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ABSTRACT

To mitigate the impacts of eucalypt monoculture, forestry companies in the
Upper Jequitinhonha Valley (MG) have adopted the insertion of strips of native
vegetation in-between the commercial plantations.  The method used for the
creation of these corridors is to allow spontaneous regrowth of native vegetation
in areas previously under eucalypt.  The objective of this study was to evaluate the
effect of cover crops on microbial and soil properties for a detailed description of
the restoration process of native vegetation in forest soils of the Jequitinhonha
Valley.  The treatments were represented by an initial restoration stage (< 4 years)
with or without remaining eucalypt and the advanced restoration stage (> 4 years)
with or without remaining eucalypt, plus the three controls: commercial eucalypt
plantation, Cerrado vegetation and native forest.  Soil samples were collected for
three consecutive years in the dry and rainy season (August and February,
respectively).  The microbial activity, regardless of the presence of remaining
eucalypt , did not differ among the restoration areas, except for the metabolic
quotient (qCO2) in the rainy season of February 2007.  At this time, this microbial
activity was higher in the advanced restoration stage without eucalypt than initial
restoration without eucalypt and advanced restoration with eucalypt.  The
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restoration areas, in general, did not differ from the control: eucalypt plantation
and Cerrado either.  Compared to the forest, the levels of organic C, microbial C,
basal respiration (Rbasal) and hydrolysis of fluorescein diacetate (FDA) in the
restoration areas were, in general, lower and did not differ in qCO2 and microbial
quotient (qMIC).  In general, the soil quality was similar in the initial and advanced
restoration stages.  Most of the soil and microbial properties in the three years
indicated that the restoration areas were most similar to the Cerrado.  In the
advanced restoration areas without eucalypt compared to Cerrado, the lower Rbasal
in the 3rd year and the lower FDA and qMIC and higher qCO2 in the 2nd year
indicated that the removal of the remaining eucalypt trees was unfavorable for
restoration.

Index terms: spontaneous regrowth, soil quality, degraded areas, microbial biomass,
microbial activity.

RESUMO:        PROPRIEDADES MICROBIANAS E DO SOLO EM ÁREAS EM
RESTAURAÇÃO NO VALE DO JEQUITINHONHA, MINAS
GERAIS

O setor florestal no Alto Vale do Jequitinhonha (MG) tem adotado a criação de faixas com
vegetação nativa entre os seus plantios comerciais, com o objetivo de reduzir os impactos
negativos do monocultivo.  O método utilizado para criação dessas faixas tem sido a restauração
espontânea da vegetação nativa em áreas anteriormente cultivadas com eucalipto.  O objetivo
deste trabalho foi avaliar o efeito de coberturas vegetais sobre propriedades microbianas do
solo, para melhor caracterizar o processo de restauração da vegetação nativa em solos florestais
do Vale do Jequitinhonha, MG.  Os tratamentos foram: restauração inicial (< 4 anos) com ou
sem remanescentes de eucalipto; restauração avançada (> 4 anos) com ou sem remanescentes
de eucalipto; e os controles: plantio comercial de eucalipto, vegetação nativa de Cerrado e de
mata.  As amostras de solo foram coletadas por três anos consecutivos, nos meses de agosto e
fevereiro, representando, respectivamente, o período de estiagem e o de chuvas.  As áreas em
restauração, independentemente da presença de eucalipto remanescentes, não diferiram quanto
a atividade microbiana, exceto para quociente metabólico (qCO2) em fevereiro de 2007 –
período chuvoso.  Nessa época, a atividade microbiana foi maior na restauração avançada
sem eucalipto do que na restauração inicial sem eucalipto e restauração avançada com
eucalipto.  As áreas em restauração, em geral, também não diferiram dos controles: plantio de
eucalipto e Cerrado.  Em relação ao controle mata, as áreas em restauração apresentaram, em
geral, menores teores de C orgânico, C microbiano, respiração basal (Rbasal) e hidrólise do
diacetato de fluoresceína (FDA), não diferindo quanto ao qCO2 e quociente microbiano (qMIC).
Em geral, as restaurações iniciais e avançadas apresentaram qualidade do solo semelhante.
A maioria das propriedades do solo e microbianas, nos três anos avaliados, indicou que as
áreas em restauração mostraram maior semelhança com a área de Cerrado.  Nas áreas em
restauração avançada sem eucalipto, a menor Rbasal no ano 3 e a menor FDA e qMIC e maior
qCO2 no ano 2, em relação ao Cerrado, indicaram que a remoção do eucalipto remanescente
não promoveu a restauração.

Termos de indexação: revegetação espontânea, qualidade de solo, áreas degradadas, biomassa
microbiana, atividade microbiana.

INTRODUCTION

Companies of the forest sector have been
implementing new methods to reduce the negative
impacts of monoculture, resulting in the insertion of
areas with native vegetation in-between commercial
plantations.  In addition to the reduction of the
impacts, these areas serve as ecological corridors,
contributing to the maintenance of biodiversity and

as seed pools for the revegetation of degraded or
cultivated areas.  The method used to create these areas
in the Upper Jequitinhonha valley (MG) is the spontaneous
regrowth of native vegetation in areas of previous
eucalypt cultivation, where the presence of remaining
eucalypt trees is common.  Studies have demonstrated
that spontaneous restoration is appropriate to regain
the sustainability of previously cultivated areas
(Behera & Sahani, 2003; Nappo et al., 2004).
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In this way, vegetation can recover from
disturbances if secondary forest is allowed to grow in
open areas where plant species naturally replace each
other while ecological conditions are improved.  These
changes go on, until a well-structured and stable
community is established (Martins, 2001).  As there
is no information about spontaneous vegetation
restoration on forest soil in the Upper Jequitinhonha
valley, appropriate ecological indicators are required
that reflect the disturbance degree in ecosystems and
the stage of the restoration process.  Moreover, the
analysis of microbial and biochemical indicators of
soil quality is needed to obtain relevant information
about soil functions and their performance in nutrient
recycling and storage.

Since microorganisms act direct or indirectly on
organic matter decomposition and on promotion and
maintenance of several soil properties, some
characteristics of soil microbial communities have been
used as ecological indicators of ecosystem disturbances
and plant cover restoration (Gama-Rodrigues et al.,
2008; Yusuf et al., 2009).  Microbial biomass is
considered one of the most sensitive and effective
indicators because it is directly influenced by biotic
and abiotic factors.  However, it is sensitive to system
changes (Gama-Rodrigues et al., 2005).

In former coal mining areas in India, the C and N
contents in the microbial biomass effectively
distinguished areas after 20 years of spontaneous soil
restoration from natural forests; the microbial
biomass of the restoration area was 50 % lower than
of the forest (Srivastava et al., 1989).  In a restoring
seasonal deciduous forest in China, C of microbial
biomass increased during the ecological sequence as
follows: soil without vegetation < herbaceous
vegetation < shrub vegetation < tree vegetation (Wei
et al., 2008). The author concluded that microbial
biomass C was one of the main soil quality properties
in the spontaneous restoration process and that the
quality was gradually approaching climax vegetation.
These results confirm the efficiency of this indicator
for soil quality evaluations.

Soil microbial and biochemical properties such as
the metabolic quotient (qCO2) (ratio basal respiration:
microbial C) and microbial quotient (qMIC) (ratio
microbial C: organic C) are also cited in the literature
as efficient properties to evaluate soil quality.  Lower
qCO2 values indicate that the soil microbial biomass
is more efficient in using C and energy (Wardle &
Ghani, 1995), which is more common in environments
with lower levels of disturbance or stress.  Organic
matter quality is indicated by qMIC.

These microbial properties were applied in a study
to evaluate the dissimilarity between plant cover and
acacia, “sabiá”, or between eucalypt and pasture or
“capoeira”, in which microbial proved more efficient
in discriminating areas than microbial properties and
these in turn more than chemical properties (Gama-
Rodrigues et al., 2008).

So far, there is no information about the stage of
spontaneous revegetation evolution in the Upper
Jequitinhonha valley, Minas Gerais.  The purpose of
this study was to evaluate the effects of plant cover
types on microbial and soil properties, for a better
characterization of the vegetation restoration process
on forest soils in the Jequitinhonha valley.

MATERIAL AND METHODS

Study area
This study was carried out in areas of the company

ArcelorMittal Energética Jequitinhonha Ltda, located
on plateaus (“chapadas”) of the Upper Jequitinhonha
valley, 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.  Predominant soils are
Red-Yellow Latosol and Red Latosol, both typical
dystrophic and clayey (Ferreira et al., 2010).  The
regional climate is Aw (Köppen classification), i.e,
tropical with dry winters; the mean annual rainfall
was 1050 mm (2005–2008), lowest annual mean
672 mm in 2007 and highest 1250 mm in 2006,
recorded at the company’s weather station.  The
rainiest period is observed from November to March
and lowest rainfall from May to August.

The original biome in the experimental areas is
Cerrado, with the exception of the native forest control
area, bordered by seasonal semideciduous forest.
Native forest or seasonal semideciduous forest was
observed in areas with drained relief and higher
moisture.  In the restoration areas, the predominant
Cerrado plant species were Banisteriopsis sp.,
Bowdichia virgilioides, Cabralea canjerana, Caryocar
brasiliense, Chamaecrista sp., Dalbergia miscolobium,
Enterolobium gummiferum, Eriotheca gracilipes,
Heteropterys byrsonimifolia, Kielmeyera lathrophytum,
Miconia pohliana, Mimosa gemullata, Mimosa
pithecolobioides, Ocotea aciphylla, Piptocarpa sp., Pouteria
ramiflora, and Stryphnodendron adstringens.

Treatments and experimental design

On the selected areas, four different restoration
stages were studied: (1) initial restoration, after less
than 4 years, with remaining eucalypt (T1); (2) initial
restoration, similar to treatment 1, without remaining
eucalypt (T2); (3) advanced restoration, vegetation
regrowth for more than four years, with remaining
eucalypt (T3); (4) advanced restoration, vegetation
similar to treatment 3, without remaining eucalypt
(T4); and controls: (5) native Cerrado vegetation; (6)
native forest vegetation; (7) commercial eucalypt
plantation.

The experiment was installed in a completely
randomized design in a hierarchical classification,
where treatments were represented by seven plant
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covers, with four replications and each experimental
unit consisted of a 400 m2 plot.

Experiment installation and conduction
Treatment plots in restoration were marked in

areas (width 200 m) of spontaneous revegetation in-
between eucalypt plantations (width 2000 m).  The
plot areas had been used for eucalypt cultivation before.
The last eucalypt harvest in treatments of initial
restoration had occurred in 2001.  However, to
establish treatments without remaining eucalypt,
remaining eucalypt was cut and manually removed
together with 20 m of border in January 2004,
repeating cutting when necessary.  All plots were
marked in January 2004.  On the plots in advanced
restoration stage with remaining trees, eucalypt had
last been harvested in 1998 and, for the treatment in
advanced restoration without eucalypt, the remaining
trees were mechanically removed in 1998.  Control
plots were marked in a commercial plantation of
Eucalyptus urophylla, changed /replanted ? in 2000.
Forest and Cerrado control plots were marked in
undisturbed areas.

Sampling
Properties were evaluated in soil samples of two

seasons (August-dry and February- rainy), in three
consecutive years, as follows: first year - August/2005
and February/2006; second year - August/2006 and
February/2007; and third year - August/2007 and
February/2008.

Ten soil sub-samples were randomly collected from
the 0–5 cm layer, 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 sub-samples were stored at
4 ºC until microbial analyses and the others taken to
the UFVJM Soil Laboratory to determine physical and
chemical properties (Table 1).

Laboratory analysis

Soil moisture and maximum water holding
capacity (MWHC) were determined as proposed by
Monteiro & Frighetto (2000).  Flurescein diacetate
hydrolysis (FDA) by soil microorganisms was
evaluated according to Embrapa (2000).  Soil basal
respiration (Rbasal) was estimated based on CO2
released from four sub-samples (20 g) taken from each
composite sample (moisture content 60 % of MWHC).
The samples were sealed in a 1 L pot with 10 mL of
0.3 mol L-1 KOH and titrated after three days with
0.1 mol L-1 HCl (Alef, 1995).  Soil microbial biomass
C (Cmic) was determined by fumigation and incubation,
as described by Jenkinson & Powlson (1976).

From each soil sample, eight sub-samples (20 g)
were incubated at 25 °C for 10 days in 15 mL of
0.3 mol L-1 KOH.  The other four were fumigated with
25 mL of alcohol-free chloroform for 24 h in vacuum
desiccators.  Then chloroform was extracted in three
successive aspirations and the material incubated as
described for the non-fumigated samples.  After
incubation, 0.3 mol L-1 KOH was titrated, as described
for Rbasal.  The quantity of Cmic was determined by
the difference between CO2 released from fumigated
and non-fumigated samples, using the correction
factor (Kc) of 0.45 (Joergensen, 1995).

The metabolic quotient (qCO2) was determined by
the ratio between Rbasal and Cmic (Anderson & Domsch,
1993), expressed in µg CO2 µg Cmic-1 day-1.

Soil organic C content (Corg) was determined
according to Walkley & Black, (1944) and the
microbial quotient (qMIC) calculated to determine the
Cmic percentage of Corg.

Statistical analysis

Annual results were submitted, separately, to
variance analysis and means were compared by the
Tukey test at 5 %.

Table 1. Means of pH values, available P, K,  exchangeable Al; and Mg, Ca, H + Al, sum of bases, effective CEC,
CEC at pH 7.0, Al saturation, soil base saturation in different restoration and management stages, and
controls: eucalypt plantation, Cerrado and native forest in soil sampled from the 0–5 cm layer

pH in water- ratio 1:2.5; P and K: Mehlich-1 Extractant; Ca2+, Mg2+ and Al3+: KCl 1 mol L-1 Extractant; H + Al: Calcium acetate
0.5 mol L-1 Extractant ; Sand, Clay and Silt - pipette method (Embrapa, 1997); SB – Sum of bases; t: effective CEC ; T: CEC at
pH 7.0; m: Al saturation ; V: base saturation.
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RESULTS AND DISCUSSION

In the years 1 and 2, microbial activity measured
by FDA was mainly influenced by the effects of
sampling time (season) and plant cover type.  In the
third year, it was influenced only by sampling time
(Table 2).  However, soil microbial activity in the
restoration areas did not differ between seasons and
was only lower than in Cerrado (32 %) and forest (54 %)
in the years 1 and 2.  These results indicate a recovery
of this property in the studied areas, independent of
remaining eucalypt.

Microbial activity measured by FDA was also
similar in areas reforested with native and with exotic
tree species such as Eucalyptus spp. (Silva et al.,
2004), and in former bauxite mining areas, after one
year of restoration, compared to the reference areas
with tree vegetation (Carneiro et al., 2008).

Rbasal was influenced by the interaction between
season and plant cover in the years 1 and 2, and plant
cover only in the third year (p < 0.05) (Table 2).
However, Rbasal did not differ among restoration areas
in any season or year.  In the restoration areas Rbasal
was equal to eucalypt control in all samples.  However,
in the first year, T1 and T4 areas, and in the second
year T1 area, were not different from native forest,
where Rbasal was higher.  In the third year, higher
Rbasal was observed in Cerrado, with no difference from
T1 and T3 areas.  In the last year, soil Rbasal
demonstrated that areas with remaining eucalypt are
more similar to Cerrado and forest than the plots
without remaining eucalypt.

In general, Rbasal was only influenced by season in
the second year, being higher in the dry (August/2006)
than in the rainy season (December/2006), contrary
to results reported elsewhere (Behera & Sahani, 2003;
Gama-Rodrigues et al., 2005).  Although sampling
occurred in the dry season, it should be mentioned
that the pluviometric mean (156 mm) from March to
April 2006 (pre-sampling period) was higher than in
the other years (71 mm in 2005, 28 mm in 2007 and
88 mm in 2008), in other words, this higher
precipitation could influence the microbial activity in
the dry season of this year.

Higher rainfall may promote higher litter
production, higher organic matter accumulation on
the soil, and consequently, increase in microorganism
activity (Gama-Rodrigues et al., 2005).

During the three years of sampling, Cmic in the
restoration areas did not differ (Table 2).  Higher
contents were found in forest soil, and only in 2008,
forest did not differ from Cerrado which in turn was
equal to the other plant covers.  These results indicate
that the restoration areas are in a stage equivalent to
Cerrado and eucalypt plantation, and that remaining
eucalypt does not influence Cmic.

In restoration areas after bauxite extraction, Cmic
was similar to natural areas after one year (Carneiro

et al., 2008).  This may explain why these areas did
not differ from Cerrado after restoration for at least
four years.  The natural vegetation in these areas
was Cerrado, which may explain why the soil
properties were more similar to Cerrado than to forest.

The similar Cmic contents in soils of eucalypt
plantation, Cerrado and restoration areas may be
explained by the higher plant biomass production, aside
from fertilization, which also favors soil microbiota.

The higher Cmic in forest than in restoration areas
may be because the forest areas in this study are
seasonal semideciduous, i.e., a denser vegetation with
higher plant biomass.  Seasonal semideciduous forests
are located in dissected areas, nearer to water tables
and hydric sources where, in general, soil moisture is
higher, favoring microbial activity.  Other authors
also observed higher Cmic contents in native areas that
were not disturbed by pastures, annual crops (Oliveira
et al., 2001) or eucalypt (Chaer & Tótola, 2007).

In the first year, qCO2 was not influenced by the
plant cover or seasons (Table 2).  In the second year,
in February with higher rainfall, qCO2 was higher in
T4, not different from eucalypt plantation or T1 only.

In the third year, in spite of observing the effect of
vegetation type by variance analysis, the test of means
(p < 0.05) detected no differences among plant cover
types, although the mean qCO2 in forest and eucalypt
plantation (lower qCO2) was around half of the other
areas and 2.4 times lower than in T4 (higher qCO2).
These results indicate that despite the advanced
restoration stage, the soil quality in T4 is poorer than
in the others.  Some authors concluded that the
ecological stability is lower in areas with higher qCO2
(Chaer & Tótola, 2007; Carneiro et al., 2008; Gama-
Rodrigues et al., 2008).

A seasonal effect on qCO2 was only observed in the
second year, being higher in the dry than the rainy
seasons in T1, T2 and T3.  This may explain the
higher Rbasal observed in these areas also in the dry
season of the same year (August 2006) (Table 2).  The
higher qCO2 indicated that the higher Rbasal in these
areas did not correspond exclusively to the higher
microbial biomass but was rather caused by stress in
this period.

Corg was influenced by season in the first two years
and by plant cover type in all three.  However, Corg in
restoration areas did not differ from Cerrado and
eucalypt soils.  During the three years, Corg was higher
in forest, except in the last year, when forest did not
differ from eucalypt areas or T1.  Results are similar
to the ones observed for Cmic in the three years.
Contents were higher in forest, while the other plant
cover types did not differ from each other.  Similar
values of C in humic acid fractions, fulvic acids, light
organic matter and microbial biomass of soil organic
matter were also observed by Pulrolnik et al. (2009)
in an eucalypt plantation in the Jequitinhonha valley
and in Cerrado.
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Table 2. Soil microbial activity by flurescein diacetate hydrolysis (FDA), basal respiration (Rbasal), microbial
biomass C (Cmic), metabolic quotient (qCO2), organic C (Corg) and soil microbial quotient (qMIC) in three
years, under different plant cover and restoration stages in the Upper Jequitinhonha valley, Minas
Gerais

(1) Variables in which ANOVA was significant by the F test at 5 %; to same time, means followed by same letters are not different
by Tukey’s  test at 5 %. Lower case letters compare means in columns. Capital letters compare means in rows T1: Initial
restoration with eucalypt trees; T2: Initial restoration without remaining eucalypt; T3: Advanced restoration with eucalypt trees;
T4: Advanced restoration without remaining eucalypt.
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Regarding seasons, in the first two years Corg was
always higher in the dry seasons.  This could be
because of higher moisture some time before and
consequently higher litter decomposition.  These
results, especially in the second year, may explain
the higher Rbasal.

The plant cover type only influenced qMIC in the
second year (Table 2), similar to Corg.  The restoration
areas did not differ from each other or from controls,
including forest, except in T4, where qMIC was lower
than in Cerrado soil.  This result reinforces the data
of other properties, showing a lower soil equilibrium
in T4 with regard to soil microbial and biochemical
properties.  It indicates that the removal of remaining
eucalypt trees affected results negatively.

The absence of significant differences in qMIC
between Cerrado and T1, T2 and T3, indicates
closeness to the ecological equilibrium in the
vegetation restoration areas.  The lack of difference
between these areas and eucalypt monoculture could
be explained by the fertilization of eucalypt and the
fact that this plantation was seven years old.

In this study, qMIC values varied from 0.31 and
1.64 % (Table 2), close to results reported by Chaer &
Tótola (2007) of soils under different eucalypt
managements and native forest (0.81 to 1.54 %).
However, these values were lower than in agricultural
soils in temperate climate (2–7 %) (Anderson &
Domsch, 1989; Kandeler et al., 1993).  These values
in the Upper Jequitinhonha, and the differences to
soils in areas of temperate climate, are most likely
related to Latosol properties and predominant
vegetation with lower plant biomass and lower density.

All microbial properties studied here and soil Corg
indicated similarity of restoration areas with the
Cerrado biome, except for FDA in the second year.  In
T4, qCO2 and qMIC indicate a less advanced
restoration stage.  This showed that, in general,
remaining eucalypt trees favor restoration in these
areas.  The absence of any negative effect of the
removal of remaining eucalypt in the initial
restoration stage may be because of the shorter
restoration time and the more recent harvest, which
is a process involving the deposition of a great
quantity of plant biomass on the soil.

CONCLUSIONS

1. The soil quality was similar in the initial and
advanced restoration stages, except for qCO2 in the
rainy season in the second year.

2. Most microbial and soil properties, during three
years of evaluation, indicated similarity between
restoration and Cerrado areas.

3. In advanced restoration areas without eucalypt,
the lower Rbasal in the third year, lower FDA and qMIC

and higher qCO2 in the second year than in Cerrado
soil indicated that the removal of remaining eucalypt
trees did not promote restoration.
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