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Abstract: Several microbiological indicators of soil quality present high sensitivity, but little is known 
about the influence of topographic factors on them. This work aimed to evaluate variability of biological 
indicators of soil quality across a hillslope under native forest and the influence of topographic factors 
on them. Four positions on a hillslope were evaluated. Activity of the enzymes β-glucosidase, acid 
phosphatase, urease and fluorescein diacetate (FDA) hydrolysis were determined, as well as basal and 
substrate-induced respiration, and density of microorganisms: total bacteria, total fungi, actinobacteria, 
phosphate solubilizers, ammonifiers, native rhizobia, free-living N2-fixing bacteria, spores of arbuscular 
mycorrhizal fungi and percentage of root colonization by arbuscular mycorrhizal fungi. Activity and 
density of microorganisms were correlated with topographic factors. The relation of these factors to the 
variations of the evaluated indicators was determined using the random forest algorithm. Microbiological 
indicators varied according to the hillslope positions. The indicators urease, basal respiration, spore 
density, mycorrhizal colonization, total bacteria and fungi, phosphate solubilizers, and free-living N2-
fixing bacteria detected in JNFB and FAM culture medium did not vary with terrain attributes and were 
therefore more indicated in cases of topographic variations. This and future studies can help to select the 
best microbiological indicators for different conditions.
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INTRODUCTION

Soil is a heterogeneous and dynamic system and 

results from the combination of parent material, 
relief, climate, time and organisms (Jenny 1941, 
Resende et al. 2014). Soil complexity provides 
different habitats, which generate conditions for a 
great diversity of metabolically distinct organisms 
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to perform their functions side by side to maintain 
soil quality (Moreira et al. 2006). Soil quality, the 
ability of a soil to function within the limits of a 
natural or managed ecosystem (Doran and Parkin, 
1994) can be determined by physical, chemical, and 
biological indicators. These latter are evaluated by 
processes carried out by the microbial community, 
which guarantee the maintenance and productivity 
of ecosystems, such as the carbon cycle and plant 
nutrients in the soil (Swift et al. 2010). However, 
the microbial community is very sensitive to the 
effects of biotic and abiotic variables (Esch et al. 
2017, Faucon et al. 2017) and topographic factors 
related to relief may influence the intensity of these 
variations. 

The diversity of organisms guarantees the 
functional redundancy, which leads to the resilience 
of the environments (Moreira et al. 2013), since 
soil microorganisms are directly related to essential 
processes and sustainability of ecosystems (Moreira 
and Campos 2013). However, only a small part of 
these microorganisms are cultivable, which makes 
it impractical to isolate them to evaluate their 
activity in soil and to allow inferences about the 
system. To meet this need, not only organisms that 
contribute to processes that support the provision 
of ecosystem services are more commonly 
evaluated, but also indirect assessments of activity 
of microorganisms that contribute to soil quality, 
such as enzyme activity evaluations, can be made 
(Štursová et al. 2016, Santos et al. 2016, Moreira 
et al. 2013).

Among the influences of relief in soil habitats, 
hillslope position may provide different moisture 
conditions over time (Kim 2016). This may lead to 
the generation of habitats that favor different groups 
of microorganisms, even in soils under a unique 
type of vegetation, the same can be observed in 
areas with varying temperatures (Silva et al. 2018).

In recent years, the influence of topographic 
factors on the variability of soil classes and physical 
and chemical properties has been intensively 

studied, which was facilitated by the emergence 
of digital soil mapping tools that use terrain maps 
to aid in the establishment of such relationships 
(Ochoa et al. 2016, Silva et al. 2016a, Menezes 
et al. 2016, Moore et al. 1993, McBratney et al. 
2003, Mckay et al. 2010). Such terrain maps are 
commonly derived from a Digital Elevation Model 
(DEM), which consists of a continuous and pixel 
by pixel representation of the altitude across an 
area of interest. From a DEM, various terrain 
maps, such as slope gradient, topographic wetness 
index, profile and planform curvatures, and others, 
can be created and correlated with soil properties 
variability. However, the influence of these 
topographical factors on soil biological attributes is 
still rarely addressed worldwide.

Studies on the influence of topographic 
factors on soil quality indicators may contribute 
to understanding these latter variations and 
consequently their role in the functioning of 
ecosystems. Also, by comprehending these 
relationships, inferences can be made regarding 
soil microbiological attributes through terrain 
analyses. The hypothesis of this study is that the 
microbiological attributes indicators of soil quality 
vary along with topographic factors found in the 
same area, thus, by analyzing topographic factors, 
which are more easily obtained, it is possible to 
infer about microbiological attributes indicators 
of soil quality. Thus, the present work aimed at 
establishing relationships between topographic 
factors and microbiological attributes indicators of 
soil quality across a hillslope under native forest in 
Brazil.

MATERIALS AND METHODS

CHARACTERIZATION OF THE AREA

The study area is located at Bocaina Mountain 
Range, in the municipality of Lavras – Minas 
Gerais state, Brazil, at latitude 21°19’49.93’’S 
and longitude 44°58’12.60’’W (Figure 1). The 
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climate of the region is Cwb, according to the 
Köppen classification, with hot and rainy summers 
and mild and dry winters (Alvares et al. 2013). 
The average annual rainfall is 1,373 mm and 
the average temperature varies between 19.7°C 
in winter and 22.7°C in summer (Sá Júnior and 
Carvalho 2012). The vegetation is classified 
as semi-deciduous high montane forest of the 
Atlantic Forest domain (Oliveira-Filho and Fontes 
2000) with great richness of plants of the families 
Myrtaceae, Fabaceae, Melastomataceae, Lauraceae 
and Asteraceae (Dalanesi et al. 2004).

Along a hillslope, contemplating the upper, 
middle, and lower backslopes and footslope, 
four positions were evaluated under native 
semideciduous seasonal forest (Figure 1). At those 
hillslope positions, soil samples were collected at 
a depth of 0-20 cm, in four replicates at each place 
collected five and ten meters to the east and west 
from the central point, as illustrated in Figure 1. 
At each hillslope position, soils were classified 
according to the Brazilian Soil Classification 
System (Santos et al. 2018) and US Soil Taxonomy 
(Soil Survey Staff 2014).

Chemical characterization of the soils was 
made for each hillslope position through composite 
samples. The following chemical attributes were 
obtained: pH in water; exchangeable Ca2+, Mg2+ 
and Al3+ contents extracted with 1 mol L-1 KCl 
(McLean et al. 1958); exchangeable contents 
of P and K (Mehlich 1953); H + Al (Shoemaker 
et al. 1961); organic carbon (Walkley and Black 
1934) (orgC); and remaining phosphorus (P-rem) 
(Alvarez V and Fonseca 1990), which is an index 
that measures the retention capacity of P by the 
soil added to 10 mmol L-1 CaCl2 solution with 
P 60 mg L-1. The more weathered and acidic the 
soil, the higher the phosphate adsorption and the 
lower the P-rem contents. Soil physical attributes 
were obtained through particle size analysis by the 
Bouyoucos method modified by Casagrande and 
Prószyñski (Ryzak et al. 2009), soil bulk density 

(BD) was obtained, and amounts of micro and 
macropores (Mi and Ma) (Donagema et al. 2011) 
were determined from the collection of undisturbed 
samples at the central point at each hillslope 
position.

EVALUATION OF MICROBIOLOGICAL ATTRIBUTES 
INDICATORS OF SOIL QUALITY

The soil biological attributes were determined from 
each of the four simple samples collected at each 
hillslope position. Serial dilutions (Wollum 1982) 
were performed with 10 g of soil per sample in 
90 mL of sterile saline solution (0.85%), shaken 
(125 RPM) for 30 minutes, and 0.1 mL aliquots 
inoculated in media for the counting of groups 
of cultivable microorganisms by colony forming 
units (CFU) in triplicate. The culture media used 
were Thornton’s (Thornton 1922) for total bacteria, 
SNC agar for actinobacteria (Wollum 1982), 
Martin culture medium for total fungi (Martin 
1950), liquid media for ammonifiers (Soriano and 
Walker 1968) and glucose soil extract (GSE) for 
phosphate solubilizers (Sylvester-Bradley et al. 
1982). The density of associative diazotrophic 
bacteria by most probable number (MPN) was 
determined using the semi-solid media, NFB 
(selective for Azospirillum spp.), FAM (selective 
for Azospirillum amazonense) and JNFB (selective 
for Hebaspirillum spp.) (Döbereiner et al. 1995, 
Magalhães et al. 1983).

Legume-nodulating bacteria were captured 
in a greenhouse experiment using as bait cowpea 
plants [Vigna unguiculata (L.) Walp], cultivated 
for 50 days in (1:1, v:v) sterile mixture of sand and 
vermiculite inoculated with 1 g of soil mixed to 
10% concentration in sterile sand. The plants were 
watered with Hoagland solution at low nitrogen 
concentration (5.25 mg L-1 de N), except for the 
control with higher doses of this nutrient (52.5 mg 
L-1). Density was determined by MPN and number 
of nodules (NN). Nodule dry mass (NDM) and 
shoot dry matter (SDM) were observed. 
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Figure 1 - Sampling scheme and altitudes obtained by Geographic Information System of the studied hillslope at 
Bocaina Mountain Range, in Lavras – Minas Gerais, Brazil.

Mycorrhizal colonization by arbuscular 
mycorrhizal fungi (AMF) of roots obtained from 
the soil was done by clarification and staining 
with trypan blue (Koske and Gemma 1989) and 
the quantification was given by the checkerboard 
method in which AMF spores were extracted 
from 50 mL of soil by the wet sieving technique 
(Gerdemann and Nicolson 1963) followed by water 
and sucrose centrifugation (Jenkins 1964).

The activity of the urease enzyme was based on 
the determination of the ammonia released after the 
incubation of soil with a urea solution (Tabatabai 
and Bremner 1972). The activities of fluorescein 
diacetate (FDA) and acid phosphatase enzyme 
hydrolysis were estimated by spectrophotometry 
at wavelengths of 490 and 410 nm, respectively 
(Dick et al. 1996). Soil extract was evaluated in a 
spectrophotometer at the wavelength of 410 nm to 
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determine the activity of the enzyme β-glucosidase 
(Tabatabai 1994) with a curve for quantification 
obtained from standard solution of 1000 mg mL-1 
of p-nitrophenol.

Basal respiration was determined from 20 g 
of soil with moisture adjusted to 60% (Alef and 
Nannipieri 1995). Substrate-induced respiration 
was determined similarly to basal respiration, and 
sucrose solution (0.05%) was added to the soil as 
a readily available carbon source, incubated with 
NaOH-containing vials (changed at each reading) 
in a hermetically sealed container. Three readings 
were performed every three hours, and a fourth 
reading was performed 22 hours after the initial 
incubation.

TERRAIN ATTRIBUTES AND ITS RELATION 
TO MICROBIOLOGICAL INDICATORS OF SOIL 
QUALITY 

In order to correlate the soil biological attributes 
with topographic factors, a Digital Elevation 
Model (DEM) with 3 m of spatial resolution 
was created through the Topo To Raster tool of 
ArcGIS 10.3 (ESRI) software, from contour lines 
of 1 m of vertical distance between them. In a 
DEM, each pixel represents the altitude of each 
local of the landscape in a continuous way. From 
this DEM, topographic attributes were generated 
in SAGA GIS software (Conrad et al. 2015), 
including: slope, aspect, topographic wetness 
index (Beven and Kirkby 1979), altitude above 
the channel network, hillshade, cross-sectional 
and longitudinal curvatures, and Geomorphons 
(Jasiewicz and Stepinski 2013), which segments 
the landscape in up to 10 pedoforms, allowing 
associations with sites of erosion and deposition of 
water and sediments. These digital terrain models 
have been extensively used in works relating them 
to soil attributes (Adhikari et al. 2013, Pelegrino et 
al. 2016, Silva et al. 2016b, Taghizadeh-Mehrjardi 
et al. 2015, Pinto et al. 2017). From the topographic 
information, the values of each terrain attribute, as 

well as the altitudes of the DEM were extracted 
at each of the 16 sampling points and they were 
used to evaluate the effects of the different hillslope 
positions on the soil microbiological attributes.

STATISTICAL ANALYSIS

The SISVAR software (Ferreira 2014) was used to 
perform normality tests, followed by analysis of 
variance (ANOVA) and Scott-Knott test (5%), when 
the data were normally distributed and Kruskal 
Wallis test when they did not fit this distribution. 
Pearson correlation analysis was performed to 
verify the influence of topographic factors on the 
microbiological attributes of the analyzed soils.

To evaluate the most important topographic 
attributes to explain the variation of microbiological 
attributes, the random forest algorithm was used 
in software R, randomForest package (Liaw and 
Wiener 2015), with 1000 trees of the model (ntrees), 
5 variables in each node (nodesize) and one third of 
the total number of samples in each tree (mtry), as 
suggested by Liaw and Wiener (2002) for random 
forest regression.

RESULTS AND DISCUSSION

SOIL CHARACTERIZATION 

The four positions evaluated in the hillslope 
(Figure 2) belong to the Neosols (Entisols in Soil 
Taxonomy), a soil order characterized by being 
weakly developed, not presenting a B horizon. 
However, the point with the lowest altitude, near 
the watercourse, was classified within the suborder 
of Fluvic Neosols (Fluvents), formed from the 
deposition of alluvial and colluvial sediments, 
while the other three places, in higher altitudes, are 
Regolithic Neosols (Orthents) (Table I). In spite of 
this difference in the suborders, the chemical and 
physical attributes evaluated were similar (Table I), 
being these soils, in general, poor in nutrients and 
of sandy loam texture, as a reflection of quartzite 
rocks that form this Bocaina Mountain Range (Curi 
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et al. 1990). However, the organic matter contents 
varied from medium to good, being the highest 
values found in the Fluvic Neosol, probably due to 
the greater proximity to the watercourse, making 
it difficult to be decomposed by microorganisms 
(Resende et al. 2014) since it is a depositional 
surface. Similar behavior of organic matter contents 
was found by Menezes et al. (2016) on a watershed 
in the state of Minas Gerais, Brazil.

Among the evaluated points, three are located 
on erosional positions and only the point at the 
lowest altitude on the hillslope is on deposition 
surface, besides showing variations in the slope and 
in the topographic wetness index, the point closest 
to the watercourse being the one with highest water 
accumulation, as expected (Figure 2, Table II). 
Although the hillslope presents small concavities 
(ravines), which modifies this general trend (see 
point 2, where topographic wetness index is greater 
than point 3), the low moisture content of point 3 
can be explained by its greater slope (67%) that 
prevents the accumulation of water.

SOIL MICROBIOLOGICAL ATTRIBUTES

The activity of the urease and FDA enzymes did 
not differ between the evaluated hillslope points, 
whereas the acid phosphatase was lower at point 
3 and the b-glucosidase enzyme was higher at 
the lowest point (Figure 3). Although they are 
considered good indicators of soil quality by 
presenting variations when there are changes in soil 
use and management, the activity of soil enzymes 
is also sensitive to variations within the same 
environment, such as temperature and geographic 
location (Cardoso et al. 2013, Burns et al. 2013). 

While the activity of urease and FDA enzymes 
were more stable with respect to the variation in 
hillslope position, even in similar soils and under 
the same vegetation, the variation of the activity of 
acid phosphatase and β-glucosidase shows greater 
sensitivity of these indicators. Since the enzyme 
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β-glucosidase promotes the hydrolysis of cellulose 
cellobiose residues (Deng and Tabatabai 1994), the 
higher activity of this enzyme on the depositional 
place (point 4) can be related to the greater amount 
of residues that are deposited there originated both 
from the upper points on the hillslope and from 
alluvial sediments.

The basal respiration (Figure 4) did not 
differ between the positions in the landscape, 
while the induced one was greater in points 2 and 
3, intermediate in the hillslope. The activity of 
soil microorganisms can be determined by their 
respiration and can respond rapidly to changes that 
occur in the environment (Couto et al. 2016). The 

TABLE II 
Terrain attributes in different hillslope positions in the Bocaina Mountain Range, in Lavras – Minas Gerais, Brazil.

Hillslope 
position Altitude (m) Slope (%) Altitude above the 

channel network (m)
Topografic 

wetness index Geomorphons Hillshade

1 1127.28 28.4 14.9 1.96 5 (Erosional) 150
2 1121.84 27.0 12.8 1.98 6 (Erosional) 146

3 1106.44 67.0 3.5 1.93 7 (Erosional) 84
4 1100.25 16.4 0.53 4.79 9 (Depositional) 149

Figure 2 - Terrain attributes obtained from a Digital Elevation Model of 3 m resolution. 
TWI – topographic wetness index; LNGCRV – longitudinal curvature; CRSCRV – cross sectional curvature; AACN – 
altitude above the channel network; 3 – Ridge, 5 – Spur, 6 – Slope, 7 – Hollow, 9 – Valley, 10 – Pit.
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samples that were collected under native vegetation 
with very little human interference, presented 
similarity in basal respiration, which was expected 
since in an equilibrium environment the activity of 
the microbiota tends to remain stable.

On the other hand, the increased respiration 
of the microbial biomass at the intermediate 
points on the hillslope in response to the added 
substrate shows that, even in stable ecosystems, 
the response of the microorganisms may be 
different. Differences in respiration induced over 
time were also observed (Figure 5). The evolution 
of respiration alone tends to be similar, but in the 
intermediate positions of the hillslope (points 2 and 
3), the activity that generated the difference noted 
in Figure 4 was noticed between 3 and 6 hours, 
showing the greater adaptability of the microbiota 
of these positions in degrading the substrate. In 
the final evaluations, after 9 and 22 hours after the 
induction of respiration by the substrate, respiration 
stabilized, presenting close values.

The mycorrhizal colonization on the 
collected roots did not differ statistically among 
the hillslope positions, with an overall mean of 
26.7% of colonization (Figure 6). AMF spore 
density was higher at points 1 and 2, located at the 
higher elevation parts of the hillslope. Freitas et 
al. (2014) found variation in AMF spore density 
along a topographic gradient in central Amazonia. 
Similarly, Silva et al. (2014), evaluating spore 
density in environments in the Brazilian semi-arid 
region, obtained a higher density of spores in dry 
forest than in rainforest, in both dry and wet seasons, 
indicating that the topographic factor and soil 
moisture can affect the density of spores, thus being 
expected, in positions under similar conditions, 
higher density of spores in drier positions. The 
highest altitude in relation to the drainage network 
in points 1 and 2 (Table II) avoid the accumulation 
of water in these places, favoring drainage to the 
lowest places of the hillslope. This better drainage 
conditions can cause the plants in association with 

Figure 3 - Enzymatic activity in soil samples (0 to 20 cm) collected in different hillslope positions in the 
Bocaina Mountain Range, in Lavras – Minas Gerais, Brazil. 1 - upper backslope; 2 - middle backslope; 
3 - lower backslope; 4 - footslope.
Means followed by the same letter do not differ statistically, according to 1Scott-Knott or 2Kruskal-Wallis 
test (p <0.05).
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AMF in these positions to suffer more water deficit, 
which is a stimulus to spore production, justifying 
the higher density found there, which is improved 
in soils with greater amounts of sand, such as the 
ones of this study. The density of actinobacteria, the 
MPN of native rhizobia and free-living N2-fixing 
bacteria in JNFB medium did not differ statistically 
between the positions on the hillslope (Figure 7).

The NN, NDM and SDM of cowpea inoculated 
with soil suspension did not show a significant 
difference between the hillslope positions (Figure 
6). This shows that the bacteria present had the 
same efficiency in nodulate and fix N2 for the plant 
in question.

The density of total bacteria, phosphate 
solubilizers, ammonifiers, and free-living N2-
fixing bacteria in NFB were higher in points 2 and 
4, the same points where the topographic wetness 
index was higher (Table II). In contrast, the fungal 
population was higher in the positions with lower 
topographic wetness index (Figure 7). It is known 
that the populations of fungi are larger in drier 
periods, while those of bacteria have higher density 
in wetter periods (Rodrigues et al. 2011). In this 
study, it was observed that in the same dry period, 
the variation in the topographic wetness index 
caused by the hillslope led to differences in the 
density of fungi in positions with lower topographic 
wetness index and higher density of bacteria with 
the increase of this index.

IMPORTANCE OF TOPOGRAPHIC ATTRIBUTES TO 
EXPLAIN MICROBIOLOGICAL ATTRIBUTES

Among the microbiological attributes analyzed, 
the activity of the enzymes β-glucosidase, acid 
phosphatase, the activity of the FDA besides the 
MPN of native rhizobia and free-living N2-fixing 
detected in NFB medium showed correlations with 
one or more topographic attributes (Table III). In 
contrast, the activity of the urease enzyme, free-
living N2-fixing bacteria grown in JNFB medium, 
ammonifiers, actinobacteria, total fungi, in addition 

Figure 4 - Microbial respiration in soil samples (0 to 20 cm) in different hillslope positions in the Bocaina Mountain Range, in 
Lavras – Minas Gerais, Brazil. 1 - upper backslope; 2 - middle backslope; 3 - lower backslope; 4 - footslope.
Means followed by the same letter do not differ from one another by the 1Scott-Knott or 2Kruskal-Wallis test (p <0.05); 
3transformed data per log (x).

Figure 5 - Evolution of substrate-induced respiration from 
different hillslope positions in the Bocaina Mountain Range, in 
Lavras – Minas Gerais, Brazil. 1 - upper backslope; 2 - middle 
backslope; 3 - lower backslope; 4 - footslope.
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Figure 6 - Density of spores of mycorrhizal arbuscular fungi and mycorrhizal colonization on roots of native plants from different 
hillslope positions in the Bocaina Mountain Range, Lavras – Minas Gerais, Brazil, and number of nodules, dry mass of nodules and 
aerial part of the symbiosis experiment between native nitrogen fixing bacteria and cowpea inoculated with field soil and conducted 
under greenhouse conditions. 1 - upper backslope; 2 - middle backslope; 3 - lower backslope; 4 - footslope.
Means followed by the same letter do not differ statistically by 1Scott-Knott test (p <0.05).

Figure 7 - Total bacterial counts, total fungi, actinobacteria, phosphate solubilizers, ammonifiers, native rhizobia and free-living 
N2-fixing bacteria from different hillslope positions in the Bocaina Mountain Range, in Lavras – Minas Gerais, Brazil. 1 - upper 
backslope; 2 - middle backslope; 3 - lower backslope; 4 - footslope. 
Means followed by the same letter do not differ from each other, according to the test of 1Scott-Knott and 2Kruskal-Wallis tests (p 
<0.05) nd – not determined; 3data transformed by log (x); 4data transformed by square root of Y.
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to basal respiration, spore density and mycorrhizal 
colonization did not present a significant correlation 
with the evaluated topographic attributes. 

The MPN of native rhizobia was the biological 
attribute that correlated with the highest number of 
terrain attributes (five), being them Geomorphons, 
topographic wetness index, longitudinal curvature, 
altitude above the channel network and altitude. 
The activity of the FDA correlated only with slope. 
On the other hand, among the terrain attributes, 
Geomorphons, slope, topographic wetness index 
and longitudinal curvature were correlated with 
two biological attributes. 

The hillshade variable, which refers to the 
luminosity in the position (the higher the hillshade, 
the more illuminated the position by sunlight), was 
correlated with phosphatase, being lower in point 
3, which presents lower illumination. It is known 
that microbial diversity may vary depending on 

sunlight exposure (Griffiths and Philippot 2013). 
In this way, the soil organisms responsible for 
producing phosphatase are negatively influenced 
when the position is more shaded.

Regarding the importance of the terrain 
attributes that best explain the variations in 
biological attributes determined by the random 
forest algorithm, the β-glucosidase enzyme was 
the one that presented the highest percentage of 
variation dependent on terrain attributes (Table IV), 
followed by ammonifiers and induced respiration. 
The terrain attributes that best explain the variation 
of these three biological attributes are altitude, slope 
and longitudinal curvature. Among these, slope and 
longitudinal curvature were also correlated with 
soil biological attributes (Table III).

Although several biological attributes have 
presented variation explained by terrain attributes, 
basal respiration, urease enzyme activity, AMF 

TABLE III
 Coefficient of correlation between microbiological attributes and topographic attributes of a hillslope in the Bocaina 

Mountain Range, in Lavras – Minas Gerais, Brazil.

Gm TWI LNGCRV CRSCRV AACN Hillshade Slope Altitude

Acid phosphatase 0.192ns 0.333 ns -0.108 ns -0.138 ns 0.183 ns 0.545* -0.724** 0.175 ns

FDA activity -0.089 ns -0.434 ns -0.113 ns 0.225 ns 0.0002 ns -0.429 ns 0.528* 0.0203 ns

β-glucosidase 0.555* 0.430 ns -0.539* -0.328 ns -0.39 ns 0.0847 ns -0.272 ns -0.398 ns

FLNFB 0.349 ns 0.567* 0.0716 ns -0.837** -0.182 ns 0.207 ns -0.387 ns -0.237 ns

Native rhizobia 0.558* 0.549* -0.502* -0.387 ns -0.578* 0.133 ns -0.18 ns -0.612*

FLNFB: free-living N2-fixing bacteria; Gm: Geomorphons; TWI: topographic wetness index; LNGCRV: longitudinal curvature; 
CRSCRV: cross sectional curvature; AACN: altitude above the channel network.*p≤0.05; ** p≤0.01; ns : not significant.

TABLE IV
 Most important terrain attribute (AT + I) and less important terrain attribute (AT - I) to explain variation in 

microbiological attributes urease (Ure), actinobacteria (Act), Ammonifiers (Ammon), activity of the FDA (FDA), 
β-glucosidase (β), free-living N2-fixing bacteria detected from FAM (Df) medium, NFB (Dn) and JNFB (Dj), phosphatase 

(Pho), total fungi (TF), most probable number of native rhizobia (MPN), basal respiration (BR), substrate-induced 
respiration (RI), and percentage of this variance explained by terrain attributes (VABET).

Ure Act Ammon FDA β Df Pho TF Dj Dn MPN BR RI
VABET 

(%) -31.39 6.53 28.42 12.06 31.96 -29.33 15.55 -19.66 -52.05 -48.45 11.27 -37.56 22.1

AT+ I SL Alt LNGCRV SL LNGCRV AADL SL Alt Alt LNGCRV TWI GM Alt

AT - I CRSCRV CRSCRV TWI CRSCRV HS CRSCRV TWI GM LNGCRV TWI HS LNGCRV HS

TWI: topographic wetness index; LNGCRV: longitudinal curvature; CRSCRV: cross sectional curvature; AADL: altitude above the 
drainage line; HS: hillshade; Alt: altitude; GM: geomorphons; SL: slope.
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spore density, mycorrhizal colonization, bacteria 
and fungi, phosphate solubilizers, and detected free-
living N2-fixing bacteria in JNFB and FAM, did not 
present variation explained by terrain attributes, 
both in the analysis by random forest and in the 
analysis of correlation, showing the insensitivity of 
these microbiological attributes to variations along 
a hillslope. 

CONCLUSIONS

The variation in the topographic wetness index 
caused by the topography generates different 
responses in density of microorganisms of distinct 
groups in soil. The hillslope evaluated at Bocaina 
Mountain Range presents microorganisms that 
perform different functions in the maintenance 
of the quality of the soil and some groups of 
biological indicators of soil quality vary according 
to topographic factors, mainly altitude, slope and 
longitudinal curvature.

The biological indicators of soil quality that 
were most influenced by variations in the terrain 
attributes along the hillslope were the activity 
of the enzymes β-glucosidase, phosphatase, the 
FDA, the MPN of native rhizobia and free-living 
N2-fixing bacteria detected in NFB medium. In 
contrast, the urease enzyme, basal respiration, total 
fungi, and free-living N2-fixing bacteria detected in 
JNFB and FAM are less sensitive, therefore, they 
are more indicated to evaluate sites with greater 
terrain variability.

Future studies are needed to verify the influence 
of topographic attributes on different relief, 
climatic, pedological and vegetation conditions. 
Such studies may better elucidate whether the 
behavior of these microbiological indicators 
and topographic attributes will be similar to the 
behavior found in this study, thus helping select 
the best microbiological indicators for different 
conditions.
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