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ABSTRACT
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In Central Brazil, plateaus, the most common geomorphologic form, have been undergoing intense
conversion from native vegetation to pasture and agriculture in recent decades. We used carbon stable
isotope ratios (6'3C) and nitrogen stable isotope ratios (6'°N) to assess possible changes in soil organic
matter dynamics under such land use modifications. This study aimed to evaluate the differences in soil
6'3C and 6'°N and C and N stocks between native vegetation and agricultural or pasture areas in
different locations of a plateau in the savannas of Central Brazil. We sampled soil up to 100 cm depth in
pasture areas in the summit of the plateau and no-tillage and conventional tillage on the border of a
plateau, as well as soils under native vegetation in both landscape locations. Both soil 6'3C and §*°N,
and C and N stocks showed no differences between land uses. The different relationships between §*°N
and C/N ratio at different locations indicated distinct behavior of the soil organic matter between the
summit and border of the plateau. Therefore, in addition to land-use, landscape location contributes to
both 6*3C and 6*°N, and C and N stocks in the soil of the plateau.

RESUMO

Palavras-chaves
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matéria organica do solo
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geomorfologia

Carbono e nitrogénio do solo sob diferentes usos e posi¢des na paisagem no Brasil central.

No Brasil Central, os planaltos sdo a forma geomorfoldgica mais comum e vém sofrendo intensa con-
versdo de vegetagdo nativa em pastagem e agricultura nas Gltimas décadas. Os is6topos estaveis de
carbono (613C) e de nitrogénio (6'°N) foram usados neste estudo para acessar possiveis mudangas na
dinamica da matéria organica no solo nestas areas convertidas. Este estudo teve como objetivo avaliar as
diferencas no §*3C e no §'°N e nos estoques C e N do solo entre a vegetagdo nativa e areas agricolas ou
de pastagem em diferentes posi¢des de um planalto nas savanas do Brasil Central. Foram coletadas
amostras de solo até 100 cm de profundidade em areas de pastagem no topo e plantio direto e convenci-
onal na borda do planalto, bem como solos sob vegetacdo nativa em ambas as posicdes. O §*3C, 0 §*°N e
os estoques de C e N ndo mostraram diferencas entre os usos da terra. As diferentes relaces entre 65N
e a razdo C/N em cada posicdo indicam um comportamento distinto da matéria organica do solo entre o
topo e a borda do planalto. Portanto, além do uso da terra, a posi¢do da paisagem contribui para os
valores de 5'3C e 5*°N e os estoques de C e N no solo desse planalto.
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INTRODUCTION

Land use changes (LUC) imply modifications
in both carbon (C) and nitrogen (N) cycling, and
consequently, in the functioning of ecosystems
(Steffen et al., 2015). The differences due to LUC
can occur through the increase or reduction of C
and N stocks (Guareschi et al., 2014), which vary
with the intensity of the changes and the
management provided to each area (Cecagno et
al., 2018; Marinho Junior et al., 2020). In soil
research, C stable isotope ratios (6*3C) and N
stable isotope ratios (J*°N) can integrate soil
organic matter dynamics over decades (Alves et
al., 2016; Guareschi et al., 2014).

Dynamics of C and N also is affected by
geomorphology variables. Studies have observed a
relationship between landscape location and the
6°C (Doetterl et al., 2016) and the 5'°N in soil
(Weintraub et al., 2015), given that LUC can
influence behavior of the organic matter (Mudge
et al., 2014). Guimardes et al. (2021) showed
differences in organic matter content according to
the landscape location and the soil characteristics.
Texture and mineralogy also influence soil
properties and organic matter behavior (Craine et
al., 2015; Singh et al., 2017). Therefore, different
landscape locations are determinant of the
ecosystem structure and functioning (Arruda et al.,
2015), affecting physical, chemical and
microbiological attributes of soils (Gama-
Rodrigues et al., 2018).

Plateaus are the most abundant geomorphologic
forms of Brazilian savannas (Sano et al., 2019).
Due to ease of access for farm machinery, soil
depth and being well-drained, savanna plateaus
have been undergoing intense conversion from
native vegetation to agriculture and pasture. The
Central Brazilian savannas (locally named as
Cerrado) cover 22% of the Brazilian territory and
its one of the most biologically diverse savannas
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on the planet (Batlle-Bayer et al., 2010).

The insertion of crops and pastures modify an
area’s microclimatic conditions, which may lead
to differences in decomposition rates and chemical
reactions in the soil, leading to different levels of
organic soil C (Babu et al., 2020; Soares et al.,
2019) affecting C stocks (Alves et al., 2016;
Marinho Junior et al. 2020). In the Cerrado, the C
stock (Gmach et al., 2018) and N stock (Oliveira
et al., 2016) decreases with the transformation of
the native area into pasture and plantation areas in
surface soils. Vegetal cover, landscape locations
and soil characteristics are important regulators of
water and nutrient losses in tropical regions
(Guimarées et al.,, 2021). Therefore, it is
fundamental to understand the dynamics of soil
organic matter before LUC in different landscape
locations (Guimardes et al., 2021; Santos et al.,
2014). In this context, the objective of this study
was to evaluate the differences in soil ¢*C and
6PN and C and N stocks between native
vegetation and agricultural or pasture in different
locations of a plateau in the savannas of Central
Brazil.

MATERIAL AND METHODS
Study area

The study area comprises the experimental
basin of the Sarandi stream (between -47°; 42’;
00” and -47°; 48’; 00”; -15°; 34’; 00” and -15°;
38’; 00”), whose source is located in Planaltina,
Distrito Federal, Brazil, with altitudes between
930 and 1,270 m (Figure 1). The predominant
climate is Aw (Kdppen), with two well-defined
seasons of rainy and dry. The rainy season is
between October and April, and the dry season is
between May and September. The annual
precipitation is greater than 1,500 mm, with
temperature varying between 13 °C to 28 °C.
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Figure 1 - Location of the Sarandi basin in the Brazilian savanna, north of Distrito Federal (Brasilia), Brazil
(A), and sample points on the summit of the plateau - area I; and border of the plateau — area Il (B).
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The Sarandi stream flows into the Ribeirdo
Mestre d'Armas (Sena-Souza et al., 2014), which
is one of the most important tributaries of the S&o
Bartolomeu river, which contributes significantly
to the formation of the Parana river basin, within
the Planalto Central ecoregion (Sano et al.,
2019). The predominant soils are Oxisols, with the
presence of Cambisol and Hydromorphic soils,
with characteristics that vary according to the
relief type where each one is inserted (Lima et al.,
2014).

The geology of the region consists mainly of
metasedimentary rocks of the Paranod group
(Sena-Souza et al., 2014). The basin displays two
flatland surfaces, representative of the Central
Plateau related to the South American cycles,
formed by plateaus, and the Velhas, related to the
lowlands. Soils on the plateaus are older,
weathered, and rich in gibbsite, whereas soils on
the lowlands are younger, less weathered, and rich
in kaolinite (Reatto et al., 2008). The plateaus are
formed by flat reliefs and with the predominance
of rectilinear and convex forms, with altitudes
between 1,100 and 1,200 m.

The soils in the basin are organized according
to their location on the landscape: Rhodic
Acrustox (Latossolo Vermelho) on the summit of
the plateau, and Typic Acrustox (Latossolo
Vermelho-Amarelo) on the border of the plateau
(Lima et al., 2014). The basin has 55%
anthropogenic coverage, 44.7% natural coverage,

and 0.3% water bodies. Most of the anthropized
area is occupied by pasture (28.7%) and
agriculture (21.3%). Among the natural areas, the
savanna physiognomy predominates with 27%,
while forest formation corresponds to 7% and
other formations to 10% of the basin.

Soil collection and analysis

Sample point choices were based on the
landscape location and land use of the Sarandi
basin (Figure 1). Two natural areas, one pasture,
and two agricultural areas were selected, divided
into no-tillage and conventional tillage. NVSP:
Native vegetation on the summit of the
plateau; PSP: Pasture on the summit of plateau;
NVBP: Native vegetation on the border of
plateau; NTBP: No-tillage on the border of
plateau, currently with maize crop; and CTBP:
Conventional tillage on the border of plateau,
currently with maize crop (Table 1). The NVSP
and NVBP are Cerrado stricto sensu, which
displays a combination of tree species, shrubs, and
grasses. The PSP is a pasture area that was
abandoned 20 years ago, after intensive
grazing. The NTBP and CTBP are crop rotations,
with maize and soybeans employed for 25 years,
without preparing the soil between the crops,
following the no-tillage system and the
conventional tillage, respectively.

Table 1 - Characteristics of sample areas in a plateau in the Sarandi basin, north of the Distrito Federal,

Brazil.

Latitude Longitude

Area Landscape location Current cover Soil type _(degrees, _(deg rees,
minutes, and minutes, and

seconds) seconds)
NVSP Summit of the plateau Cerrsa;(rji(ztsoensu Rhodic Acrustox -15°36°25.2” -47°46°55.2”
PSP Summit of the plateau Pasture Rhodic Acrustox -15°36°46.8” -47°46°48.0”
NVBP Border of the plateau Cerrszi(rii(():tsoensu Typic Acrustox -15°36°39.6”  _47°44°42 0>
NTBP Border of the plateau No-tillage Typic Acrustox -15°36°28.8” -47°44°31.2”
CTBP Border of the plateau Cont\i/ﬁ;‘;fnal Typic Acrustox -15°36°32.4” -47°44°34.8”

NVSP: Native vegetation on the summit of the plateau; PSP: Pasture on the summit of the plateau; NVBP: Native vegetation on the
border of the plateau; NTBP: No-tillage on the border of the plateau, currently with maize crop; CTBP: Conventional tillage on the
border of plateau, currently with maize crop.

In each area, three soil profile samples
equidistant from each other were collected at eight

through a 2 mm mesh sieve. Subsequently,
physical, and chemical analyses  were

depth intervals (0-5, 5-10, 10-20, 20-30, 30-40,
40-60, 60-80 and 80-100 cm). Soil samples were
collected employing an auger type for undeformed
samples and a Dutch auger type for deformed
samples. Samples were air-dried and passed

performed. The texture was calculated via the
pipette method for normal soils, described by
Embrapa (1997), the active acidity was calculated
via pH in H,O. Cation Exchange Capacity (CEC),
phosphorus (P) and potassium (K) were extracted
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via Mehlich* method. Calcium (Ca), magnesium
(Mg) and aluminum (Al) were determined by KCI
!mol/L solution and determined by titration,
according to Embrapa (1997). Only values from 0
to 20 cm depth were presented due to the non-
detection of some elements in the deeper layers.

The C and N concentrations were analyzed via
an elemental analyzer, where dry soil samples
were milled, and sub-samples between 20 and 100
mg were weighed and packed in aluminum
capsules. These capsules were placed in an
elemental analyzer, which determines the
concentration of carbon and nitrogen, enabling the
C/N ratio calculation by dividing the two
concentrations. The 6'°N and 6*C were supplied
by a mass spectrometer for isotopic ratios
(Thermo Quest Finnigan Delta-Plus) coupled to
the elemental analyzer. The 6N and 6%C
expressed the proportion of **N/**N and *C/*2C in
the sample (R sample), comparatively to
international standards, the isotopic composition
of atmosphere N and the C of Pee Dee Belemnite
(PDB), in deviations per thousand (%o): 6 = (R
sample / R standard -1) x 1000. These analyses
were carried out in the Isotopic Ecology
laboratory, CENA/USP.

Soil density was calculated by the centrifuge
method, where the samples are saturated with
water, weighed, placed in a centrifuge for two
hours, and weighed again. The C stocks of each
depth interval in all studied areas were calculated
through Veldkamp's expression (1994), where C
concentration, CO (g.kg?), was converted in
(kg.kg™) and, after, in C stock (Mg.ha), based on
soil density (g.cm), and width of soil layers (cm),
(Equation 1). We calculated mean and standard
deviation Mean (SD) of three profiles of each area
to represent studied areas. N stocks were
calculated in a similar form. The C and N stocks
were adjusted for intervals at 40 cm, using the
method of Assad et al. (2013). Carbon and
nitrogen stocks were calculated up to 40 cm depth
due to the influence of LUC being concentrated on

topsoil.
C Stock = (CO x Ds x e) /10 Eq.1

Where:

C Stock Organic C stock at a predetermined
depth (Mg ha)

Cco Organic C concentration at the
sampled depth (g kg?)

Ds Depth soil density (kg.dm)

E thickness of the layer considered
(cm)

The total stock, considering all the layers, was
calculated similarly to that employed by Assad et
al. (2013), which considers the difference between
the mass of the reference area and the mass of
cultivated areas for each soil layer.

Both the isotope data and the carbon and
nitrogen  stocks underwent the Shapiro-Wilk
normality test. After confirming the normality of
the isotope data, the variance analysis ANOVA of
repeated measurements was employed, followed
by the Tukey test, which evaluated the
significance of the differences found between the
different soil depth intervals and land cover
types. For carbon and nitrogen stocks up to 40 cm
depth, the Mann-Whitney tests were applied on
the summit of the plateau and Kruskal-Wallis on
the border of the plateau. For all analyses
performed, differences up to 5% were considered
significant. Finally, a linear regression was
performed between C/N ratio and 6°N data.
Statistical analyses were performed using the R
statistical program.

RESULTS

The soils of a plateau in the Sarandi basin
presented higher clay content in NVSP and lower
in NTBP. The sand was higher in CTBP and lower
in NVSP. The silt content ranged between 10.7%
in CTBP and 21.8% in NTBP; and (Table 2).

Table 2 - Soil texture (mean + SD) in different land use and landscape locations of a plateau in the Sarandi

basin, north of Distrito Federal, Brazil.

Area Clay (%) Silt (%) Sand (%)
NVSP 67.3+2.8 13.1+2.8 19.6+3.7
PSP 67.3+3.7 12.8+3.9 19.945.6
NVBP 64.7£5.4 12.5+4.9 22.8+£3.0
NTBP 47.0+8.5 21.845.9 31.2+4.1
CTBP 57.7£2.7 10.7+2.3 31.7£4.4

NVSP: Native vegetation on the summit of the plateau; PSP: Pasture on the summit of the plateau; NVBP: Native vegetation on the
border of the plateau; NTBP: No-tillage on the border of the plateau, currently with maize crop; CTBP: Conventional tillage on the bor-

der of the plateau, currently with maize crop.
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The pH ranged from 5.0 in PSP to 5.9 in
NTBP. P, Al, CEC, and SOM higher values were
in natural areas (NVSP and NVBP), while higher

values of P, Ca, and K were found in agricultural
areas (Table 3).

Table 3 - Soil chemical characteristics (mean + SD) under different land uses and landscape locations in a
plateau in the Sarandi basin, north of Distrito Federal, Brazil.

P Ca Mg K Al CEC SOM
Area H H.O

PR (mg.dm) (cmolc.dm®) (%)
NVSP 52:01  01#01 0101 01400 01%00 03%02 50910 3406
psp 5001 02404 02402 01400 00400 03%01 54+06 2.60.3
NVBP  51#01 0703  02+02 0101 0100 06£03 6.7+l4  3.240.9
NTBP 5004 116102 27+12 01404 02401 00%01 7508 3.1+0.6
CTBP 57402 135465 17+04 04401 02401 00#01 63%13 26+0.6

pH in H20, phosphorus (P), calcium (Ca), magnesium (Mg), potassium (K), aluminum (Al), cationic exchange capacity (CEC), and soil
organic matter (SOM). NVSP: Native vegetation on the summit of the plateau; PSP: Pasture on the summit of the plateau; NVBP: Native
vegetation on the border of the plateau; NTBP: No-tillage on the border of the plateau, currently with maize crop; CTBP: Conventional
tillage on the border of the plateau, currently with maize crop. Values up to 20cm depth.

Soil C stocks up to 40 cm depth present
differences between the natural area and the
pasture on the summit of the plateau (p <
0.05). On the border of the plateau, there was also
no difference. The C stock is higher (p < 0.05) in
native area on the summit (NVSP) than at the
border (NVBP) of the plateau (Figure 2A). Soil
nitrogen stocks up to 40 cm depth show
differences between the natural area and pasture

A
Summit of the plateau  Border of the plateau
100 A
= B ! 1
8 w0 b L
g I
60
-
Q
®
= 40
£
(5’ 20
1]

NVSP PSP NVBP NTBP CTBP

Nitrogen stock (Mg.ha™)

on the summit of plateaus (p < 0.05). On the
border of the plateau, there was no difference
between the Cerrado stricto sensu area and the
conventional tillage and no-tillage areas. The N
stock is higher (p < 0.05) in the native area on the
summit (NVSP) than on the border (NVBP) of the
plateau (Figure 2B).

Summit of the plateau = Border of the plateau

o

w
-

&
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NVSP: Native vegetation on the summit of the plateau; PSP: Pasture on the summit of the plateau; NVBP: Native vegetation on the
border of the plateau; NTBP: No-tillage on the border of the plateau, currently with maize crop; CTBP: Conventional tillage on the
border of the plateau, currently with maize crop. Lowercase letters indicate the differences between land uses in the same landscape
location. Capital letters indicate the differences between native areas in the different landscape locations.

Figure 2 - Soil carbon stock (A), and soil nitrogen stock (B) up to 40 cm depth (average + SD) in different

land uses at the summit, and the border of a plateau in the Sarandi basin, north of Distrito Federal, Brazil.
The 6'*C ranged from -21.7%o in PSP up to 5 isotopic ratios for different land uses on the

cm depth to -19.3%0 in NVSP between the 80 and summit of the plateau and the border of the

100 cm depth interval. There was a statistically plateau along with the entire soil profile (Figure

significant difference between soil depth only PSP 3).

(p < 0.05). There was no difference between
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NVSP: Native vegetation on the summit of the plateau; PSP: Pasture on the summit of the plateau; NVBP: Native vegetation on the
border of the plateau; NTBP: No-tillage on the border of the plateau, currently with maize crop; CTBP: Conventional tillage on the
border of the plateau, currently with maize crop.

Figure 3 - Soil 5**C (average + SD) up to 100 cm depth, for different land uses on the summit of the plateau
(A), and the border of a plateau (B) in the Sarandi basin, north of Distrito Federal, Brazil.

The 6N ranged from 5.4 %o in NTBP in top-

soil to 11.1%o in NVBP between the 80 and 100
cm. There was a statistically significant difference
between soil depth in all areas (p < 0.05). There
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was no difference between isotopic ratios for dif-
ferent land uses on the summit of the plateau and
the border of the plateau along with the entire soil
profile (Figure 4).

- NVEP
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NVSP: Native vegetation on the summit of the plateau; PSP: Pasture on the summit of the plateau; NVBP: Native vegetation on the
border of the plateau; NTBP: No-tillage on the border of the plateau, currently with maize crop; CTBP: Conventional tillage on the

border of the plateau, currently with maize crop.

Figure 4 - Soil 6*°N (average + SD) up to 100 cm depth, for different land uses in the summit of the plateau
(A), and the border of a plateau (B) in the Sarandi basin, north of Distrito Federal, Brazil.

The regression between the C/N ratio values
and the soil 5N on the summit of a plateau dis-
played R? of 0.08 in NVSP and 0.03 in PSP with-
out connection for both areas. On the border of the

plateau, the R? was 0.009 in NVBP, 0.70 in NTBP
and 0.10 CTBP, and only in NTBP, was there a
statistically ~ significant  correlation (p <
0.05) (Figure 5).
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NVSP: Native vegetation on the summit of the plateau; PSP: Pasture on the summit of the plateau; NVBP: Native vegetation on the
border of the plateau; NTBP: No-tillage on the border of the plateau, currently with maize crop; CTBP: Conventional tillage on the

border of the plateau, currently with maize crop.

Figure 5 - Relationship between soil §*°N and C/N ratio up to 40 cm depth, for different land uses in the
summit of the plateau (A), and the border of a plateau (B) in the Sarandi basin, north of Distrito Federal,

Brazil.

DISCUSSION

The Cerrado  stricto  sensu  displays a
combination of tree species, shrubs, and grasses,
so it possesses a 6°C signal that stands between
typical values of Cs (-22%o to -35%o) and Ca4 (-
12%0 to -18%o) plants. Grasses and trees have
different photosynthetic processes, and soil 6*C
values reflect the contribution of cover plants
(Oliveira et al., 2016). Our results corroborate the
importance of the herbaceous stratum contribution
to the soil organic matter in the Brazilian savanna,
with similar values in native areas, regardless of
landscape location and soil type.

On the summit of the plateau, both the NVSP
and the PSP displayed similar values, provided by
a combination of C; and C4 plants. However, the
pasture has only grasses with the Ca
photosynthetic cycle and should provide a higher
6'3C signal on the topsoil, such as the values found
in work such as Assad et al. (2013), where there is
a more pronounced C, signal coming from the
cover plants. The organic matter deposited by
grasses is more rapidly consumed by soil biota.
This does not happen because of the management
intensity of pasture, where cattle are no longer
present, which allows the emergence of native
shrub and tree species, approximating the values
of 6'3C in the soils of native and pasture areas.
Typical values of Cerrado also occur on the border
of plateaus along with the entire soil profile, as
crop rotation like soybean and maize promote a
combination of Cz and C4 sources in farming
areas. However, there are differences between
natural and no-tillage area along with soil depth,
due to the higher incorporation of C. organic
matter in soils under the no-tillage area (Oliveira
etal., 2016).

The similarity in the 6°N soil along with the
entire profile both for NVSP and PSP, on the
summit of the plateau, although the establishment
of pastures often enriches the soil with 6*°N
(Mudge et al., 2014). The border of the plateau
also displays similar 6N among the land uses,
even with possible increased mineralization rates
caused by the crops (Guareschi et al., 2014,
Oliveira et al., 2016). In the case of this study,
both conventional and no-tillage are characterized
by crop rotation. Because of this, the soil also
records nitrogen incorporated into the soil in
legume crops such as soybean and bean. These
crops incorporate atmospheric N into the soil,
which has 6N close to 0 %o (Hogberg, 1997),
which inhibits the possible increase caused by
increased N cycling in the soil and the deposition
of inputs in agricultural areas.

Well-managed pastures may maintain (Alves et
al., 2016; Cecagno et al., 2018) or increase the C
stock in the soil (D'Andrea et al., 2004) in relation
to a native area, explained by the management
difference for each pasture (Marinho Junior et al.,
2020). However, our results show a reduction in C
and N stocks in the pasture at the summit of the
plateau. The absence of arboreal input in the
pasture reduces the deposition of organic matter in
the soil (Gmach et al., 2018). In addition, this area
does not receive an addition of nutrients, which
prevents faster growth of plant species. On the
border of the plateau, there were no differences in
the C and N stocks between the natural area and
the plantation areas, similar to the work of
D'Andrea et al. (2004). Although the substitution
of natural vegetation by the no-tillage system can
increase the soil carbon stock while conventional
tillage tends to reduce this stock (Guareschi et al.,
2014). In this case, the intensity of crops is not
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sufficient to alter the values of C and N in the soil
of the Brazilian savannas.

The higher C and N stocks on the summit than
on the border of the plateau indicate that the top
soil has a greater capacity to retain organic matter
in native areas, although the physical and chemical
attributes are similar in the landscape. Border soils
tend to be more influenced by groundwater and
erosion processes, in addition to being shallower,
which also explains the difference in soil type
(Arruda et al., 2015; Guimardes et al., 2021).
These results demonstrate that in addition to land
use, other factors influence the dynamics of
organic matter in the soil of this plateau (Gama-
Rodrigues et al., 2018). This is corroborated by
the difference in the ratio of 6*°N to the C/N ratio
at each location in the landscape. Global studies
indicate that there is a negative relationship
between §°N and the C/N ratio of the soil, since
lower values of the C/N ratio indicate an increase
in the processes of mineralization and
decomposition and raise the soil 6*°N (Craine et
al., 2015). However, our results show that there is
no significant relationship between these attributes
in the summit of plateau, while there is a positive
relationship on the border of plateau, which
demonstrates that other factors may be controlling
the dynamics of organic matter in these
environments.

In our study, relationships between soil 6N
and clay were not found, which differs from
global trends (Craine et al., 2015). However, there
is evidence that there is a different dynamic in
each location in the landscape, due to the different
characteristics of the soil, relationship with water,
erosion and decomposition processes (Doetterl et
al., 2016; Guimaraes et al., 2021; Weintraub et al.,
2015). Differences in soil mineralogy may be a
controlling factor for SOM in this environment, as
noted by Reatto et al. (2008), since it is connected
to the way the minerals associate themselves with
the SOM in Brazilian savannas. Therefore, the soil
dynamic is different in landscape locations, even
in native areas, demonstrated by a distinct
relationship between the soil 5N and C/N ratio in
each landscape location. The insertion of pasture
changed the stocks of C and N, but this did not
happen in agricultural areas, due to the low
intensity of use or stability of the plateau. The
LUC was not sufficient to alter the isotopes of C
and N in the soil of the plateau of the Sarandi
basin.

CONCLUSIONS

Changes in land use of native vegetation for
pasture decrease both C and N stocks of soil on

the summit of plateau. However, the intensity of
the LUC was not sufficient to alter soil 6**C and
soil 4N in any landscape location.

The differences in C and N stocks between
native areas of different locations in the landscape
indicated that landscape locations contribute to the
dynamics of organic matter in the soil, due to the
different soil characteristics and processes.
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