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ABSTRACT: With the expansion of agricultural production, native Cerrado areas are replaced with other 
forms of land use. Thus, the objective of this study was to evaluate changes in the physical fractionation 
of organic carbon (C) in areas under different forms of land use in the Cerrado. The treatments, with five 
repetitions, corresponded to the following forms of use: area under conventional tillage, area under pasture 
plantation, area under eucalyptus plantation and area under native Cerrado vegetation, at the depths of 0-5, 
5-10, 10-15 and 15-20 cm in the municipality of Luis Eduardo Magalhães, BA, Brazil. The highest C contents 
and stocks were found in the eucalyptus area, which were equal to those of the area under native Cerrado 
vegetation, while particulate C stocks were higher in the area under pasture at the depth up to 10 cm, not 
differing from the area under native Cerrado. Pasture and eucalyptus had positive effect on C management 
index, regardless of depth.
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Fracionamento físico do carbono orgânico em áreas
sob diferentes usos do solo no Cerrado

RESUMO: Com a expansão da produção agrícola, há a substituição de áreas de Cerrado nativo por 
outras formas de uso do solo. Assim, objetivou-se avaliar alterações no fracionamento físico do carbono 
orgânico em áreas submetidas a diferentes usos do solo no Cerrado. Os tratamentos, com cinco repetições, 
corresponderam às seguintes formas de uso: área sob plantio convencional, área sob plantio de pastagem, 
área sob plantio de eucalipto e área sob vegetação nativa de Cerrado nas profundidades de 0-5, 5-10, 10-15 
e 15-20 cm no munícipio de Luís Eduardo Magalhães, BA. Os maiores teores e estoques de carbono foram 
encontrados para a área de eucalipto, iguais à área sob vegetação nativa de Cerrado. Já os estoques de carbono 
particulado foram superiores na área sob pastagem na profundidade de até 10 cm, não diferenciando da área 
sob Cerrado nativo. A pastagem e o eucalipto apresentaram efeito positivo no índice de manejo do carbono, 
independentemente da profundidade.

Palavras-chave: eucalipto, índice de manejo de carbono, pastagem
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Introduction

With the opening of new agricultural frontiers in the 
Cerrado, an area with great agricultural potential, the adoption 
of agroecosystems with crops, replacing natural ecosystems, 
has caused reduction in the content of soil organic carbon 
(OC), as a result of the decrease in the supply of organic matter 
(Frazão et al., 2010; Hickmann & Costa, 2012). However, the 
impact of different forms of land use causes changes in the 
dynamics of organic fractions of the soil, directly affecting 
the maintenance of its agricultural sustainability, as shown by 
Loss et al. (2011), who worked with carbon (C) management 
index, in areas under different forms of use, and verified that 
no-tillage promotes greater sustainability.

In the Cerrado, native forest has been replaced by other 
forms of land use, such as pasture, eucalyptus and different 
management systems. Studies have demonstrated a reduction 
in soil C stocks with the planting of pasture (Dortzbach et 
al., 2015). However, there are still divergences among the 
observed data because Guo & Gifford (2002), working with 
literature data relating C stock and land use changes, observed 
an increase of up to 8% of C in areas converted from forests 
to pasture. For many authors, low stocks may be related to 
inadequate management adopted in pastures (Salimon et al., 
2007; Dortzbach et al., 2015). Research results have also shown 
that C stocks can increase in soils under eucalyptus plantations 
when they are well managed (Tchienkoua & Zeach, 2004). 
Moreover, organic matter residues promote numerous benefits 
to the soil-plant system, being essential in low-C agriculture 
(Costa et al., 2014), besides improving nutrient cycling, cation 
exchange capacity, water retention and C stocks (Vieira et al., 
2009; Mendonça et al., 2013). Lima et al. (2016) observed that 
the no-tillage system increased the content of C associated with 
the mineral fraction of the soil when compared to conventional 
planting. Moreover, these authors verified a strong influence of 
the incorporation of organic residues on particulate C.

The objective of this study was to evaluate the changes in 
the physical fractionation of organic C in areas under different 
soil uses in the Cerrado.

Material and Methods

The  research was carried out in Oxisols, deep and 
well-drained in areas under four different land use in 
the municipality of Luís Eduardo Magalhães - BA under 
geographical coordinates 11º 51’ 8” and 12º 33’ 50” S and 
45º 37’ 50” e 46º 23’ 35” W, with an altitude of 763 m. The 
climate of region is classified as Aw according to Koppen and 
Geiser with temperatures varying between 22 to 30 ºC. The 

anual rainfall is greater than 1,000 mm and the rain period is 
frim october to march.

Four areas with different forms of use were studied: area 
under conventional planting (ACP); area under pasture 
planting (APA); area under eucalyptus plantation (AEU); 
and area under native Cerrado sensu stricto (ANC). Native 
Cerrado vegetation, with no history of any exploitation or 
human interference. The history of the áreas, as well as their 
coordinates, were described in detail by Costa et. al (2020).

In each study area, disturbed samples were collected 
at a depth of 0-20 cm using an auger and taken to the Soil 
Chemistry and Physics Laboratory of the Universidade do 
Estado da Bahia - UNEB, Brazil, where they were air dried, 
pounded to break up clods and passed through a 2-mm-mesh 
sieve to obtain air-dried fine earth (ADFE). After the disturbed 
samples were prepared (ADFE), chemical characterization 
and particle-size analysis were performed (EMBRAPA, 2017) 
(Tables 1 and 2).

In each area, a plot of 1 ha (100 x 100 m) was selected 
and five mini profiles with dimensions of approximately 
1.5 m length x 1 m width x 0.3 m depth were opened, randomly 
chosen. In each mini profile, disturbed samples were collected 
using an auger at depths of 0-5, 5-10, 10-15 and 15-20 cm, 
air dried, pounded to break up clods and passed through a 
2-mm-mesh sieve to obtain ADFE for the determination of 
physical fractionation.

Organic C contents were quantified by wet oxidation of 
organic matter with potassium dichromate in sulfuric acid 
medium, following the method of EMBRAPA (2017).

C stocks were obtained through the correction of soil 
mass using the soil layer and equivalent mass based on the 
reference soil mass (Ellert et al., 2001). The equivalent mass 
was calculated considering the relative soil mass in the different 
forms of use by Eq. 1. 

ACP - Area under conventional planting; APA - Area under pasture plantation; EUC - Area under Eucalyptus plantation; ANC - Area under native Cerrado

Table 1. Chemical characterization of the soil of the study areas subjected to different land uses, at the depth of 0-20 cm

Table 2. Physical characterization of the soil of the study areas 
subjected to different land uses, at the depth of 0-20 cm

ACP - Area under conventional planting; APA - Area under pasture plantation; EUC - 
Area under Eucalyptus plantation; ANC - Area under native Cerrado

Msoil BD T A= (1)

where:
Msoil - soil mass, Mg ha-1; 
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−
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CMI CSI LI 100= (4)

CtreatCSI
Cref

= (5)

OCpStockL
OCamStock

= (6)

BD  - bulk density, Mg m-3; 
T  - thickness, m; and,
A  - area, 10,000 m2. 

After defining the soil mass, the area under native Cerrado 
(ANC) was considered as a reference area. Then, the soil layers 
to be added or subtracted were calculated in order to equal the 
soil masses of the treatments. Eq. 2 was used to calculate the 
layers to be added or subtracted. 

use (Ctreat) and the reference area (Cref), Eq. 5, considering 
in this case the area under native Cerrado (ANC):

where:
Tad/sub - thickness of the soil layer to be added (+) or 

subtracted (-), m;
Mref - equivalent soil mass of the reference area, ANC, 

Mg ha-1;
Marea - equivalent soil mass of the area, Mg ha-1;
Fha  - factor of conversion from ha to m2, 0.0001 ha m-2; and,
BD  - bulk density, Mg m-3.

C stocks in equivalent mass were obtained by Eq. 3:

where:
Stock - stock of C per unit of area in equivalent layer, Mg ha-1;
cc  - content of C, g kg-1;
BD  - bulk density, Mg m-3;
T  - thickness of the studied soil layer, m;
Tad/sub = thickness of the soil layer to be added (+) or 

subtracted (-), m;
A  - area, considering 1 ha, i.e. 10,000 m2; and,
Fkg  - factor of conversion from kg to Mg, 0.001 Mg ha-1.

The granulometric physical fractionation was determined 
according to the methodology of Cambardella & Elliot (1992). In 
the procedure, 20 g of ADFE were weighed, and 60 mL of sodium 
hexametaphosphate solution (5 g L-1) were added. The samples 
were homogenized for 16 h in horizontal shaker and, after this 
step, the samples were sieved through a 53-μm-mesh sieve. The 
material retained on the sieve consists of particulate organic 
C (OCp), associated with the sand fraction, and the material 
that passed through the sieve is called organic C associated 
with silt + clay (OCam). All the material retained on the sieve 
was transferred to a Petri dish and dried in an oven (50 ºC) 
for 24 h. After this step, the material was ground in porcelain 
mortar and the organic C content was determined according 
to the methodology of EMBRAPA (2017). The OC content in 
OCam was obtained by difference between soil OC and OCp.

Carbon management index (CMI) was estimated using Eq. 4:

where:
CSI  - carbon stock index, calculated through the ratio 

between the C stocks of the areas with different forms of land 

where:
LI  - organic matter lability index, which is determined 

by the ratio between the lability of areas with different forms 
of land use (Ltreat) and the lability of the reference area (Lref) 
(LI = Ltreat/Lref).

Lability (L) was determined using Eq. 6: 

OCpStock - stocks of particulate organic carbon; and,
OCamStock - stocks of organic carbon associated with silt 

+ clay (Blair et al., 1995).

Statistical analysis of the data was performed using a 
completely randomized design, with five repetitions. Analysis 
of variance was applied and the means were compared by Tukey 
test at p ≤ 0.05, using the software program SAS (2003).

Results and Discussion

Compared to the area under native Cerrado vegetation 
(ANC), the conventional planting (ACP) and the pasture (APA) 
reduced the total organic C (TOC) contents by approximately 
32 and 8%, respectively, at the depth of up to 5 cm (Table 3). 
On the other hand, eucalyptus cultivation (AEU) did not 
differ from ANC. TOC decreased according to the depth for 
APA. The differences of TOC in AEU compared to the other 
land uses with soil turning are explained by root exudation. 
In addition, the eucalyptus has been planted for nine years, 
and in this period there has been a production of biomass 
that is deposited on the soil, which increases the soil organic 
matter content and, consequently, leads to greater storage of 
TOC. On the other hand, the reduction in TOC that occurs 
in conventional use and pasture is related to soil degradation 
because, for Guimarães et al. (2014), degradation occurs 
through the reduction in the input or recycling of organic 
materials and greater soil disturbance.

The labile fraction, defined as particulate organic C (OCp) 
varied from 0.31 to 1.15 g kg-1 at the depths evaluated (Table 
3), but there was no difference in their values when ANC is 
compared to APA and AEU at a depth of up to 20 cm. The 
lowest values were found for ACP, with reductions of 19, 7 
and 4% in comparison to APA, AEU and ANC, respectively, 
up to 5 cm depth. This result corroborates other studies which 
found that the main fraction of soil organic matter (SOM) 
modified by management is the particulate fraction, being the 
most effective and sensitive to evaluate the changes in TOC 
contents due to the different land uses, especially in the first 
centimeters (Loss et al., 2011; Galdo et al., 2009). The highest 
values of OCp may be related to the longer and larger roots 
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ACP - Area under conventional planting (succession of soybean/maize/cotton); APA - Area under pasture in the last three years; AEU - Area under eucalyptus with 9 years; 
ANC - Area under native vegetation of Cerrado sensu stricto. Values ± refer to the standard error of the mean

Table 3. Total organic carbon (TOC), particulate organic carbon associated with organic matter (OCp), organic carbon associated 
with the mineral fraction (OCam) and percentages of OCp and OCam in an Oxisol subjected to different land uses at depths 
of 0-5, 5-10, 10-15 and 15-20 cm in the Cerrado

found in ANC and AEU, mainly at a depth of up to 10 cm. 
Although AEU has a larger amount of TOC compared to ACP, 
there is a higher decomposition rate with only 8.24, 6.93, 4.59 
and 3.88% in labile form at the depths of 0-5, 5-10, 10-15 and 
15-20 cm, respectively.

In general, there was a reduction in OCp content in 
subsurface, which is considered normal, as the TOC also 
decreased at the greatest soil depths. Similar results have 
also been found by Guimarães et al. (2014) and Tesfaye et 
al. (2016).

In relation to the C associated with minerals (OCam), it is 
observed that AEU increased its contents from the depth of 
5 to 20 cm, compared to ACP and APA, equaling the ANC. 
On the other hand, ACP was along with the lowest contents 
at the depth of 0-5 cm (Table 3). This was possibly due to the 
turning of the soil, carried out constantly in the production 
system, which results in breakage of soil particles and greater 
exposure of organic matter to decomposing agents.

Table 3 shows that most of the OCam has values between 
89.80 and 96.38%. In general, there is little variation between 
the different land uses, except for APA, at a depth of 5 to 
15 cm, which is explained by the short periods of residue 
incorporation (Schiavo et al., 2011).

The stocks of C (CStock), particulate organic C (OCpStock) 
and organic C associated with minerals (OCamStock) 
underwent changes due to the different land uses evaluated 
(Table 4). The conventional systems (ACP and APA) reduce 
soil CStock, while practices with less or total absence of soil 
turning (AEU and ANC) increase it at all depths evaluated. 
Similar results were found by Guareschi et al. (2012).

CStock in ANC and AEU did not differ, with values ranging 
from 6.42 to 8.47 Mg ha-1 and from 6.47 to 7.77 Mg ha-1, 
respectively, but were higher than those of ACP and APA at 
all depths (Table 4). The retention time of the residues on soil 
surface in AEU increases C stocks in the soil and, additionally, 

Table 4. Stocks of total organic carbon (TOCStock) and 
particulate organic carbon (OCpStock) and complexed organic 
carbon (OCamStock) in an Oxisol subjected to different land 
uses at depths of 0-5, 5-10, 10-15 and 15-20 cm in the Cerrado

ACP - Area under conventional planting (succession of soybean/maize/cotton); 
APA - Area under pasture in the last three years; AEU - Area under eucalyptus with 9 
years; ANC - Area under native vegetation of Cerrado sensu stricto. Values ± refer to 
the standard error of the mean

for Srinivasan et al. (2012) the fraction of soil organic matter 
physically protects C from degradation, as it contains a more 
recalcitrant material.

Regardless of the studied depths, the OCpStock obtained 
in APA was higher than those found under the other forms of 
land use, but it did not differ from that of ACP below 
0.10 m. The amount of roots mainly in the surface layer from the 
pasture may have contributed to the increase in OCp contents 
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Figure 1. Carbon stock index - CSI (A), lability index - LI (B) 
and carbon management index - CMI (C) in an Oxisol under 
different land uses in the Cerrado

ACP - Area under conventional planting (succession of soybean/maize/cotton); 
APA - Area under pasture in the last three years; AEU - Area under eucalyptus with 9 
years; ANC - Area under native vegetation of Cerrado sensu stricto; Values ± refer to 
the standard error of the mean

and, consequently, in OCpStock, which favor lower losses of 
C in the soil, because the labile SOM will be more physically 
protected due to the formation of aggregates. However, the 
agricultural practices based on soil turning in ACP reduce the 
OCp contents and, thus, the values of OCpStock at the depth 
of up to 10 cm. 

In this case, OCpStock proved to be efficient to differentiate 
the forms of land use, especially in the surface layer, where 
there is direct influence of soil management. These results 
corroborate other studies which found that the main fraction 
of SOM modified by management is the particulate fraction 
(OCp), especially in the first centimeters of the soil (Loss et 
al., 2011; Guimarães et al., 2014).

Regarding OCamStock at the depths of 0-5 and 5-10 cm, 
there was a significant difference caused by land use (Table 
4). However, at depths below 10 cm there was no difference 
between the areas. At depths of up to 10 cm, the highest 
OCamStock occurred in APA with Brachiaria, while at the 
same depths, the other areas stood out with the lowest stocks 
of C in the mineral fraction of the soil. Similar results were 
found by Schiavo et al. (2011), who studied C in the different 
compartments in an Oxisol and found the highest contents 
of C associated with minerals of the clay + silt fractions in 
areas under Brachiaria and maize planting at a depth of up to 
20 cm and the lowest contents in areas under native Cerrado 
vegetation at a surface depth of up to 5 cm.

At the depth below 10 cm, there was no significant difference 
between the studied areas, and these results are considered 
normal because, generally, OCamStock is the variable with 
the smallest changes caused by different management systems 
(Bayer et al., 2004).

The values of C stock index (CSI) in ACP observed at the 
depths demonstrate equality, considering their intervals, while 
in APA, considering the absolute values, the highest values 
were found at the surface depth of 0-5 cm. For AEU, there 
were increasing values along the soil depth, with some of them 
above 0.80 (Figure 1A). 

The lability index (LI) relates the lability of soil organic 
matter with areas cultivated with native Cerrado vegetation. 
LI values were equal for APA at all depths in comparison to 
the other land uses, considering their intervals (Figure 1B). 
At a depth of 5-10 cm, the area with Brachiaria had higher LI, 
with values of approximately 1.7. The changes that occurred 
in LI are due to the form of use adopted with their respective 
managements, thus demonstrating changes in SOM dynamics. 
In APA, organic residues come from the contribution of the 
root system, which in turn is more prone to decomposition. 
Similar results were found by Schiavo et al. (2011) in a Cerrado 
Oxisol.

The carbon management index (CMI) measures the changes 
in TOC stocks, and values below 100 are negative indications 
of the practices on organic matter, thus compromising soil 
quality (Blair et al., 1995; Dona, 2005). The highest values of 
CMI occurred in APA and AEU, which were higher than 100 
(Figure 1C). In both areas, higher CMI is observed at a depth 
of 5-10 cm. However, in ACP, the values of CMI were low 
(below 100), indicating a reduction in soil quality, which is 
probably associated with soil tillage practices such as plowing 

and harrowing. Therefore, the change in land use from native 
Cerrado vegetation to conventional planting negatively affects 
soil quality, not contributing to the increase of soil C, which 
can be verified through the CMI. It is worth pointing out that 
AEU has a long period of implementation, about nine years, 
which contributed to increasing the CMI mainly at the depths 
of 5 to 10 and 15 to 20 cm. These results, found in the areas 
under pasture and eucalyptus, come from the lability of C (LC), 
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which had higher sensitivity, with amplitudes greater than 
0.89 and 0.91, respectively in the area under native Cerrado 
vegetation, in relation to the CSI, which showed amplitudes 
lower than 0.08 in both areas.

Thus, it is possible to reinforce that the areas under pasture 
and eucalyptus, with eight years of implementation, with CMI 
greater than 100 at the studied depth, have adequate use in 
terms of C management.

These results corroborate those reported by Schiavo et al. 
(2011), who evaluated organic matter and soil aggregation 
and verified higher CMI values for pasture in comparison to 
annual crops.

Conclusions

1. Eucalyptus cultivation increases the contents and 
consequently the stocks of total organic carbon (TOC), as well 
as the C associated with minerals, equaling the area under 
native Cerrado vegetation.

2. Pasture cultivation accumulates particulate organic C up 
to a 20 cm depth and C associated with minerals up to 10 cm. 

3. The areas under pasture and eucalyptus have a positive 
effect on the C management index (CMI). 
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