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Abstract Silvopastoral systems (SPSs) are consid-

ered a conservationist system by combining forestry

species cultivation with domesticated grazing animals,

intercropping trees, and pasture in the same area. SPSs

are noun for its contribution to improve soil chemical

and physical properties, enhance grass nutritional

status, provide healthier animal environment, and

increase farmers’ options to maximize the use of land.

In soil degraded areas, such as those found in Brazilian

savannah biome (BSB), the SPSs constitute an alter-

native to soil recuperation in these areas. Therefore,

our aim was to assess soil fertility attributes at

different depths on a BSB grown with Brachiaria

brizantha cv. Marandu grass, the influence of SPS with

native tree zeyheria (Zeyheria tuberculosa) settled in

1984, or with the exotic eucalyptus (Eucalyptus

grandis) settled in 1994. The soil water pH, P, Ca,

Mg, and K contents, as well as soil base sum and

saturation, were found superior mostly at the top layer

(0–2 cm) of the eucalyptus site, than for the ipê-

felpudo site. This response was correlated to greater

soil organic matter and carbon at the eucalyptus site,

which demonstrated to have high nutrient cycling

rates. Around 50 % of the CEC in both SPSs was

occupied by bases, demonstrating that the areas have

large potential to absorb applied nutrients. The SPSs

have no significant impact on S-SO4
2- or micronutri-

ent availability. The litter composition in eucalyptus

site was accountable for the superior results of this
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SPS, which has shown as a promising choice for land

use and conservation in the BSB.

Keywords Zeyheria tuberculosa � Eucalyptus

grandis � Brachiaria brizantha cv. Marandu �Cerrado �
Agroforestry system

Introduction

Pasture areas within the Brazilian savannah, also noun

as Cerrado biome, are environmental highly fragile

areas, given that the soils in these regions are

originally of low fertility, especially due to weathering

process, and naturally very susceptible to degradation

processes. Around 80 % of the cultivated pasture areas

within the Brazilian savannah biome (about 110

million hectares) can be found at some stage of

degradation reflecting its conditions in low plant

biomass productivity (Perón and Evangelista 2004;

Klink and Machado 2005).

The global increasing demand of protein from farm

animal and the ecological concerns due to climate

changes and efficiency of the use of the available land

have also raise concerns about the effective use of

pastures and forage resources (Boval and Dixon

2012). Much of the soil degradation within Brazilian

savannah occurs due to inappropriate agricultural

practices, which lead to reductions in soil fertility.

Inappropriate use of fertilizers and animals loads

during the implementation and maintenance of the

pastures are examples of practices that accelerate the

soil degradation in these areas. Another important

factor lies on the soil exposure in degraded areas,

which, in turn, increases soil compaction and reduc-

tion of water infiltration in soil profile, compromising

watercourses and the sustainability of natural

resources (Bedunah and Angerer 2012).

Exclusive pasture systems usually produce lesser

biomass than its full potential and can potentially

causes negative environmental impacts (Greenwood

and McKenzie 2001). Both problems can be alleviated

by silvopastoral systems (SPSs), which are considered

to be conservationist systems. These systems serve to

maintain trees that contribute to healthier animal

environment, provide nutritional value as fodder, and

improve soil fertility and reaches social importance as

it provides benefits and option to fixing man in country

(Nicholls et al. 2015). Beyond these improvements,

such systems also contribute to soil conservation,

correction of chemical and physical properties, lessen

leaching and volatilization of nutrients, and increased

productivity and forage quality, thus increasing envi-

ronmental protection and conservation (Kgosikoma

et al. 2013; Devendra 2014). The silvopastoral system

joins two activities within the same area—animal

(grazing) and vegetation production (wood, fruits,

essences). According to Pagiola et al. (2004), there are

other sources of income and receiving for the

environmental services provided by the SPSs, such

as carbon storage, flora biodiversity, and preservation

of water bodies.

Despite many advantages, the SPSs have not been

widely used in Brazil because of the lacks in research

and the low exploration of the plant species diversity

within the wide range of biomes. Moreover, according

to Burley and Speedy (1999), both native as well as

exotic tree species represent alternatives for producers

to take advantage of natural resources for food and

wood materials, which are capable of minimizing the

use of costly non-renewable inputs, such as fertilizers.

There are agricultural areas in Brazilian territory that

present characteristics for the implementation of SPSs

and even agrosilvopastoral systems (ASPSs), given

that extensive Brazilian agricultural areas are already

in some process of degradation. By observing single

tree species, it is possible to collect information

regarding how each species affects the dynamics of the

nutrients of the soil in natural forests and in savannah

ecosystems (Rhodes 1997). At a later stage, it may be

possible to manage the flow of nutrients in an attempt

to improve soil characteristics, forage productivity,

and the maintenance of SPS through the selection of

species that best contribute to the set goals.

The predominant tree species in silvopastoral

systems are from the genus Eucalyptus sp., an exotic

forest species of great commercial value in Brazil.

Brazilian native species, such as Zeyheria tuberculosa

Vell. Bur. (zeyheria), Schinus terebinthifolius Raddi

(Brazilian pepper), and Myracrodruon urundeuva

Allemão (aroeira), are also frequently cultivated to

log as well as to recover and preserve ecosystems

(Viana et al. 2002). Additional studies have found

positive effects of other timber trees, with well-known

uses throughout Brazil (Reis et al. 2010; Moreira et al.

2009; Oliveira Neto and Paiva 2010). It is due to this

diversity of possible handling and species that the
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SPSs are considered to be highly complex but a very

promising and profitable strategy for land use.

Therefore, as regards the attributes of soil fertility,

the present study aims to assess the influence of two

silvopastoral systems with the exotic eucalyptus tree

(Eucalyptus grandis Hill ex Maiden) or with the native

zeyheria tree (Z. tuberculosa—Bignoniaceae family),

which make up the silvopastoral systems with the

Brachiaria brizantha cv. Marandu grass in the

Brazilian savannah biome.

Materials and methods

This research was conducted simultaneously in two

SPSs with (1) native zeyheria tree (Z. tuberculosa) and

with (2) exotic eucalyptus tree (E. grandis). Both

species are semidehiscent trees. The Poaceae species

used in both systems was the B. brizantha cv.

Marandu. Both experimental areas were located in

the Brazilian savannah biome, distant approximately

20 km straight line; the areas also have a soil classified

as red-yellow latosol and sized 1.2 and 1.5 hectares.

The location of the IT experiment was in Lagoa Santa,

MG, Brazil (1983503600S, 4385105600W), while the ET

experiment was located in Confins, MG, Brazil

(1985403200S, 4385801800W).

The IT experimental area was settled in 1984 by

means of natural regeneration depredated area. Cur-

rently, the IT specimens measured from 15 to 23 m

height, with a chest height diameter (CHD) ranging

from 0.4 to 0.6 m. This system has a density of 160

trees ha-1, with 15 m between tree lines, and 4 meters

between trees. The ET area was settled in 1994, with

the trees reaching 15–25 m height, and CHD ranging

from 0.4 to 0.6 m. This system has a density of 150

trees ha-1, with 15 m between tree lines, and 4.2 m

between trees. An yearly average of 1.5 cattle per

hectare were left to graze for three days followed by a

30-day rest period.

The soil chemical attributes of both SPSs were

evaluated in 2014. The collection of soil samples was

performed representatively throughout the entire area,

and no soil samples were collected in the edge. Water

soil pH, as well as the levels of phosphorus (Melich-1

P), sulfur (S), potassium (K), calcium (Ca), magne-

sium (Mg), copper (Cu), boron (B), manganese (Mn),

zinc (Zn), iron (Fe), aluminum (Al), Al saturation (m),

potential acidity (H ? Al), base sum (BS), effective

CEC (t), CEC at pH 7.0 (T), and base saturation (V %)

were evaluated at three soil depths (0–2, 2–10,

10–20 cm) for both experiments. Also, evaluations

of soil organic matter content were performed (Walk-

ley and Black 1934). These soil analyses were

performed at the soil testing laboratory of the Federal

University of Uberlândia, according to methods

described in EMBRAPA—Empresa Brasileira de

Pesquisa Agropecuária (2009).

The assessed results were submitted to Lilliefors

(1967) and Bartlett (1937) to check for normality and

homoscedasticity, respectively. The analysis of vari-

ance (ANOVA) was performed, and, to compare

experimental group averages, the Student-Newman-

(Keuls 1952) test (p\ 0.05) was applied to all

variables. The variable data were transformed using

the logarithm function and the Ca together with the BS

in the square root function, so that the variables could

attend to the normal probability of distribution.

Results and discussion

The results for OM, C 58 %, P, S, soil water pH,

H??Al, t, and T for both SPSs (zeyheria and

eucalyptus) are presented in Table 1. The SPSs are

very complex integrated systems, and, according to

Nair (1993) and Pinho et al. (2012), the complexity of

a long-duration agroforestry system makes it difficult

to investigate precisely the mechanisms and processes

ruling these ecosystems. Consequently, without the

knowledge of all mechanisms, it is always difficult to

generalize and extrapolate results from a study carried

out under different conditions.

A great accumulation of organic material (OM) in

the ET system was observed, even when considering

that the IT area was planted 10 years prior to ET

planting. The enhanced of this attribute in the ET

system can be correlated to a minor mineralization of

the residues from eucalyptus trees, as compared to the

native zeyheria tree. According to Andrade et al.

(2002), eucalyptus is a plant extremely efficient in its

use of nutrients and, for this reason, produces litter

with low nutrient contents, mainly N, P and K, but

with high rates of C/N, C/P, and lignin/N, which

reduces its mineralization speed. Beyond those ele-

ments and rates, other compounds known as allelo-

pathics are also related with slow eucalyptus litter

mineralization (Yu et al. 2009; Zhang 2009).
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In both silvopastoral systems, content differences

among soil depths could be detected (Table 1). These

results indicate that the senescent materials have great

contribution to the nutrient amounts, especially to the

surface layer. In this layer (0–2 cm), the OM content

was 63 and 19 % higher than that obtained in the layer

of 2–10 cm for the ET and IT, respectively. Similar

OM differences between layers were found by Salvo

et al. (2010) studding pastures under different tillage

systems. On average for all depths in this study, the ET

system presented an OM content of 79 % higher than

the IT system. Despite this differentiation between

both systems, the content was found to be adequate

and higher than that observed in many exclusive

pasture systems and conventional farming systems,

demonstrating that the implementation of SPSs is

positive to improve the soil OM, finally rendering

systems more environmentally sustainable (Ibrahim

et al., 2010). Prado (2012), evaluating an area of

exclusive B. brizantha cv. Marandu cultivation,

reported that the OM content of a SPS using eucalyp-

tus was 42 % greater than the exclusive forage system.

According to Sharrow and Ismail (2004), 90 % of the

carbon is stored in pasture soils as OM, which

highlights the importance of this partition in studies

about carbon fixation in silvopastoral systems.

Similar variations between SPSs were observed for

the organic carbon (C 58 %) content. The soil carbon

content was greater for the ET system than for the IT

system at all depths (Table 1). Oliveira et al. (2005)

also observed increased organic carbon content in

SPSs when native species like baru (Dipteryx alata

Table 1 Average of soil

chemical attributes from

silvopastoral systems

including zeyheria trees

(ZT) or eucalyptus trees

(ET)

a Averages, followed by

distinct letters, small letters

on the lines, and capital

letters in the columns, differ

within the SNK test

(p\ 0.05)

Attribute SPS Soil depths (cm) Averages

0–2 2–10 10–20

OM

(dag dm-3)

CV = 14.51 %

ZT 2.80a aB 2.36 bB 1.40 cB 2.19

ET 5.62 aA 3.45 bA 2.69 cA 3.92

Average 4.21 2.91 2.04

C 58 %

(dag dm-3)

CV = 31.121 %

ZT 1.62 aB 1.37 bB 0.81 cB 1.27

ET 3.26 aA 2.00 bA 1.56 cA 2.27

Average 2.44 1.69 1.19

P

(mg dm-3)

CV = 29.67 %

ZT 1.89 aB 1.71 aA 1.06 aA 1.55

ET 2.83 aA 2.91 aA 1.70 bA 8.81

Average 11.85 2.31 1.38

S-SO4

(mg dm-3)

CV = 46.02 %

ZT 2.63 3.00 5.00 3.54A

ET 3.63 2.50 5.88 4.00A

Average 3.13 b 2.75 ab 5.44 a

pH

(water)

CV = 21.62 %

ZT 4.64 aB 4.61 aB 4.64 aB 4.63

ET 6.18 aA 5.62 bA 5.22 cA 5.68

Average 5.40 5.12 4.93

Al

(cmolc dm-3)

CV = 33.28 %

ZT 1.71 aB 1.96 aB 2.35 aB 2.00

ET 0.00 aA 0.69 bA 1.69 cA 0.79

Average 0.85 1.33 2.02

H ? Al

(cmolc dm-3)

CV = 19.40 %

ZT 8.90 aB 8.99 aB 9.31 aA 9.06

ET 2.91 cA 5.04 bA 7.88 aA 5.27

Average 5.91 7.01 8.59

Effective CEC

(cmolc dm-3)

CV = 12.90 %

ZT 3.29 aB 3.17 aB 2.96 aB 3.11

ET 7.48 aA 4.89 bA 3.85 cA 5.40

Average 5.38 4.03 3.36

pH = 7 CEC

(cmolc dm-3)

CV = 19.45 %

ZT 10.49 aA 10.21 aA 9.85 aA 10.18

ET 10.39 aA 9.24 aA 10.04 aA 9.89

Average 10.44 9.73 9.94
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Vog.) and souari nut (Caryocar brasiliense Camb.)

were cultivated within pasture land. Neves et al.

(2004) evaluating different systems of land use,

including agrosilvopastoral and silvopastoral systems,

eucalyptus cultivation, exclusive cultivated pasture

and native savannah, in northwest of Minas Gerais

state, Brazil, observed that for the agrosilvopastoral

and silvopastoral systems there was an increasing in

organic carbon stock over the years compared to

native savannah, indicating the potential of these

systems to maintain, or even increase the stock of soil

organic carbon. Kaur et al. (2000) reported a greater

accumulation of organic carbon and inorganic nitro-

gen (N) when acacia (Acacia nilotica Delile), euca-

lyptus (Eucalyptus tereticornis Smith), or populus

(Populus deltoides Bartr. ex Marsh.) trees were

planted in agricultural systems, than the exclusive

cropping system with rice; also the authors reported a

decrease of organic carbon concentrations with soil

depth increase.

Prior studies on implemented SPS have recently

assessed the mechanisms and processes of the organic

carbons dynamics, although results have only been

able to present regional significance (Jackson et al.

2000). Climatic factors, vegetation species, litter

accumulation, and soil characteristics can significantly

modify the carbon dynamic and its stock within the

ecosystem (Schlesinger et al. 1990; Ojima et al. 1999;

Gershenson and Barsimantov 2010). Regarding the

contribution of organic matter in soil, when using

eucalyptus or fodders, Garcia and Couto (1997)

reported that participation of eucalyptus leaves and

twigs in the accumulated organic matter is higher than

the grasses, having, therefore, an advantage in nutrient

cycling with the use of eucalyptus in grazing systems.

Concerning the available phosphorus content (P), a

difference could only be observed within the systems

at depths of 0–2 cm, in which the P content was

greater for the ET system (Table 1). The nutrient P is

commonly found associated with OM, which is

abundant in the ET system, where larger quantities

of litter were observed. The P content in the first depth

layer (0–2 cm) of the ET system is classified agro-

nomically as adequate, as set forth by Comissão de

Fertilidade do Solo do Estado de Minas Gerais

(CFSEMG) (1999). This P accumulation in the soil

surface layer (0–5 cm) was also observed by Lehmann

et al. (2001) who, upon assess forestry species in

agroforestry systems, with or without P fertilization,

found that the amount of available soil P was not only

dependent on fertilization but also on tree species used

in the agroforestry systems, particularly in the ability

of the tree species to return P through litter fall and its

rate of mineralization.

The OM of the soil within the savannah contains

about 0.5 % P, and for each 1 % of OM in the soil,

mineralization can release 100 kg ha-1 of P, accord-

ing to Vale et al. (1997). Organic anion sites compete

directly with the P adsorption by the mineral partition

of the soil and tend to increase P availability (Easter-

wood and Sartain 1990; Iyamuremye et al. 1996;

Guppy et al. 2005). Systems such as SPSs, which

contribute to OM accumulation in soil, are important

as they affect the cycling of nutrients within the soil,

influence the soil structure, and perform a significant

role in the biological activity of the soil (Brown et al.

1994). The cycling of nutrients, particularly in agro-

forestry systems, is of utmost importance for the

humid and subhumid tropical regions, especially since

these soils are frequently degraded by erosion, slash

and burn practices, among others that compromise the

productivity and sustainability of the area (Young

1997; Pinho et al. 2012).

The P accumulation, even if in the highest surface

level, can in fact improve the quality of the soil–

environment system, since the pastures develop a root

system that is concentrated within the first 20 cm in

soil profile also taking advantage of the P within the

0–2 cm layers. The P contents of the ET system at the

depths of 2–10 and 10–20 cm were about 70 and 60 %

higher than those of the IT system. Andrade et al.

(2002) reported that in SPS system with baginha tree

(Stryphnodendron guianense (Aubl.) Benth.), the

deposit of litter was associated with increase in P, K,

Ca, and Mg in soil, indicating species that can

increment the nutrient status in agroforestry systems,

especially for the element P, which is extremely

limiting for agricultural production within the Brazil-

ian savannah biome.

Regarding sulfur, no significant effect could be

observed within the SPSs (Table 1). Only a variation

in the S–SO4
2- (sulfur as sulfate) concentration could

be identified in the different profiles, with the highest

S–SO4
2- concentration found at the greatest depth.

Sulfates are highly leachable nutrient in soil profile,

especially due to the electronegativity and low S–

SO4
2- adsorption rates of the Brazilian savannah soils

(Alves 2002). Groenendijk et al. (2002) observed
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larger concentration of plant available sulfur in soils

near trees than in soils (0–30 cm) from areas exclu-

sively used as pasture land. According to Chen et al.

(2001), the increase of organic sulfur in the soil near

the trees is due to the activity of mycorrhiza fungi

coupled with the root system exudates, though this

mechanism has yet to be fully clarified.

Concerning the soil water pH, the IT system

presented lower pH values than the ET system,

proving to be more acidity and similar at all depths

evaluated (Table 1). In the ET system, the soil water

pH was classified as acceptable, with low acidity, near

to neutrality. Both tree species presented a certain

tolerance toward the acidity, but eucalyptus has better

development in soils with corrected pH levels

(Rhoades and Binkley 1996; Aggagan et al. 1996).

In the present study on the ET system, there is a greater

alteration in the pH in the highest surface layer, which

could be attributed to different rates of litter falls.

Around 50 % of the potential CEC (pH = 7 CEC),

when comparing to effective CEC (Table 1), was

occupied by the bases in both SPSs, meaning that the

soil possesses a vast potential to adsorb nutrients in the

exchangeable fraction. In the 0–2 cm layer of the ET

system, a large contribution of OM in the effective

CEC could be observed. Souza et al. (2007) stated that,

although a high correlation in the CEC and the pH was

expected, a large variability can be observed within

this variable, which is also influenced by soil miner-

alogy and buffering capacity, especially between soil

horizons. This variability could be verified here for

the effective CEC at different depths in the ET

system.

An accumulation of nutrients, especially of Ca, Mg,

and K, could be found in the top surface layer (0–2 cm)

(Table 2). The fallen tissues decomposition of the

cultivated plants releases those nutrients in the surface

layers (Pavinato and Rosolem 2008), and as the OM of

the ET system was greater than the IT system, those

nutrients were also presented in higher concentrations

at the ET system. Regardless of the depth, the average

Ca content in the ET system is 670 % higher than that

presented in the IT system. Okeke and Omaliko (1991)

reported an increase in Ca within the system with the

presence of trees (Acioa barteri Hook. f. ex. Oliv.) of

approximately 69 kg ha-1 ano-1. The authors also

observed that the presence of trees tend to accumulate

more Ca and K than Mg compare to exclusive pasture.

Table 2 Average of

calcium, magnesium,

potassium, base sum (BS),

base saturation (V), and

aluminum saturation in the

silvopastoral systems

including zeyheria trees

(ZT) or eucalyptus trees

(ET)

a Averages, followed by

distinct letters, small letters

on the lines, and capital

letters in the columns, differ

within the SNK test

(p\ 0.05)

Attribute SPS Depths (cm) Averages

0–2 2–10 10–20

Calcium

(cmolc dm-3)

CV = 26.94 %

ZT 0.76a aB 0.60 aB 0.28 aB 0.55

ET 6.04 aA 3.38 bA 1.64 cA 3.68

Average 3.40 1.99 0.95

Potassium

(mg dm-3)

CV = 12.43 %

ZT 95.63 aB 82.50 bB 49.38 cB 75.83

ET 210.50 aA 102.63 bA 92.75 cA 135.29

Average 153.06 92.56 71.06

Magnesium

(cmolc dm-3)

CV = 22.19 %

ZT 0.56 0.41 0.13 0.37 b

ET 0.90 0.56 0.29 0.58 a

Average 0.73 a 0.49 b 0.21 c

BS

(cmolc dm-3)

CV = 21.59 %

ZT 1.58 aB 1.22 aB 0.54 bB 1.11

ET 7.48 aA 4.20 bA 2.16 cA 4.61

Average 4.53 2.71 1.35

V %

CV = 15.77 %

ZT 15.50 12.13 5.63 11.08 B

ET 71.89 46.45 23.09 29.11 A

Average 44.00 a 30.00 b 14.00 c

m %

CV = 30.73 %

ZT 52.00 aB 61.50 aB 81.50 aA 65.00

ET 0.00 aA 16.70 bA 49.89 cA 22.19

Average 26.00 39.00 66.00
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According to Comissão de Fertilidade do Solo do

Estado de Minas Gerais (CFSEMG) (1999), the K

content proved to be adequate, regardless of the depth.

A greater base sum (BS) and base saturation

(V) could be observed at all depths for the ET system

as compared to the IT system (Table 2). In the IT

system, the base saturation was quite low and was

similar between the depths of 0–2 cm and 2–10 cm.

Menezes et al. (2002) found greater OM, as well as P,

Ca, and Mg, contents in the soil samples collected

beneath the Ziziphus joazeiro Martius and Prosopis

juliflora (Sw.) DC. canopies in areas with buffalo grass

(Cenchrus ciliaris L.). In this experiment, the soil was

not collected specifically beneath the canopies of the

trees where the increment would be greater, yet the

increase in nutrient concentration was observed

(Tables 1 and 2).

As regards the Al saturation (m), it could be

observed that soil charges are heavily occupied by

exchangeable Al in the IT system (Table 2). In this

case, the correction of the soil in the IT area should be

recommended in an attempt to reduce the concentra-

tion of toxic Al, since this practice will most likely not

negatively influence the maintenance of these trees

within the system. In the ET system, no toxic Al was

expected at 0–2 cm depth due to its soil water pH

(6.18), and only at the depth of 10–20 cm the ET

system presented soaring Al saturation.

Concerning the content of micronutrients, copper

(Cu) content proved to be the higher in the IT system

than in the ET system (Table 3). Normally, soils in the

savannah biome present low levels of boron (B) and

zinc (Zn), but high levels of Cu, iron (Fe) and

manganese (Mn) (Chatzistathis, 2014). In this study,

both B and Zn contents were classified as low or very

low at all depths, which is in agreement with the

classifications established by Comissão de Fertilidade

do Solo do Estado de Minas Gerais (CFSEMG)

(1999). The Fe level proved to be quite high, which

is a characteristic of old and very weathered soils, rich

in Fe and Al oxides. Although the majority of

micronutrients and depths present variations regarding

the systems and the depths, these alterations were not

enough to promote a modification in the class of

agronomic interpretation.

It could be observed that the nutrient content and

chemical attributes of the soil from the area with the

ET system were more distinguished than in the area

with the IT system. Many species of eucalyptus

generate allelopathic substances that are capable of

interfering both in the growth of other species of plants

(Albuquerque et al. 2011) as well as in the microbial

activity of the soil what in turn affects nutrient

accessibility by plants (Kruse et al. 2000).

Another key factor for nutrient availability is that

the soil under the canopies of the trees commonly

Table 3 Average contents

of micronutrients in the

silvopastoral systems

including zeyheria trees

(ZT) or eucalyptus trees

(ET)

a Averages, followed by

distinct letters, small letters

on the lines, and capital

letters in the columns, differ

within the SNK test

(p\ 0.05)

Attribute SPS Depths (cm) Averages

0–2 2–10 10–20

Copper

(mg dm3)

CV = 28.17 %

ZT 1.95aaA 2.09 aA 0.91 bA 1.65

ET 0.58 aB 0.71 aB 0.64 aB 0.64

Average 1.26 1.40 0.78

Boron

(mg dm-3)

CV = 7.52 %

ZT 0.14 aB 0.12 aB 0.13 aA 0.13

ET 0.48 aA 0.23 bA 0.20 bA 0.30

Average 0.31 0.18 0.16

Manganese

(mg dm-3)

CV = 30.55 %

ZT 4.56 aA 3.95 aA 1.70 bA 3.40

ET 4.89 aA 1.07 bB 0.44 bB 2.13

Average 4.73 2.51 1.07

Zinc

(mg dm-3)

CV = 16.11 %

ZT 0.63 aA 0.78 aA 0.13 bA 0.51

ET 0.41 aA 0.20 aB 0.13 aA 0.25

Average 0.52 0.49 0.13

Iron

(mg dm-3)

CV = 15.09 %

ZT 139.63 aA 101.50 aA 26.38 bA 89.17

ET 84.00 aA 105.50 aA 61.50 aB 83.66

Average 111.81 103.50 43.94
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presents higher humidity levels, which can favor a

greater absorption of nutrients by the forage, guaran-

teeing a better nutritional quality (Anderson et al.

1988; Sánchez et al. 2009). In addition, Ribaski et al.

(2009) reported significant reductions of soil loss in

SPS including eucalyptus (E. grandis) or pine (Pinus

elliottii Engelm. Var. elliottii) compared to an area of

annual farming. This loss reduction makes it possible

to observe significant improvements on soil fertility,

as the SPS maintains the surface layer (0–2 cm), and

as observed in this study, the top layer provides the

greatest contribution of nutrients to the systems.

Oliveira et al. (2005) observed in a SPS including

souari nuts and baru, together with B. decumbens, that

the greatest availability of nutrients in the areas shaded

by trees compensated for the lack of light, mainly

during dry seasons, when water is scarce and shading

reduces the losses.

Conclusions

The soil attributes and the contents of essential macro

and micronutrients in the area where eucalyptus trees

were planted were greater than that of the area with

zeyheria trees. The greater accumulation of organic

material and organic carbon in the 0–2 cm and

2–10 cm layers for the ET system indicates this system

has the highest nutrients cycling. The SPS including

eucalyptus promoted the largest stock of organic carbon

in the soil, compared to the zeyheria trees.
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Nogueira RJMC, Câmara CAG, Ramos AR (2011)

Allelopathy, an alternative tool to improve cropping sys-

tems. A review. Agron Sustain Dev 31(2):379–395. doi:10.

1051/agro/2010031

Alves ME (2002) Atributos mineralógicos e eletroquı́micos,

adsorção e dessorção de sulfato em solos paulistas.

ESALQ-USP

Anderson GW, Modre RW, Jenkins PJ (1988) The integration of

pasture, livestock and widely-space pine in South West

Western Australia. Agroforest Syst 6:195–211. doi:10.

1007/BF02220122

Andrade CMS, Valentim JF, Carneiro JC (2002) Árvores de

baginha (Stryphnodendron guianense (Aubl.) Benth.) em

ecossitemas de pastagens cultivadas na Amazônia Oci-
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