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ABSTRACT

The aim of this study was to evaluate the effect of vegetation on soil microbial activity during
spontaneous restoration and the effect of remaining eucalypts on the restoration stage of reserve
ranges installed in eucalypt plantations. The studied areas were in the following stages: initial
restoration stage with and without remaining eucalypts; advanced restoration stage with and
without remaining eucalypts. Areas of Cerrado, native forest and commercial eucalypt plantation
(Eucalypts) were evaluated for reference. Principal component analysis detected the following
groups: 1- Cerrado and areas in initial restoration stage with or without eucalypts and areas
in advanced restoration stage without eucalypts; 2- areas in advanced restoration stage with
eucalypts; 3- native forest; 4- Eucalypts. The restoration areas are at intermediate stage of recovery,
slightly superior to the advanced stage. Basal respiration, organic and microbial soil carbon
and microbial and metabolic quotients were more similar to those observed in Cerrado than in
eucalypt cultivation areas and little influence of the remaining eucalypts plants was observed.

Keywords: reclamation degraded areas, evaluation of soil quality, revegetation.
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1. INTRODUCTION

The expansion of eucalypt plantations has caused
legal reserve in many properties to become isolated areas
amongst vast eucalypt stands. This has led to the need
to adopt technical measures to enhance connectivity
between the remaining fragments in such properties.
One of these techniques is the implementation of
ecological corridors. These aim to use ranges from areas
previously planted with eucalyptus to form corridors
through natural regeneration, where remaining
eucalypt trees function as living perches, significantly
contributing to the spontaneous restoration of the area.

Spontaneous restoration has often been adopted in
the above mentioned recovering areas mainly because
this is a lower-cost procedure (Souza et al., 2012) and
because it promotes restoration based on arrival of
native species while maintaining the integration with
the surrounding landscape of croplands.

Assessment of environmental recovery stage
is important because they aid to decide whether
measures to improve the speed and, or degree of
restoration should be adopted. However, there is
little information about the evolution of spontaneous
restoration stages in ecological corridors installed
in Alto Vale do Jequitinhonha, and about the effect
of the remaining eucalypt plants on the process of
restoration. Shrub and tree floristic composition and
structure in this area has been studied and there are
indicatives that restoration has taken place, and some
eucalypt remaining stands promote greater diversity
of plants (Aratjo et al., 2014).

As soil is an important component to plant
growth, responsible for water and nutrient supply, the
conservation or improvement of its quality is vital for
the sustainability of ecosystems. Thus, the evaluation
of soil quality has been proposed as an integrated
indicator of environmental characteristics and ecosystem
sustainability (Aradjo et al., 2012). In general, most
indicators recommended for evaluation of soil quality
in terms of use and management are those that respond
to environmental changes and that are subject to change
at short- and medium-term (Pezarico et al., 2013).
The analysis of microbial indicators of soil quality is
relevant to obtain information on the performance of
soil key functions such as the potential to cycle and

store nutrients (Aragjo et al., 2012; Duan et al., 2015;
Zhang et al., 2015; Hu et al., 2016).

Microbial indicators have frequently been
suggested to be more sensitive to impacts caused by
soil management than physical or chemical indicators
(Yusuf et al., 2009; Frazio et al., 2010; Kaschuk et al.,
2011; Paz-Ferreiro & Fu, 2016; Santos et al., 2016).

The high sensitivity of microbiological indicators
can be of great importance to the early assessment of
possible effects of the management adopted over soil
quality, and consequently over the sustainability of
the ecosystem. Thus, the aim of the present study was
to evaluate the effect of cover crops on soil microbial
activity during spontaneous restoration and evaluate
the effect of remaining eucalypts on restoration in
reserve ranges in Alto Vale do Jequitinhonha, in
Minas Gerais.

2. MATERIAL AND METHODS

2.1. Area characterization

The study was carried out in 2004 in areas of
the Aperam Bioenergia Ltda. company located on
plateaus (“chapadas”) of Alto Vale do Jequitinhonha,
in Itamarandiba, Capelinha, Turmalina and Minas
Novas in the State of Minas Gerais. The area has a flat,
slightly undulated relief and is traditionally used for
forestry since the 1970s.

The climate in the region is tropical with dry
winter, Aw type according to Koppen’s classification.
The precipitation in the region is 1,445 mm on average,
with 260 mm in December, the rainiest month, and
no rain events in the month of September. Rains are
concentrated in the months of January through April,
and then November and December and the lowest
means of precipitation happen in the months from
May through September. Soils in the study areas are
classified as Red Yellow Latosols, except for one type
of soil in the plots studied in Cerrado, which is Red
Latosol. However, both are typical dystrophic clayey
soils and have similar physical, chemical, mineralogical
and morphological attributes (Bispo et al., 2011).

The original biome in the study areas was Cerrado,
with exception of the forest area that is a Seasonal
Semideciduous Forest observed in sites with drained
relief and greater moisture.
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2.2. Experimental design and treatments

The experiment consisted in a completely randomized
7x2 factorial design with treatments arranged in
seven cover crops, and two soil layers, from 0 to 5 cm
(0-5layer) and from 5 to 20 cm (5-20 layer) deep, with
four replications. The cover crops were: initial restoration
in successional stage of less than three years with and
without remaining eucalypts; advanced restoration in
successional stage of more than three years with and
without remaining eucalypts and, three controls: areas
of Cerrado - tropical savanna (Cerrado), Seasonal
Semi-deciduous Forest (Forest) and commercial
eucalypt plantation (Eucalypt). The experimental unit
consisted of a 400 m? plot.

2.3. Experiment installation and execution

Plots in restoration areas were marked in sites
(width 200 m) of spontaneous revegetation between
eucalypt plantations (width 2000 m). Plot areas had
been previously used for eucalypt cultivation. The last
eucalypt harvest in areas of initial restoration occurred
in 2001. In order to establish treatments without
remaining eucalypts, the remaining plants were cut
down and manually removed along with 20 m of
border in January 2004, repeating this procedure
when necessary. All plots were marked in January
2004. In the case of plots in advanced restoration
areas with remaining trees, eucalypt had been
harvested for the last time in 1998 and, in the case
of advanced restoration areas without eucalypt trees,
the remaining plants were mechanically removed in
1998. Control plots were marked in a commercial
plantation of Eucalyptus urophylla, replanted in 2000.
The Forest and Cerrado control plots were marked
in undisturbed areas.

2.4. Sampling

Soil samples were collected in two seasons: August
2004, the end of the dry season, and December 2004,
the beginning of the rainy season.

In each plot, ten soil sub-samples were randomly
collected from the 0-5 and 5-20 cm deep layers,
homogenized to form a composite sample, packaged
in plastic bags and transported in thermal boxes to
the Soil Microbiology Laboratory of the UFVJM
(Universidade Federal dos Vales do Jequitinhonha

e Mucuri) in Diamantina, where they were sieved
(2 mm) to remove organic residues and roots. Then,
samples were stored at 4°C until microbial analyses.

2.5. Laboratory analysis

Moisture and maximum water holding capacity
(MWHC) were determined as proposed by Monteiro
& Frighetto (2000). Soil basal respiration (R
estimated as proposed by Alef & Nannipieri (1995).

basa]) was
Microbial biomass content (C_ ) was determined
using the method of fumigation and incubation
described by Jenkinson & Powlson (1976). The C
was determined by the difference between the CO,

mic

released from fumigated and non-fumigated samples,
using the correction factor (Kc) 0.45 (Joergensen,
1995). The metabolic quotient (qCO,) was determined
by the ratio between R, and C_, (Anderson &
Domsch, 1993), expressed in ug CO, ug C _ ' day .
Soil organic C content (C_ ) was determined according
to Walkley & Black (1934), and the microbial
quotient (QMIC) calculated to determine the C___

percentage of C_ .

2.6. Statistical analysis

Results from different seasons were separately
submitted to analysis of variance. Comparisons through
orthogonal contrasts between means at 5% error were
carried out in order to compare restoration areas with
controls (Cerrado and Eucalypt), to evaluate the effect
of the remaining eucalypts and the advancement of
spontaneous recovery. The Forest control was not
included in orthogonal contrasts due to limited number
of possible orthogonal contrasts, so that they would
meet the main goals and also because the original
biome in restoration areas were Cerrado. Thus, the
Dunnett test at 5% was used to compare the Forest
with each of the other areas.

Principal Component analysis was employed to
assess the correlations between the different types of
vegetation and physical and microbial characteristics
(MWHC, moisture,R,_,C_.,qCO,, Corg and gMIC)
evaluated in the 0-5 cm layer of soil and in the
two seasons (Valentin, 2000). The purpose of this
analysis was to determine whether the various types
of vegetation could be separated based on measured

soil characteristics.
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3. RESULTS

In the dry season (August), orthogonal contrast
analysis of soil characteristics showed differences only
for contrasts between areas under restoration and
Cerrado and Eucalypt control areas (Table 1). Areas
under restoration presented lower moisture, MWHC,
C,,, and greater gMIC (Tables 2 and 3). This was also

Table 1. Contrasts calculated with means for moisture, maximum water holding capacity (MWHC), organic C (C

evident in the mean test in relation to the Forest control
(Tables 2 and 3). In the 0-5 cm layer soil, the mean
Cmg content in restoration areas was 40% lower than
in Cerrado, three times lower than the Eucalypt area,
and 4.5 times lower than the Forest (Table 3). In the
5-20 layer, the lower C_content was only observed
in relation to the Eucalypt and Forest areas (Table 3).

Also in the dry season, usually in the two soil layers,

)

or

and microbial quotient (QMIC) at the end of the dry season. C__is presented for the two soil layers evaluated while
other characteristics are presented as the mean of the two soil layers.

Contrast"

Restoration areas vs Cerrado

Restoration areas vs Eucalypt

Advanced restoration vs initial

Remaining eucalypts in restoration areas

Remaining eucalypts in initial restoration areas
Remanescentes de eucalipto na regeneragao avangada

Moisture MWHC —C‘“g— gqMIC
0-5cm  5-20 cm

-145* -426* -130** -35 2.86**
-167** -507** -381** -114* 2.74%*

-36 -57 -10 -4 0.38

27 -17 -2 1 0.2
21 71 1 0 0.15
6 -89 -3 1 0.05

*=significantat 5%;** =signifcantat 1%; 1/Restorationareasvs Cerrado=(IRWE+IROE+ ARWE+AROE-4Cerrado); Restorationareas
vsEucalypt=(IRWE+IROE+ARWE+AROE - 4Eucalipt); Advancedrestorationvsinitial(ARWE+ AROE - IRWE - IROE); Remaining
eucalypts in restoration areas = (IRWE + ARWE - IROE - AROE); Remaining eucalypts in initial restoration areas = (IRWE - IROE);
Remaining eucalypts in advanced restoration areas = (ARWE - AROE); on that IRWE = Initial restoration with eucalypts;
IROE = Initial restoration without eucalypts; ARWE = Advanced restoration with eucalypts; AROE = Advanced restoration without

eucalypts.

Table 2. Soil moisture and maximum water holding capacity evaluated in two soil layers, 0-5 and 5-20 cm deep,
and in two seasons in reserve ranges at different stages of restoration and management, plus the Eucalypt, Cerrado

and Forest controls.

Vegetal cover

Eucalypts 2529
Initial restoration with eucalypts 239
Initial restoration without eucalypts 208
Advanced restoration with eucalypts 204
Advanced restoration without eucalypts 191
Cerrado 249
Forest 300
Means 235
Eucalypts 1200
Initial restoration with eucalypts 1130
Initial restoration without eucalypts 1023
Advanced restoration with eucalypts 962
Advanced restoration without eucalypts 1110
Cerrado 1165
Forest 1247
Means 1119

Dry season Rainy season

5-20 Means 5-20 Means
Moisture, g kg™

248 250* 247 266 257*
216 228* 262 288 275*
206 207* 261 307 284*
200 202* 278 294 286*
202 196* 160 242 201*
240 245* 266 283 275*
252 276 362 331 346
223 262 287
938 1069* 1518 1375 1447*
853 992* 1528 1311 1420*
818 921* 1343 1376 1360*
806 884* 1443 1334 1389*
835 973* 1187 1068 1128*
932 1049* 1482 1550 1516*
935 1091 1857 1339 1598
874 1480 1336

1/For the same season, the means followed by * differ from Forest control by Dunnett test at 5%.
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Table 3. Soil organic C, basal respiration, microbial biomass C, metabolic quotient and microbial quotient evaluated
in two soil layers, 0-5 and 5-20 cm deep, and in two seasons in reserve ranges at different stages of spontaneous
restoration and management, plus the Eucalypt, Cerrado and Forest controls.

Dry season Rainy season

Vegetal cover 5-20 Means 0-5 5-20 Means
Eucalypts 143*Y 64 103 121% 36 79
Initial restoration with eucalypts 51* 36* 43 92* 29 61
Initial restoration without eucalypts 50% 36* 43 50* 30 40
Advanced restoration with eucalypts 44* 35% 39 50% 34 42
Advanced restoration without eucalypts 47* 34 40 45* 29 37
Cerrado 80* 44* 62 73* 32 53
Forest 215 88 152 156 49 103
Means 90 48 69 84 34 59
Eucalypts 5.44 23 3.33 4.08 1.59 2.84
Initial restoration with eucalypts 4.54 1.91 3.23 4.85 0.88 2.86
Initial restoration without eucalypts 4.78 1.24 3.01 4.29 0.69 2.49
Advanced restoration with eucalypts 3.47 1.03 2.25 2.06* 0.72 1.39
Advanced restoration without eucalypts 4.84 0.59 2.72 3.92 0.99 2.46
Cerrado 5.04 1.90 3.47 1.79* 1.70 1.74
Forest 441 1.36 2.88 3.85 2.02 294
Means 4.65 1.32 3.55 1.23

Soil microbial biomass C (C_, ),

Eucalypts 533 521 527 280" 121 220
Initial restoration with eucalypts 778 485 631 343* 210 303
Initial restoration without eucalypts 529 512 521 605* 206 445
Advanced restoration with eucalypts 554 657 606 799* 413 665
Advanced restoration without eucalypts 573 625 599 504* 438 517
Cerrado 650 327 489 735* 211 519
Forest 955 459 707 2148 382 1388
Means 653 512 773 283
Eucalypts 0.27 0.06 0.16 0.56 0.30 0.43*
Initial restoration with eucalypts 0.18 0.10 0.14 0.37 0.09 0.23
Initial restoration without eucalypts 0.23 0.06 0.14 0.15 0.15 0.15
Advanced restoration with eucalypts 0.15 0.04 0.09 0.08 0.05 0.06
Advanced restoration without eucalypts 0.21 0.02 0.11 0.17 0.05 0.11
Cerrado 0.20 0.13 0.17 0.05 0.21 0.13
Forest 0.13 0.07 0.10 0.04 0.12 0.08
Means 0.20 0.07 0.20 0.14
Eucalypts 0.37 1.22 0.79 0.22 0.39 0.31*
Initial restoration with eucalypts 1.57 1.35 1.46* 0.38 0.71 0.55
Initial restoration without eucalypts 1.08 1.54 1.31* 1.19 0.68 0.94
Advanced restoration with eucalypts 1.31 1.89 1.60* 1.67 1.25 1.46
Advanced restoration without eucalypts 1.22 1.88 1.55% 1.14 1.54 1.34
Cerrado 0.79 0.74 0.76 1.02 0.62 0.82
Forest 0.44 0.53 0.49 1.46 0.91 1.18
Means 0.97 1.31 1.14 1.01 0.87 0.94

1/For the same season and layers of soil, the means followed by * differ from Forest control by Dunnett test at 5%.
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the Forest area had greater moisture, MWHCand C_
than Eucalypt and Cerrado controls (Tables 2 and 3).

During the rainy season (December), all studied
characteristics were influenced by the type of vegetation
cover (Table 4). In restoration areas, characteristics did
not differ from Cerrado (p <0.05), except for the R,
in the 0-5 layer, which was 111% higher, on average, in
restoration areas than in Cerrado (Table 3). Restoration
areas had greater C__(101% - at 0-5 layer) and qMIC
(246% - mean of the two layers) means and lower qCO,
(213% - mean of the two layers) and C org (51% - in
the 0-5 layer) than the Eucalypt area (Tables 3 and 4).
All restoration areas and Eucalypt and Cerrado controls
had lower moisture, MWHC, Corg and C_,_than the
Forest, and the last two factors occurred only in the
0-5cm layer (Tables 3 and 4). The R, in the advanced
restoration area with eucalypts and Cerrado were also
lower than the Forest control (Table 3).

Still in the rainy season, contrast analysis showed
that areas in advanced restoration stage had lower
R,,. (35% - in the 0-5 layer), lower COrg (33% - in the
0-5layer), greater C__(105% - in the 5-20 layer) and
greater gMIC (47% - mean of the two layers) than the
initial restoration stage (Tables 3 and 4). Restoration
areas with remaining eucalypts presented greater
moisture (22%) and COrg (33%) in the 0-5 cm layer
(Tables 3 and 4) than areas without remaining eucalypts.
As for the effect of remaining eucalypts on the initial

restoration, this provided greater C__(46%) also in the
0-5 layer. In advanced restoration areas, the presence
of remaining eucalypts promoted greater moisture
(42% - in the 0-5 layer), greater MWHC (11% - mean
of the two layers) and lower R (14% - mean of the

basal
two layers) (Table 2 and 3).

Four groups were formed in the principal component
analysis according to soil characteristics evaluated in
the different types of vegetation, in the two sampling
seasons and in the 0-5 layer: 1- Cerrado and initial
restoration areas with or without eucalypt and advanced
restoration area without eucalypt; 2- advanced restoration
area with eucalypt; 3- Forest; 4- Eucalypt (Figure 1).

4. DISCUSSION

Moisture, MWHC and C_ were lower in
restoration areas than in Cerrado during the dry
season (Tables 1,2 and 3), as well as greater R, __ in the
0-5 cm layer during the rainy season (Tables 3 and 4).
This indicates that these areas under spontaneous
restoration for at least three years have not reached
the equilibrium state of the original biome, Cerrado.
This was indicated, for example, by the C_ content
that is critical for nutrient cycling and environmental
sustainability, especially in tropical regions where soils
are generally very weathered and unfertile, such as the
Latosols in the studied area. Thelow C | content also

Table 4. Contrasts calculated with the means for moisture, maximum water holding capacity (MWHC), basal

respiration (R ), microbial C (C
in beginning of the rainy season.

mic)

Moisture

Contrast?

, metabolic quotient (qCO,), organic C (C

R C_
MWHC — bl ___“mic___ qCO

) and microbial quotient (QMIC)

org

C
e gMIC

0-5 5-20

5-20 ° 05 5-20

Restoration areas vs Cerrado  -104 -1 -767 7.95%% 352 -690 423 0.03 -56 -6 1.01
Restoration areas vs Eucalypt ~ -28 68 -491 -120  -3.09 1131* 784 -1.17** -249** -21 3.05**
Advanced restoration vs 84 59 263 317t 0.5 354 436* -021 -48* 4  131**
initial

KGR e i 119 34 321  -130 -009 33 -21 003 48 5  -027
restoration areas

Remaining eucalypts in 1 19 60 056 018 -262 4 008 43 0  -0.39
initial restoration areas

Remanescentes de eucalipto oo o) 61 g6 027 295 25 -005 5 5 012

na regeneragao avangada

*=significantat5%;** =signifcantat 1%; 1/ Restorationareasvs Cerrado=(IRWE+IROE + ARWE + AROE -4Cerrado); Restorationareas
vsEucalypt=(IRWE + IROE + ARWE + AROE - 4Eucalipt); Advanced restoration vsinitial (ARWE + AROE - IRWE - IROE); Remaining
eucalypts in restoration areas = (IRWE + ARWE - IROE - AROE); Remaining eucalypts in initial restoration areas = (IRWE - IROE);
Remaining eucalypts in advanced restoration areas = (ARWE - AROE); on that IRWE = Initial restoration with eucalypts;
IROE = Initial restoration without eucalypts; ARWE = Advanced restoration with eucalypts; AROE = Advanced restoration without

eucalypts.
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Figure 1. Ordering diagram of Principal Component Analysis of chemical, physical and microbial soil features
evaluated in the dry and rainy season in the soil layer of 0-5 cm in areas with different vegetation types, where:
IRWE = Initial restoration with eucalypts; IROE = Initial restoration without eucalypts; ARWE = Advanced
restoration with eucalypts; AROE = Advanced restoration without eucalypts; Moisture = soil moisture; C.= soil
microbial biomass C; R, = soil basal respiration; C = soil organic C; qCO2 = soil metabolic quotient; gMIC = soil
microbial quotient; MWHC = maximum water holding capacity.

reflected in low MWHC, since organic material has

the ability to retain large amounts of water.

During the dry period, restoration areas had
greater gMIC, proportion of C__which is composed
by Chic than Cerrado (Tables 1 and 2). This indicates
that these areas have greater proportional fraction of
living organic matter. This fraction is able to recycle
nutrients faster than the rest of the soil organic matter
(Moreira & Siqueira, 2006). This is a response of
management and indicates greater addition of useful
organic residues for microbial growth, since greater
gMIC indicates the existence of better soil conditions
(Yusufetal., 2009; Paz-Ferreiro & Fu, 2016). However,
greater R, observed in regenerating areas in contrast
with Cerrado in the 0-5 cm layer in the rainy season
associated with lower C__ , although not statistically
significant (Tables 3 and 4), indicate that soil microbiota
in restoration areas breathe more per unit of biomass.
This is resulting from some environmental stress in
these areas.

The C,, in the Eucalypt area was greater than
in restoration areas in the two periods evaluated
(Tables 1, 3 and 4) and this may be due to the high
density of plants with rapid growth and subsequent
production of high biomass which is deposited on
the soil surface along with fallen leaves, branches
and roots. This larger C__content, therefore, explains
greater MWHC (Tables 1 and 2). Nevertheless, lower
C,,.and qMIC and greater qCO, observed in Eucalypt
control when compared to restoration areas indicate
lower sustainability in the first, despite the greater C_
content. This is because the soil has smaller absolute
living (C_, ) and relative (QMIC) organic matter fraction
and greater respiration rates per microbial biomass
unit (qCO,) (Tables 1, 3 and 4). High qCO, and low
qMIC demonstrate that the C_is unsuitable for
sustaining great microbial biomass, thus representing
lower environmental sustainability, since C_,_fraction
of the soil, although this represents a small part of
the active fraction of the organic matter responsible
for most of the cycled nutrients (Franzluebbers et al.,
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1999; Paz-Ferreiro & Fu, 2016). The larger metabolic
activity per unit of biomass indicated by high qCO,
promotes the consumption of organic matter in the
soil without its transformation into C_, and indicates
lower environmental sustainability.

In the rainy season, the larger C___(significant only
in the 5-20 layer) and qMIC in advanced restoration
areas, and the lower R, __ in the 0-5 cm layer in initial
restoration areas (Tables 3 and 4), indicate greater
sustainability of the soil environment in the first ones.
The greater C__content in the 0-5 cm layer in initial
restoration areas may be due to fact that these areas
have been cultured for a shorter time and due the
recent harvest process, in which large quantities of
biomass are deposited on the soil surface.

Greater moisture in the 0-5 cm layer in restoration
areas with remaining eucalypts in the rainy season may
be associated with increased shading promoted by the
remaining eucalypts, reducing the incidence of light
and the dryness of the soil. This greater moisture and
greater C (Tables 1, 2, 3 and 4) may have favored the
spontaneous restoration in this area. This was shown by
Aratjo et al. (2014) in his study on floristic composition
and structure of the shrub and tree vegetation in these
areas. These authors observed that the vegetation in
advanced restoration sites with eucalyptus presented
diversity index (Shannon) of 3.38 and equability index of
0.86, while advanced restoration sites without eucalypt
had diversity index of 2.15 and the equability index of
0.59. This highlights the importance of maintaining
eucalypt plants for their perch function and and to
promote spontaneous restoration of these areas.

Thelower R, in advanced restoration areas with
eucalypts for the same microbial biomass (C_, ) than
in restoration areas without eucalypt (Tables 3 and 4),
indicating the superiority of these microbial characteristics
on the recovery of the first areas. This is also confirmed
by the rates observed by Araujo et al. (2014). Thus,
microbial characteristics of the soil confirm the observed
in the vegetation studied, demonstrating the utility of
such tool for the evaluation of soil quality and recovery
stage of degraded areas.

Moisture, MWHC, C_ and C_ of the Forest soil
were different from all the other areas (Table 2 and 3)
and they are consistent with the phytosociological
characteristics of such environments (Aratjo et al.,
2014). These results were confirmed by the Principal

Component analysis (Figure 1), where these soil
characteristics were also seen to contribute much for
explaining the singularization of the Forest area in a
distinct group (Figure 1). Among the factors that explain
the greater C___in the Forest are possible the greater
soil organic matter, soil moisture, dense surface litter
layer, besides the quantity and quality of crop residues
returned to the soil, as the floristic composition of these
areas is very diversified. The qMIC also contributed to
highlight the advanced restoration area with remaining
eucalypt (Figure 1).

The qCO,and R, were the most significant indexes
separating Eucalypt control from other areas (Figure 1).
Lower qCO, allows the identification of soils that provide
best conditions for biomass to efficiently transform
carbon into energy and new cellular components
(Silva et al., 2010, Paz-Ferreiro & Fu, 2016), which,
according to the theory of “bioenergetic development
of ecosystems” (Odum, 1969), are present in little
disturbed or stressed environments. In general, low qCO,
indicates energetic economy and supposedly reflects
a more stable environment, closer to the equilibrium
state. This is the case of areas with native vegetation.
On the other hand, high values indicate ecosystems
subjected to some stress or disturbance (Anderson &
Domsch, 1993; Moreira & Siqueira, 2006; Paz-Ferreiro
& Fu, 2016). The high qCO, observed in the Eucalypt
control area (Tables 3 and 4) reflect greater losses of C
per unit of microbial biomass due to respiration process
uncoupled with energy production and conservation
process, showing a condition of stress or disorder (Islam
& Weil, 2000), that is, an imbalanced environment.
The qCO, can be considered appropriate indicators
of progressive maturation studies of the soil system
(Anderson & Domsch, 1993).

The highly different soil characteristics found between
restoration areas, particularly in the 0-5 cm layer and
in the period of high soil moisture (Table 1 and 4),
suggest that the recovery stage of degraded areas
indicated by soil microbial characteristics are more
sensitive in the upper layers and in the rainy season.
This can be explained probably by the fact that the
effect of plant waste disposal in the soil is perceived
more rapidly in the surface layer and because the
conditions for growth and soil microbial activity are
favored by higher soil moisture, which enhances the
effect of other characteristics such as availability energy
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and nutrients. Soil moisture has a fundamental role in
bacterial growth in the soil.

The Principal Components analysis (Figure 1)
confirms that natural regeneration of areas intended
for ecological corridors happens within three years.
Areas in initial restoration stage with or without
remaining eucalypts and in advanced restoration
stage without remaining eucalypts were similar to
the Cerrado control. The potential that soil microbial
characteristics have of detecting soil changes more
promptly than physical-chemical characteristics, when
comparing areas at different stages of restoration, has
been also observed by other authors (Frazao et al,
2010; Kaschuk et al., 2011).

Restoration areas are in more advanced stages of
recovery than the Eucalypt control, but they have not
yet reached the equilibruim of the Cerrado control.
However, the results show that spontaneous recovery
has been effective to change microbial soil attributes
towards those found in Cerrado. The monitoring
of these developments is important for guiding
companies that implement ecological corridors to
assess the efficiency of the practices adopted as well
as the need for interventions. In this sense, the results
of the present study show the remaining eucalypts in
areas under initial restoration have no effect over soil
microbial characteristics. This was also observed in a
concomitant phytosociological study carried out in
these areas (Aragjo et al., 2014). This study showed
that the removal of eucalypts in advanced regeneration
stages promoted reduction of diversity by giving way to
intense colonization by Mimosa gemmulata, a pioneer
species, in addition to possible crop damage caused
to other species. Eucalypt maintenance in advanced
restoration stages resulted in higher diversity and other
phytosociological structural attributes (Aradjo et al.,
2014). Further studies on the effect of the remaining
eucalypt trees in soil characteristics, flora and fauna
should be conducted.

5. CONCLUSIONS

Restoration areas are at intermediate stage of
recovery, slightly superiority to the more advanced
stage, and similar to the soil conditions of Cerrado
and remaining eucalypt plants exert little influence
on such results.

Soil microbial characteristics are efficient to evaluate
the recovery stage of the areas under spontaneous
recovery.
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