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Abstract
In this study, the microclimate changes in silvopastoral systems are quantified at different time and spatial scales and compared 
with single-pasture systems. The study was conducted in a silvopastoral system in São Carlos, Brazil (22°01’ South and 47°53’ 
West). The silvopastoral system consisted of grass pastures [Urochloa (sin. Brachiaria) decumbens cv. Basilik] lined with strips 
of native trees spaced at 17 m. Continuous microclimate measurements (air temperature, relative humidity, wind speed, and 
incident photosynthetically active radiation) were carried out from September 2010 to September 2012 at two positions of the 
silvopastoral system (2.0 and 8.5 m from the rows of trees) and at a pasture under full sunlight, located in an adjacent area. The 
soil moisture was monitored weekly from 24 March 2010 to 1 April 2012 at distances of 0.0, 2.0, 4.75, and 8.5 m from the rows 
of trees. The rows of native trees reduced wind speeds (46% reduction) and changed the photosynthetically active radiation 
incidence pattern on the pasture (up to 40% reduction of incidence at the point nearest to the trees). The combined action of 
these factors promoted thermal and air humidity changes on the pasture at the different points measured. With respect to soil 
moisture, there was greater soil moisture removal at the sampling points near the rows of native trees under the silvopastoral 
system, mainly due to enhanced exploration by tree roots at greater depths in dry spells or early dry periods, when compared 
with the midpoints between the rows.
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1. INTRODUCTION

The association of trees with pastures, known as 
silvopastoral systems, is a form of intensification of livestock 
production. This practice is associated with increased land 
use efficiency (Dube et al., 2002), income diversification 
of livestock farms by generating additional products, 
as well as environmental benefits, and can also help to 
reduce problems caused by deforestation in agricultural 
frontier areas or help to recover degraded pastures (Dias, 
2011). Forest species may also help control erosion and 
improve animal welfare and carbon fixation (Montagnini 
& Nair, 2004).

In silvopastoral systems, when the systems are properly 
dimensioned, the trees and the pasture can successfully 
interact in order to optimize both productions. Besides 
the selection and use of shade-tolerant forage species, 
the level of competition in the silvopastoral system can 
be manipulated by the choice of tree species, tree density 
and arrangement of trees in relation to the sun and land 
relief, as well as by the use of silvicultural techniques for 

managing tree canopies and thinning (Pollock et al., 2009; 
Rozados-Lorenzo et al., 2007).

According to Young (1991) the main interactions of 
silvopastoral systems with the environment refer to the 
microclimate (solar radiation, air humidity, temperature, 
and wind) and the soil (soil moisture, erosion, and 
fertility) components. The trees, assisting to stabilize 
the microclimate, protect animals from extreme heat or 
cold by providing thermal comfort, with positive effects 
on the productivity of the herd (Baliscei  et  al., 2013; 
Souza et al., 2010).

Conducting systematic measures of the system components 
in terms of changes in soil fertility, microclimate, and 
availability of resources (water, nutrients, and light) can 
provide vital information to support management strategies 
to maximize the benefits of these interactions (Righi & 
Bernardes, 2007).

The aim of this study was to evaluate the microclimate 
conditions and soil moisture storage in a silvopastoral 
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system consisting of Urochloa (sin. Brachiaria) decumbens 
cv. Basilik pasture forested with native tree species in São 
Carlos, State of Sao Paulo, Brazil. The hypothesis tested 
in this study is that the trees present in the silvopastoral 
system promote changes in the microclimate and soil water 
content and these changes vary depending on the system 
development.

2. MATERIAL AND METHOD

The study was conducted in a silvopastoral system in São 
Carlos, Brazil (latitude 22°01’ South and longitude 47°53’ 
West). The region’s climate is classified as Cwa (Köppen), 
with two distinct seasons: dry from April to September and 
wet from October to March. The average annual temperature 
is 21.5 °C and the annual relative humidity is 75.6%. The 
region’s land relief is smooth and wavy, with 3-5% slopes, 
and an average altitude of 850 m.

The experimental area was formed by Urochloa (sin. 
Brachiaria) decumbens cv. Basilik pasture in Oxisol (Soil 
Survey Staff, 1999). In approximately eight hectares, the 
trees were planted in December 2007 in the pasture areas 
in strips spaced at 17 m, protected by an electric fence 1 m 
from the marginal line of trees, representing 15-m-wide 
pasture areas. The strips consisting of three rows of trees 
were spaced at 2.5 m x 2.5 m, resulting in about 545 trees 
ha–1. The forest species tested and planted on the midline 
were Anadenanthera colubrine, Peltophorum dubium, 
Zeyheria tuberculosa, Cariniana estrellensis, and Piptadenia 
gonoacantha. To ensure that these species grew straight 
boles with a minimum of lower branches, the tree species 

Guazuma ulmifolia and Croton floribundus were planted in 
an alternating sequence in the two outer lines of each tree 
strip. In approximately 10% of the individuals of the outer 
line species (Guazuma ulmifolia and Croton florisbundum) 
the growth measures, performed in November 2010, 2011, 
and 2012, quantified that on average the tree heights were 
4.6, 5.9, and 7.1 m, respectively.

The pasture was used for grazing of beef cattle, in a 
rotational stocking method, with 35 days of rest and seven 
of grazing. The trial was conducted in a randomized block 
(padocks) design with four treatments (distance from the 
tree rows): Point 1, located at the tree rows; Point 2, pasture 
area next to the tree rows (2 meters - SP2m); Point 3, pasture 
area in an intermediate position (4.75 meters - SP4.75m); 
and Point 4, midpoint between two tree rows (8.5 meters 
distant - SP8.5m). A diagram showing the location of collection 
points of the environment variables in the experiment is 
illustrated to help understand the methodology and the 
results (Figure  1). The sketch shows the tree rows with 
timber species in the midline (M) and in the outer lines (C).

Microclimatic measurements were performed on a 
representative location of the silvopastoral system in two 
distances of the tree rows (Point 2 and Point 4, Figure 1). For 
comparison microclimatic measurements were also carried 
out in a pasture under full sunlight in an area adjacent to 
the silvopastoral system.

The microclimatic measurements consisted of collecting 
the following data: air temperature and relative humidity 
(Campbell Scientific HMP 50), with sensors installed in 
multi-plate shelters, wind speed (Gill 2-D Sonic Wind 
Sensor) and photosynthetically active radiation (PAR) 
(Apogee SQ-311 Line Quantum Sensor), performed 

Figure 1. Representative sketch of the experimental area demonstrating the collection points of the silvopastoral system. M: midline species; 
C: Marginal species.
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continuously on the pasture canopy (approximately 70 cm 
high), between September 2010 and September 2012. The 
sensors were connected to an automated data acquisition 
system (Campbell Scientific CR1000), scheduled for readings 
every 10 seconds. The incidence of PAR on a pasture under 
full sunlight and PAR transmission in the silvopastoral 
system (average hourly) were assessed for each month of 
the experimental period and the results interpolated using 
inverse distance weighted (IDW) method.

Soil moisture was monitored weekly from 0 to 1 m in 
depth (every 0.1 m), using a capacitance probe (Sentek Pty 
Ltd. model Diviner 2000, Stepney South Australia), from 
24 Mar. 2010 to 1 Apr. 2012 at distances of 0.0, 2.0, 4.75, 
and 8.5 m (Points 1 to 4, Figure 1), in four replicates on one 
side of the shade of the tree species. Climatic water balance 
(Thornthwaite & Mather, 1955) was estimated during the 
experimental period.

The MIXED SAS procedure (Statistical Analysis System, 
version 9.2) was used for the statistical analyses. The 
LSMEANS fixed effects were used to calculate the means 
of the models. For the microclimate variables, the fixed 
effects of the model were distance from the tree rows and 
season of the year. The collection days were considered as 
the model’s random effect. For the soil moisture, the fixed 
effects of the model were distance from the tree row, soil 
depths, and their interactions, and the Akaike information 
criterion (AIC) was used to choose the variance and 
covariance matrix that best fit the model. Significant fixed 
effects were compared by Tukey test at 5% significance. 
When appropriate, regression analyses were performed on 
the soil profile data for soil moisture.

3. RESULTS AND DISCUSSION

The trees introduced into the pastures prompted 
environmental changes in the pasture (Table 1). The analyses 
of the entire measurement period showed differences between 
the silvopastoral system and the pasture area under full 
sunlight for all weather parameters measured (p<0.01). 

There were also differences between the measurement points 
inside the silvopastoral system for most of the weather 
parameters measured, mainly for the incidence of solar 
radiation (photosynthetically active radiation - PAR) and 
winds (average speed and maximum gust).

The trees attenuated the incidence of PAR; average 
daily values throughout the measuring periods decreased 
by around 40% at the point nearest to the trees (SP2m) and 
by 9% at the midpoint between two rows of trees (SP8.5m) 
(Table  1). The sunlight transmitted through the tree 
canopies in silvopastoral systems has significant impact on 
forage production (Silva-Pando et al., 2002). In excessive 
shade conditions, the sunlight filtered through the tree 
canopies is enriched in near-infrared relative to red, thus 
the red/far-red ratio is correlated with plant response to 
shading or a perceived threat of shading. This response 
in forages includes elongation of internodes and reduced 
tillering (Feldhake, 2001). The sunlight transmission values 
obtained in this study suggest that no significant damage 
occurred to the forage production, as the reduction of 35% 
of transmission (SP2m) is still within a tolerable range for 
the species (Paciullo et al., 2007; 2011).

Observing the average hourly PAR incidence and 
the transmission of PAR in two measurement points of 
the silvopastoral system (Figure 2), a change is observed 
during the measurement periods, as well as during the 
different measurement times, due to growth of the trees 
and the rows’ orientation. Transmissivity was lower in the 
second year than in the first year of measurements. At the 
measurement point closest to the row of trees (SP2m), the 
transmission values were lower in the afternoon from May 
to June, a fact that was more evident in the second year 
of measurements. As for the midpoint between the rows, 
the lowest transmissions occurred during the hours closer 
to sunrise or sunset, also with lower transmissions in the 
second year of measurements. Transmissivity throughout 
the year was also influenced by the apparent path of the 
sun, which varies throughout the year at the latitude where 
the experiment was conducted. Higher solar radiation 
transmissivity occurred during the spring/summer months, 
when the angle of sunlight incidence is smaller.

Table 1. Daily climatic element values collected in pastures under full sunlight (FS) and at two points of the silvopastoral system (SP2m and 
SP8.5 m) from September 2010 to September 2012, in São Carlos (SP), Brazil

Climatic element
Position

FS SP2m SP8.5m

Photosynthetically active radiation, MJ m–2 day–1 7.6a 4.6 c 7.0 b
Wind speed, m s–1 1.5 a* 0.7 b 0.7 b
Maximum daily wind speed, m s–1 6.7 a 4.6 c 4.8 b
Minimum daily temperature, °C 14.5 a 14.5 a 14.4 b
Maximum daily temperature, °C 28.3 b 27.5 c 29.5 a
Medium temperature, °C 20.3 a 20.1 b 20.3 a
Medium relative humidity, % 73.8 b 73.0 c 74.9 a
* Means followed by the same letter in rows are not significantly different (p < 0.05; Tukey’s test).
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Figure 2. Hourly average values of photosynthetically active radiation (µmol m–2 sec–1) in pastures under full sunlight (a), average hourly 
PAR transmission in the silvopastoral system 2.5 meters from the rows of trees (b) and hourly average PAR transmission in the silvopastoral 
system 8.5 meters from the rows of trees (c) from September 2010 to September 2012 in São Carlos (SP), Brazil.
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There was an interaction between season of the year and 
distance from the tree rows, for all meteorological variables 
measured (Table 2). For PAR incidence in the spring, there 
was no difference between the pasture under full sunlight 
and SP8.5m, and the incidences in the autumn/winter months 
were lower than in the spring/summer months.

For both measurement points in the silvopastoral system, 
the incidence of winds was 47% lower than that observed 
in the single-pasture system (Table  1). This observation 
demonstrates the importance of plant arrangement in tree 
rows acting as windbreaks. Baliscei et al. (2013), Souza et al. 
(2010) found that, in terms of reduced incidence of winds, 
microclimatic changes in the silvopastoral systems promoted 
better animal comfort.

Wind speed (average) was higher during winter/spring 
compared with summer/fall; a similar trend was observed 
for maximum gust. For all seasons the single-pasture system 
values were higher than those for the sampling points of 
the silvopastoral system (Table 2). This reduction in the 
maximum gust may be important to prevent mechanical 
damage to plants and animals to stress conditions. The 

combined change in the PAR incidence and wind in the 
silvopastoral system also promoted air temperature and 
relative humidity changes. The most evident differences 
were related to maximum temperature. Higher values were 
obtained in SP8.5m (29.5 °C) than in the pasture under 
full sunlight (28.3 °C) and the point close to the trees 
(27.5 °C). It should be highlighted that in SP8.5m, in the 
afternoon, PAR transmissivity was always above 80% and 
close to 100% in most of the experiment (Figure 2). The 
maximum temperatures were recorded for SP4.75m which had 
the highest values at all times, showing spatial variability of 
this element within the silvopastoral system. For minimum 
and medium temperatures, although statistical differences 
were found between the points, the values are very close.

The closest point to the shade of the tree rows caused 
a reduction in maximum temperatures, especially in the 
afternoon, time of occurrence of maximum temperatures. 
Similar results were obtained in other silvopastoral systems 
using rows (Baliscei et al., 2013) or for other crops under 
systems arranged with tree rows (Pezzopane et al., 2010). 
The relative humidity values (directly related to temperature) 

Table 2. Seasonal variation of climatic elements collected in pastures under full sunlight (FS) and at two points of the silvopastoral system 
(SP2m and SP8.5 m) from September 2010 to September 2012 in São Carlos (SP), Brazil

Position
Season

Spring Summer Autumn Winter
Photosynthetically active radiation, MJ m–2 dia–1

FS 8.8 Aa 8.2 Aa 6.1 Ab 6.7 Ab
SP2m 7.2 Ba 5.9 Cb 2.5 Cc 2.9 Cc
SP8.5m 8.6 Aa 8.0 Ba 5.6 Bb 6.0 Bb

Wind speed, m s–1

FS 1.7 Aa* 1.3 Ac 1.2 Ac 1.5 Ab
SP2m 0.9 Ba 0.6 Bc 0.5 Bc 0.8 Bb
SP8.5m 0.9 Ba 0.6 Bc 0.6 Bc 0.8 Bb

Maximum daily wind speed, m s–1

FS 7.5 Aa 6.5 Ab 5.9 Ac 6.7 Ab
SP2m 5.3 Ba 4.3 Bbc 4.0 Bc 4.6 Cb
SP8.5m 5.4 Ba 4.6 Bbc 4.1 Bc 4.9 Bb

Minimum daily temperature, °C
FS 15. 5 Ab 17.7 Aa 13.7 Ac 11.2 Bd
SP2m 15.3 Bb 17.7 ABa 13.7 Ac 11.2 Ad
SP8.5m 15.3 Bb 17.6 Ba 13.5 Bc 11.1 Cd

Maximum daily temperature, °C
FS 29.5 Ba 29.8 Ba 26.7 Bb 27.2 Bb
SP2m 29.3 Ca 29.1 Ca 25.3 Cb 26.4 Cb
SP8.5m 30.6 Aa 31.2 Aa 27.8 Ab 28.4 Ab

Medium temperature, °C
FS 21.5 Ab 22.4 Ba 19.0 Ac 18.1 Ad
SP2m 21.4 Bb 22.2 Ca 18.6 Cc 18.0 Bc
SP8.5m 21.6 Ab 22.6 Aa 18.9 Bc 18.1 Ac

Medium relative humidity, %
FS 71.1 Bb 79.4 Ba 78.1 Ba 66.6 Bc
SP2m 70.0 Cb 78.2 Ca 78.1 Ba 65.5 Cc
SP8.5m 71.7 Ab 80.3 Aa 80.2 Aa 67.5 Ac

* Means followed by the same capital letter in rows or small letter within a column are not significantly different (p < 0.05; Tukey’s test).
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showed that, with lower air removal at the midpoint between 
rows, there were higher values (maximum and average) 
found at this sample point.

In general, the differences in temperature and relative 
humidity between the seasons of the experiment followed 
the prevailing climatic conditions, with higher temperatures 
during spring/summer and lower during autumn/winter, 
with an inverse behavior for relative humidity (Table 2).

During the experimental period a soil moisture monitoring 
showed good consistency with the climatic water balance, 
based on data from the meteorological station located next 
to the experiment (Figure  3). In late winter 2010, after 
the occurrence of a prolonged drought period, the water 
storage levels in the soil reached minimum values (close to 
160 mm). In periods with excess water (summers 2010 and 

2011) the storage values reached maximum values (close to 
250 mm). The fluctuation of values of moisture storage in 
the soil was similar among the sampling sites.

Considering the entire soil profile analyzed (0 to 100 cm), 
the periods of soil moisture removal were after the rainy 
months, characterized by dry spells (February 2011 and 2012) 
or the beginning of the dry season (May 2010 and 2011). 
In such cases, at the points close to the row of trees (points 
1 and 2, distances of 0 and 2 meters) there was significantly 
higher moisture removal (Figure 4) than at more midpoints 
in the rows, mainly in May 2010 and February 2011. The 
trees under this system are found in semi-deciduous forest, 
partially losing leaves under water stress. The highest soil 
desiccation during dry spells and late rainy seasons indicates 
greater evapotranspiration, concomitantly accompanied 

Figure 3. Rain, climatic water balance (decendial base) and soil moisture storage (monthly average) at four points of a silvopastoral system 
(row of trees and at 2.0, 4.75 and 8.5 m from the row of trees) from April 2010 to March 2012 in São Carlos (SP), Brazil.
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by greater moisture absorption from the soil. The data in 
figure 4 indicate that competition for water between trees 
and pasture is less critical during the dry season, when water 
demand by trees decreases because of a smaller leaf area.

Water soil dynamics in integrated systems depends on 
the region’s rainfall and configuration (arrangement) of its 
components, which may present higher levels of soil moisture 
characteristics (Paciullo et al., 2008; Soares et al., 2009) 
or faster soil desiccation near the trees (Wilson, 1998), as 
obtained in this work.

The soil moisture profiles of 03 Sep., 24 Sep., and 01 
Oct. 2010 characterize late dry season and beginning of 
the rainy season (Figure 5 - left). Between 03 and 24 Sep. 
there was virtually no soil moisture removal in any position 
relative to the row of trees, given that after the great drought 
period no moisture was available for the plants in the soil 
(Figure 3). In late September, the occurrence of 90 mm of 
rain provided water replenishment of about 60 cm deep. 
There were no differences between positions for a statistical 
comparison between distances, except for the measurement 
point at the rows of trees where the soil moisture content 
was significantly higher, up to 70 cm in the profile 01 Oct. 
2010 against the profile 24 Spt. 2010, while at the other 
measurement points the differences were approximately 
60 cm deep.

In another soil moisture replenishment period, between 
03 and 17 Oct. 2011 (Figure 5, right), the occurrence of 
156 mm of rain was enough to provide statistical differences 
in soil moisture between the profiles for all measurement 
points (distance from the tree rows) between all depths 
(0-100 cm). The results for the replenishment periods do 
not allow one to verify soil structure differences due to 
the presence of trees that could enable greater rainwater 
retention in the profile.

Soil moisture consumption differences between the tree 
row distances were verified in the examples of characteristic 
profiles of soil moisture removal periods (Figure 6). From 04 
Jan. to 01 Feb. 2011 (Figure 6, left) the moisture content 
of the profiles was different at 60 cm deep in the tree 
rows, and up to 40 cm in SP2m and up to 20 cm in SP4.75 m 
and SP8.5 m. Between 23 Jan. and 09 Feb. 2012 (Figure 6, 
right) the moisture content of the profiles was different at 
60 cm deep in the row of trees, and up to 50 cm in SP2m 
and 30 cm in SP4.75 m and up to 20 cm in SP8.5 m. The soil 
moisture removal in both episodes indicates that at points 
near the tree rows there was greater activity of the root 
system (possibly the trees) at deeper levels. Gyenge et al. 
(2002) and Pollock et al. (2009) report that silvopastoral 
systems have greater potential to exploit water resources, 
particularly deep moisture capture by the trees.

Figure 4. Linear regressions of the monthly soil moisture removal (0-100 cm deep) depending on the distance of trees in a silvopastoral 
system for four different dates, in São Carlos (SP), Brazil.
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Figure 5. Water content variations (0-100 cm.) at four points in a silvopastoral system (row of trees and at 2.0, 4.75 and 8.5 m. from the 
row of trees) in two soil moisture replenishment events (24 Sep. to 01 Oct. 2010 and 03 Oct. to 17 Oct. /2011) in São Carlos (SP), Brazil.
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Figure 6. Soil moisture content variations (0-100 cm.) at four points in a silvopastoral system (row of trees and at 2.0, 4.75 and 8.5 m 
from the row of trees in two soil moisture removal events (04 Jan. to 01 Feb. 2011 and 23 Jan. to 09 Feb. 2012) in São Carlos (SP), Brazil.
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4. CONCLUSION

The presence of rows of native trees under the silvopastoral 
system decreases the occurrence of winds (47% reduction) 
and alters patterns of incident PAR on the pasture areas 
(reduction of up to 40%). Due to wind and solar radiation 
changes in the silvopastoral system there are thermal and 
relative air humidity changes, with a greater effect on the 
diurnal values and on the sampling point near the rows of 
trees. At the sampling points near the rows of native trees 
under the silvopastoral system there is greater soil moisture 
removal mainly due to greater exploration of tree roots at 
greater depths compared with the midpoints between rows.
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