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Trees
Abstract: Growing demands for food, fuel and fiber are driving the intensification 
and expansion of agricultural land use through a corresponding displacement of 
native forests, woodlands, savanna and shrublands in the Neotropics. In this modified 
landscape, it isn’t clear what role farmland can play in supporting biodiversity 
through preservation of important ecosystem elements at a fine scale. Native species 
able to establish and survive in this modified landscape are considered generalists. 
However, many native species are restricted to remnant areas of native vegetation near 
plantations. Therefore, these agricultural landscapes constitute an environmental 
mosaic, with an anthropogenic matrix and associated areas with native vegetation 
at different successional stages, which influence the distribution of native species at 
the mesoscale. In that sense, we demonstrate that areas of native vegetation increase 
the diversity and richness of native tree species in the agricultural landscape, where 
the distribution of these species is related to environmental gradients, especially soil 
types and management. Therefore, the present work highlights the value of remnants 
of native vegetation for biodiversity conservation in agricultural landscapes. We also 
demonstrate that scattered trees are a prominent feature of agricultural landscapes 
and of key importance to the development of management and conservation plans.

6.1  Introduction

With increases in human population and affluence, demand for agricultural goods 
is projected to double by 2050 (based on year 2000 levels), while halting the loss of 
biodiversity and ecosystem services (Mendenhall et al., 2011). The conflict inherent in 
these goals has produced much debate, yielding two contrasting strategies – each at 
an extreme spatial scale (Green et al., 2005; Fischer et al., 2008). At the large scale, a 
so-called “land sparing” strategy pursues maximal yields through intense industrial 
farming in places with high potential productivity while setting aside separate 
reserves for biodiversity. Its opposite is a “wildlife-friendly” approach that integrates 
agricultural production and conservation on a fine scale on land managed for both 
(Mendenhall et al., 2011).

Despite a decline in growth rate by almost half during the past 40 years, estimates 
of the global human population place it at 8 billion in 2014, with more than 9 billion 
expected by 2050 (Roberts, 2011; Tilman et  al., 2011). This latter figure represents 
an increase of the current world population by about 30% but the corresponding 
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percentage change in food crop production to meet projected world demand will be 
much larger because it is driven by not only population growth but also by personal 
income growth (Kearney, 2010; Tilman et  al., 2011). This large relative increase in 
food crop production will have to come mainly from increasing crop yield per hectare 
planted – crop intensification – not from converting more land to agricultural use. 
The challenge posed becomes even more daunting when considered the evident 
stagnation or even decline in food crop yield over the past decade along with the 
dramatically increasing competition for resources for nonfood crops, particularly 
biofuels (Gregory & George, 2011; Sposito, 2013) and the climatic change (Manning 
et al., 2009).

Brazil, the country with the largest area of tropical forest in the world (estimated at 
about 509 Mha), has lost a large proportion of its forested area through deforestation 
and land use change (FAO, 2006; Brockerhoff et al., 2013). On the other hand, planted 
forests, represented by few genera of plants such as Pinus spp., Eucalyptus spp. and 
Acacia spp., cover a significant portion of the Brazilian territory, reaching 6.8 Mha in 
2010 (SFB, 2012). In addition, the key objective of the Brazilian National Forest Program 
(PFN, 2007) is the expansion of forests in degraded areas, with plans to cultivate 2.2 Mha 
of trees on private properties and abandoned farmland. Thus, the coverage of native and 
non-native forests will probably increase in the future, driven by private investment in 
carbon sequestration projects in the tropics (Yu, 2004), that meet the growing interest 
in biofuel and fibers (Pacala & Socolow, 2004; Barlow et al., 2007).

In this context, conservation ecologists are divided over the extent of land in natural 
regeneration and in forest plantations that will be needed to offset the loss of biodiversity 
by deforestation in the tropics (Barlow et  al., 2007). A wide range of scientists have 
studied the role of forest plantations in biodiversity conservation and have demonstrated 
that these areas may harbour a high diversity of animal, plants and fungi species 
(Parrotta et al., 1997; Humphrey et al., 2000; Lindenmayer et al., 2003; Barbaro et al., 
2005; Brockerhoff et al., 2008; Fonseca et al., 2009; Felton et al., 2010). The number and 
abundance of species that forest plantations can maintain depend on several factors such 
as the type of silviculture management of the plantation; the type of land use within and 
surrounding the areas upon which these plantations are established; the species of tree 
involved in the plantation; the land use alternatives found in the region (Brokerhoff et al., 
2008); and the complexity of the landscape, i.e. the sum and spatial distribution of non-
cultivated environments (Concepción et al., 2008).

Most planted forests are grown primarily for efficient wood production and are 
typically characterized by lower levels of biodiversity than mixed natural forests 
(Barlow et  al., 2007; Brockerhoff et  al., 2008). In addition, such forests are likely 
to be less capable of providing ecosystem services that are linked to biodiversity 
(Kelty, 2006; Thompson et  al., 2009). There is evidence, for example, that forest 
“monocultures” are more prone to damage from insect herbivores than mixed stands 
(Jactel & Brockerhoff, 2007). Apart from more recent considerations of effects on 
ecosystem function, the proximate and ultimate effects of plantation forestry on 
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biodiversity have been debated vigorously over the last two decades. There is growing 
recognition that the consideration of biodiversity issues is an important element 
of planning and management of planted forests as well as wider considerations of 
biodiversity conservation across landscapes (e.g. Hartley, 2002; Brockerhoff et  al., 
2008; Brockerhoff et al, 2013).

Local impacts on forest biodiversity can often be partially mitigated by retaining forest 
cover in plantations (Barlow et al., 2007; Fonseca et al., 2009) or agroforestry such as 
cocoa Theobroma cacao (Pardini et al., 2009). Nevertheless, efforts to retain biodiversity 
in modified landscapes are heavily dependent on the wider landscape context, ecological 
connectivity and the proximity of source populations (Ferreira et al., 2012). 

To examine the impact of planted forests on biodiversity, in terms of variation 
of the composition and structure of native tree communities, we compared the 
diversity of plant species between areas planted with eucalyptus, pasture and areas 
of native vegetation. We took as a model of study two rural properties with eucalyptus 
plantations, seeking to answer the following questions: 1) what plant diversity and 
native species were retained in the area of eucalyptus plantation? 2) do areas of planted 
forests and pastures retain plant species common to areas of native vegetation, and 
what proportion of native species is retained in areas of planted eucalyptus forest and 
pasture in regeneration in relation to native vegetation? and 3) what environmental 
factors determine the distribution of native species in the agricultural landscape? 

6.2  Material and Methods 

6.2.1  Study Area

The study was conducted in two adjoining farms: Três Lagoas farm (23°22’0” S and 
48°28’0” W) and the Arca farm (23°20’0”S and 48°27’30”W), with areas of 3209.93 
ha and 1122.77 ha, respectively, located in the central-south state of São Paulo in the 
municipality of Angatuba, southeastern Brazil (Fig.  6.1). In the year 2007, the Três 
Lagoas and Arca farms went through a process of landscape transformation through 
the implantation of eucalyptus forests in exotic grassland areas of low productivity, 
in an extensive territory of 2223.9 ha and 721.9 ha in the Três Lagoas and Arca farms, 
respectively. In Brazil, the eucalyptus forest plantations occur mainly in land 
deforested decades ago for large-scale agricultural development (Brockerhoff et al., 
2008). The approximately 269.23 ha of native vegetation on the Três Lagoas farm 
were kept unchanged and formed the farm’s permanent protection area (APP-art. 4, 
Law 12,651/12). The areas of pasture in regeneration surround the forest fragments 
with a total of 586.52 ha, composing the farm’s area of Legal Reserve (RL-art. 12, Law 
12,651/12). The same occurred with the Arca farm, resulting in 293.98 ha of pasture 
in regeneration (which form the Legal Reserve) and 66.6 ha of native vegetation that 
form the APP.
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Fig. 6.1: Location of the study area in Angatuba, São Paulo, South-eastern Brasil and the general 
vision of the sampled area on the Três Lagoas and Arca farms. 

The farms are formed by a complex landscape that comprise several types of 
cerrado and semi-deciduous seasonal forest phytophysiognomies, treated here as 
native vegetation, and anthropically altered environments, here represented by the 
eucalyptus plantation and pasture in regeneration, that make up the types of land 
use on the farms. The native vegetation went through a process of selective wood 
extraction in the 1970s (Martin, 2010).

The eucalyptus plantation occupies the largest territorial expanse of the farms, 
and is commercially managed; the understory vegetation is trimmed and supressed 
periodically with herbicide (Gliphosate e Isoxaflutole), especially in the initial phase 
of crop implantation. However, present in those areas are isolated native trees and 
small fragments of secondary forest not exceeding five hectares in size, which are 
characterized by tree species such as Anadenanthera peregrina, Aegephylla sellowiana, 
Gochnatia polymorpha, Copaifera langsdorffii, Davilla elliptica and annual species of 
the Piperaceae and Rubiaceae families.
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6.2.2  Sampling Design

The study design is based on the methodology of the Biodiversity Research Program 
where sampling units form a grid with nodules distanced one kilometer from each 
other (Magnusson et  al., 2005). This methodology is appropriate for long-term 
ecological research because it allows rapid biota inventories (Magnusson et  al., 
2005). In this case, 30 plots (located in nodule grid) were installed in the study area, 
taking into account the occurrence proportion of the three elements in landscape: 
Eucalyptus plantations (n = 18), native vegetation (n = 8) and abandoned pasture  
(n = 4) (Martin et al., 2010). 

Plots measuring 250 m × 40 m were positioned following the isocline of the 
topography to minimize the variation in altitude and soil (Costa et al., 2005; Kinupp 
& Magnusson, 2005). The geographic location of plots installed on the farm was 
obtained through GPS (Global Positioning System). A professional surveyor measured 
the altitude quota in the 30 plots. The altitude value of each plot corresponds to the 
altitude quota compared to a previously known point of altitude on the farm (Costa 
et al., 2005). Slope was measured with a clinometer every 25 m, perpendicular to the 
main axis of the plot, and summarized as the plot average (Costa et al., 2005).

To sample the tree individuals with DBH (diameter at breast height) ≥ 30  cm, 
we used the total area of the plot, where all arboreal individuals that satisfied the 
inclusion criterion and fell within the demarcated area were sampled and identified, 
and the DBH, height were measured. For the sampling of arboreal individuals with 
5 cm ≤ DBH < 30 cm, a range of 20 m wide and 250 m in length was established in 
the central part of the plot, where all individuals that satisfied the inclusion criteria 
and fell within the demarcated area were sampled, identified, the DBH, height and 
measured (Kinupp & Magnusson, 2005). Material from all the species was collected 
and deposited at the Herbário Rioclarense (HRCB) and identified through consultation 
of specialized literature and expert confirmation.

Soil samples were performed at a depth of 10 cm at the same points where the 
terrain slope was measured, and were blended to produce a composite sample for 
each plot. Before the analysis, the roots were removed from the samples, air-dried 
and sieved with a 2 mm sieve. Analyses included the texture (percentage of clay, 
sand and silt), pH, C, N, Ca2+, Mg2+, Na+, K+, P, Cu, Zn, Fe, Al3+, (Al3+ + H+) and Mn2+; 
the cationic exchange capacity (CTC) was established based on the sum of K, Ca and 
Mg; base saturation (V) was calculated as a percentage of the total CTC; aluminum 
saturation (m) was calculated based on effective cationic exchange capacity, and the 
sum of the bases (SB) was represented by Ca + Mg + K. All analyses were performed in 
the Laboratory of Soil Science at the University of São Paulo (USP) and followed the 
protocol established by Embrapa (1997).



92   The Value of Agricultural Landscape for Tropical Trees

6.2.3  Statistical Analyses

Principal component analysis (PCA), using all the measured soil variables, was 
applied to summarize the main gradients in the soil structure (Costa et al., 2005). Soil 
variables were standardized by dividing the square root of the sum of squares of each 
variable, to give equal lengths to the variables in the analysis (Costa et al., 2005). After 
a preliminary analysis, we eliminate variables with high multicolinearity from the 
ordination analysis (Ruggiero et al., 2002).

The dimensionality in the composition of the assembly of plants was reduced 
by multivariate ordination through principal coordinate analysis (PCoA) (Kinupp 
and Magnusson, 2005). We used this technique to test for the existence of floristic 
gradients and to determine the relative importance of topographic, soil variables 
and land use types in the distribution of the species (Kinupp & Magnusson, 2005). 
Similar multivariate analyses have been used to describe plant communities, classify 
vegetation, and relate environmental variables to dissimilarities in plant communities 
(Oliveira & Nelson, 2001; Terborgh & Andresen, 1998; Tuomisto et al., 2003; Kinupp & 
Magnusson, 2005; Costa et al., 2005).

Two ordinations were performed with the plant data: one based on quantitative 
data and another based on qualitative data. Quantitative ordinations were performed 
with distance measurements through the Bray-Curtis method of standardized plot data 
(percentage of abundance of each species in the plot), generating a matrix of 30 plots × 199 
species. The ordination of the quantitative data was used to capture the patterns exhibited 
by the most abundant species, as they have the largest quantitative contribution to the 
difference between the plots. The Sorensen index was used in the qualitative ordination. 
This ordination captures the pattern displayed by the rare species, because the most 
abundant species generally occur in many plots and so contribute little to the difference 
between the plots (Costa et al., 2005; Kinupp & Magnusson, 2005; Zuquim et al., 2009).

Principal coordinate analysis (PCoA) was used on the dependent variables 
to obtain linearity, i.e. orthogonal (axis) variables describing the composition of 
the community that satisfy the assumptions of multivariate orthogonal analyses 
(Anderson & Willis, 2003); inference tests were conducted using multivariate analysis 
of covariance (Kinupp & Magnusson, 2005). The first two axes derived from the PCoA 
describe the composition of the community, and were used as the dependent variable 
in the inference tests of the effects of land use type, soil fertility, and terrain slope. 
These axes explain 65.29% of the variance in the original variables for the quantitative 
data, and 58.25% of the variance for the qualitative data of presence-absence.

The variance explained by the regression of the independent variables on the 
multivariate axes of composition is less than the variance in the original variables 
explained by the regression, because the multivariate axes do not contain all the 
variation of the original data. To estimate the proportion of the variance in the original 
variables explained by multivariate regression of species composition data on the type 
of land use, soil fertility and terrain slope, we multiplied the proportion of variance on 
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the multivariate axes explained by the regression by the proportion of variance in the 
original variables associated with these multivariate axes (Costa et al., 2005). 

6.3  Results

6.3.1  Soil Analyses 

The principal components of ordination of the soil variables produced three main 
gradients. The coefficients of correlation between topographic variables and 
multivariate ordination axes of the soil are shown in Table 6.1, where the most 
significant variables for the first three axes of soil ordination, according to Pearson’s 
correlation, can be distinguished. 

Tab. 6.1: Correlations of the textural and chemical properties of soil with the composite axes of soils 
derived from the PCA and with topographic characteristics of the 30 sampled plots.

PC1 PC2 PC3 Altitude Slope

Sand (%) 0.369 -0.086 -0.795*** -0.223 -0.376
Silt (%) 0.225 -0.42 -0.415 0.089 -0.282

Clay (%) -0.385 0.134 0.822*** 0.208 0.399

Water pH -0.462 0.712*** -0.291 -0.306 0.018

C -0.811*** -0.485 0.068 -0.047 0.631**

N -0.939*** -0.235 -0.038 -0.105 0.663***

Cu -0.423 -0.297 -0.579** 0.048 0.167

F -0.029 -0.872*** 0.005 0.306 0.117

Zn -0.944*** -0.149 -0.113 0.015 0.512

P+ -0.874*** 0.116 0.154 0.088 0.381

Na+ -0.592** -0.098 0.238 -0.065 0.309

K+ -0.971*** 0.089 -0.011 -0.22 0.493

Ca2+ -0.957*** 0.177 -0.012 -0.174 0.452

Mg2+ -0.95*** 0.172 -0.117 -0.323 0.448

Mn2+ -0.925*** -0.035 -0.302 -0.225 0.449

Al3+ 0.416 -0.773*** 0.302 0.401 0.10

H+ + Al3+ -0.412 -0.854*** 0.063 0.142 0.589**

Base δ -0.967*** 0.173 -0.038 -0.214 0.458

CTC δ -0.986*** -0.0017 -0.022 -0.176 0.543**

V δ -0.882*** 0.346 -0.155 -0.235 0.34

M δ 0.698*** -0.488 0.229 0.242 -0.187

Altitude δ 0.128 -0.291 0.279

Slope δ -0.549** -0.259 0.274 -0.031

Explained variance (%) 48.44 19.36 12.95

** p < 0.001; *** p < 0.0001; δ Not used in the ordination
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The first axis (PCA1) accumulated 48% of the variation and presented significant 
correlation coefficient with C, N, Zn, P+, Na+, K+, Ca2 +, Mg2 +, Mn2 + (Tab. 6.1). This axis 
is moderately correlated with slope (r2 = -0.549; p = 0.001), but showed no significant 
correlation with altitude (r2 = 0.128; p = 0.5) (Tab. 6.1). Soil variables associated with the 
first axis, such as C and N, were also significantly correlated with the slope (Tab. 6.1). 
There was also a strong correlation of this first axis with the sum of the bases (r2 
=-0.967; p < 0.0001), with the total exchangeable bases (r2 = -0.986; p < 0.0001), with 
base saturation (r2 =-0.882; p < 0.0001) and with aluminum saturation (r2 = 0.698; p 
< 0.0001). Thus, the first axis reflects mainly the fertility of the soil, which partially 
correlated to the slope of the terrain.

The second axis (PCA2) accumulated 19% of the variation and presented 
significant correlation coefficient with pH, F, Al3+ and H+ + Al3+ (Tab. 6.1). This second 
axis was not correlated with altitude (r2 = -0.291; p = 0.12) or with slope (r2 =-0.259; p 
= 0.17). None of the soil variables associated with the second axis were individually 
correlated with altitude (Tab. 6.1), but H+ + Al3+ were individually correlated with slope 
(r2 = 0.589; p = 0.0006). Thus, this second axis reflects mainly the acidity of the soil.

The third axis (PCA3), with 13% of variance, presented significant correlation 
coefficient with the principal texture variables (content of sand and clay) and with Cu 
(Tab. 6.1). This axis did not correlate with the altitude, slope or exchangeable bases 
(Tab. 6.1). This third axis reflects mainly the soil texture variables.

6.3.2  Species Composition and Relationship with Environmental Variables

The ordination of plots in two dimensions shows that the composition of species in 
eucalyptus plantation differs from plots sampled in native vegetation and pasture in 
regeneration, which are more similar to each other as seen in the first axis resulting 
from multivariate ordination (Fig. 6.2). The second axis of ordination separated the 
native vegetation areas in cerrado, cerradao and semi-deciduous seasonal forest as 
expected (Fig. 6.2). The species abundance data reduced to the two axes of ordination 
were significantly related to land use and soil fertility (Tab. 6.2).

The first ordination axis (PCoA1), as much for the quantitative ordination as for the 
qualitative ordination, separated the sampled plots according to the types of land use, 
as the plots on native vegetation and pasture in regeneration differed from the plots in 
eucalyptus plantation in terms of their species composition (Fig. 6.2 and Tab. 6.2). The 
second axis of ordination (PCoA2), for both quantitative and qualitative data, separated 
the sampled plots according to soil fertility, grouping the native vegetation in areas 
of cerrado sensu stricto, cerradão and semi-deciduous seasonal forest (Fig.  6.2 and 
Tab. 6.2). In the most nutrient-rich soils, we found areas of semi-deciduous seasonal 
forest, which change gradually into a sparse cerrado sensu stricto in areas where the 
amount of soil nutrients was low. The plots of pasture in regeneration resembled the 
areas of cerrado sensu stricto with more nutrient-poor soils, but were different from 
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areas of semi-deciduous seasonal forest that resembled more the eucalyptus plantation 
areas as shown by the second axis resulting from the ordination (Tab. 6.2). The relative 
importance of environmental variables in explaining patterns of species composition 
in the community was tested for the whole community as a response variable with our 
model including the land use type, terrain slope, and soil fertility. This model explained 
a large proportion of the variance in the two dimensions of ordination and explained 
more than half of the variance in the original community data (Tab. 6.3).

Fig. 6.2: Ordination through Analysis of Principal Coordinates (PCoA) in two dimensions of the arboreal 
plant community in relation to land use and soil fertility on the Três Lagoas and Arca farms, Angatuba, 
São Paulo, Brazil. Pink: semi-deciduous forest; Green: cerradão; Black: cerrado sensu stricto; Blue: 
abandoned pasture; Red: eucalyptus plantation. A) Quantitative data: number of individuals per species 
in each sampled plot, and B) qualitative data: presence-absence data per species for each sampled plot.

Tab. 6.2: Relationship between the axes of ordination of the Principal Coordinate Analysis (PCoA) 
and the land use type, fertility, and slope for the 30 sampled plots. The land use types (eucalyptus, 
forest and pasture) shown by different letters are significantly different.

F values Land use

Land use Fertility Slope r2 Eucalyptus Forest Pasture

Qualitative 
composition

PCoA 1 -0.6936*** 0.118NS 0.1036NS 0.7735*** a b b

PCoA 2 -0.4344** 0.6784*** 0.0967NS 0.7673*** a a b

Quantitative 
composition

PCoA 1 0.7964*** -0.0469NS -0.0413NS 0.9932*** a b b

PCoA 2 -0.1467NS 0.8466*** 0.0615NS 0.6533*** a a b

NSnot significant; *p < 0.05; ** p < 0.01; *** p < 0.001
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Tab. 6.3: Percentage of the explained variance (% VE) by environmental factors (land use, fertility, 
slope) for the two types of communities of  woody plants, the principal gradient of the composition 
of the community, extracted by PCoA, and the original data of the community. The percentage of 
variance explained in the original data and the percentage of the variance captured by the axes of 
ordination times the percentage of the variance explained by the environmental variables on the two 
axes of ordination.

Type of data of the 
community 

% variance captured by 
the axes of ordination

% variance explained by 
environmental variables 
on axes of ordination

% variance explained by 
environmental variables 
in the matrix of original 
community data

Qualitative 58.25 77.35 45.06
Quantitative 65.29 99.32 64.84

6.3.3  Vegetation Maps

According to the ordination of the variables of the soil, plots in semi-deciduous 
seasonal forest were separated from the plots in other environments and have 
relationship with the nutrients present in the soil (calcium, magnesium, phosphorus, 
potassium, manganese, sodium, zinc, copper, nitrogen, organic carbon) and with the 
percentage of clay in the soil. Plots in cerradão phytophysiognomy showed a 
relationship with the amount of iron, aluminium and H+ + Al+ 3 and with the percentage 
of silt, showing intermediate levels of soil fertility. The plots in cerrado sensu stricto 
presented a relationship with the amount of sand present in the soil, and have 
nutrient-poor soils. The plots in eucalyptus plantation were distributed over the 
ordination axis, indicating great variability in soil fertility. The plots in pasture in 
regeneration were very similar to the plots in cerrado sensu stricto, possessing a 
greater amount of sand and nutrients-poor soils. Based on these results we produce a 
land use map of the Três Lagoas e Arca farms (Fig. 6.3). 

6.4  Discussion

We observe changes in the richness and composition of plant species between plots 
managed with eucalyptus plantation and plots of pasture in regeneration and of native 
vegetation. Notably, the eucalyptus plantation and pasture in regeneration retained 
a subset of the species that are present in native vegetation. The loss of species in 
eucalyptus plantation occurred in a random manner dependent on the previous 
land use and farm management. In addition, soil fertility was a good predictor of 
the tree community structure between the different vegetation types found in the 
landscape, where nutrient-rich soils determine more exuberant vegetation, and 
soils with intermediate to poor nutrients determine vegetation with short stature 

Fig. 6.3: Map of coverage of land use types and of the distribution of the different vegetation 
phytophysiognomies in the agroforestry landscape of the Três Lagoas and Arca farms, Angatuba, 
southeastern Brazil. 
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Tab. 6.3: Percentage of the explained variance (% VE) by environmental factors (land use, fertility, 
slope) for the two types of communities of  woody plants, the principal gradient of the composition 
of the community, extracted by PCoA, and the original data of the community. The percentage of 
variance explained in the original data and the percentage of the variance captured by the axes of 
ordination times the percentage of the variance explained by the environmental variables on the two 
axes of ordination.

Type of data of the 
community 

% variance captured by 
the axes of ordination

% variance explained by 
environmental variables 
on axes of ordination

% variance explained by 
environmental variables 
in the matrix of original 
community data

Qualitative 58.25 77.35 45.06
Quantitative 65.29 99.32 64.84

6.3.3  Vegetation Maps

According to the ordination of the variables of the soil, plots in semi-deciduous 
seasonal forest were separated from the plots in other environments and have 
relationship with the nutrients present in the soil (calcium, magnesium, phosphorus, 
potassium, manganese, sodium, zinc, copper, nitrogen, organic carbon) and with the 
percentage of clay in the soil. Plots in cerradão phytophysiognomy showed a 
relationship with the amount of iron, aluminium and H+ + Al+ 3 and with the percentage 
of silt, showing intermediate levels of soil fertility. The plots in cerrado sensu stricto 
presented a relationship with the amount of sand present in the soil, and have 
nutrient-poor soils. The plots in eucalyptus plantation were distributed over the 
ordination axis, indicating great variability in soil fertility. The plots in pasture in 
regeneration were very similar to the plots in cerrado sensu stricto, possessing a 
greater amount of sand and nutrients-poor soils. Based on these results we produce a 
land use map of the Três Lagoas e Arca farms (Fig. 6.3). 

6.4  Discussion

We observe changes in the richness and composition of plant species between plots 
managed with eucalyptus plantation and plots of pasture in regeneration and of native 
vegetation. Notably, the eucalyptus plantation and pasture in regeneration retained 
a subset of the species that are present in native vegetation. The loss of species in 
eucalyptus plantation occurred in a random manner dependent on the previous 
land use and farm management. In addition, soil fertility was a good predictor of 
the tree community structure between the different vegetation types found in the 
landscape, where nutrient-rich soils determine more exuberant vegetation, and 
soils with intermediate to poor nutrients determine vegetation with short stature 

Fig. 6.3: Map of coverage of land use types and of the distribution of the different vegetation 
phytophysiognomies in the agroforestry landscape of the Três Lagoas and Arca farms, Angatuba, 
southeastern Brazil. 

and greater openness of the canopy. The plots in abandoned pasture presented low 
soil fertility, perhaps a legacy of previous land use. However, the plots in eucalyptus 
plantation recovered the soil chemical and physical properties, probably due to the 
implementation of soil fertilizers in the initial stage of its cultivation and the gradual 
increase in the soil coverage resulting from the growth of trees.

Our analysis revealed that the dominant gradient in the composition of tree 
species in agricultural landscape is significantly related to soil fertility, differentiating 
the native vegetation in the cerrado sensu stricto, cerradão and semi-deciduous 
seasonal forest. Gradients in species composition between different cerrado 
phytophysiognomies were also found by other studies (Goodland & Pollard, 1973; 
Oliveira-Filho & Ratter, 2002; Ruggiero et al., 2002). Therefore, agricultural systems 
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of eucalyptus plantation are characterized by a complex landscape mosaic, generally 
consisting of various land use types and phytophysiognomies. The environmental 
gradients of soil fertility determine the distribution of tree species in this system and 
increase the beta diversity of landscape as a whole (Barlow et al., 2007).

The strong gradient in the species distribution pattern between the different 
vegetation types we found was determined mainly by the characteristics of the soil 
fertility and farm management. Other studies have demonstrated the influence of soil 
fertility in the distribution pattern of plant species, both in natural environments and 
anthropogenic environments such as agricultural landscapes (Lugo, 1992; Michelsen 
et al., 1996; Chen et al., 1997; Clarck et al., 1999; Ruggiero et al., 2002; Oliveira-Filho & 
Ratter, 2002; Costa et al., 2005). Ruggiero et al. (2002) found a significant relationship 
between soil fertility and plant species composition of semi-deciduous forest and the 
cerrado phytophysiognomies. Accordingly, Michelsen et al. (1996) studied the understory 
vegetation and soil fertility in a silviculture system, pointing out the greater fertility of the 
soil in areas with native forest in comparison with eucalyptus plantation areas. 

Plots of eucalyptus plantation and of pasture in regeneration retained a subset 
of species of the native vegetation, indicating that the species composition is severely 
impoverished compared with the neighboring areas of native vegetation (Appendix). 
The maintenance of structural complexity in eucalyptus plantation is critical for 
biodiversity conservation because it can allow the persistence of organisms in this 
landscape, which otherwise would be eliminated by the absence of their natural 
environment (Lindenmayer et al., 2006). Our study suggests that the presence of small 
patches of forest amid eucalyptus plantation, and of scattered trees as biological 
legacies, increase structural complexity and heterogeneity of the plantation landscape, 
minimizing the effects of habitat loss and, consequently, the loss of biodiversity in these 
conditions (Franklin et  al., 2000, Lindenmayer et  al., 2006). Therefore, if trees and 
small patches of native vegetation are maintained, the eucalyptus plantation should 
not be considered a „green desert” (Hartley, 2002), giving support to the prediction that 
human impact in managed landscapes can have a negative effect on alpha-diversity 
patterns, as it promotes beta diversity at the landscape scale (Barlow et al., 2007). 

The different vegetation types in the studied agricultural landscape, which in this 
study include forest remnants in different stages of succession and cerrado areas, and 
their spatial arrangement among others attributes, increased spatial heterogeneity, as 
discussed by Lindenmayer et al. (2003). Additionally, landscapes are characterized by 
the presence of environmental gradients such as topography, climate, and soil type 
and depth. As such, the landscape heterogeneity will correspond to the remaining 
forest mosaic representing different compositions and age classes of vegetation 
when different environmental conditions occur (Tews et  al., 2004). Therefore, the 
permanence of isolated trees amid the eucalyptus plantation as a biological legacy 
maintains moderate levels of species diversity in the matrix (Athayde et al., 2015). 

Our results demonstrate the importance of preserving the remnants of native 
vegetation in the eucalyptus matrix, including patches of reduced area and composed 
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of species of initial successional stages, as well as isolated trees amid the eucalyptus 
plantation. Our results show that agricultural landscapes with a predominance of 
eucalyptus may maintain rich assemblies of native trees as postulated by Lindenmayer 
and Cunningham (2012), which help to maintain high levels of structural complexity in 
the plantation and high spatial heterogeneity essential to the persistence of many taxa 
in these landscapes (Tews et al., 2004; Pardini et al., 2009). The structural complexity 
of the plantation and landscape heterogeneity incorporate not only particular types 
of attributes on the plantation, but also their arrangement (Lindenmayer et al., 2006). 

Therefore, highly productive tropical landscapes can be managed to maintain 
an appreciable component of native biodiversity by preventing the creation of large 
tracts of very homogeneous land (Pardini et al., 2009). Approaching this goal in Brazil 
should be somewhat simple by conforming to the Código Florestal Federal (Forest 
Code), which defines that each property must maintain a proportion (ranging from 
20% to 80%) of land coverage for areas of biodiversity conservation.

6.5  Final Considerations

We have found that sites in eucalyptus plantation and in abandoned pastures in 
regeneration of the same age can retain a significant amount of the native species pool 
of the region. However, these places alone are not sufficient to mitigate the erosion of 
biodiversity in tropical forests. Our results indicate that investments in conservation 
of tree diversity in agricultural systems should focus on primary forest sites (Barlow 
et  al., 2007) as well as forest remnants that are still present in the landscape of 
different vegetation types and in different stages of succession (Duncan & Chapman, 
1999; Franklin et  al., 2000; Lindenmayer & Cunningham, 2012), as is common in 
southeastern Brazil. In addition, the forest remnants present in the landscape, 
along with the isolated trees amid the eucalyptus matrix, enhance the landscape 
heterogeneity and the complexity of the plantation that is of paramount importance 
for the maintenance of various taxa of plants and animals in agroforestry landscapes 
(Lindenmayer et al., 2006; Pardini et al., 2009; Lindenmayer & Cunningham, 2012) 
and should be considered for the management of these landscapes.
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Appendix 1 

List of the native tree species distributed between the land use types in the 30 sampled plots on the 
farms. Eucalytus plantation (n = 18), pasture (n = 4), cerrado s.s. (n = 2), cerradão (n = 2) and semi-
deciduous seasonal forest (n = 4).

Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

Agavaceae

-Cordilyne terminalis Kunth. 0 0 0 0 7

Anacardiaceae

-Lithraea molleoides (Vell.) Engl. 0 0 0 0 27

-Tapirira guianensis Aubl. 0 13 17 106 293

-Schinus terebenthifolius Raddi 0 0 0 1 20

Annonaceae

-Annona cacans Warm. 0 0 2 0 0

-Annona coriacea Mart. 5 2 1 0 0

-Annona crassiflora Mart. 0 0 2 1 0

-Guatteria nigrescens Mart. 0 0 0 5 6

-Rollinia silvatica (St. Hil.) Mart. 0 0 0 0 1

-Xylopia brasiliensis Spreng. 0 0 0 77

Apocynaceae

-Aspidosperma australe M. Arg. 0 0 0 2 9

-Aspidosperma subincanum Mart. 0 0 0 0 1

-Aspdosperma tomentosum Mart. 2 0 2 0 0

-Peschiera fuchsiaefolia Miers. 0 0 0 0 12

Aquifoliaceae

-Ilex cerasifolia Reiss. 0 0 0 1 1

-Ilex dumosa Reissek 0 0 1 0 0

Araliaceae

-Aralia warmingiana (Marchal) J. Wen 0 0 0 0 7

-Schefflera morototoni (Aubl.) 
Maguire, Steyerm. & Frodin

0 0 0 3 0

-Schefflera vinosa (Cham. & Schltdl.) 
Frodin & Fiaschi

0 0 7 0 0

Arecaceae

-Geonoma brevispatha Barb. Rodr. 0 0 0 1 0

-Syagrus romanzoffiana (Cham.) 
Glassm.

0 0 0 0 8
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Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

Asteraceae 

-Dasyphyllum brasiliense (Spreng.) 
Cabrera

0 0 0 0 8

-Gochnatia polymorpha (Less.) Cabr. 17 7 10 2 47

-Vernonia discolor (Spreng.) Less. 0 0 1 2 0

-Vernonia polyanthes Less. 0 0 0 1 8

Bignoniaceae

-Adenocalymma dusenii Kraenzl. 2 0 0 3 44

-Arrabidaea triplinervia (Mart. ex DC.) 
Baill. ex Bureau

2 0 0 2 78

-Jacaranda micrantha Cham. 0 0 0 0 1

-Tabebuia alba (Cham.) Sandw. 2 1 1 12 0

-Tabebuia heptaphylla (Vell.) Toledo 0 0 0 0 2

Boraginaceae

-Cordia ecalyculata Vell. 0 0 0 0 3

-Cordia trichotoma (Vell.) Arrab. ex 
Steud.

0 0 10 3 0

-Cordia sellowiana Cham. 1 0 0 0 81

-Cordia superba Cham. 0 0 0 0 1

-Patagonula americana L. 1 0 0 0 20

Burseraceae

-Protium heptaphyllum (Aubl.) 
Marchand

0 0 0 0 5

Calophyllaceae

-Kielmeyera coriacea Mart. & Zucc. 0 0 1 3 0

Caryocaraceae

-Caryocar brasiliensis Camb. 6 3 6 0 0

Cecropiaceae

-Cecropia pachystachya Trec. 0 0 0 1 49

Celastraceae

-Austroplenckia populnea (Reiss.) 
Lund.

2 1 22 61 0

-Maytenus robusta Reiss. 0 0 0 11 13

Clusiaceae

-Clusia criuva Cambess. 0 0 0 1 2
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Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

-Garcinia gardneriana (Planch. & 
Triana) Zappi 

0 0 0 0 10

Combretaceae

-Terminalia brasiliensis Mart. 1 0 0 2 16

Dilleniaceae

-Davilla elliptica A. St.-Hil. 30 0 0 0 0

Euphorbiaceae

-Actinostemon concolor (Spreng.) 
Müll. Arg.

0 0 0 1 0

-Alchornea triplinervia (Spreng.) M. 
Arg.

3 0 2 33 9

-Croton floribundus Spreng. 0 0 1 8 93

-Sapium glandulatum (Vell.) Pax 0 0 0 0 1

-Sebastiania brasiliensis Spreng. 0 0 0 1 0

-Sebastiania commersoniana (Baill.) 
Smith & Downs.

0 0 0 1 21

Erythroxylaceae

-Erythroxylum deciduum A. St.-Hil. 0 1 5 1 0

Fabaceae

-Acacia sp. Mill. 0 0 0 0 1

-Acosmium subelegans (Mohlenbr.) 
Yakovlev

18 45 128 0 1

-Albizia hassleri (Chodat) Burkart 0 0 0 0 63

-Anadenanthera falcata (Benth.) 
Speg.

36 3 137 0 0

-Andira fraxinifolia Benth. 0 0 0 5 2

-Andira legalis (Vell.) Toledo 2 3 0 0 0

-Bauhinia bongardii Steud. 3 0 0 0 23

-Bauhinia forficata Link 0 0 0 0 48

-Bauhinia rufa Graham 0 0 5 1 0

-Caesalpinia ferrea Mart. ex Tul. 0 3 0 0 0

-Cassia ferruginea (Schrad.) Schrad. 
ex DC.

0 0 0 0 1

-Centrolobium tomentosum Guillemin 
ex Benth.

0 0 0 0 1

-Copaifera langsdorffii Desf. 4 2 34 100 3

-Dalbergia frutescens (Vell.) Britton 0 0 0 3 23
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Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

-Dalbergia miscolobium Benth. 12 0 80 0 0

-Dalbergia villosa Benth. 0 0 0 0 14

-Dimorphandra mollis Benth. 2 4 63 0 1

-Enterolobium contortisiliquum (Vell.) 
Morong.

0 0 0 0 9

-Enterolobium gummiferum (Mart.) 
Macbride

0 0 2 0 0

-Inga marginata Kunth 0 0 0 0 3

-Inga uruguensis Hook & Arn. 0 0 0 0 1

-Lonchocarpus muehlbergianus 
Hassl.

0 0 0 0 76

-Machaerium aculeatum Raddi 0 0 0 1 1

-Machaerium acutifolium Vog. 0 0 47 2 0

-Machaerium brasiliense Vog. 0 0 1 8 7

-Macherium hirtum (Vell.) Stellfeld 0 0 0 0 5

-Macherium nyctitans (Vell.) Benth. 0 0 0 0 5

-Macherium stipitatum (DC.) Vog. 7 0 0 38 14

-Macherium villosum Vog. 2 16 2 0 14

-Mimosa bimucronata (DC.) Kuntze 0 0 0 0 6

-Parapiptadenia rigida (Benth.) 
Brenan

0 0 1 0 53

-Peltophorum dubium (Spreng.) Taub. 0 0 0 2 0

-Piptadenia gonoacantha (Mart.) J.F. 
Macbr.

1 0 0 0 35

-Pithecolobium inculare (Vell.) Benth. 0 0 0 0 1

-Plathymenia reticulata Benth. 0 0 0 0 1

-Platypodium elegans Vog. 1 1 4 1 16

-Pterocarpus violaceus Vogel 0 0 0 0 2

-Stryphnodendron adstringens 
(Mart.) Coville

6 6 28 0 0

Lamiaceae

-Aegiphila sellowiana Cham. 7 5 0 0 8

-Vitex polygama Cham. 1 0 0 0 0

-Vitex montevidensis Cham. 0 0 0 0 15

Lauraceae

-Endlicheria paniculata (Spreng.) J.F. 
Macbr.

0 0 0 1 2



 Appendix 1    107

Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

-Nectandra cissiflora Ness 0 0 0 0 10

-Nectandra grandiflora Nees 1 0 0 11 3

-Nectandra lanceolata Nees 0 0 0 1 14

-Nectandra megapotamica (Spreng.) 
Mez

0 0 1 3 89

-Ocotea corymbosa (Meissn.) Mez 1 1 44 34 0

-Ocotea pulchella Mart. 6 1 73 7 0

-Persea venosa Ness & Mart. ex Ness 0 0 0 0 1

-Persea pyrifolia (D. Don) Spreng. 1 1 0 21 4

Lecythidaceae

-Cariniana estrellensis (Raddi) Kuntze 0 0 0 0 6

Lythraceae

-Lafoensia pacari A. St.-Hil 2 1 0 0 0

Loganiaceae

-Strychnos pseudoquina St. Hill. 0 0 0 2 0

Malpighiaceae

-Byrsonima lancifolia Kunth 0 0 0 1 0

Malvaceae

-Chorisia speciosa St. Hill. 0 0 0 2 1

-Eriotheca gracilipes (K. Schum.) A. 
Robyns

0 0 50 0 0

-Luehea divaricata Mart. 0 0 0 0 44

-Pseudobombax grandiflorum (Cav.) 
A. Rob.

0 0 0 0 1

Melastomataceae

-Miconia chartacea Triana 0 0 0 264 0

-Miconia cinnamomifolia (DC.) Naud. 0 5 2 46 1

-Miconia lepidota Schrank & Mart. 
ex DC.

0 0 0 26 0

-Miconia rubiginosa (Bonpl.) DC. 2 2 4 0 0

-Miconia sellowiana Naudin 0 0 1 8 0

-Miconia theizans (Bonpl.) Cogn. 0 5 93 5 8

-Tibouchina mutabilis Cong. 0 0 1 0 3

Meliaceae

-Cabralea canjerana (Vell.) Mart. 0 0 0 1 10
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Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

-Cedrela fissilis Vell. 0 0 0 0 33

-Guarea macrophylla Vahl 0 0 0 0 3

-Trichilia elegans A. Juss. 0 0 0 0 11

-Trichilia pallida Swartz 0 0 0 0 1

-Trichilia silvatica C. DC. 0 0 0 0 1

Moraceae

-Brosimum glaziovii Taub. 0 0 0 10 0

-Ficus guaranitica Schodat 0 1 0 2 0

-Maclura tinctoria (L.) D. Don ex 
Steud.

0 0 0 0 2

-Sorocea bonplandii (Baill.) W.C. 
Burger, Lanj. & Wess. Boer

0 0 0 0 1

Myrsinaceae 

-Rapanea ferruginea (Ruiz et Pav.) 
Mez

1 1 4 17 43

-Rapanea guianensis Aubl. 0 0 0 0 1

-Rapanea umbellata (Mart ex DC.) 
Mez

1 8 105 70 157

Myrtaceae

-Calyptranthes concinna DC. 0 0 0 2 0

-Calyptranthes clusiifolia (Miq.) O. 
Berg

0 0 1 140 0

-Campomanesia guaviroba (DC.) 
Kiaersk

0 0 0 65 16

-Campomanesia guazumifolia 
(Cambess.) O. Berg

0 0 0 0 1

-Campomanesia xanthocarpha Berg 0 0 1 1 156

-Eugenia sp. L. 0 0 2 0 0

-Eugenia brasiliensis Lam. 0 0 0 66 2

-Eugenia dodoneaefolia Camb. 0 0 0 0 2

-Eugenia involucrata DC. 0 0 0 0 16

-Eugenia pyriformis Camb. 0 0 0 2 1

-Eugenia ramboi D. Legrand 1 0 0 0 2

-Eugenia uniflora L. 8 1 0 0 12

-Hexachlamys edulis (O. Berg) Kausel 
& D. Legrand 

0 0 0 0 26

-Myrcia sp. DC. 0 0 0 0 1
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Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

-Myrcia bella Cambess 5 82 145 5 0

-Myrcia crassifolia (Miq.) Kiaersk 0 0 1 0 0

-Myrcia fallax (Rich.) DC. 0 0 43 66 3

-Myrcia floribunda Miq. 0 0 0 0 2

-Myrcia langsdorffii O. Berg 0 0 0 0 1

-Myrcia lingua (O. Berg.) Mattos & D. 
Legrand

0 15 7 0 0

-Myrciaria tenella (DC.) O. Berg 0 0 2 0 0

-Plinia rivularis (Cambess.) Rotman 0 0 0 1 1

-Psidium guajava L. 0 2 0 0 11

-Psidium myrtodes O. Berg 0 1 0 0 0

-Psidium rufum DC. 0 0 0 0 28

Nyctaginaceae

-Bougainvillea glabra Choisy 0 0 0 0 3

Ochnaceae

-Ouratea spectabilis (Mart.) Engl. 1 8 150 0 0

Opiliaceae

-Agonandra macedoi Toledo 0 0 0 0 3

Peraceae

-Pera glabrata (Schott) Baill. 1 50 188 102 17

Pinaceae

-Pinus elliotti Engelm. 0 1 61 0 0

Phytolaccaceae

-Gallesia integrifolia (Spreng.) Harms 0 0 0 1 2

Polygonaceae

-Coccoloba mollis Casar. 0 0 0 0 16

-Coccoloba rosea Meisn. 0 0 0 0 22

-Ruprechtia laxiflora Meisn. 0 0 0 0 1

-Triplaris brasiliana Cham. 0 0 0 0 2

Proteaceae

-Roupala brasiliensis Klotz. 0 7 29 1 1

Rhamnaceae

-Colubrina glandulosa Perkins 0 0 0 0 1

-Rhamnidium elaeocarpum Reissek 0 1 0 0 0
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Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

Rosaceae

-Prunus sellowii Koehne 0 0 0 0 18

Rubiaceae

-Amaioua guianensis Aubl. 0 0 0 173 2

-Chomelia obtusa Cham. & Schltdl. 0 0 0 1 6

-Faramea cyanea Müll. Arg. 0 0 0 0 1

-Genipa americana L. 0 0 0 0 3

-Randia armata (Sw.) DC. 0 0 0 0 1

-Rudgea jasminioides (Cham.) Müll. 
Arg.

0 0 0 0 6

-Tocoyena formosa (Cham. & Schltdl.) 
K. Schum.

0 0 1 0 0

Rutaceae

-Citrus limonum Risso 0 0 0 0 2

-Esenbeckia febrifuga (A. St. Hil.) A. 
Juss. ex Mart.

0 0 0 0 4

-Metrodorea nigra A. St.-Hil. 0 0 0 0 1

-Zanthoxylum rhoifolium Lam. 1 2 0 0 16

-Zanthoxylum riedelianum Engl. 2 0 0 0 8

Salicaceae

-Casearia sylvestris Sw. 3 0 1 0 165

Sapindaceae

-Allophyllus edulis (St. Hil.) Radlk. 0 0 0 7 65

-Cupania vernalis Camb. 0 0 0 10 75

-Matayba elaeagnoides Radlk. 1 0 0 0 20

Sapotaceae

-Chrysophyllum marginatum (Hook. 
et Arn.) Radlk.

0 0 0 0 10

Siparunaceae

-Siparuna guianensis Aubl. 0 0 0 41 0

Sterculiaceae

-Guazuma ulmifolia Lam. 0 0 0 0 7

Styraceae

-Styrax camporum Pohl. 0 1 33 4 0

-Styrax pohlii A. DC. 0 1 2 0 0
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Family/Species Native Vegetation

Eucalyptus 
Plantation

Pasture Cerrado 
s.s.

Cerradão Semi-deciduous 
Seasonal Forest

Symplocaceae

-Symplocos pubescens Klotzsch ex 
Benth.

0 0 0 0 21

Thymeliaceae

-Daphnopsis racemosa Griseb. 0 0 0 0 26

Ulmaceae

-Clethra scabra Pers. 0 0 0 0 2

-Trema micrantha (L.) Blume 0 0 0 0 1

Verbenaceae

-Aloysia virgata (Ruiz & Pav.) Juss. 1 0 0 0 5

Vochysiaceae

-Qualea dichotoma (Warm.) Stafl. 3 1 14 3 1

-Qualea grandiflora Mart. 5 2 3 2 0

-Qualea parviflora Mart. 0 0 6 0 0

-Vochysia tucanorum Mart. 1 6 5 14 2


