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Resumo

Estoques de carbono no solo e fragdes labeis da matéria organica sob diferentes coberturas vegetais em Gurupi
—TO. Os solos representam um grande reservatorio de carbono (C), de forma que as alteragdes no uso e manejo
podem causar impactos no balango do C, bem como no controle climético global. O estudo teve como objetivo
determinar o efeito das mudancas de coberturas vegetais nos estoques de C do solo e fragdes labeis no bioma
Cerrado na regido sul do Tocantins. O trabalho foi desenvolvido em areas de Eucalyptus sp., pastagem,
agricultura e Cerrado stricto sensu, localizadas na fazenda experimental da Universidade Federal do Tocantins.
As amostras de solo foram coletadas em trincheiras de 70 x 70 cm nas profundidades 0-10, 10-20, 20-30, 30-
40 e 40-50 cm, com seis repeti¢des. A analise estatistica foi realizada por meio do teste de normalidade, analise
de variancia e comparacdo das médias pelo teste Tukey a 5% de significancia. A area com Eucalyptus sp. com
11 anos apresentou teores de carbono do solo superiores aos da vegetacdo de mata nativa, pastagem e
agricultura. Os teores de carbono labil (C-1abil) e matéria organica leve foram 26,80 e 41,58 % maiores para a
area de Eucalyptus sp. em comparagdo com Mata Nativa, 25,75 e 35,76 % para a pastagem, e 48,39 e 9,50 %
para a agricultura respectivamente. Dentre as diferentes areas avaliadas, foi verificado que o Eucalyptus sp.
possui grande potencial em aumentar o armazenamento de carbono no solo, C-labil e matéria organica leve.
Palavras-chave: mudanga no uso do solo; Plintossolos; Cerrado

Abstract

Soils represent a large carbon reservoir (C), and changes in its use and management can impact C balance and
global climate control. This study aimed to determine the effect of changes in vegetation cover on soil C stocks
and labile fractions in the Cerrado biome in the southern region of Tocantins. The work was developed in areas
of Eucalyptus sp., pasture, agriculture and Cerrado stricto sensu at the experimental farm located at the Federal
University of Tocantins. Soil samples were collected in trenches of 70 x 70 cm and depths of 0-10, 10-20, 20-
30, 30-40 and 40-50 cm, with six replicates. Statistical analysis was performed using the normality test, analysis
of variance and comparison of means by the Tukey test at 5% significance. On Eucalyptus stands, soil carbon
was higher than native forest vegetation, pasture and agriculture. The contents of labile carbon (C-labile) and
light organic matter (LOM) were 26.80 and 41.58% higher for Eucalyptus sp. compared to native forest, 25.75
and 35.76% for pasture, and 48.39 and 9.50% for agriculture, respectively. Among the different areas evaluated,
it was found that Eucalyptus sp. has great potential to increase soil carbon storage, C-labile and light organic
matter.

Keywords: land use change; Plintossolos; Cerrado

INTRODUCTION

All over the world, soils stock four times more C than the biosphere and two to three times more C than
the atmosphere. Thus, small changes in land use and management can cause major impacts on C balance,
promoting implications for global climate control (CHEN et al., 2019).

Forest ecosystems are important for the global C cycle due to their great potential to store C and their
large biomass volume. Tropical forests are the most productive ecosystems in capturing C, confirming the great
importance of forests in the global C cycle (NAVARRETE-SEGUEDA et al., 2018). Changes in land use in the
Brazilian Cerrado lead to a decrease in soil organic carbon (SOC) in the adoption of inappropriate management
techniques, such as monocultures or unfertilized crops (OLIVEIRA et al., 2016).

There are several soil organic matter (SOM) fractions with varying decomposition degrees and stability.
These fractions are useful in the study of short and long-term influences of land use and management on the SOC
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dynamics (BLAIR et al., 1995). Total organic carbon (TOC) is composed of labile and non-labile SOC forms and
has different sensitivity levels in different systems and management practices (ARAUJO FILHO et al., 2018),
emphasizing carbon labile (C-labile) and light organic matter (LOM) forms.

Thus, knowing the effects of land use on carbon stocks is important for controlling CO, emissions,
because it can change mitigation policies, involving incentives to adopt practices that potentialize C sequestration.
In this context, this study aimed to determine the effect of changes in vegetation cover on soil C stocks and labile
fractions in the Cerrado biome in the southern region of Tocantins.

MATERIAL AND METHODS
Study Area

The work was conducted at the experimental farm located at the Federal University of Tocantins,
municipality of Gurupi, state of Tocantins at the following geographical coordinates: 11°46'25” S and 49°02°54”
W (Figure 1).
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Figure 1. Location of experimental areas with native forest, Eucalyptus sp., pasture and agriculture.
Figura 1. Localizacdo das &reas experimentais com mata nativa, Eucalyptus sp., pastagem e agricultura.

According to Thornthwaite, the climate of the region is B1wA'a' type, which has two well-defined
seasons, with about six months of drought comprising the winter period and six months of rain during the summer.
The average annual temperature is 27 °C and the average annual precipitation is 1,500 mm (SEPLAN, 2017). The
soil was classified as a Plintossolos Pétrico (SANTOS et al., 2018). The areas under study were composed of
Eucalyptus sp. stands, pasture, agriculture and Cerrado stricto sensu native forest as witness. Each area had the
following characteristics:

Cerrado stricto sensu native forest: the area covers 22.82 ha aged over 60 years. The vegetation was
characterized by five species of higher importance value: Myrcia splendens (Sw.) DC. (13.04%), Qualea multiflora
Mart. (9.87%), Protium heptaphyllum (Aubl.) Marchand (7.53%), Magonia pubescens A.St.-Hil. (5.35%), Qualea
grandiflora Mart. (5.02%) (BENDITO et al., 2018).

Eucalyptus sp.: the area has 0.65 ha aged 11 years and its implementation was carried out through
deforestation with crawler tractor and front blade, then plowing and harrowing was carried out. Seedlings with 25
cm in height were planted in pits with dimensions of 0.4 x 0.4 x 0.4 m with the help of diggers, with 3 x 2 m
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spacing. Then, fertilization was carried out with 100 g of simple superphosphate at the bottom of the pit and
partially buried, then 150 g of NPK per pit™! were added in the 5-25-15 formulation.

Pasture: the area has 11.25 ha with native pasture and predominance of Andropogon grass aged 40 years.
Other Poaceaes species have been recorded such as: Paspalum notatum Fliigge, Eragrostis bahiensis Schrad,
Axonopus affinis Chase, Bothriochloa laguroides (DC.) Herter, Schizachyrium microstachyum (Desv. ex Ham)
Roseng, Paspalum dilatatum Poir., Sporobolus indicus P.Beauv., Rhynchospora sp., Andropogon ternatus
(Spreng.), Panpalumis sp.

Agriculture: The area has 0.95 ha and soil preparation was performed using leveling harrow and disc
plow. Weeds were controlled by manual weeding associated with full-action herbicides such as Glyphosate, when
necessary. Over the past 6 years, corn crop was grown in the area, which was annually planted in the period
between February and March at average spacing of 0.2 x 0.8 m. For sowing, manual planter-fertilizer was used,
which enabled basic fertilization. The nutrients applied at the time of corn sowing consisted of nitrogen in the form
of ammonium sulphate (45% N), phosphorus in the form of triple superphosphate (42% P,0s) and potassium in
the form of potassium chloride (58% of K;0), corresponding to 120, 170 and 140 kg ha’, respectively of N, P and
K, with N applied 50% at 25 days and 50% at 45 days after sowing.

Soil samples

Six trenches randomly selected, about 30 m equidistant from each other, with dimensions of 70 x 70 cm
and depth of 50 cm were opened. Samples were collected in the dry period in October 2018 at depths of 0-10, 10-
20, 20-30, 30-40 and 40-50 cm. Deformed soil samples were air dried at room temperature and passed through 2
mm sieve to perform physical and chemical analyses. Non-deformed samples were collected and submitted to soil
density analysis.

Physical and Chemical Analysis

Soil density was determined by the volumetric cylinder method and granulometric analysis was
performed using the pipette method (DONAGEMMA et al., 2017).

Soil samples and light organic matter - LOM obtained by the method adjusted by Fraga and Salcedo
(2004), were macerated in porcelain mortar and pistil until forming a fine powder and passed through 150 um
mesh sieve. Soil carbon and light fraction determination was carried out using this fine powder, by the dry
combustion method (CHNS / O) in elementary analyzer (Model PE-2400 Series Il Perkin Elmer). Labile carbon
(C-labile) was determined by oxidation with 0.033 mol L™ potassium permanganate (KMnQO,) solution (BLAIR
et al., 1995).

C concentrations were converted into soil carbon stock (SCS) in Mg ha® for each sampled depth as
follows (ARAUJO FILHO et al., 2018):

Stock C = (Cc x Sd x VSD)x 1000

Where, Stock C is the carbon stock in the soil layer, in (Mg ha™); Cc is the carbon concentration in the
soil sample, in (kg Mg™); Sd is the soil density in the layer, in (Mg m=) and VSD is the sampled depth volume, in
(m3). Total C stock at depth from 0 to 50 cm was calculated by adding values obtained in each sampled layer.

Statistical Analysis

Parameters C concentrations and stocks, light organic matter and labile soil fraction were submitted to
Shapiro-Wilk normality tests and then to analysis of variance to assess differences among land uses in soil depths.
Comparison of means was performed by the Tukey test at 5% significance using the SISVAR statistical software
(FERREIRA, 2011).

RESULTS

Soil grain size analysis showed predominance of sandy fraction (fine and coarse sand), since silt fractions,
clay, and sandy fraction did not show great variations with increases in soil depth or with changing vegetation
cover. Thus, it is classified as sandy-clay-loam texture at all soil depths (Table 1).
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Table 1. Physical Cerrado soil characteristics in different vegetation covers at five depths in Gurupi-TO.
Tabela 1. Caracteristicas fisicas do solo do Cerrado nas diferentes coberturas vegetais em cinco profundidades em

Gurupi-TO.
Vegetation Coarse Sand  Fine Sand Silt Clay Soil Density
Texture
Cover
(%) g om?
Depth 0-10 cm
Native forest 57.50+2.85 6.331+1.89 844+1.32 27.73+3.01 1.45+0.06
Eucalyptus sp. 54.85+3.12 9.98+2.99 9.19+1.23 25.98+2.38 1.40+0.05
Sandy-clay-loam
Pasture 55.59 +1.79 1344 +163 6.64+057 2433+1.21 1.55+0.08
Agriculture 56.71+1.59 9414371 7.86+0.80 26.02+3.32 1.37+0.06
Depth 10-20 cm
Native forest ~ 59.96 +2.03" 4.71+2.12 851233 26.82+2.24 1.51+0.05
Eucalyptus sp. 56.04 £2.24 9.091+1.90 6.85+2.17 28.02+1.91 1.53+0.07
Sandy-clay-loam
Pasture 57.84+1.32 1055%1.84 7.26+1.75 24.35%1.76 1.59£0.05
Agriculture 57.84+1.86 892+2.09 754+1.19 25704290 1.49+0.08
Depth 20-30 cm
Native forest 50.30£2.36 4.67+3.09 8.47+1.44 27564266 1.55+0.03
Eucalyptus sp. 55.62 +1.56 7.53+1.81 8.38+1.48 28.47+1.08 1.57+0.05
Sandy-clay-loam
Pasture 58.31+1.02 898+1.39 7.10+0.80 25.61+1.36 1.62+0.07
Agriculture 57.67 +2.23 8.28 +3.47 6.56 +0.73  27.49+2.70 1.51 +0.07
Depth 30-40 cm
Native forest 58.43 +3.23 4.43+2.89 8.68+155 28.46+2.33 1.62+0.03
Eucalyptus sp. 55.89+1.68 8.75+2.08 8.82+1.68 26.54+2.36 1.65+0.04
Sandy-clay-loam
Pasture 58.16 +1.44 9.44 +2.17 6.23+1.46 26.17+1.81 1.64 £0.06
Agriculture 57394222 7444378 6.74+1.00 28.43+4.05 1.57+0.03
Depth 40-50 cm
Native forest 58.46 £3.16 5521419 8.38+1.78 27.64+2.00 1.65+0.03
Eucalyptus sp. 55.95+1.62 7.9311.62 8.85+1.47 27274298 1.68+0.02
Sandy-clay-loam
Pasture 5757154 878+275 6.85+1.13 26.80+2.65 1.69+0.04
Agriculture 57.04£2.45 6.89+255 7.23+0.45 28.84%3.64 1.61+0.07

* Standard Deviation (SD)

Soil carbon concentrations, light organic matter (C-LOM) and labile carbon (C-labile) decreased with
increasing depth for all vegetation cover areas analyzed, showing significant differences (Figure 2).
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Figure 2. Soil carbon concentrations, light and labile organic matter in the different vegetation covers in Gurupi-

TO.
Figura 2. Concentracfes de carbono no solo, matéria organica leve e labil nas diferentes coberturas vegetais em

Gurupi-TO.

* Significant differences are indicated by different letters by the Tukey test at 5% significance level (P < 0.05). Capital letters indicate
differences among vegetation covers and lower letters indicate differences among soil layers.

Evaluated areas showed significant differences in soil carbon stocks, showing significant reduction with
increasing soil depth (Figure 3).
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Figure 3. Carbon stocks in soil, light organic matter and C-labile in the different vegetation covers in Gurupi-TO.

Figura 3. Estoques de carbono no solo, matéria organica leve e C-labil nas diferentes coberturas vegetais em
Gurupi-TO.

* Significant differences are indicated by different letters by the Tukey test at 5% significance level (P < 0.05). Capital letters indicate

differences among vegetation covers and lower letters indicate differences among soil layers.

DISCUSSION

The grain size test performed in physical analyses showing sand predominance indicates that the soil has
low nutrient adsorption capacity due to the size of its relatively large aggregates, which makes them less capable
of retaining water, not adhering to one another (MARINHO-JUNIOR et al., 2019). Soil density did not vary widely
among land use types (Table 1), and increase was observed as soil depth increased, which is attributed to the
weight of superficial layers. For MARINHO-JUNIOR et al. (2019), the removal of vegetation cover can cause soil
compaction, due to the impact of rain drops and soil structure.

Regarding soil carbon concentrations, Eucalyptus sp. stands presented the highest concentrations, with
higher average values compared to native forest, pasture and agriculture. According to Santos et al. (2019), this
difference was due to the greater volume of roots in superficial layers, indicating that most soil organic matter
comes from root residues. In contrast, lower average values were found in the 40-50 cm layer, with 6.71 g kg!
Eucalyptus sp. and 6.78 g kg™ native forest. Gmach et al. (2018) evaluated the effect of changes in carbon through
land use in the Cerrado biome of Piaui and found similarities, as the evaluated soil showed decrease in soil C
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concentrations with increasing depth, and also found maximum value of 23.8 g kg™ in the layer of 0-10 cm and
minimum value of 5.2 g kg™ in the deepest layer of 30-40 cm.

Eucalyptus sp. stands, pasture and agriculture, show C concentrations higher (+) or lower (-) than the
reference area (native forest), respectively, + 69.2%; -2.6% and + 23.1% in the 0-10 cm layer, + 54.5%; -3.0% and
+ 27.3% in the 10-20 cm layer, + 50.0%; + 12.5% and + 29.2% in the 20-30 cm layer, + 28.6%; + 9.5% and +
33.3% in the 30-40 cm layer and + 5.6%; + 11.1% and + 38.9% in the 40-50 cm layer (Figure 2). Apparently, there
was significant reduction of C-LOM in Eucalyptus sp. area and lower loss of C-LOM for agriculture in deeper
layers. Since the highest C concentrations in light organic matter in the 40-50 cm layer are found in this area.

Although soil preparation favors soil carbon losses, this phenomenon can be explained by Araujo Filho
et al. (2018), who attributed this lower C-LOM reduction in conventional corn planting to the high C/N ratio and
to the fact that corn is a C4 plant with efficient photosynthetic metabolism to fix carbon, making carbon more
present in underground soil.

Loss et al. (2019) evaluated the impact of soil cover change on soil organic matter in the Cerrado biome
of Goias and found significant differences in C-LOM concentrations in native Cerrado (4.77 g kg-1), pasture (1.44
g kg -1) and crop-livestock integration (0.91 g kg-1) at depth of 0-10 cm, which result could be attributed to the
amount of litter in the soil. Despite the higher values compared to those of this study, this factor may explain the
higher C-LOM content obtained in Eucalyptus sp.

The C-labile content, on average, represented 9.7% of total carbon concentration and was found at higher
concentrations in the topsoil due to the greater presence of biomass, reducing with soil depth (Figure 2).
Agriculture area had the lowest labile-C levels, below 23.8% in relation to native forest. Similar conditions were
found in the study by Buongiorno et al. (2019), who reported that in conventional crops, soil disturbance due to
tillage, low supply of biomass and loss of nutrients generate decreases in C-labile contents.

The labile-C proportion related to total soil C presented small variation among vegetation covers, being
more representative in the native forest area, on average 11.2% of TOC, Pasture and Eucalyptus sp. 10.5%, and
agriculture 7.0%. Coser et al. (2018) evaluated carbon accumulation in pastures for an agricultural system in the
Brazilian Cerrado and found similar results, where the C-labile fraction accounted for 4.40 to 10.44% of TOC.

Regarding soil carbon stocks, Eucalyptus sp. stands presented the largest carbon reservoirs compared to
others areas. Gomes et al. (2019) estimated that 50% of C, around 36.0 PgC is stored in the first 30 cm of soil.
Guedes et al. (2016) found similar results in Pinus and Eucalyptus stands, where they obtained higher carbon
stocks compared to native forest, attributing to the greater organic matter deposition on the soil and the C/N ratio.
Long-term planting favors greater soil protection and OM accumulation, contributing to larger soil carbon stock.

Native forest had the lowest stocks at all depths, which corroborates the fact that changes in land use
generate increase in LOM carbon (Figure 3). Studies by Moraes Sa et al. (2014) indicate that the light fraction is
a sensitive indicator of land use change. The superiority in CS-LOM in the first 30 cm of soil for Eucalyptus sp.
may be associated with high amounts of litter available to the soil. Soil organic matter light fraction is sensitive to
the effects of the interaction of management systems, type of vegetation; organic waste deposited on the soil
surface and thin root biomass in the topsoil (LUO et al., 2019).

CS-LOM was largely responsible for increases in the total organic carbon stock (TOCS) in the superficial
and subsurface soil layers. According to Marques et al. (2015), about 60% of soil C contained in the top layer is
associated with light free soil fraction. Guareschi and Pereira (2013) evaluated carbon and light organic matter in
alley systems and concluded that the availability of organic matter from pruning resulted in increase in the LOM
carbon content in the topsoil.

C-labile stocks showed significant differences with changes in land use, with reduction in stocks with
increasing soil depth (Figure 3).

Brito et al. (2019) evaluated CS-labile in response to land conversions in the Brazilian Cerrado after
change in land use and found significant reductions in CS-labile, representing -16% in conversion to Pasture and
-14% in conversion to Eucalyptus stands. The low soil C-labile levels may indicate low availability of organic
material, generating low decomposition of organic residues. The low values found in C-labile stocks for the
agriculture area can be attributed to little or no soil cover at certain times of the year.
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CONCLUSIONS

o Labile soil organic matter fractions contributed to carbon stock and concentrations in the soil in the evaluated
areas.

e Eucalyptus sp. stands and agriculture have shown great potential to increase soil carbon levels;

e Eucalyptus sp. stands proved to be the most appropriate land use strategy, with potential to increase carbon
reservoirs.

e Eucalyptus sp. stands showed increase in soil C concentrations and stocks, possibly due to the lack of soil
preparation after implantation, climatic conditions and clay contents.
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