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Influence of a silvopastoral system on forage parameters in the Brazilian savanna
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ABSTRACT – The association between pasture and tree is known as silvopastoral systems (SPS). Aimed at
evaluating the forage produced in these systems, an experiment was conducted in Lagoa Santa, Minas Gerais,
Brazil,  19o 35’ 36’’ S,  43o 51’ 56’’ W; altitude 747m. The system has been under development since 1984,
through the natural regeneration of pioneer trees, of the Zeyheria tuberculosa Vell. Bur. species which are
native to the Brazilian savanna. Brachiaria brizantha cv. Marandu (BBM) was the chosen forage and was
collected in Jan 2006, a typical month of hydric stress. The production was assessed in terms of quantity
and quality. In the density studied, 160 trees ha-1, the presence of trees in pastures of BBM caused no reduction
in dry matter production (DMP) from forage. Tree components reduced the weather stress and enhanced
the nutritional aspects of forage, increasing the crude protein (CP), phosphorus (P), and potassium (K) levels.
Trees did not influence the calcium (Ca2+), neutral detergent fiber (NDF), acid detergent fiber (ADF), and
lignin levels. Therefore, the SPS showed the potential to extend the forage quality availability.
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INFLUÊNCIA  DO SISTEMA SILVIPASTORIL NOS PARÂMETROS DA
PASTAGEM NO CERRADO BRASILEIRO

RESUMO – A associação entre pastagem e árvore é conhecida como sistema silvipastoril (SPS). O objetivo
do estudo foi avaliar a forragem produzida nestes sistemas. O experimento foi conduzido em Lagoa Santa,
Minas Gerais, Brasil, 19o 35 ‘36’’ de latitude sul e 43o 51' 56' de longitude oeste, em altitude de 747m.
O sistema vem sendo desenvolvido desde 1984, por meio da regeneração natural de árvores pioneiras, do
Zeyheria tuberculosa Vell. Bur., espécie nativa do cerrado brasileiro. A Brachiaria brizantha cv. Marandu
(BBM) foi a forrageira escolhida. Esta foi coletada em janeiro de 2006, um mês típico de estresse hídrico.
A produção foi avaliada em termos de quantidade e qualidade. Na densidade estudada, 160 árvores ha-

1, a presença de árvores em pastagens de BBM não causou redução na produção de matéria seca (PMS)
de forragem. Os componentes da árvore reduziram o estresse climático e incrementaram aspectos nutricionais
da forragem, aumentando a proteína bruta (PB), fósforo (P) e potássio (K). Árvores não influenciaram os
teores de cálcio (Ca2 +), fibra em detergente neutro (FDN), fibra em detergente ácido (FDA) e lignina. Portanto,
o SPS mostrou o potencial de aumentar a disponibilidade de forragem de qualidade.
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1. INTRODUCTION

For the first 20 years of the XXI century, there
are predictions of increases in consumption of 87%
for meat and 75% for milk within developing country
populations, which represents 75% of the world’s
population. In this context, the ruminants play an
important role as they demand fewer grains per unit
of meat produced than do monogastrics (Nicholson
et al., 2001).

In the Brazilian Savanna (Cerrado), there are
approximately 49.6 million ha of cultivated pastures,
which are covered mainly by Brachiaria. These pastures
are home to nearly 41% of all Brazilian cattle, which
accounts for half of the national meat production (Martha
Júnior & Vilela, 2002). Nevertheless, it is estimated
that 80% of these pastures are degrated. The productivity
of beef cattle in a degraded pasture may be six times
lower than in a well managed pasture (Peron & Evangelista,
2004). The stocking rate is lower than one animal unit
ha-1. These undesirable indices result from improper
cultural practices during the establishment and
management of these pastures, such as inadequate
fertilizer use and overgrazing, which can lead to a decline
in soil fertility. The loss of productivity results in a
decrease in soil cover and, consequently, an increase
in soil compacting, a reduction of water infiltration,
and erosion, thus affecting watersheds and compromising
the sustainability of natural resources (Macedo, 1995).

Degradated pastures can be limited and recovered
through pasture proper management, the minimizing
of social exclusion, and the introduction of SPS (Steinfeld
et al., 2006), which can be defined as an association
of trees and pastures. The presence of trees in the
pastures creates a microclimate in their influence area,
in turn favoring humidity retention and soil nutrient
enrichment, as well as extending the forage availability
and improving its quality. The tropical forages usually
contain a low nutritional quality, which becomes even
lower as they mature (Sanchez, 2001).

In the Cerrado, these systems may favor animal
production. Brassard and Barcellos (2005) reported that
the soil of this biome is very sensible to changes in
pluviosity as it presents low water reserve supply.
According to Armando (2002), in this environment, there
is low oscillation of annual temperature (from to 18 25ºC),
and the precipitation is about 1200-1500 mm, accumulated
mainly during the summer, while during the dry season,

from approximately April to September, the monthly
precipitation tends to be less than five millimeters.

During the dry season, there is low water availability
in the soil surface layers, while the deepest layers remain
humid. However, there are often periods without
precipitation during the rainy season that affect the
soil water potential. Nevertheless, most of the trees,
as they have deep root systems, may access the subsoil
water reserves (Kanegae et al., 2000) and lift water
to shallow soil layers, where the grassy roots also have
access (Ludwig et al., 2004). Brassard and Barcellos
(2005) add that during periods without precipitation
the plants produce a high level of photosynthesis,
which in turn implies a high level of demand for water.

Despite the many benefits that the trees provide
to the pasture, the native animals, and the environment,
in Brazil, are most eliminated during the pasture’s
implementation process (Carvalho et al., 1994). If the
tree’s shade is less than 50%, the grass productivity
is not greatly affected. Increments of pasture productivity
under leguminous trees (Daccarett and Blydenstein,
1968) could also observed. Even trees that do not fix
N

2
 can be recognized as soil fertility improvers (Buresh

and Tian, 1998).

The objective of this experiment was to assess
both the effect of an SPS implemented within a Brazilian
Cerrado that was under production and the quality
of BBM during a period of hydric stress.

2. MATERIALS AND METHODS

Description of the study sites

This experiment was conducted in an SPS, within
the Brazilian savanna biome, at the private Grota Funda
farm, in Lagoa Santa, Minas Gerais, Brazil, 19o 35’ 36’’
S, 43o 51’ 56’’ W, at an altitude of 747m above sea level.
The system has been under development since 1984
through the natural regeneration of the native tree species,
Zeyheria tuberculosa Vell. Bur. (ZT) of the Bignoniaceae
family. This species was selected for inclusion in the
SPS due to its wood quality, fast growth, straight trunk,
intermediate canopy density, and resistance to cattle
grazing. It is a very useful species in restoring degraded
areas, as its seeds are easily spread by the wind. During
natural regeneration, undesirable species were removed,
and at least 4 m was maintained between ZT trees. Currently,
the trees are 15-23 m tall with a chest diameter of 40-
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60 cm. The density adopted was 160 trees ha-1. No fire
was used during the set-up, and limestone and phosphate
rock were applied according to soil analysis. The forage
chosen as a component of the SPS was Brachiaria
brizantha cv. Marundu (BBM), which replaced a pasture
of Hyparrhenia rufa (Viana et al., 2002).

During the previous summer of the present
experiment, weekly assessments of maximum and minimum
temperatures of the air showed that, on average, the
values of maximum temperature were 4.8°C higher in
the monoculture area in relation to the area under the
influence of trees, while the minimum temperatures
were 0.4°C higher in the system with trees (Sousa, 2005).

An adjacent pasture (the control area) was also
planted using the same methodology; however, in this
site, all the trees were cut down in the initial stages
of the process. Originally, both areas were very regular
and presented many similarities; the only difference
during regeneration was the management of trees. The
total area, including the SPS and the control area, consisted
of approximately two hectares. The stocking rate (bovine)
in both pastures was adjusted to the forage production
and ranged from 0.8 to 1.5 animal units ha-1. According
to the USDA classification, the soil is registered as
a Typic Acrustox, while in the Brazilian classification
it is registered as red-yellow latosoil. The soil also
presented 651 g.kg-1 of clay,   211 g.kg-1 of silt, and
138 g.kg-1 of sand.  In table 1, some chemical soil attributes
of the evaluated systems are presented.

Data collection

Soil and forage were sampled with nine sampling
points taken in each system (Figure 1). The forage
parameters were assessed after collection in January
2006. This month was chosen due to the severe dry

Variable Depth (cm)

Monocultura SPS

0-10 10-20 20-40 0-10 10-20 20-40

pH (H
2
O –1:2,5) 4.86±0.22 4.75±0.23 4.75±0.11 4.64±0.28 4.61±0.19 4.64±0.11

Phosphorous (mg dm-³) 2.57±0.86 1.79±0.75 1.09±0.35 1.89±0.58 1.71±0.33 1.06±0.21
Potassium (mg dm-³) 135.87±35.69 70.13±14.72 42.5±17.46 95.63±36.90 82.5±30.26 49.37±35.84
Calcium (cmolc dm-³) 0.67±0.31 0.39±0.19 0.23±0.07 0.76±0.27 0.6±0.17 0.27±0.14
Magnesium (cmolc dm-³) 0.59±0.36 0.27±0.24 0.13±0.07 0.56±0.21 0.41±0.13 0.12±0.05
Aluminum (cmolc dm-³) 1.74±0.55 2.31±0.33 2.5±0.17 1.71±0.50 1.96±0.28 2.35±0.21
H + Al a (cmolc dm-³) 9.5±1.56 10.11±1.41 10.05±0.46 8.9±1.58 8.99±1.11 9.31±0.73
Sum of bases (cmolc dm-³) 1.6±0.68 0.84±0.46 0.45±0.14 1.57±0.45 1.22±0.30 0.54±0.17
CEC b(cmolc dm-³) 3.34±0.27 3.13±0.18 2.96±0.09 3.29±0.11 3.17±0.17 2.86±0.15
CEC7 c(cmolc dm-³) 11.1±0.96 10.95±1.00 10.51±0.44 10.49±0.49 10.21±0.859.85±9.85
Bases saturation (%) 15±7 8±6 4±1 15±6 12±4 6±2

Table 1 - Chemical attributes of soils under silvopastoral system (SPS) and monoculture (Lagoa Santa-2006)

aHydrogen plus Aluminum  (H + Al), beffective cation exchange capacity (CEC),  ccation exchange capacity at pH 7.0 (CEC7)

Figure 1 -  Forage and soil sampling diagram: three parallel
lines were traced, 40m in length each, cutting the
center of each system in a diagonal form. The
first and third diagonal lines were 10m and 20m
from the central line, respectively. In each line,
three samples were collected 20m from each other,
totaling nine sampling points in the SPS and nine
points in an area out of its influence, which was
set as the control treatment.
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conditions presented as compared to other months.
Before the collection, in the end of December 2005,
the forage was cut to 30cm in height. Next, the pasture
was preserved to avoid grazing. Thirty days after the
first cut, all the BBM plants over 30cm were harvested
for measurement. The square tool (1 m2) was used for
each collection point.

In February 2006, 15 days after forage sampling,
a Dutch auger was used to collect soil samples at the
following depths: 0-10, 10-20, and 20-40 cm.
Meteorological data was supplied by the meteorology
department at the Tancredo Neves International Airport
located in the neighboring city of Confins at the following
geographic coordinates: 19º54' 32'’ S and 43º58' 18'’
W. The minimum, maximum, and average temperatures,
as well as the relative humidity during the period, were
17.6, 23.5, 34.9, and 76%, respectively. The rainfall during
2005 was 1432 mm. Figure 2 presents the profile of
rainfall distribution during the period in which the forage
growth was studied, which occurred from December
22, 2005 to January 20, 2006, when 44.6 mm of rainfall
was recorded.

The annual litterfall from tree leaves, fruits, and
branches was estimated. For this purpose, four traps
(net panels, with a mesh of 4 x 6 mm) were randomly
distributed throughout the area under the trees’ influence.
Each trap consisted of an area of 27 m² and was placed
1.5 m off the ground. In 2005, 12 collections at 30 day
intervals were carried out.

Laboratory analysis

Forage productivity was assessed. After having
been harvested, the forage was weighed, dried at 60ºC
for 72 hours, and then milled to <1 mm. The samples
were analyzed for dry matter content (DMC) and ash
(Brasil M. A. Abastecimento, 1998). P, Ca2+, and K+

were determined using calorimetric, permanganometric,
and flame photometric techniques, respectively (Cunniff,
1995). The CP (6.25 x total nitrogen (N) content) was
determined by means of Kjeldahl digestion (Cunniff,
1995). Neutral detergent fiber (NDF) and acid detergent
fiber (ADF) were assessed through the sequential analysis
of fiber. In a similar manner, lignin was estimated by
dissolving samples in a 72% H

2
SO

4
 solution for three

hours (Robertson & Van Soest, 1982).

After collection, the litter was sorted into leaves,
branches, fruit, and other (fractionated material of variable
composition during the year). The litter was analysed
for the same parameters of forage, except NDF and
ADF. Its OM content was estimated as the difference
between the DM and the ash content. The carbon (C)
content was estimated as 50% of the OM. These analyses
were carried out at the Animal Nutrition Laboratories
of the Schools of Veterinary Sciences at the Federal
University of Minas Gerais (UFMG) and at PUC-MG.

The soil chemical analyses were carried out at
the Soil Analysis Laboratory of the Federal University
of Uberlândia, Minas Gerais, according to EMBRAPA

Figure 2 - Profile of the distribution of rainfall during the study period of growth of forage, which occurred from December
2005, 22nd to January 2006, 20th (Lagoa Santa/MG)
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(1999). For the pH analyses, 25 ml of extractant were
added to 10 cm3 of finely air-dried soil and then read
by a previously calibrated pHmetry. For the Ca2+ and
Magnesium (Mg2+) analyses, 100 ml of KCl 1 mol L-

1 were added to 10 cm3 of soil (TFSA), and, after 16
hours at rest, was read by an atomic absorption
spectrophotometer. For P and K, 100 ml of solution
extractor (H

2
SO

4 
0.025 mol L-1 and HCl 0.05 mol L-1),

Mellich-1, was added and read by the atomic absorption
spectrophotometer and the flame photometry,
respectively. The organic matter (OM) was determined
by Walkley Black. For the determination of copper (Cu),
iron (Fe), manganese (Mn), and zinc (Zn), a DTPA solution
was used. The cation exchange capacity at pH 7.0 (CEC7)
extracts H were retained when the soil was negatively
charged to pH = 7.0. In contrast, the CEC extracts
presented only bases (Ca + Mg + K) and Al  +3 in the
pH soil, not presenting the H which is adsorbed in
the CEC.

Statistical Analysis

 Lilliefors and Bartlett tests were used to check
normality and homoscedasticity, respectively. Soil data,
according to depth and soil litter, were presented as
descriptive statistics (mean and standard error) aimed
at characterizing such variables in each system. Forage
data was submitted to the analysis of variance and
further Fisher tests to compare experimental groups
for all variables. Regression models of forage
attributes depending on soil variables (average value
among the depths) were also studied using the backwards

procedure. The adjusted coefficient of determination
was used in the selection of models. Pearson’s correlations
between soil attributes and forage variables were also
performed.

3. RESULTS AND DISCUSSION

The values of Ca+2 and bases saturation (BS) were
slightly higher in the SPS than in the monoculture.
On the other hand, the opposite occurred for the pH,
P, K, and aluminum (Al+3) attributes (Table 1).

It is estimated that 160 trees ha-1, during one year,
added more than four Mg ha-1 of OM to the pasture
(Table 2). The N, P, and Ca+2 contributions were
considerable, while the P contribution was reduced.
The carbon/nitrogen (C/N) and lignin/nitrogen ratios
were 31.10 and 25.16, respectively.

Caution is called for when attributing the
improvement of soil fertility and the consequent increase
in forage yield to the trees. The higher nutrient contents
under tree crowns may be influenced by the leaf litter
and the presence of cattle which, when using the shade
of the trees, concentrates the nutrients in one place
(Durr & Rangel, 2002). However, the present study
assessed a system with a high density of trees, in which
the effect of the concentration of animal dejections
would not commonly occur. The N content of the studied
litter (1.79%) (Table 2) allowed for nutrient mineralization
as it was slightly over the critical limit necessary for
mineralization to occur (1.74%), as reported by Andrade
et al. (2002).

Some litter parameters of the ZT tree (Table 2)
were higher than the data presented by Andrade et
al. (2001) who reported on the litter of Eucalyptus species.
According to this author, the litter produced by the
Eucalyptus species presented N and P contents of
0.63% and 0.04%, respectively, and a C/N ratio of 86.0.
In the present study, these variables in the native tree
were: 1.79%, 0.07%, and 26.81, respectively. Andrade
et al. (2001) informed that the tropical grasses, as well
as Eucalyptus, produce a litter of low nutrient content,
mainly N, P, and K. Therefore, the litter from SPS formed
by tropical grasses and Eucalyptus is of low quality,
much similar to that produced by the monoculture of
grasses. In this light, the choice of trees to form the
system must be criterious, avoiding negative interactions
among the components.

Variable
Avarage composition

Kg  ha-1 year-1of litter (%)

Total dry matter 100 4360.2
Ash 3.88 ± 0.94 169.23
Organic matter 96.12 ± 0.94 4191.0
Carbon 55.74 ± 0.43 2430.78
Calcium 0.61 ± 0.29 26.5
Phosphorus 0.07 ± 0.04 3.2
Nitrogen 1.79 ± 0.55 78.0
Potassium 0.90 ± 0.59 39.4
Lignin 45.04 ± 8.00 -
Carbon/Nitrogen 31.10 ± 11.03 -
Lignin/Nitrogen 25.16 ± 9.46 -

Table 2 - Average and standard deviation values of annual
contribution of Zeyheria tuberculosa Vell. Bur. to
soil in a silvopastoral system in the Cerrado biome
(Lagoa Santa/MG - 2005)
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Table 3 shows the results from BBM availability
and composition. The green matter production (GMP)
(P<0.05) in the system with trees. However, due to
a lower DMC (P<0.001), the DMP was similar between
the systems. These results are in agreement with Vetaas
(1992) who reported that the trees modify the microclimate
through the interception of sunlight between 45% and
60%, thus reducing soil temperature and evaporation.
Moreover, the tree component improves the rate of
water infiltration into the soil and is capable of pumping
water from deeper layers of soil to the most superficial,
to which the roots of forage have access. Likewise,
the greatest amount of moisture available in environments
with the presence of trees most likely influences the
lower dry matter content found in the shaded grass
(P <0.001)(Table 3).

Carvalho et al. (2002) defines the BBM used in
this study as intermediate shade tolerant. These authors
found that the shaded BBM presented a lower DMP
(P <0.01) than that in the open area. However, during
periods of reduced rainfall, the grass under the influence
of trees tended to produce greater quantities of DM.
Douglas et al. (2006) explained that there are seasonal
variations in the amount of water in the soil under the
trees, which tend to be higher in the driest periods
of the year in the area containing trees, while in periods
of rain, the soil of the area without trees tends to contain
higher amounts of water due to increased consumption
of water and the interception of rainfall by trees. Depth
also influences water levels. The layer of soil between

2 to 4 m in depth contains less water in the area with
trees than in the area without.

The soil under the influence of trees due to a higher
OM content, has a greater capacity to store water
(Douglas et al., 2006). In the current study, the levels
of soil organic matter showed a correlation of moderate
magnitude with the forage DMP: 0.5353 (P <0.05) (Table
4). Durres and Rangel (2003) stated that the soil
enrichment provided by trees and grasses use the
available water in the soil more efficiently, thus there
is more DMP per unit of water transpired. This
phenomenon justifies the increased growth of grasses
under the canopy of trees in semi-humid climates as
compared to open areas, which, despite being exposed
to more light, do not necessarily carry out a  greater
amount of net photosynthesis due to hydric stress.
It should be noted that the shading should be light
to moderate, which when combined with the enrichment
of the soil under trees and low rainfall would result
in a greater forage production in shaded areas.

Daccarett and Blydenstein (1968) also reported
no reduction in the availability of forage dry matter
under the influence of trees. However, Carvalho et
al. (1994) reported that the trees shade reduced production
of BBM. Nevertheless, hydric stress, which caused
the increased availability of DM, proved to be due
to a higher amount of dead material.

A lower DM content in shaded forage may result
in greater juiciness and flavor, especially in the dry

Variable
System

Probability CV (%)
Monoculture SPS

GMP (g m-²) a 193.30±71.70 295.8±121.55 ** 33.79
DMP (g m-²) b 76.54±28.33 79.24±27.20 - 30.60
DMC (%) c 39.84±4.90 28.12±4.44 *** 13.23
Crude protein (%) 5.19±0.53 8.62±1.37 *** 15.84
Ash (%) 7.11±0.62 7.84±0.62 * 8.82
Calcium (%) 0.45±0.07 0.41±0.06 - 14.19
Photasium (%) 1.80±0.63 3.03±0.47 ** 24.12
Phosporus (%) 0.07±0.02 0.11±0.03 ** 26.81
NDF (%) d 72.69±2.01 72.68±1.47 - 2.36
ADF (%) e 58.43±2.44 56.40±2.53 - 4.21
Lignin (%) 6.97±0.48 7.25±0.99 - 9.82

Table 3 - Average and standard deviation values of atributes of Brachiaria brizantha cv. Marandu (BBM) under influence
of Zeyheria tuberculosa Vell. Bur. (SPS) and witouth their influence (monoculture) (Lagoa Santa/MG – 2006)

aGreen matter production (GMP), bdry matter production (DMP), cdry matter content (DMC), dneutral detergent fiber (NDF), eacid detergent
fiber (ADF) -, ***, **, *  -  (Fisher test: P>0,05; P<0,001; 0,01; 0,05,  respectively)
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season when the grass appears to be excessively dry
(Andrade et al., 2002). According to Daccarett and
Bludenstein (1968), the shaded forage may contain
higher fiber content. However, in this study, the values
of NDF, ADF, and lignin were similar among the grasses
of the studied systems (Table 3). Carvalho et al. (2002)
also found no statistical difference between the
percentage of NDF from shaded and sunlight forage:
73.92 and 73.12%, respectively.

The CP contents were higher (P<0.001) in the shaded
forage than in the forage from the monoculture. It is
emphasized that a diet with less than 7% of protein
is insufficient for a satisfactory ruminal fermentation,
thus leading to a reduction of food intake by animals
(Van Soest, 1994). If the diet consumed by animals
presents lower protein levels than previously mentioned,
it becomes necessary to supplement this nutrient.

Table 4 presents the correlation values between
forage and chemical soil attributes. A significant
association between pH and most of the forage attributes
could be observed. In contrast, this relation was not
significant when comparing the soil and forage contents
of P and K (P>0.05). There was, however, a significant
association between Al+3 with NDF and ADF of -0.6350
and -0.6450(P<0.01), respectively.

The soils parameters of OM, pH, and K presented
a correlation with the largest number of productive

and qualitative aspects of forage (Table 4). Rigatto
et al. (2005) also found correlations between the latter
two attributes with characteristics of forage. Conversely,
Andrade et al. (2001) reported that in tropical
monocultures of grass, a reduction in the availability
of N over time tends to be the main cause of degradation
of established pastures.

Acid soils with a high Al saturation may aggravate
the effect of low water availability, as it affects the
growth of roots at depth (Andrade et al., 2001). However,
the levels of Al showed no important correlation with
the attributes of forage analyzed in the present study
(Table 4).

In studies conducted in Patagonia, most of the
root biomass of grasses was found up to 20 cm deep;
therefore, there was no competition for water with the
trees that exploit deeper layers (Gyene et al., 2002).
However, in a savanna with less than 650 mm rainfall,
the trees do in fact compete with grasses for water.
The lower availability of this element was the main
limitation for the development of shaded grass, while
in open areas, the productivity was limited by lower
levels of N in the soil. However, the production of
both appeared to be similar (Ludwig et al., 2004).

The appearance of grasses collected in both systems
was similar to that described by Andrade et al. (2002).
These authors reported that the leaves of shaded forage

Chemical soil
Forage atributes

tributes

GMP a DMP b DMC c Ash Calcium K d P e CP f NDF g ADF h Lignin

pH -0.7494*** 0.5657* -0.4823* - 0.6415** -0.7273** -0.5521* -0.6369** - - -

Phosphorus - - - - - - - - - - -

Potassium - - - - - - - - -0.5648* -0.5724* -

Sulfur - - - - - - - - - -

Calcium - - - - 0.6312** - - - - - -

Magnesium - - - - 0.5120* - - - - - -

Aluminum - - - - - - - - - - -

H+Al i - - - - - - - - - - -

Sum of bases - - - - 0.5646* - - - - - -

CEC j - - - - - - - - - - -

CEC7 k - - - - - - - - - - -

Bases saturation - - - - 0.4855* - - - - - -

Organic matter - 0.5353* - - 0.5442* - - -0.5282* - - -

K / CEC 7 - - - - -0.4499* - - - -0.6350** -0.6453** -

Table 4 - Pearson correlations between chemical soil and forage attributes (Lagoa Santa/MG – 2006)

agreen matter production (GMP), bdry matter production (DMP), cdry matter content (DMC), dpotassium (K),  ephosphorus (P), fcrude protein
(CP), gneutral detergent fiber (NDF), hacid detergent fiber (ADF), ihydrogen plus  aluminum (H+Al), jeffective cation exchange capacity
(CEC), kcation exchange capacity at pH 7.0 (CEC7)  -, ***, **, *  (t test: P>0.05; P<0.001; 0.01; 0.05,  respectively)
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presented an intense dark green color contrasting with
the green-clear of samples from the open area, which
is indicative of N deficiency in the soil. The CP content,
50% higher in shaded forage than in the non-shaded
forage, was attributed to the higher content of N in
soil under trees.

The significant regression equations of forage
attributes due to soil variables and their respective
coefficients of determination are presented in table
5. In general, for each assessed characteristic of the
forage, the magnitude and regression coefficients were
distinct between the two systems. The Ca+2, K, and
lignin forage content were influenced by a greater number
of chemical soil attributes in both systems. The same
occurred with P and ash content in the SPS forage.
A great number of common regression coefficients -
pH, P and SSO

4
-2 – influenced the K forage contents.

In some equations, such as protein content, an R² of
0.9781 in the monoculture could be observed; however,
no significant model for the SPS could be formulated.

Although the light does not act directly in the
absorption of nutrients by plants, the levels in these
plant tissues are affected by some biological processes,
such as respiration, transpiration, and photosynthesis
(Castro et al., 2001). Different coefficients of regression

in the magnitude, nature, and number of soil attributes
influenced forage parameters (Table 5). This complexity
can be explained by several factors that are not evaluated
in this study, but that act distinctly in the two systems,
such as moisture, temperature, light, and impact of
wind. Thus, according Feldhake (2001), in an SPS, the
trees produce a far more complex effect than simply
the contribution of N to the soil. The shadow at appropriate
levels, even if artificial, can increase the production
and the forage N levels. In temperate grasses, the increase
in the N levels was attributed to changes in the
morphology of the shaded grass. On the other hand,
in the tropical grasses, this increase was credited to
the increased availability of N due to more intense
microbial activity in the shade. However, in the present
study, there was no correlation between the N levels
from the forage and those in the soil (Table 4). Gottingen
and Zimmermann (1989) reported the occurrence of
physiological changes in shaded plants that result
in higher N levels. These authors report that the shaded
plant has its metabolism changed, thus reducing the
amount of N compounds for glycogenesis, in turn causing
a greater accumulation of N in their tissues.

In this study, no difference (P>0.05) between the
Ca+2 levels of the forages analysed (Table 3) could be

Variável Sistema Model R²

GMP a Monoculture 3466.78 - 664.72 pH + 395.15 Ca e- 2.77 K f 0.7735
SPS -34.38 + 232.59 P g 0.7778

DMC b Monoculture 50.55 – 6.48 P – 0.31 K + 9.81 S-SO
4

-2  h 0.7414
SPS -168.11 + 52.24 pH – 60.68 Ca – 0.18 K 0.9750

Ash SPS 17.48 + 8.85 CEC i – 0.42 AS j – 0.91 BS k 0.7918

Calcium Monoculture 0.47 + 0.08 Mn m – 0.0022 Fe n – 0.16 S-SO
4

-2 +0.004 K 0.9581

SPS 0.26 – 0.0013 K – 0.07 Zn p+ 0.36 Mg q + 0.02 (H+Al) r 0.9864
Potassium Monoculture 28.66 – 5.73 pH – 1.03 S-SO

4
-2 + 1.41 P – 0.02 K 0.9953

SPS 42.60 – 6.91 pH – 1.45 P – 0.08 AS – 0.09 S-SO
4

-2 0.9809

Phosphorus SPS 1.50 – 0.34 pH  + 0.33 SB t - 0.39 Mg – 0.0004 K 0.9864

CP c Monoculture 2.78 – 0.02 K + 0.71 BS – 6.31 SB 0.9781

NDF d Monoculture 118.05 – 9.39 P –  0.33 AS – 39.94 B u 0.9499
SPS 302.93 + 16.25 S-SO

4
-2

 
+ 0.75 Fe + 138.37 Ca – 141.19 CEC 0.9156

Lignin Monoculture 2.45 – 25.66 Ca + 11.10 SB + 1.94 Cu v + 0.01 Fe 0.8685
SPS 65.32 – 3.44 Al + 0.07 Fe – 2.11 Mn – 16.26 CEC 0.9577

Table 5 - Regression parameters of Brachiaria brizantha cv. Marandu (BBM) in function of soil attributes in soils under
monoculture and silvopastoral system (SPS) (Lagoa Santa/MG – 2006)

agreen matter production (GMP), bdry matter content (DMC), ccrude protein (cp), dneutral detergent fiber (NDF), ecalcium (Ca), fpotassium
(K), gphospurus (P), hsulfur (S-SO

4
-2), ication exchange capacit (CEC), jaluminum saturation (AS), kbases saturation (BS), mmanganese (Mn),

nferrum (Fe), pzinc (Zn), qmagnesium (Mg), rhydrogen plus aluminum (H+Al), tsum of bases (SB), uboron (B), vcopper (Cu)
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observed; however, they did show positive correlations
with levels of this nutrient and of organic matter in
the soil: 0.6312 (P <0.01) and 0.5442 (P<0.05), respectively
(Table 4). No consensus has been reached regarding
the influence of shade on the Ca+2 level of the forage.
Carvalho et al (1994) and Castro et al. (2001) reported
higher levels of this nutrient in the shaded forage.
On the other hand, Andrade et al. (2002) found lower
levels in the shaded grass when compared to the non-
shaded: 0.21 and 0.26, respectively. These values were
attributed to the fact that the shaded forage takes longer
to mature and that Ca+2, due to its low mobility, tends
to be higher in older leaves.

P levels were found to be higher (P<0.01) (Table
3) in the shaded forage and negatively correlated with
the values of pH soil: -0.5521 (P<0.05) (Table 4). Moreover,
the levels found by Andrade et al. (2002) were similar
for both shaded and unshaded forages: 0.14%. Castro
et al. (2001) found that the B. brizantha P levels tended
to increase as the luminosity reduced. These authors
explain that in most plants, light stimulates the absorption
of H

2
PO

4
; however, no consensus as to whether or

not luminosity affects forage P levels has ever been
reached, due mainly to the variation among forage
species.

The K levels were higher in the shaded forage
when compared to that from the open area (P<0.01)
(Table 3), which is in agreement with findings from
Carvalho et al. (1994) and Andrade et al. (2002). The
values reported by Andrade et al. (2002) regarding forage
with and without the influence of trees were of 3.34
and 2.77, respectively. Andrade et al. (2001) also concluded
that potassium fertilization increased the levels of K
in forage. Nevertheless, in the current experiment, no
correlation (P>0.05) between the levels of this element
in the soil with those in the forage could be observed.
Furthermore, the levels of this nutrient showed negative
correlations with pH values, -0.7273 (P<0.01), and MO,
-0.4880 (P<0.05) (Table 4). Therefore, other factors may
have influenced the K levels. According to Silva-Pando
et al. (2002), the shade in fact influences optimal rates
of fertilization.

Nair (1998) warned of the dangers of assessing
the SPS using only one single variable, defending that
the sum of these variables can prove more beneficial
as the SPS can provide a wide range of products and
services. This can be observed in the work of Kallenbach

et al. (2006) who compared the production of Lolium
multiflorum Lam and Secale cereale L., with and without
the influence of Pinus rigida Mill. These authors
concluded that the shaded area produced approximately
20% less DM of forage than did the open area. In
contrast, until the trees reach six to seven years of
age, no difference in meat production when comparing
the areas with and without trees could be observed.
It is believed that the tree protection, when faced
with extreme temperatures, may have offset the lower
forage production. Thus, as Jansen et al. (1997) reports,
some potential benefits of trees in pastures, such
as shade for livestock, risk of erosion reduction, and
increase in biodiversity, are difficult to calculate on
an economical scale. Nonetheless, according to Tapia-
Coral et al. (2005), despite the environmental benefits,
these systems should be used as an alternative for
areas which have already cleared and not as a
replacement for primary forests.

4. CONCLUSIONS

Under the assessed conditions, the presence of
tree species Zeyheria tuberculosa Vell. Bur in pastures
of BBM did not affect the DMP of forage. The trees
apparently alleviated the hydric stress and influenced
forage mineral composition. No change in the levels
of NDF, ADF and, lignin could be observed. Nevertheless,
the trees favored the forage quality, represented by
increasing CP levels. The CP levels of the open area
forage were insufficient to meet the maintenance
requirements of ruminants. Some attributes of forage
showed a correlation with soil attributes. The lack of
correlation of other variables in the BBM may indicate
the influence of other factors, such as shade and
microclimatic conditions offered by trees. The
silvopastoral system, therefore, has the potential of
becoming a feasible option for sustainable livestock
production, thus contributing to the nutritional value
of forage during a period of reduced rainfall.

5. ACKNOWLEDGEMENTS

The authors gratefully acknowledge Drs. Yolanda
Viana, Drs. Virgílio Viana (owners), and Sr. Luis (manager)
of the Grota Funda farm for the use of farm facilities
and personnel to conduct the trial and, all the lab staff.
This research was part of the first author’s MSc
dissertation and was supported by CAPES, FAPEMIG,
and CNPq.



188

Revista Brasileira de Agr opecuária Sustentável (RBAS), v.1, n.1, p.179-190, Julho, 2011

REIS, G.L. et al.

6. LITERATURE CITED

ANDRADE, C.M.S.; GARCIA, R.; COUTO, L. et
al. Fatores limitantes ao crescimento do capim –
Tanzânia em um sistema agrossilvipastoril com
eucalipto, na região dos Cerrados de Minas
Gerais. Brazil ian Journal of Animal
Science, v.30, p. 1178-1185, 2001.

ANDRADE, C.M.S.; VALETIM, J.F.; CARNEIRO,
J.C. Árvores de Baginha (Stryphnodendron
guianense (Aubl.) Benth.) em ecossistemas de
pastagens cultivadas na Amazônia Ocidental.
Brazil ian Journal of Animal Science,
v.31, p. 574-582, 2002.

ARMANDO, M.S. Agr odiversidade:
ferramenta para uma agricultura
sustentável. Embrapa Recursos
Genéticos e Biotecnologia,  Brasíl ia, 2002.

BRASSARD, M.; BARCELLOS, A.O. Conversão
do Cerrado em pastagens cultivadas e
funcionamento de latossolos. Cadernos de
Ciência e tecnologia, v.22, p. 153-168,
2005.

BURESH, R.J.; TIAN, G. Soil improvement by
trees in sub-Saharan Africa. Agr oforestry
Systems, v.38, p51-76, 1998.

CAMPBELL, B.D.; SMITH, D.M.S. A synthesis
of recent global change research on pasture and
rangeland production: reduced uncertainties and
their management implications. Agricultur e,
Ecosystems and Environment,  v.82, p.
39-55, 2000.

CARVALHO, M.M.; FREITAS, V.P.; ALMEIDA,
D.S. et al. Efeito de árvores isoladas sobre a
disponibilidade e composição mineral da
forragem em pastagens de braquiária.
Brazil ian Journal of Animal Science,
v.23, p. 709-718, 1994.

CARVALHO, M.M.; FREITAS, V.P.; XAVIER, D.F.
Início de florescimento, produção e valor
nutritivo de gramíneas forrageiras tropicais sob
condição de sombreamento natural. Pesquisa
Agr opecuária Brasileira, v.37, p.717-722,
2002.

CASTRO, C.R.T.; GARCIA, R.; CARVALHO, M.M.
et al. Efeitos do sombreamento na composição
mineral de gramíneas forrageiras tropicais.
Brazilian Journal of Animal Science,
v.30, p.1959-1968, 2001.

CAVAGNARO, J.B.; TRIONE, S.O. Physiological,
morphological and biochemical responses to shade
of Trichoris crinita, a forage grass from the arid
zone of Argentina. Journal of Arid
Envir onments, v.68, p.337-347, 2007.

COMPÊNDIO brasileiro de alimentação
animal: métodos analíticos Ministério da
Agricultura e do Abastecimento, Brasília, 1998.

CUNNIFF, P. Official methods of analysis
of AOAC International . AOAC
International, Arlington, 1995.

DACCARETT, M.;  BLYDENSTEIN, J. La influencia
de árboles leguminosos sobre el forage que crece
bajo ellos. Turrialba , v.18, p.405-408, 1968.

DOUGLAS, G.B.; WALCROFT, A.S.; HURST, S.E. et
al. Interactions between widely spaced young
poblars (Populus spp.) and the understorey
environment. Agroforestry Systems, v.67,
p.177-186, 2006.

DURR, P.A.; RANGEL, J.  Enhanced forage
production under Samanea saman in a subhumid
tropical grassland. Agr oforestry Systems,
v.54, p.99-102, 2002.

DURR, P.A.; RANGEL, J. The response of Panicum
maximum to a simulated subcanopy environment. 2.
Soil x shade x water interaction. Tropical
Grasslands, v.37, p.1-10, 2003.

EMPRESA BRASILEIRA DE PESQUISA
AGROPECUÁRIA – EMBRAPA Centro Nacional de
Pesquisa de Solos. Sistema Brasileiro de
Classificação de Solos. - Brasilia, Embrapa
produção de Informação, Embrapa Solos, Rio de
Janeiro, 1999.

FEARNSIDE, P.M. Fósforo e a capacidade
de suporte humano na Amazônia
brasileira . 2003. Instituto Nacional de Pesquisas
da Amazônia (Inpa). In: http://philip.inpa.gov.br/
publ_livres/mss%20and%20in%20press/PHOS-K5-
port.pdf (accessado em 17 de dezembro de 2006).



189

Revista Brasileira de Agr opecuária Sustentável (RBAS), v.1, n.1, p.179-190, Julho, 2011

Influence of a silvopastoral system on forage parameters in the Brazilian savanna

FELDHAKE, C.M.  Microclimate of a natural
pasture under planted Robinia pseudoacacia in
central Appalachia, West Virginia.
Agr oforestry Systems, v.53, p.297-303,
2001.

GAUTAM, M.K.; MEAD, D.J.; CHANG, S.X. et
al. Spatial variation and understorey
competition effect of Pinus radiata fine roots in
a silvopastoral system in New Zealand.
Agr oforestry Systems, v.55, p.89-98, 2002.

GOTTINGEN, A.P.; ZIMMERMANN, M.H.
Encyclopedia of plant physiology,  New
York: Springer-Verlag, 1989.

GYENE, J.E.; FERNÁNDEZ, M.E.; DALLA
SALDA, G. et al. Silvopastoral systems in
Northwestern Patagônia II: water balance and
water potential in a stand of Pinus ponderosa
and native grassland. Agr oforestry
Systems, v.55, p.47-55, 2002.

JANSEN, H.G.P.; IBRAHIM, M.A.,
NIEUWENHUYSE, A. et al. The economics of
improved pasture and silvopastoral
technologies in the Atlantic Zone of Costa
Rica. Tr opical Grasslands, v.31, p.588-
598, 1997.

KALLENBACH, R.L.; KERLEY BISHOP-HURLEY,
G.J. Cumulative forage production, forage
quality and livestock performance from an
annual ryegrass and cereal rye mixture in a
Pine-Walnut Silvopastoral. Agr oforestry
Systems, v.66, p. 43-53, 2006.

KANEGAE, M.F.; BRAZ, V.S.; FRANCO, A.C.
Efeitos da seca sazonal e disponibilidade de luz
na sobrevivência e crescimento de Bowdichia
virgilioides em duas fitofisionomias típicas dos
Cerrados do Brasil Central. Revista
Brasileira de Botânica, v.23, p.459-468,
2000.

LUDWIG, F.; KROON, H.; BERENDSE PRINS,
H.H.T. The influence of savanna trees on
nutrient, water and light availability and the
understorey vegetation. Plant Ecology,
v.170, p.93-105, 2004.

MACEDO, M.C.M. Pastagens no ecossistema
cerrados: pesquisas para o desenvolvimento
sustentável. In: SIMPÓSIO SOBRE PASTAGENS
NOS ECOSSISTEMAS BRASILEIROS, 1995. n.32,
Brasília. Anais... Brasília: SBZ, 1995.

MARTHA JÚNIOR, G.B.; VILELA, L. Pastagens no
Cerrado: baixa produtividade pelo uso de
fertilizantes. Embrapa Cerrados, Planaltina, 2002.

MITTAL, S.P.; GREWAL, S.S.; AGNIHOTRI, Y.;
SUD, A.D. Substitution of nitrogen requirement of
maize through leaf biomass of Leucaena
leucocephala: agronomic and economic
considerations. Agr oforestry Systems, v.19,
p. 207-216, 1992.

NAIR, P.K.R. Directions in tropical agroforestry
research: past, present and future.
Agr oforestry Systems, v.38, p.223-245, 1998.

NICHOLSON, C.F.; BLAKE, R.W.; REID, R.S. et al.
Environmental impacts of livestock in the
developing world. Envir onment, v.43, p.7-17,
2001.

PARIS, P.; PARIS, Q.  Agriculture in the twenty-
first century: agronomic and economic
perspective. Agricoltura mediterrânea ,
v.126, p.113-148, 1996.

PERON, A.J.; EVANGELISTA, A.R. Degradação de
pastagens em região de Cerrado. Ciência
agrotécnica, v.28, p. 655-661, 2004.

RIGATTO, P.A.; DEDECEK, R.A.; MATTOS,
J.L.M. Influência dos atributos do solo sobre a
produtividade de Pinus taeda. Revista
Árvor e, v.29, p.701-709, 2005.

ROBERTSON, J.B.; VAN SOEST, P.J. The
detergent system of analysis and its application
to human foods. In: James WPT, Theander O
(Eds.) The analysis of dietary fiber in food.
Marcel Dekter, New York, pp 123-158, 1982.

SÁNCHEZ, M.D. Panorama dos sistemas
agroflor estais pecuários na América
Latina . In: Carvalho MM, Alvim MJ, Carneiro
JC (Eds.). Sistemas agroflorestais pecuários:
opções de sustentabilidade para áreas tropicais e
subtropicais. Embrapa Gado de Leite, Juiz de Fora,
FAO, Brasília, pp 9-17, 2001.



190

Revista Brasileira de Agr opecuária Sustentável (RBAS), v.1, n.1, p.179-190, Julho, 2011

REIS, G.L. et al.

SANCHEZ, P.A. Science in agroforestry.
Agroforestry Systems, v.30, p. 5-55, 1995.

SILVA, S.C. Manejo das plantas
forrageiras dos gêneros Brachiaria,
Cynodon e Setaria. In: Peixoto AM, Moura
JC, Faria VP (Eds.). Volumosos para bovinos, 2nd
edn. FEALQ, Piracicaba, pp 29-57, 1995.

SILVA-PANDO, F.J.; GONZÁLEZ-HERNÁNDEZ,
M.P., ROZADOS-LORENZO, M.J. Pasture
production in a silvopastoral system in relation
with microclimate variables in the atlantic coast of
Spain. Agr oforestry Systems, v.56, p.203-
211, 2002.

STEINFELD, H.; GERBER, P.; WASSENAAR, T.
2006. Livestock’s long shadow:
environmental issues and options. FAO.
In: http://www.virtualcentre.org. (accessado em 17
de dezembro de 2006).

TAPIA-CORAL, S.C.; LUIZÃO, F.J.; WANDELLI,
E. et al. Carbon and nutrient stocks in the litter
layer of agroforestry systems in central Amazônia,
Brazil. Agroforestry Systems, v.65, p. 33-42, 2005.

TILMAN, D.; CASSMAN, K.G.; MATSON, P.A.
Agriculture sustainability and intensive production
practices. Nature, v.418, p.671-677, 2002.

VAN SOEST, P.J. Nutritional ecology of
the ruminants. Cornell University Press,
Ithaca, 1994.

VETAAS, R.O. Micro-site effects of trees and
shrubs in dry savannas. Journal of
Vegetarian Science, v.3, p.337-344, 1992.

VIANA, V.M.; MAURÍCIO, R.M.; MATTA-
MACHADO, R. et al. Manejo de la regeneración
natural de especies nativas para la formación de
sistemas silvopastoriles en las zonas de bosques
secos del sureste de Brasil. Agr oforestería de
las Américas, v.9, p.48-52, 2002.


