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Resumo

Desenvolvimento radicular e crescimento de povoamentos mistos de Eucalyptus urograndis E Acacia
mangium em diferentes tipos de preparo de solo. Espécies arboreas fixadoras de nitrogénio (N) atmosférico,
propiciam inimeros beneficios ao solo. O objetivo deste estudo, foi avaliar o efeito do manejo do solo sobre 0
desenvolvimento das raizes e crescimento das arvores em povoamentos mistos de Eucalyptus urograndis
(Eucalyptus urophylla S. T. Blak e Eucalyptus grandis W. Hill ex Maiden) e Acacia mangium Willd. Foram
estabelecidos em delineamento de blocos casualizados com parcelas subdivididas, submetidas ao cultivo
minimo e cultivo intensivo, povoamento monoespecifico de Eucalyptus urograndis (1) e Acacia mangium (2),
além dessas espécies em consdrcio com 50% da densidade do compartimento composto de cada espécie (3).
Foram mensurados o incremento em didmetro e altura até 49 meses apds instalacdo do experimento e
amostradas raizes finas (< 2 mm de didmetro) em cinco pontos diferentes em dois conjuntos de arvores por
parcela até 1,0 m de profundidade (0-0,1, 0,1-0,3, 0,3-0,5, 0,5-1,0 m) com auxilio de sonda de aco com 0,045
m de diametro interno. Apos 49 meses, as arvores de E. urograndis apresentaram maior incremento em altura
e didmetro. O tratamento 2 apresentou maior densidade de raizes finas (DRF) em todas as camadas. A
implantagdo dos povoamentos mistos intensificou a DRF de E. urograndis na camada de 0-0,1 m. Somente na
camada 0,1-0,3 m apresentou efeito no desenvolvimento radicular onde se verificou que o cultivo intensivo
aumentou a DRF no tratamento 2. Assim, povoamentos mistos podem ser excelentes alternativa para a
producéo florestal em areas submetidas a processo de degradacéo do solo.

Palavras-chaves: consdrcio, competicdo, leguminosa, raizes finas

Abstract

Atmospheric nitrogen (N)-fixing tree species provide numerous benefits for the soil. The objective of this
study was to evaluate the effect of soil management on root development and growth of trees in mixed stands
of Eucalyptus urograndis (Eucalyptus urophylla S. T. Blak and Eucalyptus grandis W. Hill ex Maiden) and
Acacia mangium Willd. These species were established in a randomized block design with split plots,
subjected to minimum tillage and intensive tillage, monospecific stand of Eucalyptus urograndis (1) and
Acacia mangium (2), in addition to the intercropping of these species with 50% of the density of the
compound compartment of each species (3). Increments in diameter and height were measured up to 49
months after installation of the experiment and fine roots (<2 mm in diameter) were sampled at five different
points in two sets of trees per plot up to 1.0 m depth (0-0.1, 0.1-0.3, 0.3-0.5, 0.5-1.0 m) using a steel probe
with 0.045 m internal diameter. After 49 months, E. urograndis trees showed greater increments in height and
diameter. Treatment 2 showed a higher fine root density (FRD) in all layers. The implementation of mixed
stands intensified the FRD of E. urograndis in the 0-0.1 m layer. Effect on root development was observed
only in the 0.1-0.3 m layer, where intensive tillage increased FRD in treatment 2. Thus, mixed stands can be
an excellent alternative for forest production in areas subjected to soil degradation.

Keywords: intercropping, competition, legume, fine roots

INTRODUCTION

Species of the genus Eucalyptus are the most planted in Brazil, corresponding in 2018 to 72.8% (5.7
million hectares) of the area occupied by forest plantations (IBA, 2019). Characteristics such as fast
growth, high productivity and adaptability to variable soil and climate conditions explain such a high
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proportion of total cultivation in planted forests in Brazil (COSTA et al., 2016).

The fact that eucalyptus is cultivated predominantly in a monospecific system, in extensive areas of
soils with low natural fertility, stimulates the challenge of developing new planting and management
arrangements that promote improvements in soil quality, productivity of the sector and its potential to receive
new investments (SANTOS et al., 2010). Nitrogen (N) availability is often a limiting factor for eucalyptus
growth, which makes it necessary to search for methods that provide additional N contribution, ensuring high
and sustainable production of the stand (LACLAU et al., 2010). In this context, mixed stands with atmospheric
N-fixing tree legumes can provide better nutrient cycling and promote improvements in the quality of soil carbon
stocks (KOUTIKA et al., 2014; SANTOS et al., 2016).

Complementation of niches to obtain light, water and nutrients has been determinant for mixed stands
of Eucalyptus and Acacia mangium to achieve greater biomass accumulation than monoculture plantations
(BOUILLET et al., 2013; SANTOS et al., 2016). According to Forrester (2014), interactions of facilitation and
competitive reduction among tree species are more evident in sites with low initial availability of nutrients,
provided that the interactions between the species contribute to an increase in the availability, acquisition and
efficiency of the use of these resources. From this information, it is of great importance to choose the species,
especially planning how they will be distributed in the field, in order to reduce competition and favor the
facilitation between species (BOUILLET et al., 2013; SANTOS et al., 2016). Thus, it is also important to know
the characteristics of the distribution of aerial growth and to evaluate the root interaction between species, since
it is through the root system that water, and nutrients are absorbed.

Fine roots play a key role in capturing and transporting water and the nutrients needed for plant growth
(FORT et al., 2017). However, there are few studies on production and growth patterns and their response to the
availability of soil resources, especially for tropical forests (LIMA et al., 2010). In this context, the objective of
this study was to evaluate the effect of soil management on root development and growth of trees in mixed
stands of Eucalyptus urograndis (Eucalyptus urophylla S. T. Blak and Eucalyptus grandis W. Hill ex Maiden)
and Acacia mangium Willd. Thus, our hypotheses are that (1) A. mangium benefits E. urograndis in the
intercropping in relation to its growth, when there is better exploration by its root system, and (2) that in areas of
intensive tillage, the intercropping between the two species promotes better results than those obtained with
minimum tillage.

MATERIAL AND METHODS

Study area and experimental design

The experiment was conducted in the Experimental field of Embrapa Agrobiology (22°44'25"S and
43°40'16"W), in the municipality of Seropédica-RJ, Brazil, in an area that had been fallow for more than 15
years. According to Koppen’s classification, the climate is Aw, characterized by rainy summers and dry winters,
with average rainfall of 1,275 mm, average monthly temperature of 23.7 °C and average annual relative humidity
of 69.3% (ALONSO et al., 2015).

The relief is predominantly gently undulating (<5% of slope), and the soil is classified as Planossolo
Haplico (Albaqualf) according to the Brazilian Soil Classification System (EMBRAPA, 2018), characterized by
the presence of sandy surface horizon and planic B subsurface horizon, with clayey texture with influence of the
water table at lower points of the toposequence. Table 1 shows the characterization of soil fertility and texture in
the area at the time of installation of the experiment (2009).

Tabela 1. Caracterizagdo da fertilidade e textura do solo nas camadas de 0-0,1 e 0,1-0,2 m, coletadas na area
experimental em 20009.

Table 1. Soil fertility and texture characterization in the layers of 0-0.1 and 0.1-0.2 m, sampled in the
experimental area in 2009.

Layer pH Ca*? Mg  AI' H+Al K P ocC Sand Silt  Clay
m HO0 - cmol; dm?®---------- mg dm g kg!

0-0.1 4.87 0.46 0.69 0.13 2.47 35 0.28 3.64 865 72 63
0.1-0.2 4.95 0.26 0.60 0.22 2.59 27  0.37 2.71 859 74 67

pH in H,0; Ca*?, Mg*, AlI**: extracted with 1 mol L™ KCI; H+AI: extracted with C4H;O,Ca at pH 7; K and P: extracted with Mehlich 1. OC:
organic carbon. Values represent the mean levels obtained from four samples in each layer, representing the area covered by the
experimental plots. Source: Santos et al. (2016).

Three treatments of E. urograndis and A. mangium (Table 2) were subjected to two different
managements, called minimum tillage and intensive tillage. For this, the study consisted of four randomized
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blocks (36 x 105 m) in two split plots (18 x 105 m). In the minimum tillage, subsoiling was performed in the
planting rows and the area was tilled up to 0.3 m deep. In the intensive tillage, 12 successive passes of a plow,
followed by a plowing harrow, were performed with intervals of 3 to 4 days, until about 20 days before planting
the seedlings.

Table 2. Composition, density of Eucalyptus urograndis (E) and Acacia mangium (A) trees and spacing used in
the treatments allocated to the subplots of the different types of soil management.

Tabela 2. Composicdo, densidade de arvores de Eucalyptus urograndis (E) e Acacia mangium (A) e
espagamentos usados nos tratamentos alocados nas subparcelas dos diferentes tipos de manejo do

solo.

N° Treatment Composition Density Spacing (m)
1 O0A:100E Monospecific of Eucalyptus urograndis 100% E 3x3

2 100A:0E Monospecific of Acacia mangium 100% A 3x3

3 50A:50E Acacia mangium x Eucalyptus urograndis 50 % A + 50 % E 3x3

The subplots had 42 trees in total (density of 1111 trees ha™). In treatment 3, the planting of E.
urograndis and A. mangium was alternated. To avoid the edge effect (Figure 2) and the possible influence of
neighboring plots, an area corresponding to the 16 central plants was established as the usable plot, disregarding
two rows of plants along the perimeter of each plot.

Determination of height, diameter and fine roots

The increment in tree height was determined on five occasions (8, 12, 21, 30 and 49 months after the
experiment was installed, using the vertex hypsometer. Diameter at breast height (DBH) was measured from the
21st month after installation (DBH >0.2 m), using a diameter tape.

To determine the distribution of live fine roots (< 2 mm diameter) in the soil profile, evaluations were
performed in each plot at five points between four trees, in four layers up to 1 m deep (0-0.1, 0.1-0.3, 0.3-0.5,
0.5-1.0 m) using a steel probe with 0.045 m internal diameter and 1 m length, with a volume of approximately
1.6 dm?.

The soil samples were sent to the laboratory and washed in running water on a 0.5-mm-mesh sieve to
remove soil. All the organic material found was stored in bottles containing 70% alcohol solution for fixation
and subsequent separation of live roots (JOHANSEN, 1940). After washing and storing the samples, only the
live fine roots of A. mangium and E. urograndis were separated using tweezers and a white tray. Dead roots
(brittle and with opaque color) and other impurities were discarded during separation.

The separation of the dead and living roots of A. mangium and E. urograndis was performed visually,
considering morphological characteristics, color, flexibility and amount of bifurcations. According to Silva et al.
(2009), eucalyptus roots have a greater amount of bifurcations than legume roots and a light brown color, while
A. mangium roots showed light yellow color, almost translucent. To identify the roots of the different species,
the roots present in the monospecific stands (1 and 2) were first identified in order to observe the characteristics
of the roots of each species, for subsequent separation in the mixed stand (3).

After separation, the roots were dried at 60 °C until reaching constant mass and weighed on analytical
scale (accuracy of 0.0001g). Fine root density (FRD) was calculated considering the mass of roots in relation to
the sample volume obtained at each depth.

Statistical analysis

The data set was tested for homogeneity of variances (Bartlett’s test) and normal distribution (Shapiro-
Wilk test). After the assumptions were met, F test was carried out between the treatments in each layer. When
significant differences were observed, the treatments and forms of soil management were compared by Tukey
test at 5% significance level. R software was used for statistical analysis.

RESULTS

Shoot growth

Homogeneity of variances and normal distribution of data were observed. For height, under intensive
tillage (Figure 1B), a significant difference can be observed from 30 days on, when E. urograndis trees
regardless of the treatment had higher values than A. mangium trees. However, in the mixed stand (3), E.
urograndis trees showed higher growth compared to the monospecific stand (1). For minimum tillage
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(Figure 1A), a significant difference can be observed only at 49 months, when E. urograndis trees in treatments
1 and 3 showed similar growth, but with values higher than those of A. mangium trees.
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Figure 1. Shoot growth; with height represented by A and B and diameter at breast height (DBH) represented by
C and D; of trees in different treatments. 1 and 2 for pure stands of Eucalyptus urograndis and Acacia
mangium, respectively, and 3 for mixed stands; for 8, 12, 21, 30 and 49 months of age. * represents
significant difference (p <0.05) and ™ represents absence of significant difference (p <0.05).

Figura 1. Crescimento da parte aérea; sendo a altura representada por A e B e didmetro altura do peito (DAP) por
C e D; das arvores nos diferentes tratamentos. 1 e 2 para povoamentos puros de Eucalyptus
urograndis e Acacia mangium respectivamente, 3 para povoamentos mistos; para 8, 12, 21, 30 e 49
meses de idade. * representa diferenca significativa (p<0,05) e ™ representa auséncia de diferenca
significativa (p<0,05).

Regarding DBH, in the first two measurements (21 and 30 months), A. mangium trees (treatment 2 and
3) had significantly higher values. However, at the end of the experiment there was no significant difference
between the species under minimum tillage. Thus, A. mangium trees grew similarly to E. urograndis trees in
both pure and mixed treatments (Figure 1C). Under intensive tillage (Figure 1D), A. mangium trees showed
higher values than E. urograndis trees only at 21 months. At the end of the experiment, E. urograndis trees
(from treatment 3) showed a greater increment in DBH.

When comparing the different types of management, A. mangium trees showed no alterations
in the height and diameter growth patterns between treatments. On the contrary, E. urograndis showed the

FLORESTA, Curitiba, PR, v. 51, n. 1, p. 001 -009, jan/mar 2021.

Cabreira, G. V. et.al. 4
ISSN eletronico 1982-4688

DOI: 10.5380/rf.v51 i1. 59866



greatest increment in height and diameter in the mixed stand (3) under intensive tillage.

Vertical distribution of fine roots
In the 0-0.1 m layer, there was higher FRD for both types of soil tillage (Figure 2). However, only in the

0.1-0.3 m layer there was a significant difference between the types of soil tillage, where intensive tillage
showed the highest means (Figure 2A).
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Figure 2. Fine root density in each treatment for each layer under minimum tillage (A) and intensive tillage (B).
* represents significant difference (p <0.05) and ™ represents absence of significant difference (p
<0.05).

Figura 2. Densidade de raizes finas em cada tratamento para cada camada para cultivo minimo (A) e intensivo

(B). * representa diferenca significativa (p<0,05) e ™ representa auséncia de diferenga significativa (p<0,05).

As a function of the treatments, only in the 0.5-1.0 m layer there was no significant difference for the
types of management. For the other depths, the monospecific stands of A. mangium (2) had the highest results
(Figure 2), while the lowest values of FRD were verified in E. urograndis plants in both pure (1) and mixed (3)
stands in all layers evaluated.

By comparing the effects of the type of treatment performed on each species, it was possible to observe
that, for A. mangium, the values were higher in the 0-0.1 m layer. In the mixed stand, the values of density
remained higher in the 0-0.1 m layer, but there was an increase in root density in deeper layers, especially in the
0.2-0.5 m layer under minimum tillage. For E. urograndis in the mixed stand, root density was intensified in the
0-0.1 m layer, which can be justified by the presence of A. mangium in the system.

When analyzing the effect of management on the treatment in the 0.1-0.5 m layer, to evaluate the
occurrence of a statistically significant difference at this depth, it was possible to observe higher FRD for A.
mangium in monospecific treatments under intensive tillage (Figure 3).
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Figure 3. Fine root density in each treatment for the 0.1-0.3 m layer comparing the minimum tillage and
intensive tillage. * represents significant difference (p <0.05) and ™ represents absence of significant
difference (p <0.05).

Figura 3. Densidade de raizes finas em cada tratamento para a camada de 0,1-0,3 m comparando os cultivos
minimo e intensivo. * representa diferenga significativa (p<0,05) e ™ representa auséncia de diferenca
significativa (p<0,05).

DISCUSSION

Shoot growth

In the initial phase of planting of the stands, the low N supply due to the soil class (Planossolo -
Albaqualf) of the site and low litter supply limited the growth of E. urograndis in both height and DBH. Santos
et al. (2017) demonstrated that, in sandy soil and under mixed stands, litter decomposition is accelerated due to
the synergy that its residues add to the process. After 49 months, litter mineralization processes and direct
transfer from E. urograndis roots to Acacia mangium allowed significant amounts of biologically fixed N to
become available to eucalyptus (PAULA et al., 2015). In addition, the progressive increment in the DBH of E.
urograndis in treatment 3 may have occurred due to the spacing between E. urograndis trees, which may have
facilitated the acquisition of resources (i.e., water, light and nutrients) (SANTOS et al., 2016). In studies
conducted by Coelho et al. (2007), results similar to those of this study were found. However, Silva et al. (2009)
found higher values of height of A. mangium when compared to E. grandis since the first months after planting.
This pattern can be justified by its adaptation to local edaphoclimatic characteristics with rainy summers and
high temperatures; for being an aggressive and competitive species in growth, after finding better development
conditions, Acacia mangium was able to grow together with Eucalyptus urograndis. Bouillet et al. (2008)
explain that the greater fixation of N by the legumes occurs in the initial phase of growth in mixed stands, which
also justifies its rapid growth.

Regarding soil tillage, Jorge et al. (2012) stated that it is the activity that most influences the physical
behavior of the soil, because it acts directly on its structure, porosity and density. This statement may justify the
results obtained in the present study, since the successive operations of plowing and harrowing in the intensive
tillage may have increased soil porosity, favoring water infiltration, also enabling a better development of roots.

In a study carried out by Vieira et al. (2011), the growth in diameter of E. urograndis and Acacia
mearnsii, both at six and 18 months of age, did not differ significantly between treatments. Silva et al. (2009)
verified that the basal area of A. mangium in the monospecific stand was similar to that of E. grandis
also in monospecific stand at 12 months after planting. Santos et al. (2016) highlighted that the intercropped E.
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urograndis was favored by the greater supply of N from A. mangium.

The success of many mixed stands has been attributed in part to the complementarity of niches to obtain
light, water and nutrients (BOUILLET et al., 2013; SANTOS et al., 2016). With better growth conditions for
both species, the possibility of positive interactions is higher, partly due to the better conditions for N fixation
(COELHO et al., 2007). For Vezzani et al. (2001), the growth response may also be a consequence of other
factors that interact in the treatment with intercropping, which reduce competition and/or facilitate development.
One of the factors that may have contributed to this growth response is the conformation of the treetops. A.
mangium probably allowed better exploration of space by E. urograndis, favoring the production of leaves and
branches. With a larger photosynthetic area, there is better utilization of solar radiation by E. urograndis in
intercropping.

In the initial phase, there is higher interspecific competition and, after this phase, intraspecific
competition prevails, becoming more severe when the planting spacing is denser or under greater scarcity of
growth factors (COELHO et al., 2007). Vezzani et al. (2001) also observed that the amount of wood in cubic
meters, obtained in the intercropping, was identical to that of pure Eucalyptus stands. With this, it is possible to
note the great potential of implementing intercropped stands in areas that have undergone an intense exploitation
process.

It is observed that in treatment 3, due to intra- and interspecific competition, the growth of the species
was lower than that obtained in the monospecific treatment. This result has also been observed by Coelho et al.
(2007) and Silva et al. (2009) in different experiments with E. grandis and A. mangium.

Vertical distribution of fine roots

The highest values of FRD in the 0-0.1 m layer confirmed data reported in the literature. In general, the
biomass of fine roots decreases exponentially from the surface to the deepest layers of the soil in different forest
biomes, mainly due to the greater availability of water and nutrients in the surface layers of the soil profile
(FINER et al., 2011). This pattern explains the higher intensity of fine roots up to 30 cm deep (BAUHUS et al.,
2000; COELHO et al., 2007) and the importance of trees in concentrating the growth of fine roots in the surface
layer, due to their greater effectiveness and efficiency in nutrient acquisition. At greater depths, the values tended
to decrease until they were no longer significant.

In the 0.1-0.3 m layer, intensive tillage led to better results. The same pattern was observed by Coelho
et al. (2007) in studies that considered the density of fine roots of E. grandis. These authors verified that the
variations only occurred in the 0.1-0.3 m layer in the different treatments. In this layer of soil, Bauhus et al.
(2000) found more than 80% of the total length of roots analyzed. In the 0.5-1.0 m layer, the means of the
treatments were considered similar, due to the tendency of the root density in the deeper layers to become
progressively lower. Silva et al. (2009) in a similar experiment located in the municipality of Itatinga, Sdo Paulo,
on a hillside top, with soil classified as medium-textured Latossolo Vermelho-Amarelo Distréfico (Oxisol),
verified the same situation in which the difference between the FRD of A. mangium was significant when
compared to that of E. grandis in the surface layer of the soil.

The different growth rates of the stands and the root density obtained in the layers of 0-0.1, 0.1-0.3 and
0.3-0.5 m can be attributed to the great activity of fine roots due to the greater availability of soil nutrients and to
the biogeochemical cycling processes through the deposition and mineralization of litter in the surface layers,
which are richer in organic matter (GONCALVES; CARLYLE, 1994). Therefore, this pattern indicates that the
difference of treatments in these three layers can be justified by the greater intra- and interspecific competition
for better development conditions. According to Vezzani et al. (2001), in mixed stands, from the initial phase to
the formation of the canopy, there is a competition for resources (water, light and nutrients) between the legume
and the species in question.

Regarding the means of FRD for each treatment in each layer, Silva et al. (2009) observed different
results. These authors verified that A. mangium in the monospecific treatment showed lower values of FRD until
18 months after planting, characterizing slow root growth. This pattern shows the low ability of A. magnum to
compete for water and nutrients with E. grandis at that site. Data presented by Coelho et al. (2007), obtained in
the same experimental station, also showed lower growth of the aerial part and root system of A. mangium
compared to E. grandis. Part of this lower relative development of A. mangium compared to E. grandis was
attributed by the authors to the dry and cold period that occurs between May and September at that location.

As the soil of the site had low fertility, A. mangium needed to produce higher FRD aiming at greater
nutrient uptake. However, the local climatic factors with high temperatures and precipitation in the summer
enabled better development, so root density was intensified. In addition, due to the extremely sandy texture, and
thus low capacity to retain water and bases, there was greater losses of nutrients, causing the species to
deepen its roots and increase their production.
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When mixed planting was introduced, the values of FRD remained higher in the 0-0.1 m layer, but there
was an increase in the values in the deeper layers, especially at 0.3-0.5 m under minimum tillage, which is
considered by Silva et al. (2009) a consequence of the competition and dominance of E. urograndis, causing A.
mangium to distribute its fine roots to greater depths. According to Vezzani et al. (2001), there is greater
accumulation of nutrients in the surface layers, resulting from the deposition of plant material with higher
content of available nitrogen.

Studying the nutritional aspects of pure and mixed stands of Eucalyptus saligna and Acacia mearnsii,
Vezzani et al. (2001) highlighted that treatments with the presence of A. mearnsii had higher organic matter
content, both in surface and in the deepest layers of the soil. Such increase in organic matter is mainly due to the
greater addition of residues and/or the higher speed of litter decomposition due to its lower carbon/nitrogen
(C/N) ratio. As a consequence, there is greater exposure of the soil, because of the intensive activities, causing
nutrients to become available faster due to the increase in mineralization rates, which resulted in this
development of A. mearnsii. Also in their studies, these authors verified that the residues containing A. mearnsii
released greater amounts of nitrogen; in addition, the plant material of the treatment with E. urograndis in
monoculture had a much higher C/N ratio than the litter composition of the mixed treatment, making the
decomposition the residues difficult. The lower C/N ratio favors a faster decomposition of organic material
compared to the treatment with pure eucalyptus. This favors greater loss of carbon and release of nutrients.
Consequently, there is a greater accumulation of nutrients in comparison to E. urograndis in monoculture, in the
first centimeters of the soil, increasing the availability of nutrients where fine roots are located. Together with
this, the greater number of plowing and harrowing operations intensified the mineralization of litter, since the
soil was more exposed to climatic conditions that favor the decomposition process.

CONCLUSIONS

e Introduction of A. mangium favored the growth in height and diameter of E. urograndis, and the stratification
of the root system of both species with mixed stand indicates that they can occupy different niches of root
exploration in the soil horizons, thus evidencing success for this intercropping.

e The use of mixed stands of E. urograndis with legume forest species can be an excellent alternative for forest
production in areas subjected to intense degradation process (intensive tillage).
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