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CHEMICAL AND MICROBIOLOGICAL ATTRIBUTES UNDER DIFFERENT
SOIL COVER

ABSTRACT: A challenge for the environmental recovery of degraded areas is the search
for soil data. In this process, the microbiological parameters and soil chemicals are potential
indicators of soil quality. This study aimed to evaluate soil quality based on microbiological
and chemical soil attributes in different areas involving environmental recovery, sugarcane
cultivation and remnants of native vegetation located in a rural private property farm
in State of Mato Grosso do Sul, Brazil, in Hapludox Eutrophic soil. The microbiological
(microbial biomass carbon, basal respiration, microbial quotient and metabolic quotient)
and chemical parameters (organic matter, carbon, pH, cationic exchange capacity, sum
of bases, potassium, phosphorus, magnesium, calcium, saturation base and potential
acidity) were assessed. Data were assessed by variance and multivariate analysis (Principal
Component Analysis and cluster analysis). Overall, the results showed highest alteration
in the chemical and microbiological characteristics of the soil in sugarcane cultivation area
in comparison with other areas. Considering the studied recovery areas, RECI, REC5
and REC7 show chemical and microbiological conditions with most similarity to native
vegetation. Despite the short period of the resilience enhancement of environmental
recovery areas, the development of vegetation cover and establishment of the microbial
community were determined to be important factors for improving soil quality and
environmental recovery in several of the areas studied.

ATRIBUTOS QUIMICOS E MICROBIOLOGICOS SOB DIFERENTES
COBERTURAS DE SOLO

RESUMO: Um desafio para a recuperacao ambiental de areas degradadas é a busca de
dados de solo. Neste processo, os parametros microbiolégicos e quimica do solo sao
potenciais indicadores de qualidade do solo. Este estudo objetivou avaliar a qualidade do
solo com base em atributos microbiolégicos e quimicos do solo em diferentes areas, em
recuperagao ambiental, cultivo de cana e remanescentes de vegetagao nativa, localizada
em uma fazenda de propriedade privada rural no estado de Mato Grosso do Sul, Brasil,
em solo Haplico Eutréfico. Os parametros microbiolégicos (carbono da biomassa
microbiana, respiracao basal, quociente microbiano e quociente metabdlico) e quimicos
(matéria organica, carbono, pH, capacidade de troca de cations, soma de bases, potassio,
fosforo, magnésio, calcio, saturacio por bases e acidez potencial) foram acessados. Dados
foram avaliados por meio de andlises de variancia e multivariada (analise de agrupamentos
e Analise de Componentes Principais). Em geral, os resultados mostraram maior alteragao
das caracteristicas quimicas e microbiolégicas do solo na area de cultivo de cana em
comparacao com outras areas. Considerando as areas em recuperagao estudadas, RECI,
REC5 e REC7 mostram condicbes quimicas e microbiolégicas com maior semelhanca
com a vegetacao nativa. Apesar do curto periodo do realce de resiliéncia das areas de
recuperacao ambiental, o desenvolvimento da cobertura vegetal e o estabelecimento
da comunidade microbiana foram considerados fatores importantes para a melhoria da
qualidade do solo e recuperacdao ambiental em varias das areas estudadas.
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INTRODUCTION

The balance of chemical-physical properties of soils
in natural ecosystems depends on the complex interactions
with the biotic component. However, the removal of native
vegetation and the implementation of agricultural activities,
when not supported by nutrient management (CARDOSO
et al., 201 1) and appropriate soil conservation practices
(GOMIERO et al., 201 1), are usually associated with loss
of environmental stability with consequent reduction of
soil quality.

The recovery of degraded areas, of both ground
and vegetation, involves a series of actions that initially
seeks to minimize the effects of degradation and,
subsequently
aimed at a fast recovery of the environment. However,
before adopting any mitigating measures, it is of utmost
importance to evaluate the soil attributes.

Soil diagnosis help to understand the degradation
factors, and to define adequate methods to deal with
different conditions, resulting in better planning for
environmental recovery.

The success of environmental recovery
programs cannot be evaluated simply by the rate of
vegetation growth. Equally important are the assessment
and monitoring of different chemical, physical and
microbiological soil properties that are used as indicators

implements corrective methodologies

of quality and/or environmental degradation.

Indicators of soil quality (SQI) are measurable
attributes that influence the soil’s ability to perform its
functions. The measurement of a minimum set of indicators
is required for every ecosystem (ARSHAD; MARTIN, 2002).

The analysis of chemical and microbiological
attributes of soils in restoration areas is important
for evaluating the performance of key functions, such
as nutrient cycling and storage, decomposition of
organic matter and soil stabilization. Such information
on ecosystem quality indicates if the environmental
conditions are suitable for plant growth and development,
as well as for the maintenance of its soil biodiversity
(KARLEN et al., 2003).

The main chemical attributes commonly measured
are cationic exchange capacity (CEC), pH, organic matter,
carbon, potassium, nitrogen and extractable phosphorus
(KARLEN et al., 2003).

Some of the microbiological soil properties are
more sensitive to changes when exposed to different
forms of soil management and treatment and may be
considered the best indicators of soil quality (SOUZA
et al, 2012). Many studies have shown that the
determination of soil biomass enables a faster evaluation
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(GARCIA-ORENES et al., 2013) in comparison to
chemical and physical soil attributes (FRANCHINI et al.,
2007; HUNGRIA et al., 2009; KASCHUK et al., 2010).

Overall, information on changes in microbial
biomass carbon (MBC), basal respiration (C-CO,),
the metabolic quotient (qCO,) and the microbial
quotient (gMIC) may explain ecological processes
of the environment. Understanding the behavior of
microorganisms in the soil helps to assess land use
practices that maintain or improve soil quality over time.
Changes in microbial activity and the composition of soil
microbial communities can directly influence fertility and
plant growth (CRECCHIO et al., 2007).

Considering the influence of vegetation cover on
soil dynamics, chemical and microbiological soil attributes
can be efficient to identify the succession process
in environmental recovery areas. For this purpose,
soil attributes were estimated in three ecosystems
characterized by different soil management aiming to
discuss the soil quality parameters.

MATERIALS AND METHODS

The work was conducted in the municipality
of Rio Brilhante, State of Mato Grosso do Sul
(21°48°'07”S/44°32°47”W). The soil is classified as
Hapludox Eutrophic, and is of clayey texture. According
to the K&ppen classification system, the climate is humid
mesothermal with hot summers and dry winters (Cwa).
The study areas consisted of two sites with remnants of
native vegetation, consisting of a transition zone between
Brazilian Savanna (Cerrado) and Atlantic Forest, which
were adopted as reference areas (identified as NI and
N2), seven adjacent areas in environmental recovery
(identified as REC| to REC7) and a sugarcane cultivation
area (CN).

Environmental recovery areas were established
at the same period, where originally there was a seasonal
forest replaced by pasture (Brachiaria brizantha), which
was used for ten years and thereafter replaced by
sugarcane for two more years. Due to their location
the fragments for restoration were identified as RECI —
REC7 and at the time of data collection the areas were
approximately two years under recovery process. The
soil was covered by exotic grass (Brachiaria brizantha) and
some young native trees (planted during the recovery
intervention and from natural regeneration) belonging
to species: Trema micantha, Acrocomia aculeata, Psidium
cattleianum, Peltophorum dubium, Cecropia pachystachya,
Anadenanthera colubrina, Handroanthus heptaphyllus,
Holocalyx balansae, Solanum paniculatum (LORENZI,
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1992, 1998, 2009), among others. In REC4 natural
regeneration and planting of native tree species was
performed with:  Myracrodruon urundeuva, Schinus
terebinthifolius, Handroanthus avellanedae, Machaerium
stipitatum and Dabergia miscolobium (LORENZI, 1992,
1998, 2009), among others. In the other areas natural
regeneration was applied. In all restoration areas, no
mechanical intervention or fertilizer was used.

The sugarcane (RB86 - 7515) planting was performed
with conventional tillage using harrow plow, one sub soiling at
a0.45 m depth and a leveling harrowing. During the planting
NPK fertilizer (05-15-10) was used, and during the annual
cuts additional applications were done using NPK fertilizer
(30-05-25) in the rows of the crop. The cultivation of
sugarcane ratoon crop operations was carried out between
the rows, to minimize the effects of soil compaction caused
by intensive traffic of machines during the harvest. In the
sampling time (rainy season 2012), the mechanical harvesting
of sugarcane culture was in the fourth cut.

To evaluate the chemical attributes of the soil,
samples were collected from two layers (0-10 cm and
[0-20 cm), with five random replicates for each area and
layer. For evaluation of microbiological attributes of the
soil (microbial biomass — MB), samples were collected at
the 0-10 cm layer, with five replicates per random area.
For both analyses the samples were collected with a
Dutch auger.

The chemical analysis was performed in the
laboratory following the methods described by the
Brazilian Agricultural Research Corporation(EMBRAPA
1997). Based on the results of the analysis, values were
estimated for calcium (Ca?*), magnesium (Mg?*), potassium
(K*), potential acidity (H + Al), sum of bases (SB), base
saturation (V %), cation exchange capacity (CEC), carbon
(C), organic matter (OM), phosphorus (P) and pH (CaCl,).
The carbon from the soil microbial biomass C (MB-C) was
evaluated by the fumigation-extraction method, which is
based on the fact that the carbon of dead microorganisms
by fumigation is released into the soil, where it can be
extracted chemically according to Vance et al. (1987).
The basal respiration (C-CO,) was determined by the
method of fumigation-incubation proposed by Jenkinson
and Powlson (1976). Following the MB-C and C-CO,
analyses, we determined the metabolic quotient (qCO,)
obtained from the ratio C—COZ/ MB-C, and the microbial
quotient (gqMIC) obtained from the ratio MB-C/COT x
100 (ANDERSON; DOMSCH, 1990).

The results of the evaluated attributes were
subjected to ANOVA, with means compared by the Scott
- Knott test at 5 % significance. The results were also
subjected to multivariate analysis (principal component
analysis (PCA) and cluster analysis). PCA was performed
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using the package Vegan (OKSANEN et al., 2006) in the
software platform R (R DEVELOPMENT CORE TEAM,
2012). Data of chemical attributes in the 10-20 cm layer
were subjected to cluster analysis, using the furthest
neighbor method (complete linkage) and Euclidean distance
to describe the similarity between evaluated areas.

Results are presented and discussed separately
for each layer.

RESULTS END DISCUSSION

Soil chemical properties differed between the two
layers in all areas studied (Table 1), except for P content.
The lowest values of pH, Ca?*, Mg?*, sum of base (SB), base
saturation (V%), CEC, OM and C were measured in the
sugarcane cultivation area (CN), in both layers analyzed.

Although the lowest pH values were found in CN
(p < 0.05), all areas had acidic soils. In areas located in the
transition zone between Cerrado (Brazilian’s Savanna)
and Atlantic Forest, Cerrado soils predominate. These
soils are naturally acidic (SILVA et al., 2013) due to the
constitution of the source material and high weathering
processes or to the present vegetative and microbial
population (CASTRO et al., 2008). The low pH values in
these areas are similar to those found by Siqueira Neto
et al. (2009), who studied the chemical properties of soil
under different land uses in the Cerrado.

In CN, the low pH values of both layers studied
may also be related to the intensive use of nitrogen
fertilizers, mainly as ammonium or amide, which
generate H* to be nitrified in the soil (ACHIENG et al.
2010; YANG et al., 2012), favoring soil acidity. The areas
in environmental recovery and with remnants of native
vegetation had significantly higher pH values due to
addition of plant residues and transformation processes
of OM by intense microbial activity, which can provide
higher carbon accumulation in the soil surface (EFFGEN
et al,, 2012). An increase in pH is also associated with a
reduction of organic anions captured by plants, leaving
H* ions (PAVAN et al. 1999), which favor the formation
of H and Al complexes with the compounds of plant
residues, thus providing a higher amount of free Ca?*,
Mg?* and K* ions in the soil (SOUZA et al., 2012).

Soil carbon differed according to the ecosystem
studied, with higher values in the areas with remnant
native vegetation and environmental recovery areas and
lower values in the sugarcane cultivation area. A 33%
and 22% reduction of the carbon content in the 0-10 cm
and 10-20 cm layers, respectively, were measured in CN
and the native vegetation areas.

The highest levels of C and OM found in the soil of
the remaining native vegetation and in the environmental
recovery areas (Table |) may be related to constant
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TABLE | Means of pH, organic matter (OM), carbon (C), phosphorus (P), exchangeable cations (K+, Ca2+ and Mg2+),
potential acidity (H + Al), sum of bases (SB), cation exchange capacity (CEC) and base saturation (V%) for the 0-10
cm and 10- 20 cm layer in areas of environmental recovery, native vegetation and sugarcane cultivation.

Areas pH OM C P K Ca Mg H+Al SB CEC \
(CaCl) g-dm (mg-dm?3) e cmolc-dmP--mmmmemeee o (%)
Layer 0-10 cm
REC | 5.60b 49.18b 28.59b 225a 0.18b 1508a 374 b 449 a 1900a 2349 a 80.76 a
REC 2 5.46b 49.78 b 28.94b 3.03a 046a 1203b 349b 466 a 1598b 2084 ab 7651 b
REC 3 5.50b 44.70 b 2598 ¢ 1.40a 0.12b Il.I12b 363 b 463 a 148 b 1951 b 7623 b
REC 4 5.60 b 44.80 b 26.04 c 229a 0.28b I13Ib 306 b 449 a 1466b 19.16 b 7658b
REC 5 5.48b 5591 a 3251 a 1.46 a 052a 11.76b 397 a 488a 1626b 2l.15ab 7659 b
REC 6 540b 42.80 c 24.88 c 0.95a 027b 92l ¢ 347b 468a 1307 c 17.75c 7360 b
REC 7 5.86a 50.23b 29.20b 1.34a 035b Il.I5b 38 b 364b 1532b 1896 b 80.75a
CN 5.00c 34.47d 20.04d 2.03a 023b 669d 180 c 540a 872 d 1413 d 6184 c
NI 5.50b 51.88b 30.16 b 1.40a 0.7la 1055b 5.1 a 486 a 1638b 2124 ab 7603 b
N2 6.06 a 50.13b 29.14b I.15a 0.77a 13.69a 378 b 320b 1825a 2146 ab 85.06a
Layer 10-20 cm
REC | 542b 42.80a 24.88a 3.17a 0.12b 1333a 284b 480b 1630a 2I.1la 77.15a
REC 2 5.36b 43.20a 25.11a 1.32a 024b 10.05b 272b 494b 13.02b 1797 a 7221 a
REC 3 548 b 4061 b 2361 b I.12a 0.10b Il.Iéb 3.06 a 471 b 1433 a 1904 a 7507 a
REC 4 548 b 40.86 b 23.75b 1.30a 0.19b 106lb 263 b 477b 1344b 1822 a 7382a
REC 5 5.48b 48.83a 28.39a I.162a 0.32b Il.l1éb 351 a 465b 1502a 1967 a 759 a
REC 6 5.34b 40.01 b 23.26 b 0.73a 020b 947 b 332a 475b 1299b 1774 a 73.03 a
REC7 5.80a 4440 a 258l a 0.94a 0.25b 10.73b 357 a 386 c 1456a 1843 a 7899 a
CN 5.14¢ 34.17 ¢ 19.87 ¢ 1.99a 0.19b 675c 18 c 51lb 875c 138 b 6323 b
NI 5.00c 44.15a 25.67 a 0.98a 0.61a 779c 394a 672a 1234b 1906 a 6344 b
N2 598a 4342a 25.26 a 1.96 a 0.72a I1.30b 3.40a 344c 1543 a 1887 a 8l1.67 a
cv 5.13 8.60 8.60 85.38 80.59 14.49 15.35 16.93 13.76 7.99 6.83

Means followed by the same letter and number in columns do not differ statistically (Scott — Knott test, 5% significance). RECI (environmental recovery area ),

REC2 (environmental recovery area 2), REC3 (environmental recovery area 3), REC4 (environmental recovery area 4), REC5 (environmental recovery area 5), REC6

(environmental recovery area 6), REC7 (environmental recovery area 7), CN (sugarcane cultivation area), N| (native vegetation 1) and N2 (native vegetation 2).

deposition of plant residues and decreased disturbance
in these areas, compared to the sugarcane cultivation
area (CN). In the areas of environmental recovery, the
predominance of pioneer species with relatively short
life cycles may have contributed to the continuous
addition of organic residues in the soil. In addition, the
high amount of organic matter found at REC5 may also
be related to the deposit of vegetable residues (litterfall),
favored by its geographical position, which tends to have
considerable ecotone.

The low carbon found in CN is likely related to
low litterfall disposal (data not shown) and the higher
respiration rate (qCO,) of soil organisms, thus leading
to low SOM levels and an increased loss by erosion or
mineralization (PAVAN et al., 1999). This result agrees
with Houghton et al. (1991), who claim that there is a
decline in the stock of organic matter following the
conversion of native forests into agricultural systems.

22

According to these authors, this reduction can be
attributed to increased soil erosion, the more accelerated
processes of mineralization of soil organic matter and
minor amounts of organic inputs in grazed systems
compared to the native forests, where the permanence
of residues in the soil provides aggregation that protect it
from mineralization, thus promoting the increase of soil
OM (SA et al., 2001).

The highest OM found under native vegetation
is in general, associated to litterfall that accumulate
specially under vegetal cover. The OM levels are also
influenced by the soil physical-chemical characteristics,
such as soil structure, moisture holding capacity, diversity
and activity of soil organisms and nutrient availability
(FAO, 2005).On the other hand, different levels of
OM are found according to the phytophysiognomy, for
example, soils under rainforest (Atlantic rainforest),
seasonal forests (Semi-deciduous Mesophytic Forest,
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Deciduous Seasonal Forest and Riparian Forest), have
higher OM levels than savanna’s grassy or woodlands
soils (SKORUPA et al., 2012).

The replacement of native vegetation in the
sugarcane cultivation area and in areas of environmental
recovery did not promote significant changes in the
levels of available phosphorus. This was also observed by
Cardoso et al. (201 1) in an area of grazing land converted
from woody vegetation; by Liu et al. (2002) who studied
the effect of natural forest, grassland, shrub, secondary
forest as forest on soil properties; and by Silva et al. (2009)
who studied the attributes of a Cerrado Oxisol planted
with forest species. According to Gama-Rodrigues et al.
(2008a), the non-variability of P available in soils under
different types of vegetation is associated with the robust
stabilization of this element in highly weathered soils.

On the other hand, exchangeable Ca’>* and Mg?*,
soil organic matter (SOM), sum of bases (SB) and cation
exchange capacity (CEC) were significantly reduced by
the conversion of native vegetation in the sugarcane
cultivation area. The lower levels of Ca>* observed in the
10-20 cm layer of CN and N1 are probably related to the
immobilization of this element in the aero-biomass of the
plant (SIQUEIRA NETO et al., 2009).

The highest levels of CEC were found in the
soil under native vegetation (NI, N2) and in areas of
environmental recovery (RECI, REC2 and REC5), when
compared to the sugarcane cultivation area. However,
the higher content of CEC in NI (10-20 cm) is directly
related to its high potential acidity (6.72 cmol_dm?). This
results in low soil fertility due to the effects of aluminum
in its exchangeable form on the nutrient absorption
by plants. The removal of native vegetation cover for
agricultural purposes led to a decrease in soil CEC in
both layers studied, which can be attributed to changes
in the levels of organic matter and soil exchangeable
cations, as confirmed by Souza et al. (2012).

The high potential acidity, except in REC7 and N2,
may be related to the dissociation of H* of phenolic and
carboxylic groups of organic matter, the leading suppliers
of protons to the soil (EVANS et al., 2012). High potential
acidity in NI could also be related to low levels of Ca?*.
Similar values of potential acidity in a soil under native
vegetation were reported by Carvalho et al. (2007) in
a Cerrado Oxisol after conversion to agricultural land,
and by Carneiro et al. (2009) in a study of soil properties
under different systems of land uses and management of
the Cerrado.

Values of base saturation in the sugarcane
cultivation area were low, because the crop rapidly
extracts nutrients (especially basic cations) from the
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soil for its development. However, despite smaller
V% values in both layers, they were still in the range
considered ideal for cultivation (> 50%) (Cherubina et
al. 2015) which was also true for the other areas studied.
The low V% observed in the soil of NI (10-20 cm layer)
probably is due to the high content of H + Al and low
basic cations.

Microorganisms represent the richest repertoire
in chemistry and molecular diversity in nature, providing
the basis for ecological processes such as biogeochemical
cycles (PANIZZON et al., 2015) and are fundamental for
soil quality because they can alter the physico-chemical
characteristics of the environment, directly participating
in the transformations of nitrogen and phosphorus
(MASSENSSINI et al., 2014).

The microbial biomass (MB) is considered the
most active part of the soil organic matter (HAYNES,
2008; SINGH et al, 2011) and generally comprises
2-4% of total organic carbon (GAMA-RODRIGUES,
1999). Here, lower values indicate carbon losses from
the system. The MB-C content of the soil ranged from
591.54 ug C g' to 133.67 ug-C-g"' in native forests and
sugarcane, respectively (Table 2).

The replacement of native vegetation by sugarcane
cultivation resulted in a reduction of MB-C by 77.4%.
However, converting sugarcane areas into areas of
environmental recovery promoted an increase of MB-C
(51.09%, 53.69%, 60.98%, 59.04%, 64.19%, 69.17%

TABLE 2 Means of carbon microbial biomass of soil (MB-
C), basal respiration (C-CO,), metabolic quotient
(qCO,) and microbial quotient (QMIC) in the 0-10
cm layer measured in the areas of environmental
recovery, native vegetation and sugarcane cultivation.

MB-C c-co, qco, qMIC
Area g Cg' ngi:ll'jsz Ig" M ;—Bngrl‘lgl ! %
REC | 273.3b 240b 409 b 0.7b
REC2 288.7b 29.3b 429b 0.8b
REC3 3426b 30.3b 385b 09b
REC 4 3264 b 26.4b 33.6b 09b
REC 5 3733b 27.7b 31.2b I.la
REC6 433.7a 31.2b 30.0b 1.2a
REC7 286.8b 27.2b 40.1 b I.la
CN 133.7 ¢ 22.5b 141.9 a 0.5b
N | 504.9 a 35.6a 30.2b 1.0a
N2 591.5a 404 a 31.8b 1.2a

cv 30.48 26.54 52.29 32.03

Means followed by the same letter and number do not differ statistically (Scott
- Knott test, 5% significance). REC (environmental recovery area) 1-7, CN

(sugarcane), N (native vegetation) |-2.
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and 50.00%, in RECI, REC2, REC3, REC4, REC5, REC6
and REC7, respectively). This indicates that the disruption
of agricultural production leads to a reduction of MB-C,
gradually enhancing the environmental recovery process,
suggesting that the bacterial community can be restored
after agricultural use of the soils is abandoned. Studies
with chronosequences of forest to pasture areas in the
Amazonia region have shown that the microbial biomass
reduced in the soil after three years of establishment
of pastures (CENCIANI et al.,, 2011) and change in the
composition of the microbial community (LAMMEL et
al.,, 2015). Similar results were also observed by Silva
et al. (2009) who reported that MB-C under managed
forest was about half of that found under Cerrado.
Changes in MB are connected to components of
the vegetation, in particular diversity. The richness and
abundance of native tree species imply a continuous
deposition of organic substrates with varying composition
in the litter; promoting higher levels of microbial biomass
(SOUZA et al., 2012) as observed in the soil under native
vegetation (CUNHA et al., 2012).
Microbiological attributes recorded in
study corroborate the findings of Susyan et al. (2011).
Studying forest succession on abandoned arable land in
Russia, they found that soil microbial biomass increased
during successive vegetation periods, possibly due to
increased inflow and accumulation of organic carbon in
the soil. The increase in soil microbial biomass under a
growing vegetation cover may be related to the intrinsic
properties of the cultivation, as well as to organic
substances produced by the roots (BELO et al., 2012).
Our results suggest environmental improvement
due to the development of soil microorganisms:
higher microbial C values lead to greater temporary
immobilization of nutrients and, consequently to
reduced nutrient loss. Cultivation systems generally have
lower levels of MB-C than soils under native vegetation
(KASCHUK et al., 2010). The low level of MB-C under
sugarcane cultivation may also be related the disruption
of microbial communities by certain management forms:
I) nitrogen fertilization; 2) allocation of decomposed
waste (FRAZAO et al., 2010); 3) traditional burning of
sugarcane crop, a factor associated with strong alteration
in the structure of soil community (RACHID etal., 2013);
4) the quantity and quality of crop residues available to
soil microorganisms (GAMA-RODRIGUES et al., 2008b).
Higher values of basal respiration (release of
C-CO,) occur with greater biological activity, which
is directly related to the availability of soil C and/or
microbial biomass (ALLEN et al., 201 1). Thus, a high

our
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respiration rate can be interpreted as a desirable feature,
considering that the decomposition of organic waste will
provide nutrients for plants (SCHLOTER et al., 2003;
ROSCOE et al., 2006). Our results indicate that there
are significant differences between the areas of native
vegetation, environmental recovery and of sugarcane
cultivation (Table 2). The greater release of CO, in native
vegetation areas compared to environmental recovery
areas may be related to the constant and greater
incorporation of residues, which promotes an increase in
biomass and soil microbial activity in climax communities
or secondary successional stages rather than at the
beginning of succession (JJANG et al., 2009). The high
plant diversity in these areas also favors higher diversity
of specific combinations of arbuscular mycorrhizal fungi
(Konig et al. 2010) as well as bacterial communities
(NAZIR et al., 2010) and changes in physical and chemical
soil attributes responding to changes in the community
structure of soil organisms (RACHID et al., 2012).

The lowest level of CO, recorded in the soil of CN
may be related to the presence of inhibitory substances in
the soil, nutritional factors (Singh et al. 201 1), soil tillage,
the application of pesticides and chemical fertilizers and
the resulting increase in biological activity and carbon
oxidation (RACHID etal., 2012).

Our results agree with Silva et al. (2012), Jiang
et al. (2009) and Susyan et al. (201 1), who found higher
values of basal respiration in soil under native vegetation.

The analysis of the values of the metabolic quotient
or the specific rate of respiration (qCO,) representing the
amount of C-CO, released per unit of microbial biomass
in a given time revealed a higher consumption of C by
the microbial community of the sugarcane area, with the
lowest values of the metabolic quotient observed in the
native vegetation areas and in areas of environmental
recovery (Table 2). These results indicate a reduced
CO, loss per unit of biomass (LOURENTE et al., 2011)
and therefore a greater, near steady-state stability of the
system (INSAM; DOMSCH, 1988).

The higher values gCO, in CN may be related to
the modified soil structure by the applied management
system. High gCO, values can suggest an imbalance of the
microbial community, changes in the metabolism of the
organisms and ecosystems subjected to stress conditions
or disorder (ANDERSON; DOMSCH, 1993; SANTOS et
al., 2015), considering that under unfavorable conditions,
the organisms require more energy (SCHIMEL et
al., 2007) resulting in higher losses of CO, and lower
incorporation of C in the tissue (ANDERSON; DOMSCH,
1993). The qCO, values of other evaluated areas did not
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differ significantly, indicating that SOM is stabilized. The
response of gCO, in the soil is unpredictable, values can
increase or reduce stress as indicated (soil availability
of C, increasing the pH, clay content and quantity of
microbial biomass) (WARDLE; GHANI, 1995).

The microbial biomass in the soil is more efficient
when the loss of C as CO, is smaller by respiration and
a significant fraction of C is incorporated into microbial
tissue (ROSCOE et al., 2006). High values indicate that
microbial activity converts organic carbon less efficiently
into soil microbial biomass (WARDLE; GHANI, 1995).
Thus, in areas previously disturbed by intense agricultural
activity and no longer used, soil qCO, levels decrease,
indicating that the ecosystem tends towards stability
during successional stages.

The microbial quotient (qMIC) was highest in
soils under native vegetation and some of the recovery
areas (REC5, REC6 and REC7), varying from 1.05%
to 1.21%. The lowest values were found in soils with
sugarcane cultivation and various recovery areas (RECI,
REC2, REC3 and REC4). The low gMIC values of some
environmental recovery areas may be related to a
reduced availability of nutrients that support microbial
biomass, the inhibition of soil microorganisms by
excessive acidity or toxicity of AP*, or to other factors
such as the degree of stabilization of organic carbon and
historic soil management (CUNHA et al., 2012).

When microbial biomass is under stress, its ability
to convert organic C to microbial biomass is reduced,
resulting in a reduced gMIC level. In contrast, higher
values of gMIC indicate more appropriate conditions for
microbial growth, facilitated by the addition of organic
matter of good quality and the elimination of the limiting
factor (SOUZA et al., 2015).

Data on soil microbial biomass, organism’s
activity and chemical characteristics of the soil can
be best understood when discussed with the aid of
integrated tools such as principal component analysis
(PCA). The sum of the retained principal components
of PCA explained 77.42 % of the original variability in
the data and was related to the effects of different areas
on chemical and microbiological soil attributes. The
retained components PCI| and PC2 explained 62.45%
and 15.89% of the variation, respectively. Chemical
and microbiological soil attributes were related to the
different areas studied (Figure I).

Microbiological (gqMIC, MB-C and C-CO,) and
chemical (Mg and K) attributes were positively related to
areas with remnant native vegetation (NI and N2) and
REC7. The areas of environmental recovery RECI and
RECS formed a group with the chemical attributes Ca,
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CEC, SB, MO, C, V%, while the presence of P and H
+ Al was associated to the areas of REC2 and RECA4.
These results suggest that a greater set and diversity of
factors (flora, fungal hyphae and litter on the soil surface)
in natural ecosystems favor the maintenance of chemical
and microbiological attributes of the soil (ALVES et al.,
2011), especially in the native vegetation areas or RECs

with native species.
2

e RECL:
<
o
C
o CEC
= ° |recs®
= oM
S VoSN AL
o ° M ¢CO:2
5 "o
o gMIC CN
S MB-C ’
C-CO:
N2
=
3

f T T 1 T T T |
06 -04 -02 00 02 04 06 08

CP 1 (61,58%)

FIGURE | Biplot of chemical and microbiological soil attributes
(0.00 - 0.10 m) of the studied areas. PC| and PC2
= principal components | and 2, respectively.
RECI- REC7 = environmental recovery areas |-7,
CN = sugarcane cultivation area; NI and N2 =
remnants of native vegetation.

Of all recovery areas, RECI, REC5 and REC7
stand out for their superior quality according to the soil
attributes studied here. Residues on the soil supported
an increased activity of heterotrophic microorganisms,
since higher values of C-CO, imply higher biological
activity of microorganisms, which are closely related to
MB-C levels (KUZYAKQV et al., 2010). CN, REC3 and
RECé were positively related to the qCO, (Figure 1),
indicating a loss of C as CO,,.

The hierarchical grouping analysis to the chemical
attributes studied allowed to separate interpretative
groups (Figure 2), in which environmental recovery
areas, sugar cane cultivation and native vegetation were
grouped according to their similarity degree, separated
at a Euclidean distance of 100%, indicating that the
similarity between them was approximately 0%.

Gl contained the subgroups “level I” with NI,
N2 and “level 2” with REC5, RECI and REC7, which
were separated by a Euclidean distance greater than
40%, implying that the similarity between them is
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FIGURE 2 Dendrogram of distances of soil chemical attributes
(0.10- 0.20 m) in the studied areas. RECI| — REC7
= environmental recovery areas |-7; CN =
sugarcane cultivation area; NI and N2 = remnants
of native vegetation.

approximately 60%. Gl included the areas that were
characterized by better recovery of soil chemical
attributes. The similarity of recovery areas included in
this group (REC I, 5 and 7) and of areas with remaining
native vegetation (NI, N2) was over 50%. The balance
of soil chemical attributes may be favored in natural
systems where plant diversity is maintained and the soil
remains undisturbed.

G2 contained the subgroups “ level 3 “ with
REC2, REC3, REC4, REC6 and “level 4” with CN, which
were separated by a Euclidean distance of less than 58%,
indicating a similarity of approximately 42% between
these two subgroups (Figure 2). This suggests that the
areas contained in this group require more time for the
recovery of chemical attributes in the deeper layers,
and were therefore more similar to the sugarcane area
(CN). Sail tilling can interfere directly with the physical,
chemical and microbiological processes of this complex
(GODOY et al., 2013; STEFANOSKI et al, 2016),
reducing the maintenance of microbiota and affecting
the uptake of nutrients by plants (LISBOA et al., 2013;
CHEN et al., 2014).

In general terms, the groups observed (that
represent different soil management), suggests that sugar
cane management induces changes on soil attributes
distinct from native vegetation cover. These are related
to several factors, with emphasis to the variability
between crop and natural vegetation fertility and the
management practices (RUIZ et al., 2015), chemical soil
balance from crop fertilization, different root exudates
from crop and native trees roots (BADRI; VIVANCO,
2009; BOWSHER et al, 2016) and mineral cycling
associated to microbiological activity (SU et al., 2015).
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The isolated attributes and multivariate analyses
both showed the link between studied areas and the soil
changes when applied aspecific management. Considering
native vegetation, an equilibrated environment, we find
similarity to some attributes with RECs, thus the vegetal
diversity enhancement promoted by restauration or
natural regeneration is associated to increase of vegetal
waste deposition with diverse composition. Similar
results are proposed by Polo et al. (2015) evaluating the
effects of organic matter pulse on soil composition.

Therefore, it is expected that in the long run
the recovering areas will reach their levels of stability,
sustainability and biological integrity, restoring the ecological
processes common to forest or healthy ecosystems.

CONCLUSION

Our results provide information about the
influence of vegetation cover on soil quality properties in
a transition region between the Cerrado and the Atlantic
Forest. The chemical variables were efficient to indicate
soil characteristics changes over the succession when
native vegetation, recovery area and agricultural systems
were compared.

In the environmental recovery areas studied,
although the time to the resilience increment was relatively
short (2 years), the type of ecosystem, development and
distinct soil management practices were important factors
for improving soil quality and protection.
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