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RESUMO

Conversions of natural vegetation into pasture can, in a short time, change
the carbon stock and the natural abundance of §**C in the soil. The objective
of this study was to evaluate changes in carbon (C) and nitrogen (N) stocks,
as well as in the natural abundance of §*3C and 6*N of Argissolo Vermelho
distroéfico (Acrisol), in an area of natural vegetation and planted pasture in
the Cerrado region of Aquidauana (MS), Brazil. In order to do this, an area
of pasture (PA), cultivated for 25 years with Urochloa brizantha, and an area
of natural vegetation (NV) were evaluated. Soil samples were collected at
intervals of 0.05 m up to 0.60 m depth, and physical attributes, C and N
stocks (CSt and NSt) and isotopic variations of §*C and 6N of soil were
determined. In the 0—0.05 m layer, the highest C and N stocks occurred in
NV, 21.99 and 1.9 Mg ha™, respectively. In the conversion to PA, 14.62 Mg
ha! of CSt and 1.36 Mg ha* of NSt were lost in the 0-0.05 m layer. The area
with PA had greater isotopic enrichment of §*3C in the layers of 0-0.05 and
0.05-0.10 m, with values of -18.3 and -17.4%o., respectively, while in the
other layers the isotopic values decreased with the mixture between C
of C,and C, plants. NV showed enrichment in the isotopic signals, in the
layers from 0.25-0.30 m up to 0.40-0.45 m, with values between -21.74
and -21.54%., respectively, which is characteristic of mixed vegetation
of C,and C, plants. The values of 6" N showed isotopic enrichment as
depth increased, indicating greater mineralization of soil organic matter
in both areas. The conversion of Cerrado into pasture and its consequent
fragmentation causes negative impacts on the C and N sequestration and
storage capacity, both in pasture and in natural vegetation.

Keywords: acrisol; isotopic composition; vegetation conversion;
organic matter.

As conversdes de vegetagdo natural em pastagem podem, em um curto
intervalo de tempo, alterar o estoque de carbono e a abundancia natural de
81C no solo. O objetivo deste trabalho foi avaliar alteragdes nos estoques de
carbono (C) e nitrogénio (N) e na abundancia natural de §*C e §*°N no Argissolo
Vermelho distréfico (Acrisolo) em uma area de vegetagdo natural e pastagem
plantada no Cerrado em Aquidauana (MS). Para isso, foram avaliadas uma
area de pastagem (PA), cultivada durante 25 anos com Urochloa brizantha,
e uma area de vegetagdo natural (VN). Foram coletadas amostras de solo
em intervalos de profundidade de 0,05 m até 0,60 m, e a partir delas foram
determinados os atributos fisicos, os estoques de C e N (EstC e EstN) e as
variagdes isotopicas de 63C e 6°N do solo. Na camada de 0-0,05 m, os maiores
estoques de C e N ocorreram na VN; 21,99 e 1,9 Mg ha™, respectivamente. Na
convers3o para PA, 14,62 Mg ha do EstC e 1,36 Mg ha™ do EstN foram perdidos
na camada de 0-0,05 m. A drea com PA apresentou maior enriquecimento
isotdpico do &3C nas camadas de 00,05 e 0,05-0,10 m, cujos valores foram
de -18,3 e -17,4%., respectivamente, enquanto, nas demais camadas, os
valores isotopicos diminuiram com a mistura entre C de plantas C,e C,. AVN
apresentou enriguecimento nos sinais isotdpicos nas camadas 0,25-0,30
até 0,40-0,45 m, com valores entre -21,74 e -21,54%., respectivamente,
0 que € caracteristico de vegetacdo mista de plantas C, e C,. Os valores de
8N apresentaram enriquecimento isotdpico de acordo com o aumento da
profundidade, indicando maior mineralizagdo da matéria organica do solo em
ambas as areas. A conversdo do Cerrado em pastagem e, consequentemente,
sua fragmentagdo, provoca impactos negativos na capacidade de sequestro e
armazenamento do C e N, tanto na pastagem quanto na vegetagdo natural.

Palavras-chave: argissolo vermelho; composicdo isotdpica; conversdes
da vegetacdo; matéria organica.
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Isotopic variations of carbon and nitrogen and their implications on the conversion of Cerrado vegetation into pasture

Introduction

Brazilian Cerrado is an ecological hotspot with great diversity
of species that are endemic, but vulnerable to anthropic modifica-
tions, which cause several environmental impacts and the disorder-
ly conversion of original vegetation into land used by agriculture
and livestock, one of the main factors of degradation of this ecosys-
tem (Rocha et al., 2011; Silva and Bacani, 2017; Ozdrio et al., 2019).
According to deforestation data gathered up to the year 2013 by
TerraClass Cerrado — a project implemented by Instituto Nacional
de Pesquisas Espaciais (Inpe) and Empresa Brasileira de Pesquisa
Agropecuaria (Embrapa) —, the remaining natural vegetation rep-
resents 54.5% of the total Cerrado area. Regarding the classes of
anthropic use, planted pasture was the one with the highest pre-
dominance (29.5%), which leads to the conclusion that this activity
has great impact in Cerrado (Brasil, 2015).

Recent estimates predict an increase in deforestation in the Cer-
rado biome at an average annual rate of 0.34% to 0.5% (772 ha year!
on average), particularly affecting forests and savannas (Sano et al.,
2019; Alencar et al., 2020). Considering that Cerrado is a vegetation
complex consisting of forest vegetation (riparian forest, gallery for-
est, dry forest and Cerradio), grassland vegetation (dirty grassland,
clean grassland and rupestrian grassland) and savanna vegetation
(Cerrado sensu stricto, Cerrado park, palm grove and vereda), the
environmental impact of its deforestation will be even greater (Ri-
beiro and Walter 2008). Specifically, the state of Mato Grosso do Sul
has lost an average 17% of its native vegetation in the last 33 years,
and the greatest losses occurred between the years 1985 and 1995, a
period of expansion of livestock farming and agriculture in the state
(Alencar et al., 2020).

The conversion of native vegetation for anthropic use, if poorly
managed, can have negative effects on the carbon (C) and nitrogen
(N) cycle. In Cerrado, the imbalance in C and N stocks is largely due
to the replacement of the original vegetation with pasture, the main
anthropic class of land use in the biome, which leads to changes in the
physical and chemical attributes of soil organic matter (SOM), both
in degree of oxidation and lability, and may result in the simultaneous
release of large amounts of C and N accumulated in the vegetation,
increasing the release of greenhouse gases (Carvalho et al., 2010;
Dortzbach et al., 2015).

Changes in land use forms also alter the nature of the soil’s C
and N sources. C, plants (typical in tree vegetation) and C, plants
(typical in Poaceae species) leave different isotopic values of C and
N in organic matter, an indicator of the type of existing vegetation
and the modifications to which an area has been subjected, which
can be determined using isotopic techniques based on the natural
abundance of ®C (88**C) and *N (8"N). These isotopic techniques
have been widely used in studies on landscape transformations,
since they presuppose that organic matter reflects the plant material

from which it was derived, constituting an efficient method to iden-
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tify anthropic effects on the structure of ecosystems (Costa et al.,
2009; Loss et al., 2014).

The objective of this work was to evaluate changes in C and N
stocks, as well as in the natural abundance of 8"°C and 8"“N in Argis-
solo Vermelho distrofico (Acrisol), in areas of natural vegetation and
planted pasture (Urochloa brizantha) of the Cerrado region of Aquid-
auana (MS), Brazil.

Materials and Methods

The study was carried out at Universidade Estadual do Mato
Grosso do Sul, Aquidauana unit, located in the municipality of
Aquidauana, Mato Grosso do Sul, at 20°27°20” S latitude and
55°40’17” W longitude, with an altitude of approximately 180 m
(Figure 1). The predominant soil class in the region is Argissolo
Vermelho distréfico (Acrisol), with sandy loam textural class (Schi-
avo et al., 2010; Santos et al., 2018). According to Képpen’s classi-
fication, the climate of the region is Aw, defined as sub-humid hot
tropical, with an average annual rainfall of 1,200 mm, rainy season
in summer and dry season in winter.

For the study, two areas were selected under two conditions of
land use. The first was an area of planted pasture (PA) for cattle graz-
ing in the extensive system, implemented in 1973 and reformed in
2005, by removing Urochloa brizantha and planting Panicum maxi-
mum (Guinea grass), with no fertilizer application. In 2011, the pas-
ture was reformed for the second time, removing Panicum maximum
and replanting Urochloa brizantha cv. BRS Piata, which remained in
the sampled picket in 2015. The second, used as reference, was an
area of natural Cerrado vegetation, with gallery forest, on the Fundo
stream (NV) (Figure 2).

In each studied area, a representative plot of 10,000 m? was demar-
cated, and one soil pit with dimensions of approximately 1 x 1 m sur-
face and 0.6 m depth was opened in a random position. In each of the
soil pits, undisturbed samples were collected using a volumetric ring,
taking one sample every 5 cm deep. Leaf samples were also collected
from the main plant species of the NV area — Anadenanthera colubri-
na, Anadenanthera peregrina, Bauhinia forficata, Cecropia sp., Xylopia
sp. and Tabebuia sp. — and from Urochloa brizantha in the PA area.
After collection, the soil samples were air dried, pounded to break up
clods and passed through a 2-mm-mesh sieve, in order to obtain air-
dried fine earth (ADFE), which was subjected to the physical analyses
(Teixeira et al., 2017).

Bulk density (BD) was determined using the volumetric ring
method (Teixeira et al., 2017). Particle density (PD) was deter-
mined by the volumetric flask method, and this data, together
with BD data, was used to calculate the percentage of total po-
rosity (TP).

C and N contents were determined by dry combustion in a CHNS
analyzer (Elementar Analysensysteme GmbH, Hanau, Germany).
Data of C and N contents and BD were then used to calculate carbon
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Figure 1 - Location of collection points in the natural vegetation (NV) of Cerrado and in the pasture area (PA), Mato Grosso do Sul, Brazil.

Figure 2 - History of land use change processes, with the respective dates for implementing of the areas: planted pasture (PA) and natural
vegetation (NV), in the Cerrado biome in Mato Grosso do Sul, Brazil.
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(CSt) and nitrogen (NSt) stocks through the mathematical expression
proposed by Veldkamp (1994) (Equation 1).

t_(ExBDxe)
B 10

1

Where:

St = the stock of C or N in a given layer (Mg ha™);

E = the total content of organic C or N in the sampled layer (g kg™);
BD = the bulk density of the layer (Mg m™);

e = the thickness of the layer considered (m).

The natural abundance of ®C and N was determined with the
Finnigan Delta Plus mass spectrometer at the Isotopic Ecology Labora-
tory of CENA-USP, in Piracicaba-SP. The results of '*C were expressed
in the form of delta 8"*C (%o), in relation to the international standard
PDB (Belemnitella americana from the Pee Dee Formation). The results
of N were expressed in the form of delta 8'°N (%o), in relation to the
0N of air (0.3663%).

Isotopic dilution was calculated according to Equation 2, with the

objective of identifying the percentage of carbon from C, plants (%C,):

613CAmostra - 613CC3
613(:64 - 513CC3

%Cy = x 100 (@)

Where:

8"C,, = the value of 6"°C of the pasture C, plant, Urochloa brizan-
tha (-13.33%o);

8"C_, = 8"C of C, plants, averages of species of natural vegetation
(-31.77%o).

The percentages of remaining carbon from native vegetation (C))

were obtained through Equations 3 and 4:

B 613CPA — 613CNV

C, = 100 3

P= 8B, — 68Cy X ®)
¢ =100 - C, @)
Where:

8"C,, = 8"C of the soil sample analyzed;

8"C,, = the value of 6"°C of the pasture C, plant, Urochloa brizan-
tha (-13.33%o);

8"C,,, = the value of 8"*C of the soil underforest (Balbinot, 2009).

Pearson’s correlation and multiple linear regression analyses were

performed. Statistical analyses were carried out using Microsoft Excel.
Results and Discussion
Physical attributes

Bulk density (BD) showed an increase in subsurface trend, with

higher values in the PA area, ranging from 1.72 to 1.83 Mg m™ in the

layers from 0-0.05 to 0.45-0.50 m, respectively, whereas, in the NV
area, values ranged from 1.45 to 1.72 Mg m™ in the layers of 0.05-0.10
and 0.50-0.55 m, respectively (Figure 3). The total porosity of the soil
(TP) was higher in the NV area, ranging from 41.4 to 30% in the layers
0f 0.05-0.10 and 0.40-0.45 m, respectively, when compared to the val-
ues of PA, which ranged from 30.4 to 28.4% in the layers of 0.05-0.10
and 0.10-0.15 m, respectively. The higher BD values and lower TP
values in the PA area when compared to NV, both in surface and in
subsurface, are probably attributed to the intense trampling of animals,
often exceeding the adequate stocking rate, triggering the process of
soil compaction (Ozoério et al., 2019).

The increase of BD in subsurface is directly related to the reduc-
tion of organic matter contents, lower aggregation, lower root pene-
tration, reduction of soil fauna activity, greater compaction caused by
the weight of overlying layers, reduction of total porosity due to clay
eluviation, among other processes (Reichert et al., 2007; Silva et al.,
2011). These relationships are confirmed by the correlation analysis,
where the BD values of the NV area showed negative correlations with
TP (r = -0.95), CSt (r = -0.66) and NSt (r = -0.70), and TP showed a
positive correlation with CSt (r = 0.76) and NSt (r = 0.80) (Table 1).

The values of BD in PA only showed negative correlation with po-
rosity (r = -0.81). The nonsignificant correlation with the attributes CSt
and NSt can be explained by the intensification of compaction, result-
ing from the irregular management of the extensive livestock system,
hampering the development of the pasture root system in subsurface,
thus drastically reducing the contents of organic matter in subsurface
(Ferreira et al., 2010).

Figure 3 - Bulk density (BD) and total porosity (TP) of the soil in
areas with planted pasture (PA) and natural vegetation (NV), in the
Cerrado biome in Mato Grosso do Sul, Brazil.
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Soil carbon and nitrogen stocks

CStand NSt in NV in the 0-0.05 m layer were 21.99 and 1.9 Mg ha™!,
respectively, higher than those of the PA area in the same layer, which
were 7.37 and 0.54 Mg ha’!, respectively. These differences between the
stocks of NV and PA in this layer are equivalent to 14.62 Mg ha' of C
and 1.36 Mg ha of N. No differences between the evaluated areas were
observed in the other layers, and there was only a reduction in both
contents in subsurface (Figure 4). The higher stocks of these elements
in the NV area (0-0.05 m) can be attributed to the greater supply of lit-
ter causing greater entry of C in the surface layers (Rosset et al., 2016).
The density of tree species present in the NV area promotes higher
quality of residues in the soil, which contributes to the results of stocks
in the surface layer, mainly for NSt (Carvalho et al., 2017).

Many studies in the literature have shown that soils under
well-managed pastures with good fertility conditions have C contents
equal to or higher than those found in forest environments, due to the
greater supply of organic matter provided by the roots, which explains
similar C and N contents between the areas in subsurface (Carval-
ho et al., 2010; Rosset et al., 2016; Assuncéo et al., 2019; Falcdo et al.,
2020). However, the PA area is still under intensive grazing system, a
common practice in the sandy soils of Cerrado, which results in the re-
striction of root system distribution and reduction in the accumulation
of residues, consequently restricting the increment of C in subsurface,
as observed in the PA area (Carvalho et al., 2010; Macedo et al., 2013).

The PA area had a higher C/N ratio than the NV area in the layers
from 0.05-0.10 m to 0.40-0.45 m, with values from 14.10 to 14.63, respec-
tively, and a maximum of 17.13 in the 0.35-0.40 m layer. Because it has a
higher content of lignin, a carbon-rich organic polymer, the pasture has
organic matter with high C/N ratio and difficult degradation, which con-
tributes to the C values in subsurface being similar to or even higher than
that of NV (Costa et al., 2009; Braz et al.,, 2013). However, the higher C

Table 1 - Pearson’s correlation between the variables bulk density (BD),
total porosity (TP) and carbon and nitrogen stocks (CSt and NSt) of the
soil in areas in the Cerrado biome, Mato Grosso do Sul, Brazil.

Natural vegetation (N'V)

BD TP CSt NSt
BD 1
TP -0.95%* 1
CSt -0.66* 0.76** 1
NSt -0.70%* 0.80%* 0.99%* 1
BD TP CSt NSt
BD 1
TP -0.81%* 1
CSt -0.30 -0.20 1
NSt -0.26 -0.26 0.96** 1

contents in the layers from 0.45-0.50 m up to 0.55-0.60 m of the NV area
may be associated with the presence of coal, due to the history of regular
fires in the Cerrado biome and the preservation of SOM in structures, or
complexed with oxides and clay minerals, resulting in increased C/N ratio
at these depths (Costa et al., 2009; Sant-Anna et al., 2017).

Natural abundance of **C and **N

The values of 3"°C (%o) reflect the current vegetation in each area
(Figure 5). The NV area had the lowest values of 8"°C (%o), with vari-
ation from -26.9%o (0-0.05 m) to -21.5%o (0.30-0.35 m). The isotopic
values of the first layers of NV discriminate the predominance of C,
plants, resulting in the intensity of *C, which is described in the liter-
ature with values of 8'*C between -33%o and -22%o (Tarré et al., 2001;
Carvalho et al,, 2017), confirmed by the percentages of %C . below 50%
in the 0-0.05 m and 0.05-0.10 m layers.

From the layers of 0.25-0.30 m extending up to 0.40-0.45 m, there was
isotopic enrichment, with a difference greater than 4%o from the surface
and %C, greater than 50%. Isotopic variations greater than 4%o are asso-
ciated with changes in plant communities (Saia et al., 2008). This result
indicates that, in some past period, the existing vegetation was mixed and
more open than the current one, or that it underwent anthropic interfer-
ences, such as wood extraction and introduction of exotic species of grass
and cattle, resulting in the mixture of C, plants (arboreal vegetation) and C,
plants (pasture) (Assad et al., 2013; Sant-Anna et al., 2017).

In the deeper layers, below 0.45-0.50 and 0.55-0.60 m, the enrich-
ment remained below 4%o, with values of 8"*C (%o) below -22%o and
%C, less than 50%. This enrichment in subsurface is due to the process-
es of decomposition and humification of organic matter, where '*C is
released in greater amount, which leads to an increase in the concen-
tration of the enriched forms in C compared to the recently incor-

porated organic matter (Boutton et al., 1998; Dortzbach et al., 2015).

Figure 4 - Carbon stocks (CSt), nitrogen (NSt) and carbon/
nitrogen ratio (C/N) of the soil in areas with planted pasture (PA)
and natural vegetation (NV), in the Cerrado biome, Mato Grosso
do Sul, Brazil.
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The PA area had the highest values of natural abundance of $C (%o)
in the 0-0.05 and 0.05-0.10 m layers, with isotopic values from -17.4%o
to -18.3%o, respectively, and %C . higher than 70% at these depths, from
the organic matter of C, plants. These results indicate that there was
considerable deposition of C, plants derived from grass residues up to
a depth of 0.10 m (Sant-Anna et al., 2017). In the other layers, the isoto-
pic values decrease between -19.0%o and -21.8%, typical of vegetation
mixed between C,and C, plants. Thus, it is possible to observe the evo-
lution of a C, photosynthetic cycle vegetation to C,, but it still indicates
that the organic matter in subsurface has remnants of the characteristics
of transition from native vegetation to native pasture and of natural veg-
etation (Carvalho et al., 2010; Strey et al., 2016; Menezes et al., 2017).

The percentage of remaining C from native vegetation in the PA
area (%Cf) is below 40% in the first two layers, but these values in-
crease dramatically in subsurface, exceeding 70% in most layers and
reachg 91.7% in the 0.30-0.35 m layer. Some studies report similar
results, with an average of 70% of soil organic carbon derived from
the original forest in soils conducted from low-productivity pastures
(Costa et al., 2009; Dortzbach et al., 2015).

The values of %Cf in subsurface suggest the preservation of the re-
maining organic matter from NV in these layers, corroborating the results
of the C/N ratio at these same depths. The poorly formed pasture with high
animal stocking rate in Argissolo with sandy texture resulted in a low car-
bon increment to the soil, associated with the rapid cycling of this material
by microorganisms (Dortzbach et al., 2015). Argissolos or Acrisols (IUSS

Working Group WRB, 2015) tend to lose less C derived from the forest
when compared to Ferralsols, due to their physical characteristics in the
subsurface layers (Strey et al., 2016). The addition of fertilizer can lead to
higher rates of decomposition of the remaining organic matter from natu-
ral vegetation and an increase in the release of C from grasses (Sant-Anna
etal,, 2017). However, the area with PA has no fertilization management in
its history, which restricts the development of the pasture root system and
the decomposition of the remaining SOM in subsurface.

The values of §'°N showed an isotopic enrichment as depth increased,
and this pattern was more pronounced in NV. In the NV area, the values
of "N ranged from 3.99 to 16.83%o, whereas, in the PA area, there were
values between 7.93 and 15.15%o (Figure 5). The lower values of §*°N in
the surface layers, mainly in NV, are attributed to the constant addition
of organic matter in the surface layers of the soil, as well as to the diver-
sity of sources present in NV, with some species of the Fabaceae family,
which promotes higher contents of readily available nitrogen (*N, light-
er isotope) (Loss et al., 2014).

The enrichment of §"°N values in subsurface can also be attributed
to transformations from organic N to mineral N. Thus, as the reactions
of mineralization, nitrification, denitrification and volatilization occur
associated with N assimilations by plants, there is greater decomposition
of the isotope “N, leaving the remaining organic matter enriched in "N
atoms (Couto et al., 2017). Therefore, isotropic values of §°N serve as an
indication of the decomposition of organic matter, as the highest values

of 8N are found in areas with low contents of organic carbon.

Figure 5 - Natural abundance of 5"°C and 6"°N (%o), percentage of carbon from C, plant origin (%C4) and carbon remaining from native
vegetation (%Cf) in the soil of areas with planted pasture (PA) and Natural vegetation (NV), in the Cerrado biome, Mato Grosso do Sul, Brazil.
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Effects of Cerrado conversion and fragmentation

The conversion of native vegetation into cultivated pasture for ex-
tensive livestock farming in the 1970s, 1980s and 1990s, in the Cerrado
area of Aquidauana, resulted in a fragmentation of this biome in the re-
gion, as it was shown in the NV area evaluated, with the fragmentation
of natural vegetation in favor of the expansion of livestock farming and
agriculture, a common practice in Cerrado, an ecological hotspot in
Brazil (Silva and Bacani, 2017; Ozdrio et al., 2019; Alencar et al., 2020).

The NV area (fragmented area) possibly suffered or is still suffering
from anthropic actions (introduction of animals, wood extraction and
advance of pasture) and edge effect, factors that were not evaluated in
the present study, as the collection was performed at the center of the
NV area. However, the drastic reductions of CSt and NSt in subsur-
face and the isotopic enrichment in the layers of 0.25-0.30 m up to
0.40-0.45 m of NV may be associated with these factors (Nascimento
and Laurance, 2004; Barros and Fearnside, 2016).

The fragmentation of NV may have resulted in a change in the com-
position and structure of the vegetation from edge to center, with death
of climax trees and the development of pioneer species, affecting the dis-
tribution and dynamics of aboveground biomass, enabling the increase
in the rate of decomposition and shifting the C flow to the soil (Barros
and Fearnside, 2016; Ma et al., 2017). Thus, fragmentation contributed

with negative impacts within biogeochemical cycles, such as reduction

of the capacity of sequestration and storage of C and N in the vegetation,
rapid mineralization of these elements in the soil, reduction of C and N
stocks in surface and subsurface and, consequently, increase in green-

house gas (GHG) emissions (Nascimento and Laurance, 2004).

Conclusions

The highest carbon and nitrogen stocks occur in the 0-0.05 m lay-
er of natural vegetation, and conversion to pasture leads to significant
losses in the carbon and nitrogen stocks of the 0-0.05 m layer. In the
subsurface layers, the area of natural vegetation has similar contents to
those of planted pasture.

The conversion of natural vegetation into pasture causes changes in
the signal of 8"*C, with the highest isotopic values in the first two layers of
pasture; however, in subsurface, the signals of §"°C decrease, indicating the
presence of the mixture between C, and C, plants, and the percentage of
remaining carbon from the native vegetation in the pasture area increases.

The enriched values of 8"*C in a subsurface layer of natural vegeta-
tion suggest change in vegetation community in this area during past
periods, with a mixed vegetation of C,and C, plants.

The values of 8'°N showed an isotopic enrichment as depth in-
creased, indicating greater mineralization of soil organic matter.
Because it was composed of a C, species, the area with pasture had
the highest values of 8"°N, with low enrichment in subsurface.
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