation period, both Gochnatia and Dipteryx trees
have reached their maturity, presenting on average 11
and 14 m of height, respectively.

Thermal measurements

Starting in 2011, dry bulb, wet bulb and black globe
temperatures, and wind speed data were measured

1. “Cambara™ (Gochnatia polymorpha)

2. “Cumbaru™ (Dipteryx alata Vogel)

3. Bucalyptus (Eucalyptus grandis x Eucalyptus urophyla, H13 clone)

Fig. 1 Aerial photography of the experimental site and the representation of the tree species present in the integrated crop-livestock-
forest (ICLF) systems (ICLF-1 and ICLF-2) and the control (CON) system
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from the paddocks to characterize the thermal condi-
tions of each production system, during four consec-
utive days in July (winter), October (spring),
December (summer), and April 2012 (autumn). Dry
bulb temperature was measured using a digital
thermo-hygrometer (model Perceptec1020, Perceptec
Solucdes e Tecnologia Ltda., Sao Paulo, Brazil) with
data logger programmed to register temperature and
humidity. Wet bulb temperature was measured using a
visual reading psychrometric set (—10 to 50 °C scale;
Incoterm, Porto Alegre, RS, Brazil); measurement of
black globe temperature was achieved by using an
adapted thermometer, as proposed by Souza et al.
(2002). Wind speed was measured by using a
portable digital anemometer (model HMM 489,
Homis Controle e Instrumentacdo Ltda., Sao Paulo,
SP, Brazil), in 3-min intervals, obtaining minimum
and maximum velocity. All devices were placed at
1.5 m from the soil surface, which correspond to the
center of mass of beef cattle (Navarini et al. 2009).
Measurements were performed at 07:00, 09:00 and
11:00, corresponding to the morning hours, and 13:00,
15:00 and 17:00, corresponding to the afternoon hours
(local time: GMT —04:00) on a transect perpendicular
to the tree rows (Fig. 2). In each transect, two
sampling points (A and B) were assessed: point A
was located 2 m from the tree row and B in a central
location between tree rows for ICLF-1 and 2, whereas
for CON, point A was located 2 m from the tree and B

in a central location of the paddock. Meteorological
data were collected daily by a meteorological station
(A702-INMET) distant approximately 4 km from the
experimental area (Fig. 3).

Shade disposition of ICLF-1 and ICLF-2 systems
was measured during four consecutive days in each
season from measurements between two tree rows in
shaded areas using a field measuring tape at 07:00,
09:00, 11:00, 13:00, and 17:00.

Thermal comfort indices

From the microclimatic data obtained from each
system, animal thermal comfort indices were calcu-
lated for each season (winter, spring, summer, and
autumn). Temperature-humidity index (THI) was
calculated using the equation as described by Thom
(1958):

THI = dbt + 0.36wbt + 41.5 (1)

in which dbt is the dry bulb temperature and wbt is
the wet-bulb temperature.

The black globe temperature and humidity index
(BGHI) was calculated using the equation proposed by
Buffington et al. (1981):

BGHI = bgt + 0.36wbt + 41.5 (2)

in which bgt is the black globe temperature.

Fig. 2 Schematic diagram of sampling points (A and B) in the integrated crop-livestock-forest (ICLF) systems (ICLF-1, with 357 trees
per ha and ICLF-2, with 227 trees per ha), and the control (CON) system (with five remaining native trees per hectare)
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Radiant thermal load (RTL) was calculated using
the equation described in Esmay (1978):

e ()

MRT =100
x \j {2‘51 x ws0S x ((bgt+273) — (1+273)) + (W)“}
(4)

in which o is the Stefan-Boltzmann constant,
5.67 x 1078 kg § 3 K_4(W m_z); MRT is the mean
radiant temperature; ws is the wind speed (m s_l);
and 7 is the air temperature.

Statistical analysis

The experimental design utilized was a randomized
sub-subplot block, with four replications (paddocks).
Main plot consisted of three systems (ICLF-1, ICLF-2,
and CON), and subplot was the four seasons (spring,
summer, autumn, and winter). For microclimate
variables (dry bulb-, wet bulb- and black globe-
temperature), sub-subplot was day hours (07:00;
09:00, 11:00, 13:00, 15:00, and 17:00), and for
thermal comfort indices (THI, BGHI, and RTL),
sub-subplot was day periods (morning and afternoon).

The microclimate variables (dry bulb-, wet bulb-
and black globe-temperature), and percentage of
shaded area data were analyzed using the non-
parametric test of Kruskal-Wallis, and when having

statistical significance, the Student-Newman—Keuls
test was performed. Because there were two systems to
compare the percentage of shaded area (ICLF-1 and
ICLF-2), the Mann—Whitney test was employed.
Analysis of data regarding THI, BGHI and RTL were
achieved by ANOVA using the GLM procedure of
SAS (SAS Inst., Inc., Cary, NC, USA; version 9.1) and
means were separated for comparison by Tukey’s
Studentized Test. Significance for all analyses was set
at P < 0.05.

Results
Thermal measurements

Maximum, minimum and average dry bulb-, wet bulb-
and black globe-temperature data are depicted in
Table 1. The maximum dry bulb temperature regis-
tered was 38.0 °C during the summer in the ICLF-2,
close to what was registered in the CON system
(37.9 °C). For wet-bulb temperature, the maximum
value was registered during the autumn in the ICLF-2
system (26.4 °C); however, in terms of average value,
the value recorded in the ICLF-2 was identical to CON
(23.5 °C). During the summer, in the CON system, we
observed the greatest black globe temperature regis-
tered throughout the experimental period (45.2 °C).
Similarly, the CON system had the greatest wind
speed during the autumn (5.1 m s™'). The average
wind speed was 2.73 m s~ in the systems.
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Table 1 Dry bulb (DBT), wet bulb (WBT) and black globe (BGT) temperatures, and average wind speed (WS) of the evaluated
systems during the four seasons

System?® Season DBT (°C) WBT (°C) BGT (°C) WS (ms™")
Max Min Average Max Min Average Max Min Average
ICLF-1 Autumn 25.8 18.8 22.3 214 17.8 19.6 30.6 18.4 245 33
Winter 35.8 26.6 31.2 22.4 16.5 19.5 38.2 24.9 31.5 2.1
Spring 26.3 20.5 234 20.6 17.9 19.3 29.7 23.1 26.4 33
Summer 36.5 23.1 29.8 23.1 20.1 21.6 39.3 25.1 322 1.5
ICLF-2 Autumn 27.3 19.0 232 26.4 19.3 22.8 31.6 18.8 25.2 1.8
Winter 353 26.1 30.7 22.1 17.6 19.8 40.7 23.7 322 1.7
Spring 26.4 20.8 23.6 20.9 16.9 18.9 30.2 23.2 26.7 2.8
Summer 38.0 229 30.5 24.6 224 23.5 39.3 24.0 31.7 1.7
CON Autumn 26.8 19.7 232 22.5 18.0 20.3 335 19.9 26.7 5.1
Winter 35.8 253 30.5 23.0 20.0 21.5 413 29.0 352 2.5
Spring 27.4 22.6 25.0 22.0 20.6 21.3 30.6 244 27.5 4.2
Summer 37.9 24.2 31.1 26.0 21.0 235 45.2 27.9 36.6 2.5

CON control, with five remaining native trees per hectare

? Two integrated crop-livestock-forestry (ICLF) systems were established with two different tree densities: ICLF-1 = 357 and
ICLF-2 = 227 trees per ha, in simple wide-spaced rows, 14 x 2 and 22 x 2 m tree spacing, respectively

Fig. 4 Average values of 40 ~
dry bulb (DBT), wet bulb
(WBT) and black globe 36 - a a
(BGT) temperatures during
the four seasons. Different = a
lowercase letters indicate 9 32 a
that averages differ by the :;
Student-Newman—Keuls 5 23 - b b
test at P < 0.05 s
L b
g a
S 247
F
20 §
16 - -
Autumn Winter Spring Summer
—e—DBT 23.70 32.10 24.60 31.00
WBT 2140 20.30 19.80 2340
——BGT 26.90 34.80 27.60 35.00

Differences (P < 0.01) were observed among sea-
sons for dry bulb-, wet bulb- and black globe-
temperature (Fig. 4). Winter and summer had dry
bulb-temperature of 32.1 and 31.0 °C, respectively,
which were greater (P < 0.05) if compared with
spring and autumn (24.6 and 23.7 °C, respectively).
There were no differences (P > 0.05) between winter
and summer, and between spring and autumn. For wet-
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bulb temperature, the average value recorded during
the summer was greater (P < 0.05) than the value
recorded during the autumn, followed by winter and
spring (average values = 23.4, 21.4, 20.3, and
19.8 °C, respectively). These two last seasons had
similar (P > 0.05) values for wet bulb temperature.
Similarly to dry-bulb temperature, black globe tem-
perature was greater (P < 0.05) during the summer
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(35.0 °C) and winter (34.8 °C) compared with autumn
(27.6 °C) and spring (26.9 °C). There were no differ-
ences (P > 0.05) between winter and summer, and
spring and autumn.

Comparing the systems, we observed differences
(P < 0.01) for wet bulb temperature (Fig. 5). In the
ICLF-1, wet-bulb temperature was lesser (P < 0.01)
among systems. Conversely, dry bulb- and black globe-
temperatures did not differ (P > 0.05) among systems.

Dry bulb-, wet bulb- and black globe-temperatures
did differ (P < 0.01) between day hours (Table 2). At
11:00, 13:00 and 15:00, dry bulb- and black globe-
temperature were greater than 09:00 and 17:00, with
least values registered at 07:00 (22.5 and 23.5 °C for
dry bulb- and black globe-temperatures, respectively).
The least wet bulb temperature was recorded at 07:00;
and at 15:00 the greatest value was recorded (22.4 °C),
not differing (P > 0.05) from 11:00 (21.9 °C) and
13:00 (22.0 °C).

Shade projection throughout the day on ICLF-1 and
ICLF-2, in each season, can be visualized in Fig. 6. In
both systems, we observed a larger shade area during
the autumn and winter, concentrated within the central
parts between tree rows. Conversely, during spring
and summer, we observed smaller shading, with light
concentrating between tree rows and shades closer to
tree rows. Percentage of shade did differ among hours

Table 2 Average values of dry bulb (DBT), wet bulb (WBT)
and black globe (BGT) temperatures according to the day
hours measured in the evaluated systems

Day hour DBT (°C) WBT (°C) BGT (°C)
07:00 22.5¢ 19.0c 23.5¢
09:00 27.2b 21.1b 30.9b
11:00 29.6a 21.9ab 33.6a
13:00 30.5a 22.0ab 34.8a
15:00 31.1a 22.4a 35.0a
17:00 26.2b 21.1b 28.5b

Two integrated crop-livestock-forestry (ICLF) systems were
established with two different tree densities: ICLF-1 = 357
and ICLF-2 = 227 trees per ha, in simple wide-spaced rows,
14 x 2 and 22 x 2 m tree spacing, respectively

CON control, with five remaining native trees per hectare

Means within a column with different letters differ by the
Student—Newman—Keuls at P < 0.05

of the day (P = 0.02), seasons (P < 0.01), and
systems (P = 0.04), as depicted in Table 3. At
07:00, 09:00 and 17:00, greater percentage of shaded
area was observed compared with mid-day hours
(11:00, 13:00, and 15:00). For seasons, less percentage
of shaded area was observed during spring (32.3%)
and summer (29.3%), whereas during the autumn

34
a
32 -
30 .
3 a
& 28 2
®
S 26
=
5 24
=
5 22
=
20 -
18 1
16
DBT WBT BGT
mICLF-1 27.80 20.40 30.00
mICLF-2 27.60 21.40 30.90
CON 28.20 22.00 3230

Fig. 5 Average values of dry bulb (DBT), wet bulb (WBT) and
black globe (BGT) temperatures in the integrated crop-
livestock-forest (/CLF) systems (ICLF-1, with 357 trees per
ha and ICLF-2, with 227 trees per ha), and the control (CON)

system (with five remaining native trees per hectare). * Different
lowercase letters indicate that averages differ by the Student—
Newman-Keuls test at P < 0.05
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W Shade
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¥ Shade
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ICLF-2
Scpfcmber 2011 N,
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Sun
m Shade
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Fig. 6 Shade pattern of the integrated crop-livestock-forest (ICLF) systems (ICLF-1, with 357 trees per ha and ICLF-2, with 227 trees
per ha), according to the displacement of the sun between 07:00 and 17:00
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Table 3 Average percentage of the shaded area according to
the day hours (07:00, 09:00, 11:00, 13:00, 15:00, and 17:00),
seasons (autumn, winter, spring, and summer), and integrated
crop-livestock-forestry (ICLF) systems (ICLF-1, with 357 trees
per hectare, and ICLF-2, with 227 trees per hectare)

Shaded area (%)

Day hour

07:00 09:00 11:00 13:00 15:00 17:00
60.1 a 41.1a 35.1b 29.8b 36.3b 70.4a

Season

Autumn Winter Spring Summer
57.8 a 62.4a 32.3b 29.3b
System

ICLF-1 ICLF-2
51.9a 39.0b

Means within a row with different letters differ by the Student—
Newman—-Keuls at P < 0.05

(57.8%) and winter (62.4%) was greater. The greatest
average shade projection was observed on ICLF-1
(51.9%) whereas ICLF-2 had an average shaded area
of 39.0%.

Thermal comfort indices

Thermal comfort indices varied according to day
period (morning or afternoon; Table 4), with greater
values observed during the afternoon (THI = 77.1;
BGHI = 80.4; and RTL = 574.6 W m™°) and least
values  during the morning (THI = 74.0;
BGHI = 76.8; and RTL = 539.5 W m™?) hours.
The least average value of THI was observed in the
ICLF-1, intermediate values in ICLF-2, and the
greatest value in CON, which presented the greatest
averages in all observed hours (Fig. 7). In all systems,
the greatest heat stress condition observed occurred at
13:00, with averages of 77.3, 78.5, and 79.4 for ICLF-
1, ICLF-2, and CON, respectively. As expected, least
values were observed in the early morning hour
(07:00) with averages of 69.1, 69.7, and 71.0, respec-
tively. Regarding systems, differences were observed
(Table 4). The least value observed was in the ICLF-1
(74.9) and the greatest in the CON system (76.4), but
ICLF-2 did not differ from ICLF-1 and CON systems.

Table 4 Average values of temperature-humidity index
(THI), black globe temperature and humidity index (BGHI)
and radiant thermal load (RTL) according to day periods,
systems, and seasons

Index Day period CV (%)
Morning Afternoon
THI 74.0b 77.1a 2.50
BGHI 76.8b 80.4a 2.80
RTL (W m™?) 539.5b 574.6a 5.90
System®
ICLF-1 ICLF-2 CON CV (%)
THI 74.9b 75.4ab 76.4a 2.00
BGHI 77.0b 78.6b 80.4a 2.80
Season
Autumn  Winter  Spring  Summer CV (%)
THI 72.4b 78.0a 72.3b 79.5a 45
BGHI  75.5b 80.6a 75.1b 83.4a 5.4

CV coefficient of variation, CON control, with five remaining
native trees per hectare

Means within a row with different letters differ by the Tukey
test (P < 0.05)

# Two integrated crop-livestock-forestry (ICLF) systems were
established with two different tree densities: ICLF-1 = 357
and ICLF-2 = 227 trees per ha, in simple wide-spaced rows,
14 x 2 and 22 x 2 m tree spacing, respectively

Differences were observed as a function of seasons
(Table 4). The THI during the summer did not differ
from winter, and autumn did not differ from spring.
The greatest THI values were observed in the summer
and winter, and the least values in the autumn and
spring.

The BGHI data throughout the day in the systems
are represented in Fig. 8. The least value was observed
in the ICLF-1, intermediate values were observed in
ICLF-2, and we observed the greatest averages in the
CON system in all observed hours. Similarly to THI,
the greatest heat stress condition observed occurred at
13:00, with averages of 80.6, 82.3, and 84.5, and the
least values were observed in the early morning hour
(07:00) with averages of 69.6, 69.8, and 73.3, for
ICLF-1, ICLF-2, and CON respectively. There was a
system effect on BGHI (Table 4). The CON system
had greater value compared with ICLF-1 and ICLF-2
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Fig. 7 Temperature— 820 - Temperature-humidity index
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Fig. 8 Black globe 86.0 - Black globe temperature and humidity index
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(80.4, 77.0, and 78.7, respectively). Similarly to THI,
differences were observed as a function of seasons
(Table 4). The BGHI during the summer did not differ
from winter (greatest values), and autumn did not
differ from spring (least values).

Radiant thermal load data throughout the day in the
evaluated systems are represented in Fig. 9. The least
RTL value was observed in the ICLF-1 system,
followed by ICLF-2. We observed the greatest values
in the CON system in all evaluated hours, among
systems. At 13:00 was the hour that provided greater
heat condition, with average values of 579.3, 606.9,
and 656.8 W m~? for ICLF-1, ICLF-2, and CON,
respectively, and the least values were observed in the
early morning hour (07:00; 451.2, 441.8 and
505.1 W m~? for ICLF-1, ICLF-2 and CON systems,
respectively). A system x season interaction effect

@ Springer

mICLF-1 DOICLF-2 OCON

was observed (Table 5). No differences were observed
among season in ICLF-1 and ICLF-2, with average
values of 526.7 and 549.1 W m ™2, respectively. The
least value observed in the CON system was during the
spring (549.2 W m™2), and the greatest values were in
the summer (643.9 W m~?). During the autumn and
spring, no differences among systems were observed.
The lesser values were observed during the winter and
summer in the ICLF-1 compared with the CON
system, and no differences were observed for ICLF-2
relative to ICLF-1 and CON.

Discussion

Agroforestry practices such as ICLF systems are
interesting because of their benefits, particularly
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670.0

620.0

570.0

W.m?

520.0

470.0

420.0 -

7:00 9:00 11:00

13:00 15:00 17:00
Hour

mICLF-1 OICLF-2 OCON

Fig. 9 Radiant thermal load (RTL) in the integrated crop-livestock-forest (ICLF) systems (ICLF-1, with 357 trees per ha and ICLF-2,
with 227 trees per ha), and the control (CON) system (with five remaining native trees per hectare) measured between 07:00 and 17:00

Table 5 Relationship between evaluated systems and seasons
for radiant thermal load (RTL)

System®  RTL (W m™2)

Autumn Winter Spring Summer
ICLF-1 513.8Aa 525.4Ab 529.0Aa  538.7Ab
ICLF-2 518.2Aa 555.0Aab  538.2Aa  585.0Aab
CON 583.6ABa  604.1ABa  549.2Ba = 643.9Aa

CON control, with five remaining native trees per hectare

Means followed by different uppercase letters within a row and
different lowercase letters within a column differ by the Tukey
test (P < 0.05)

# Two integrated crop-livestock-forestry (ICLF) systems were
established with two different tree densities: ICLF-1 = 357
and ICLF-2 = 227 trees per ha, in simple wide-spaced rows,
14 x 2 and 22 x 2 m tree spacing, respectively

regarding soil and animal components. On the per-
spective of animals, we observed that thermal comfort
indices improved in ICLF systems because of a
reduction of solar radiation because of the tree
component of systems. Although we recorded dry
bulb temperature above 35 °C (which is critical for
Nellore cattle; Silva 2008) during the winter and
summer in all systems, the thermal comfort indices
were ameliorated in ICLF systems. Conversely,
Baliscei et al. (2013), evaluating systems located in
a lower parallel (22°44’ S, 52°28’ W, and 453 m of
altitude), reported average dry bulb temperature of
24.1 and 24.4 °C in silvopastoral systems with double

Eucalyptus tree row and ordinary pastures, respec-
tively. The temperatures recorded in the present study
are not within the range considered by Baéta and
Souza (2010) as the best climate conditions for cattle,
which are temperatures within 10 and 27 °C, relative
air humidity within 60 and 70%, and wind speed
between 1.38 and 2.22 m s~'. Moore et al. (2012)
warned that high air temperature associated with high
solar radiation and humidity provide an unfavorable
thermal environment to animals.

One of the factors that helps in losing body heat is
the wind. In the present study, although some wind
speed values were greater than the range recom-
mended by Baéta and Souza (2010), we noted that
trees served as a windbreak in ICLF systems. In fact, a
decrease in the average wind speed is noted as the
arboreal density increases in these systems. Despite
the benefits of the reduction of wind speed in the ICLF
systems, attention should be given to densification,
height and disbranching of the arboreal component,
since the environment of very dense areas can be
thermally uncomfortable to animals, particularly
because of the increase of the temperature in the
forest understory. The same attention should be given
to shading because, although it provides greater
thermal comfort to animals, it interferes with the
growth of grasses, especially tropical species.

The differences observed among seasons for wet
bulb temperature can be attributed to the greater
rainfall during the summer, followed by autumn,
winter and spring, as presented in Fig. 3. One of the
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hypotheses for the lower wet bulb temperature in
ICLF-1 is related with the less amount of rain that
reaches the soil because of the barrier formed by the
trees. Both dry bulb and black globe temperatures had
a similar pattern, with an increase of the values
throughout the day and decrease at the end of the
afternoon. The black globe temperature provides
information of combined effects of air temperature,
solar radiation and wind speed (Kelly and Bond 1971).
In the present study, this parameter was regular
although critical at some periods of the day according
to the Ferreira et al. (2006) classification (from
thermal comfort = 23 °C to severe heat stress condi-
tions = 44 °C). It is noteworthy that dry bulb and
black globe temperatures were expected to be greater
during the summer than during the winter. However,
we did not observe this because of the occurrence of
atypical days during the winter (Fig. 4). At the same
experimental area of this study, between July and
September 2013, Karvatte Jinior et al. (2016) reported
that the average air temperature was 43.5 °C (ICLF-
1), 37.8 °C (ICLF-2), and 39.4 °C (CON) when trees
were 26 m in height. The high air temperatures
observed corroborate the need in providing to animals
ways to mitigate the heat, even during the winter in
regions that are similar to the site evaluated in the
present study.

The reduction of shading between 11:00 and 15:00
is due to the rotation movement of the Earth. The
greater values observed for dry bulb and black globe
temperatures between these hours are because of the
increase of the sunny areas. The great percentage of
sunny areas in ICLF systems during the summer is
because of the higher incidence of solar radiation
caused by the summer solstice in the southern
hemisphere, which coincided with the evaluation
month (December). The greater percentage of shading
in the ICLF-1 compared with ICLF-2 is because of the
greater tree density (357 vs. 227 trees per hectare,
respectively), since the distance between tree rows is
shorter in the ICLF-1 than ICLF-2 (14 vs. 22 m,
respectively).In forage-based cattle production sys-
tems, providing shading in an adequate proportion
helps in the reduction of the heat load from solar
radiation, shielding animals to heat stress (Kazama
et al. 2008).

In all evaluated systems, the higher values of
thermal comfort indices were observed at 13:00,
except for THI in the ICLF-2. Kawabata et al. (2005)
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reported an increase of BGHI values until 12:00,
corroborating the results observed in this study.
Increments of 4.0, 4.5, and 6.1% were observed for
THI, BGHT, and RTL, respectively, during the
afternoon hours relative to the morning hours. The
higher values observed for these indices are because of
the fact that the maximum temperatures recorded were
between 11:00 and 15:00. Similar pattern for these
indices were also reported by Navarini et al. (2009)
and Kawabata et al. (2005).

According to Baéta and Souza (2010), the THI can
be used to classify the environment: values up to 70
define situation of thermal comfort; values ranging
from 71 and 78 are considered critical; from 79 to 83,
danger; and values above 83, emergency. Thus, the
THI values observed in the current study for day hours
are characterized as critical. The BGHI values,
according to Baéta (1985), were classed by the
National Weather Service as follows: comfort (up to
74); alert (74 to 79); danger (79 to 84); and emergency
(above 84). Based on BGHI values observed in the
present study, the ICLF-1 and ICLF-2 systems can be
classed as alert and the CON system, as emergency.
Based on the THI and BGHI results, the CON system
presented the worst thermal comfort conditions to the
animals. The ameliorated thermal condition found in
the ICLF-1 and ICLF-2 can be explained by the
presence of more trees compared with the CON
system, which reduce the incidence of solar radiation
in the forest understory, and consequent less warming
of the surrounding air.

Characterizing the seasons based on the THI,
autumn, winter and spring were classed as critical,
and summer as danger. For BGHI, according to Baéta
(1985), the environment was thermally classified by
the National Weather Service as in danger situation in
the winter and summer, and alert in the autumn and
spring. According to Porfirio-da-Silva (2003), in the
region of the Mato Grosso do Sul state, the pasture
areas are under a climatic condition that determines
median to severe caloric heat stress to animals without
shelter from October to May. Elevated values for
comfort indices in all seasons are a reflex of high
temperatures observed.

The RTL is one of the main components in the
study of energy balance and is used to evaluate the
thermal conditions of an environment (Silva et al.
1990). The systems presented an increasing pattern for
RTL values throughout the morning period, with a
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peak at 13:00, followed by a decrease in the afternoon
period. This observation is also associated with dry
bulb and wet bulb temperatures. Our values demon-
strate a tendency of reduction and less variation on
RTL throughout the seasons as the tree density
increases. This fact is because of the presence of trees
provides a more favorable microclimate to the animal,
primarily because of the capacity of blocking the solar
radiation. Similar results were reported by Baccari
Junior (2001) who observed a reduction of 30-50% of
the heat load on the animals when provided shading.

In conclusion, the arboreal component in cattle
production systems provides better indices of thermal
comfort because of the microclimate changes pro-
vided by shading. The denser system (ICLF-1, 357
trees per hectare) presented an improvement of 2.4%
in the THI and 4.2% in BGHI. In addition, reductions
of 12.4 and 16.3% in the RTL during the summer and
winter seasons, respectively, compared with the CON
system were observed. The ICLF-2 was no different
than ICLF-1 for BGHI. Improvements in microclimate
conditions, as observed in the ICLF systems, poten-
tially provide better thermal comfort for animals.
However, because integrated systems have great
interdependence between components (tree, forage
and animal), other factors should be considered,
especially shade tolerance of the utilized forage.
Therefore, the challenge is to scale the amount of
proper shade in the system in order to equate the needs
of each component.
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