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Biochemical indicators have been proposed as a tool to monitor soil quality, but the degree of
precision of these indicators is not yet known to identify changes in fertility over time. The present
study evaluated the influence of monocultures on the quality of the Brazilian Cerrado soil, using
biochemical indicators. Forty-eight samples of native Cerrado soil and soils converted to sugarcane
crops were submitted to chemical and enzymatic evaluation. The implantation of monoculture crops
promoted a reduction of 60% in the content of organic matter. The 79% reduction in B-glucosidase
activity, 84.5% in acid phosphatase activity and 32% in glycine aminopeptidase activity occurred in
relation to the activity found in native Cerrado soils. The results indicate that the implantation of
sugarcane crops in substitution to the Cerrado can negatively affect the chemical and biochemical
properties of the soil, causing degradation and loss of fertility.
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INTRODUCTION

Sugarcane cultivation in recent years has been highlighted in
the economic scenario by the increase of planted area,
production and productivity. In Brazil, the state of Goiés has a
strong tradition in agribusiness with approximately 64% of its
territory converted into agro ecosystems (agriculture and
livestock) and is considered the fifth most anthropized
Brazilian state (Sano et al., 2010). In Goias the expansion of
monoculture planting areas is mainly due to three factors: the
first is due to the flat relief, because this territory occurs on the
Central Plateau (Sano et al., 2010). The second factor is
explained by the tropical climate, which presents a hot and
humid season and a cold and dry season, which provides ideal
conditions for germination, maturation and elevation of
sucrose in the plant. Another factor that contributes to the
expansion of sugarcane plantations in Goids is the photoperiod,
that is, the region provides adequate sun exposure time
necessary for the development of this plant species (Araldi et
al., 2010). In 2016, the increase in planted area in Goids was
about 68.6 thousand hectares, which is equivalent to 7.7%
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more than in the previous harvest and due to the increase in
food and fuel demand. The estimative for 2025 is that 1,131
thousand hectares will be cultivated with sugarcane in this
state (MAPA, 2015, CONAB, 2016). Within this context, the
cultivation of sugarcane plays a fundamental role in the
dynamics of substitution of native vegetation and occupation
of soils. Although agricultural activities are economically and
socially important for food, fiber and fuel production, it is
important to consider that soil degradation processes are
closely related to the intensity of exploitation of this ecosystem
and deforestation of areas of natural vegetation (Cunha et al.,
2008; MAPA, 2015). The removal of native vegetation cover
for large-scale agricultural production has led to environmental
problems such as soil compaction, erosion and loss of
biodiversity, which in turn endanger the health of the soil and
other ecosystems (Cunha et al, 2008; Sano et al., 2010;
Nogueira et al., 2006). Improper tillage leads to loss and / or
changes in organic matter composition and disturb the soil
physical and chemical properties, directly impacting the soil
microbial community. As a consequence of this, the
biochemical processes are adversely affected, thus
compromising the cycling and availability of nutrients in the
soil (Grandy et al., 2009). Soil functioning is closely related to
its physicochemical composition and the interaction between
biotic and abiotic factors. This is the reason why the changes
caused by the anthropic action generate an imbalance in the
soil functions, compromising the sustainability of this
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ecosystem and its productive capacity, which can reduce future
agricultural productivity (Lacerda et al., 2013). Biological
attributes or bioindicators such as enzymatic activity and
microbial biomass may indicate the current condition of agro
ecosystem functioning, since they are subject to changes
according to the type of management and type of vegetation
cover (Mendes et al., 2013). It is important to consider that the
evaluation of soil fertility should be associated to the analysis
of chemical parameters, such as organic matter, which is an
attribute that determines the microbial activity and production
of extracellular enzymes by soil microorganisms. These
enzymes determine the rate of decomposition, immobilization
and mineralization of organic matter, allowing nutrient flow,
species survival and soil functioning (Nannipieri et al., 2012).
Thus, soil quality assessment is essentially important to detect
fertility losses in these environments and impacts resulting
from agricultural practices and decision making on
management practices that amplify soil sustainability
conditions (Mendes et al., 2013). In order to evaluate the
influence of the implantation of sugarcane on bioindicators of
soil quality, the hypothesis is that the microbial activity
(enzymatic activity of hydrolases and microbial biomass) is
negatively affected and the quality of the soil is reduced in
monocultures.

MATERIALS AND METHODS

Description of sampling area

This survey was conducted in Oxisols of Sugar and Alcohol
Mills and native Cerrado areas located in the state of Goias,
Central-West region of Brazil. For the evaluation of the
chemical characteristics and biological activity of the soil, 12
sampling points were selected, of which six presented
sugarcane cultivation, considered as a perennial crop.
Sampling was carried out in fields with 24 ha (P1: Itumbiara),
21 ha (P2: Goiatuba), 12 ha (P3: Morrinhos), 29 ha (P4:
Edeia), 16 ha (P5: Inhumas) (P6: Anicuns). In such areas, the
soil preparation was carried out by conventional planting
techniques, using planed plows and grids for soil rotation. All
cultivated areas received approximately 350 kg ha' of
fertilizer containing nitrogen, phosphorus and potassium
(NPK) in the composition before planting. In three of the six
collection points (P1, P3, P5), in addition to these fertilizers
were added about 40 L ha’ of vinasse two months before
planting. Cover fertilization was performed six months after
planting, using approximately 25 L ha” of vinasse in these
same areas. In all sites the cover fertilization with NPK
(average 300 Kg ha) was realized. Except in one of the sites
(P6), pest elimination was performed using herbicides
(Provence®, Combine®, Advance®, Ancosar 720® and/or
DMA 806®) on average 1.2 L ha”, fungicide (Glifosate®,
average 1.2 L ha') and/or insecticides (Regent® and/ or
800WG®, average 0.03 L ha'). The six areas of natural
vegetation are located near the agricultural areas (Table 1) and
present 27 ha (P1: Itumbiara), 21 ha (P2: Goiatuba), 12 ha (P3:
Morrinhos), 69 ha), 20.4 ha (P5: Inhumas), 22 ha (P6:
Anicuns). These areas were used as reference and consist of
regions of vegetation characteristic of the Brazilian Cerrado
Biome, with predominance of mesophytic forest. The climate
of the region is, according to the classification of Koppen, type
Aw. The average annual rainfall ranged from 1100 to 1500
mm year', with a minimum average temperature of 19 °C and
a maximum of 38 °C (LAPIG-MAPS, 2016; CLIMATE-
DATA, 2016).

Soil sampling

Sampling was carried out in the months of January and July,
for two consecutive years (2015 and 2016). Composite
samples (three subsamples) were collected in the six sugarcane
plantations and six native Cerrado areas, at depth of 0-10 cm.
The 48 samples obtained (12 samples collected for each
period) were homogenized and sieved (2 mm) for the removal
of roots, sticks, stones and gravel and packed in polyethylene
bags at 4 °C. The moisture content of the soil was determined
after drying of 5 g of sample at 105 °C for 48 h to evaluate the
biological activity of the soil based on its dry mass.

Soil chemical and biochemical analyzes

Soil chemical analyzes consisted by determination of the
nutrient content (Ca’+, Mg*+, K+ and P), organic matter (OM),
total organic carbon (TOC) and total nitrogen (TN), according
to Embrapa (1997). The microbial biomass carbon (MBC) was
determined by the irradiation-incubation method described by
Ferreira et al. (1999). The amount of CO, released from each
sample was obtained by titration with HCI (1 mol L) and the
results were expressed in micrograms of carbon per gram of
soil (ug C g'). Monitoring of the extracellular enzymes
involved in the cycling of carbon (B-glucosidase), nitrogen
(protease and aminopeptidase) and phosphorus (acid
phosphatase) was performed in triplicate. The activities of -
glucosidase (EC 3.2.1.21) and acid phosphatase (EC 3.1.3.2)
were determined according to the methodology described by
Baldrian et al. (2005). The soils were incubated with specific
substrates  (p-nitrophenyl-B-D-glucopyranoside  and  p-
nitrophenyl phosphate, respectively) and the control was only
differed by the addition of sodium acetate buffer (0.05 mol L™,
pH 5.0) to replace the substrate. The activity was monitored at
400 nm and expressed in micromol of p-nitrophenol formed
per gram of dry soil per hour of reaction (umol p-nitrophenol
¢! h™"). For the determination of the glycine aminopeptidase
activity (EC 3.4.11) the methodology of Allisson and Vitousek
(2005) was used, with some modifications. Soil samples (0.1 g
dry mass) were incubated at 37 °C for 1 h using 900 pL of p-
nitroanilide (pNA) (0.005 mol L") prepared in acetate buffer
(pH 5.0). For controls, the substrate was replaced with sodium
acetate buffer (0.05 mol L™, pH 5.0). The formation of glycine
p-nitroaniline released in the reaction was measured at 405 nm
and expressed in micromol of p-nitroaniline formed per gram
of dry soil per hour of reaction (umol of p-nitroaniline g h™").
The protease activity (EC 3.4.2.21) was evaluated by the
method of Ladeira et al. (2010), using 0.05 g soil (dry mass),
incubated with azocasein (0.2%) at 37 °C. The control was
differed by the addition of 5 mL of TCA before the substrate
and the activity expressed in enzyme units (U) per gram per
hour of reaction (U g'1 h). According to Janssen et al. (1994),
a protease unit was defined as the amount of enzyme required
to produce an increase in absorbance at 420 nm, equal to 0.1
after 60 min of assay.

Statistical analyzes

The data were evaluated via analysis of variance in the Assistat
program 7.7 and the graphs were plotted in Sigmaplot version
12.0. Statistical analyzes were performed, considering a
completely randomized design with two treatments (sugarcane
and Cerrado), six replicates (sampling sites) and four
replications (corresponding to rainfall and dry sampling in the
year of 2015 and 2016), totaling 48 sample plots. The Tukey
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test was applied to evaluate the differences between each
chemical attribute, microbial biomass carbon and the means of
activity of each enzyme, between the two ecosystems and two
periods of the year, considering p <0.05 as a significant result.
The relationship between biological parameters (enzymatic
activity and CBM) and chemical parameters (Ca>", K, Mg*’,
P, OM, TOC, TN) were identified by Pearson's correlation
analysis (at a 5% significance level), using the mean values of
such attributes for each land use class.

RESULTS AND DISCUSSION

The influence of monocultures on the chemical soil
properties

The chemical analysis showed that soils collected in areas of
sugarcane contain higher levels of phosphorus (20 cmolc dm™)
and potassium (40.2 cmolc dm™) in relation to the Cerrado soil
samples (8.9 and 31.2 cmolc dm>, respectively), reflecting the
influence of fertilizers. The levels of magnesium (1.2 cmolc
dm™ for sugarcane and 1.6 cmolc dm™ for Cerrado) and
calcium (3.7 and 4.8 cmolc dm™ for sugarcane and Cerrado,
respectively) were not significantly different among the sample
types analyzed in this study. The results of the analysis of
variance obtained from the evaluation of the different soil
attributes indicated that the natural ecosystem modification for
agro ecosystem generated changes in the chemical
characteristics observed by the presence of lower organic
matter (SOM) (2.4%), carbon (TOC) (1.4%), total nitrogen
(TN) (0.12%) and microbial biomass carbon (MBM) (11.1 pug
g C) and are in accordance with the studies conducted by Bini
et al. (2013). It is noted that the native areas of Cerrado have
60% more of SOM, TOC and TN than was observed in the
cultivation of sugarcane. The interrelation among these three
attributes was confirmed in the present study, which indicated
positive correlations between MOS and TOC (r* = 0.99), MOS
and TN (r* = 0.97) and TOC and TN (r* = 0.96). In addition,
the amount of MBC is approximately 2.5 times greater in the
native area when compared to monoculture.

Table 1. Chemical and biologycal characteristics of soil samples
collected from sugarcane crops and native Cerrado soils (0-10 cm
depth)

Soil chemical characteristics Land use classes

Sugarcane Cerrado
SOM (%) 24+072" 38+137
TOC (%) 14+0.4° 22407
TN (%) 0.12+0.04° 0.19+0.07°
MBC (ug g’ C) 11.1+£8.1° 283 +26.2°

Values followed by different letters in distinct columns are different (p> 0.05).

The values found for such attributes in soils planted with
sugarcane (Table 1) represent a consequence of the reduction
in the organic matter content in these soils, which is the result
of the management associated with this crop. Monocultures
consist of systems of soil exploration with a single type of
plant species and do not present alternation with other
agricultural crops (Araldi ef al., 2010). In this type of crop, the
soil management is carried out in a conventional way, using
plows and grids, for soil rotation, as well as high amounts of
pesticides and fertilizers. The lower concentration of organic
carbon and total nitrogen observed in the sugarcane crop in
relation to the Cerrado reflects the conventional soil
preparation system, which causes alterations in the structure of
the aggregates, reduction of organic matter, which play a

predominant role in the microbial activity in this system
(Carneiro et al., 2008). The greater accumulation of organic
residues in native areas promotes greater aggregation of
particles, protecting organic matter, which promotes lower C
and N losses in the soil (Evangelista et al., 2013). The
reduction in MBC can be attributed to factors such as the
amount of organic matter, as well as its quality. In natural
ecosystems, the tendency is that over the years there will be
more accumulation of litter, since there is no anthropic
interference. The diversity of plant species, roots, macro and
micro biota in natural environments generates greater
availability of organic residues with varied composition and,
therefore, larger quantities and different substrates are offered
stimulating the microbial activity in a continuous flow. These
factors provide equilibrium conditions that favor the
performance of the micro biota and nutrient cycling. In
addition, studies have indicated that biochemical attributes
such as microbial biomass carbon are easily disturbed by
changes in physical structure and chemical composition
resulting from agricultural cultivation and use of
agrochemicals (Souza et al., 2012).

The influence of monocultures on the soil biochemical
properties

The biochemical analysis of soil samples under cultivation of
native sugarcane and Cerrado showed that the enzymes [-
glucosidase, acid phosphatase and glycine amino peptidase are
sensitive to anthropic actions, such as the removal of native
vegetation cover and soil management (Fig. 1). It was
observed that [-glucosidase, acid phosphatase and amino
peptidase had the lowest values of enzymatic activity in areas
of monocultures (B-glucosidase: 21.6 pmol p-nitrophenol g
h'; acid phosphatase: 62.2 upmol p-nitrophenol g' h';
aminopeptidase: 35.2 pmol p-nitroaniline g’ h™') and were
statistically different from the enzyme activity found in areas
of Cerrado native vegetation (Fig 1A, 1B and 1C). The
observed differences in the activity of the enzymes related to
the carbon, phosphorus and nitrogen cycle between the two
ecosystems (perennial crops and native areas of Cerrado)
follow the same pattern presented for chemical analysis (levels
of SOM, TN, TOC) and biological (MBC). These factors
confirm the hypothesis that soil management exerts influence
on the metabolic activity of microorganisms and on the
enzymatic activity of the soil (Bini ef al., 2013). Another
important factor to consider is that the type of vegetation cover
also exerts influence not only on biochemical processes but
also on the diversity of microbial communities in the soil,
promoting the proliferation of different and more complex
microbial communities. The amount, type and composition of
the root exudates differs depending on the plant species and
influences the abundance and survival of certain groups of
microorganisms, which in turn regulate the synthesis of
extracellular enzymes and enzymatic activity (Gianfreda et al.,
2015 ). Thus, the greater microbial diversity, associated with
greater abundance and types of carbon residues in the soil, will
result in higher rates of enzymatic activity and higher rates of
nutrient cycling, since the degradation of organic compounds
is carried out from biochemical processes that depend on soil
microbial respiration (Bini et al., 2013, Kuwano et al., 2014).
Therefore, in the native Cerrado soil, the greater diversity of
species allows the entrance of organic residues with varied
carbon composition, increasing the metabolic rate, which was
evidenced in this study by the values of MBC and pB-
glucosidase activity.
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Fig. 1. Activity of enzymes in soils of sugarcane and native Brazilian Cerrado a: p-glucosidase; b: acid phosphatase; c: glicine
aminopeptidase; d: protease. * represent significant variations (p<0.05) between the soil land use classes (ANOVA and the Tukey test)

The highest acid phosphatase activity observed in natural
ecosystems in relation to agricultural ecosystems (Fig. 1B) is
explained by the results of the analysis of inorganic phosphate
(P) in the soil. In the sugarcane plantations, the highest levels
of Pi (20 cmolc dm™) were found in relation to the native
Cerrado (8.9 cmolc dm™), which in turn reflected higher
enzymatic activity, since the acid phosphatase activity in the
soil depends, among other factors, on the amount of Pi
available in the soil. Low concentration is essential for the
activation of transcription factors and the expression of genes
associated with phosphatases (Leal et al, 2007). Thus,
phosphatase activity tends to be lower when there is greater
abundance of inorganic phosphate in the soil (Allison et al.,
2007), which probably explains the values of this enzymatic
activity found in this study. The tendency is that in agricultural
areas that receive Pi via fertilization the expression of the
genes is smaller, since the assimilable form is available in the
soil and for that reason the enzymatic activity is reduced
(Esposito and Azevedo, 2004). Probably, the fertilization
carried out by introduction of inorganic phosphorus in the soil
increased the supply of inorganic phosphate, reducing the
enzymatic activity. Other studies have confirmed this
hypothesis and have also observed the same tendency to
increase phosphatase activity in preserved soils, evidencing
that fertilization is a factor that influences the activity of this
enzyme (Carneiro et al., 2008; Silva ef al., 2012). The activity
of the glycine aminopeptidase enzyme was lower in the
sugarcane areas compared to what was observed in the native

Cerrado (Fig. 1C), which may result from soil management
practices. The substitution of natural Cerrado vegetation by
crops can provide compaction and changes in soil temperature,
reduction of organic resources that are used by microbial
biomass, which in turn affect the stability of the biochemical
processes carried out by the microbiota and generate
environmental imbalance of this ecosystem (Bini ef al., 2014).
The action of peptidases depends on the availability and
chemical composition of the organic substrates (Enowash et
al., 2009). In perennial crops, the diversity of resources,
organic compounds, carbon and nitrogen stocks tend to be
reduced in relation to natural ecosystems, which confers less
quantity of substrate available for enzyme action and,
consequently, lower nutrient cycling capacity (Souza et al.,
2012; Bini et al., 2013).

Unlike the other enzymes evaluated, the protease activity did
not differ among the ecosystems and presented the same value
in both evaluated areas (0.3 U g h™) (Fig 1D). The activity of
the proteolytic enzymes is stimulated by the type of organic
matter, that is, availability of protein substrates, besides
temperature and pH (Geisseler and Horwath, 2008; Rejsek et
al., 2008). In the present study, it was observed that the
protease activity presented values much lower than those found
for the other enzymes analyzed and even though there were
variations in the organic matter content, there were no
statistically significant differences in the enzymatic activity
between the soil use classes. A probable explanation for this
behavior is that many proteases rely on calcium to exert their
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activity (Balachandran er al., 2012), and the levels of this
element observed for the sugarcane and native Cerrado soil
samples were similar to the 5% level of significance.

Effects of seasonality on the soil enzyme activity

Data analysis in the two consecutive years indicated significant
variations (p> 0.05) in enzymatic activity in the different
ecosystems evaluated (sugarcane and Cerrado), in the different
periods of the year (January and July) (Fig 2). The enzymes [3-
glucosidase, glycine aminopeptidase and protease showed
greater activity in both the natural ecosystem and the
agroecossystem in January and July 2015 than in the following
year (Fig. 2a, 2c, 2d). Temperature and precipitation in 2015
were higher than in 2016 (INMET, 2017). The combination of
higher temperatures and more rain provides favorable
conditions for the proliferation of microorganisms, which also
stimulates enzymatic activity through the quantitative increase
of enzymes (Burns et al, 2013). Thus, enzymes related to
carbon and nitrogen metabolism should respond positively to
increases in temperature and water in the soil, according to
Michaelis-Menten kinetics (Davidson et al., 2012). Acid
phosphatase showed a distinct pattern of behavior between the
two evaluated areas (Fig. 2b), especially for sugarcane crops. It
is likely that inorganic phosphate fertilization practices

maintain soil mineral levels and exert a greater effect on the
catalytic activity of these enzymes (Esposito and Azevedo,
2004, Allison et al., 2007, Leal et al., 2007). However, in the
preserved areas (native Cerrado) the changes during the
sampling periods were statistically significant. The rain
shortage period in 2015 may have allowed the entry of a larger
amount of litter, rich in organic phosphate, a substrate for
enzymatic action. The higher rainfall and moisture content in
the year 2016 provided the diffusion of the substrates and
greater catalytic action capacity of this enzyme (Evangelista et
al., 2013).

As acid phosphatase, protease showed significant changes over
time only in Cerrado soil samples, exhibiting the highest
values of activity in the rainy season in 2015 (Fig. 2d). The
lower values of protease activity in periods of drought in
sugarcane plantations can be explained by the fact that
rainwater contributed to the leaching of compounds present in
chemical fertilizers and organic matter (Zago et al., 2016).The
results indicated that hydrolases (B-glucosidase, acid
phosphatase, glycine aminopeptidase and protease) are
sensitive to variations in tillage and seasonality and
corroborate with other studies, indicating that biological
attributes can be used to point out environmental variations
caused by the conversion of ecosystems (Kaschuk et al., 2010,
Zago et al., 2016).
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In general, it was possible to notice that of the four enzymes
analyzed in the present study, three (B-glucosidase, acid
phosphatase and glycine aminopeptidase) showed reduced
activities in sugarcane fields. Thus, monocultures have led to
changes in chemical composition that may negatively impact
microbial activity in the soil and the activity of some
hydrolases and this may interfere on soil nutrient cycling. On
the other hand, the enzyme protease behaved differently and
was similar in the different ecosystems analyzed. The behavior
of the hydrolases in the face of changes in ecosystem
functioning conditions indicates that these enzymes are
sensitive to environmental transformations and, thus, can
indicate the state of conservation / quality of the soil in
agroecosystems. Within this context, it is necessary to adopt
new management techniques for planting sugarcane that are
more sustainable and that can improve chemical and biological
conditions in agricultural ecosystems (Bini et al., 2014). The
adoption of no-tillage techniques can be an effective
alternative to improve conditions of perennial crops, since this
type of management provides better biochemical conditions
and increases the capacity of mineralization, enzymatic
activity, nutrient cycling and immobilization of nutrients by
the soil microbiota, contributing to improve the sustainability
of agricultural ecosystems (Roldan et al., 2005).

Conclusion

The soil microbiota in areas converted to sugarcane plantations
has lower C, P and N mineralization capacity compared to
natural ecosystems, as a result of the management practices
adopted for the planting of this crop. Over time, the perennial
cultivation of sugarcane promotes a reduction in the biological
attributes of the soil, promoting the loss of fertility. In addition,
the enzymes [B-glucosidase, acid phosphatase and
aminopeptidase can be used as parameters for the evaluation of
soil quality, since they respond to environmental variations
resulting from anthropic use and in this way may reflect the
state of quality of agroecosystems.
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