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Abstract
The soils that lay below humid ecosystems are characterized as being significant holders of carbon. Because of the great susceptibility of this type of environment to anthropic changes, expressive quantities of carbon stored in the soil can be released into the atmosphere. In the Cerrado
biome (Brazil), only a few types of vegetation have had carbon storage levels in their soil estimated. The main purpose of this study was to obtain basic quantitative parameters for carbon
storage and to identify the general aspects of soil in regions where there exists Humid Grasslands
(Campo Limpo Úmido), a kind of humid area phytophysiognomy found in the Cerrado. We selected
6 regions of the Federal District with this kind of vegetation formation, characterized by low
anthropic impact and located either in the interior or in the proximity of specially protected areas.
In each one of the sampled regions, we marked a transect with 4 equidistant points and collected
material at 7 different levels of depth: 0 - 5, 5 - 10, 10 - 20, 20 - 30, 30 - 40, 40 - 50 and 50 - 60 cm.
We obtained 168 samples, with 84 related to Humid Grassland areas in gleysols and 84 samples
related to areas in plinthosols—types of soil dominant in this environment. We determined the
texture, bulk density and concentration of nitrogen and carbon at each depth. The average concentration of carbon for Humid Grassland areas was 55.19 g∙kg−1, with an average of 61.65 g∙kg−1
for Gleysols and 48.73 g∙kg−1 for Plinthosols. The soil samples displayed distinct textural differences between gleysols and plinthosols. There were no significant differences in soil density (0.75
kg∙dm−3 for Gleysols and 0.72 kg∙dm−3 for Plinthosols). The average concentration of nitrogen was
20.66 g∙kg−1, with 23.98 g∙kg−1 for Gleysols and 17.34 g∙kg−1 for Plinthosols. The average carbon
storage for Humid Grassland areas, down to 60 cm deep, was 244.17 mg C ha−1 and the total estimated stock for these areas in the Federal District was 206.71 Gg∙C. In general, the samples obtained in gleysols showed a carbon content and nitrogen level superior to those in plinthosols, although a greater sampling effort is needed to confirm the differences observed. The density values
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of stored carbon in the soil beneath Humid Grassland areas proved to be superior to those values
observed for other types of vegetation typical for the Cerrado environment.
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1. Introduction
The increase of greenhouse-gas concentration (GGC)—CO2, N2O and CH4—within the earth’s atmosphere, as
well as its direct effect on climate change, makes the study of these elements impact on the environment extremely important, especially carbon, which, compared to other GGCs, is emitted in greater quantities due to the
burning of fossil fuels, deforestation and others [1].
Soils are an important player in carbon’s biogeochemical cycle—they can store around four times more carbon than vegetal biomass and almost three times more than the atmosphere [2]. Carbon dioxide is produced in
the soil by microorganisms, roots and by the oxidation of carbon-filled material. Its emission into the atmosphere is known as soil respiration or soil CO2 efflux. On a global scale, this process in soil accounts for the release of around 78 ± 12 Pg C, while the burning of fossil fuels accounts for the liberation of 270 ± 30 Pg C [3].
A great amount of carbon stored in soil can be restored and, potentially, result in the sequestration of 0.9 ± 0.3
Pg C per year, around one third of the carbon emitted annually to the atmosphere [3]. A series of scientific
works have been developed with the purpose of quantifying and understanding factors that control the dynamics
of carbon storage in soil, and obtaining parameters that are essential for the use of mechanisms aimed at reducing content emission from soil to the atmosphere.
Activities resulting in a higher emission of carbon dioxide from soil to atmosphere are affected mainly by
their physical aspects, such as increase in temperature, decrease in the water content and higher gas diffusivity
[4]. The soils in wetland areas are usually kept in anaerobic conditions (low oxygen level, high quantity of water, low gas diffusivity)—factors that contribute to accumulation of organic matter [5]. Because of these aspects,
soil under wetlands can be seen as important storage areas and potential sources for carbon liberation. Despite
their importance, wetlands frequently suffer from hydrological changes, like the lowering of the water table,
which derive from the conversion and drainage of regions for use in agriculture and animal husbandry [6]-[8].
The level of the water table sheet has important effects on CO2 emissions on these areas. Saturation of the soil
restricts the diffusivity of atmospheric oxygen, lowering microbial activity and the rate of decomposition [4] [5]
[7]. Small differences in the climate, hydrology and the use of land can cause significant changes to the delicate
balance that exists with carbon stored in the soil of tropical wetland regions [6].
In Brazil, natural areas of considerable size have been subjected to anthropic conversion in order to provide
space for the creation of areas for cultivated pastures, annual crops and reforestation. Among the Brazilian biomes the Cerrado (a biome with typical savanna formation) is the one with the largest absolute area of deforestation, in addition to having the highest rate of current conversion and the biggest potential for future conversion
[9]-[14]. A great diversity of vegetation is also typical to the Cerrado, creating a mosaic of different phytophysiognomies. Although most of Cerrado vegetation is associated with well-drained soil, this biome also possesses
types of vegetation that experience periodic flooding that corresponds with wetland ecosystems [15] [16].
Among these physiognomies, Humid Grasslands (Campo Limpo Úmido) are characterized by the predominance of a continuous herbaceous extract and the absence of trees or bushes in addition to a great abundance of
species from the Poaceae family [17]. Humid grasslands are found wherever the water table is superficial, especially in riverbed areas, on slopes, at the bottom of valleys and bordering gallery forests, in hydromorphic soil
[16].
Our aim in this study, considering the potential importance of Humid Grassland vegetation for maintaining
carbon in the soil and for inhibiting its release into the atmosphere, is to obtain basic quantitative parameters for
carbon storage and to identify general aspects of the soil in regions where these conditions exist. The results of
our study will be utilized in the eventual development and application of mechanisms designed to reduce carbon
emission.
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2. Methods
2.1. Study Area

The study was conducted in the Federal District of Brazil, which occupies 5779 km2 located in the central region
of the Cerrado, around 0.3% of the total area of this Biome (2.03 million km2) [18]. This region is a typical Cerrado environment, with a heterogeneous mosaic of vegetation [15] [19]-[21]. The dominant native vegetation is
dense savanna, but open savanna, gallery forests, deciduous forests, and grasslands are also found. Most of the
natural landscape in this region is characterized by well-drained plains and plateaus, with sparse occurrences of
poorly drained lands [19]. The region has a humid tropical climate (Aw-Köppen system), characterized by a distinct seasonality, with dry winters and rainy summers. Around 70% of the Federal District area is occupied by regions of anthropic use class [9], with most of the well-preserved natural areas located on public property and reserved for conservation of the natural environment and research, and the protection of water resources.
Humid Grasslands areas are usually found in horizontal stripes along valley sides, separating the Cerrado senso
stricto (dense savanna) from the Gallery Forest (Figure 1). In most cases, Humid Grasslands areas draw welldefined borders with these other kinds of vegetation in a region where abrupt transitions between different biological communities are common. The water tables in these regions tend to be shallow and frequently flow to the
surface, and the large majority of time soils remain saturated with water.
The mapping of Humid Grassland areas in the Federal District was done by [22], using multi-spectral images—Landsat5/TM and CBERS2B/HRC. By using the Kappa index, they obtained 80% accuracy in the mapping. As a result, there was detection of 8.46 km2 of Humid Grassland in the Federal District (Figure 2).

2.2. Soil Aspects
The soils presented in the studied area were gleysols and plinthosols [23] (Figure 1(b) and Figure 1(c)). Gleysols are formed from alluvial sediments, with water tables near the surface for most of the year, making it an environment of cumulative organic matter and of organic oxidation [24]. They are soils that occasionally have a
sandy texture (sand or loam) in superficial horizons, and followed by grey horizons of loam, or thinner texture
[23] [25]. They are soils developed from unconsolidated material (sediment and saprolite) and heavily influenced by occurrences of prolonged flooding. Such conditions are usually induced by a water table near the surface that, at least in some months of the year, leaves the pores saturated with water for a relatively long time.
This saturation, in the presence of organic matter, decreases dissolved oxygen and causes the dissolution and
chemical reduction of iron oxides, which are transformed and partially removed. This results in grey colors appearing in sub superficial horizons [26].

Figure 1. General aspects of a Humid Grassland during the
dry season, its border with the gallery forest (a), aspect of
gleysols (b), and plinthosols (c) in the study areas.
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Figure 2. Localization of the sampling points and Humid Grassland areas in the Federal District: 1) and 2) Águas Emendadas Ecological Station (250 km2 Strict Protected Area); 3) and
4) Area for Protection of Corguinho’s Water Sources (Area for Protection of Water Sources);
5) and 6) Água Limpa Farm (Research station owned by University of Brasília).

Plinthosols are related to hydromorphic mineral soils, with serious restriction to water percolation; they are
also found in incidents of temporary flooding and, thus, slow draining [24]. Morphologically, they show a subsurface horizon with red stains spread in the profile, which has a variegated aspect (result of iron concentration
in the soil), called plinthite [23] [25]. They are soils formed when conditions create some hindrance to gravitational water movement, especially in locals where there is a big oscillation in the water table, facilitating plinthite formation [26]. They appear in hot and wetland regions, especially in those with a well-defined dry season,
or a period with a marked decrease in pluvial precipitation [27].

2.3. Field Sampling
In the region of interest, the interior proximities of specially protected areas, we selected six sampling areas with
typical Humid Grasslands (Figure 2). In each one of the studied regions, we selected samples from both gleysol
and plinthosol soil types (Table 1). These areas were selected based on the preservation of their natural aspects
and low anthropic impact.
In each one of the six Humid Grasslands selected, a transect was delimited in the central region, beginning at
the border of Cerrado sensu stricto and ending in the Gallery Forest, thus crossing the entire area. In each transect, 4 equidistant sampling points were marked where we collected samplings at seven different depths: 0 - 5
cm, 5 - 10 cm, 10 - 20 cm, 10 - 20 cm, 20 - 30 cm, 30 - 40 cm, 40 - 50 cm and 50 - 60 cm. To determine the total
organic carbon (TOC) and the texture of the soil we collected disturbed samples using a Dutch auger; to determine the bulk density, we collected undisturbed samples using volumetric rings. As a result, we obtained 168
samples, with 84 samples related to Humid Grassland areas under gleysols (12 samples in each depth) and 84
samples related to Humid Grassland areas under plinthosols (12 samples in each depth).

2.4. Sample Analysis and Preparation
The soil’s textural aspects were ascertained for all the depth intervals using a grain size analysis of the disturbed
samples. This method separated its fractions by classes according to their diameters: clay (0.000 - 0.002 mm),
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Point

Description

Soil Type

1

Águas Emendadas Ecological Station-1

Gleysol

2

Águas Emendadas Ecological Station-2

Plinthosol

3

Area for Protection of Corguinho’s Water Sources-1

Gleysol

4

Area for Protection of Corguinho’s Water Sources-2

Plinthosol

5

Água Limpa Farm-UnB-1

Gleysol

6

Água Limpa Farm-UnB-2

Plinthosol

silt (0.002 - 0.063 mm) and sand (0.063 - 2 mm).
The bulk density, on the other hand, was determined using undisturbed samples of soil at different depths using a steel ring with a sharp edge and internal capacity of 100 cm3. The samples obtained were dried in a greenhouse at 110˚C and weighed using a precise scale. The bulk density (BD) was determined as a function of the
mass of dry soil and of the known volume (BD = Mass/Volume).
The soil samples collected to determine the concentration of carbon and nitrogen were air-dried and later
crushed and sieved through a 2 mm sifter. These samples were subsequently ground in a grinder with the use of
mortar and pestle until the particles could pass through a 0.25 mm mesh sifter. All equipment (grinder, mortar,
pestle and sifters) was sanitized before and after every exchange of the sampling group to avoid contamination.
Sub-samples were weighted between 20 and 30 mg, with precision out to 4 decimal places, in tin capsules and
submitted for analysis to determine the total C in the soil (TOC).
To determine the concentration of carbon and nitrogen in the soil, we employed the dry combustion analytical
method, to 900˚C (CHNS/O) using an elementary analyzer (Perkin Elmer, PE-2400 Series II). In this method, a
small soil sample is heated up to 900˚C and the CO2 resulting from the material’s combustion is measured. The
results are expressed as a percentage and refer to organic and inorganic carbon in the samples [28]. For each 10
samples, the apparatus was calibrated with standard-samples—cystine, for a total of 168 measurements.

2.5. Carbon Stock Calculations
The stock of organic carbon in the soil was quantified in a volumetric base usually expressed in mg C ha−1 for
layers 0 - 5 cm, 5 - 10 cm, 10 - 20 cm, 20 - 30 cm, 30 - 40 cm and 50 - 60 cm deep. The calculation of the stock
of carbon for a determined depth (ρ, cm) was made in the following way:
SC = C ⋅ ρ ⋅ e 10

where:
SC = stock of organic C in a determined depth (Mg∙ha−1)
C = level of total organic C in the sampled depth (g∙kg−1)
ρ = bulk density of the depth’s soil (kg∙dm−3)
e = thickness of the analyzed layer (cm)
For each one of the six Humid Grassland areas sampled, we estimated the stocks of carbon in the soil until a
depth of 60 cm. We considered total stock values as the average value in the depths described, i.e. 0 - 5 cm, 5 10 cm, 10 - 20 cm, 20 - 30 cm, 30 - 40 cm, 40 - 50 cm and 50 - 60 cm deep. We multiplied the average value of
carbon by the area occupied for the final calculation on the estimates of carbon stock in this ecosystem.

3. Results
The soil samples analyzed displayed distinct textural characteristics. Gleysols showed equivalent portions of
sand (32.37% ± 3.66%), clay (33.51% ± 2.36%) and silt (39.27% ± 1.62%), while plinthosols showed a larger
portion of clay (46.54% ± 1.33%) and silt (39.27% ± 1.62%) than of sand (14.19% ± 0.68%) (Table 2). This
difference remained constant through the entire profile of sand particles. Gleysols had a predominantly claysand-loam texture, while plinthosols had a predominantly clay-silt texture.
The density did not differ among the soils in the profile (0.75 ± 0.05 kg∙dm−3 for gleysols and 0.72 ± 0.03
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Table 2. Textural and physical aspects of gleysols and plinthosols in the study area, plus the average values obtained for Humid Grasslands areas (average ± standard error).
Soil Type/Depth

Sand (%)

Clay (%)

Silt (%)

Bulk Density (kg∙dm−3)

Gleysols

32.37 ± 3.66

33.51 ± 2.36

34.12 ± 2.56

0.75 ± 0.05

0 - 5 cm

33.08 ± 9.42

34.83 ± 6.23

32.08 ± 5.58

0.55 ± 0.13

5 - 10 cm

32.08 ± 9.69

31.42 ± 6.14

36.50 ± 6.63

0.60 ± 0.12

10 - 20 cm

33.67 ± 9.61

28.50 ± 5.32

37.83 ± 6.94

0.68 ± 0.12

20 - 30 cm

32.00 ± 10.04

32.92 ± 6.39

35.08 ± 7.34

0.76 ± 0.12

30 - 40 cm

31.75 ± 10.40

33.92 ± 6.62

34.33 ± 7.34

0.80 ± 0.12

40 - 50 cm

31.92 ± 10.60

35.67 ± 6.85

32.42 ± 7.39

0.90 ± 0.13

50 - 60 cm

32.08 ± 10.45

37.33 ± 7.27

30.58 ± 7.59

0.98 ± 0.12

Plintosols

14.19 ± 0.68

46.54 ± 1.33

39.27 ± 1.62

0.72 ± 0.03

0 - 5 cm

10.50 ± 1.68

41.00 ± 2.98

48.50 ± 4.26

0.46 ± 0.05

5 - 10 cm

11.92 ± 1.93

40.25 ± 2.54

47.83 ± 4.15

0.55 ± 0.06

10 - 20 cm

15.25 ± 2.00

40.50 ± 2.48

44.25 ± 3.59

0.65 ± 0.06

20 - 30 cm

15.17 ± 1.72

45.50 ± 3.25

39.33 ± 4.37

0.74 ± 0.07

30 - 40 cm

16.58 ± 1.79

49.58 ± 3.86

33.83 ± 4.03

0.82 ± 0.08

40 - 50 cm

14.42 ± 1.56

53.67 ± 3.42

31.92 ± 3.74

0.92 ± 0.07

50 - 60 cm

15.50 ± 1.70

55.25 ± 3.55

29.25 ± 2.88

0.92 ± 0.07

Humid Grasslands

23.28 ± 1.4

40.02 ± 1.02

36.7 ± 1.08

0.74 ± 0.02

kg∙dm−3 for plinthosols). Density grew for both soils, with minimum values for the more superficial depth of 0 5 cm (0.55 ± 0.13 kg∙dm−3 for gleysols and 0.46 ± 0.05 kg∙dm−3 for plinthosols) and maximum values for the
depth of 50 - 60 cm (0.98 ± 0.12 kg∙dm−3 for gleysols and 0.92 ± 0.07 kg dm-3 for plinthosols). We observed the
biggest difference between the soils, although not significant, for the more superficial depth 0 - 5 cm (Figure 3).
The average concentration of carbon for Humid Grassland areas was 55.19 ± 2.30 g∙kg−1, with an average
61.65 ± 5.21 g∙kg−1 for gleysols areas and 48.73 ± 3.81 g∙kg−1 for plinthosols areas (Table 3). The concentration
of carbon decreased with the depth, with plinthosols showing progressively smaller concentrations throughout
the entire profile (Figure 4).
The average concentration of nitrogen for Humid Grassland areas was 20.66 ± 1.07 g∙kg−1, with concentration
values decreasing with the depth (Table 3). Although the average concentration of nitrogen in the soil was
higher in gleysols, plinthosols displayed higher values for the more superficial depth (0 - 5 cm): 25.04 ± 6.05
g∙kg−1 for gleysols and 27.65 ± 4.48 g∙kg−1 for plinthosols (Figure 4).
The average carbon storage for Humid Grasslands was 244.17 ± 16.86 mg C ha−1 and the total storage estimated for these areas in the Federal District was 206.71 ± 14.27 Gg∙C.
In all layers of the analyzed profile, gleysol samples showed higher stock levels of carbon than plinthosols.
Throughout the entire profile (0 - 60 cm), gleysols showed values of 278.08 ± 41.34 mg C ha−1, while plinthosols showed values of 211.38 ± 25.5 mg C ha−1. The values for carbon storage reached their maximum at the
more superficial depth (0 - 10 cm) of gleysols (47.59 ± 17.65 mg C ha−1) and the minimum at 50 - 60 cm (34.56
± 14.78 mg C ha−1). Similarly for plinthosols, the maximum values were obtained at the first 10 cm (37.69 ±
7.13 mg C ha−1) and the minimum between 50-60cm (21.69 ± 5.89 mg C ha−1) (Figure 5).
Cumulative values for depth classes (0 - 5 cm; 0 - 10 cm; 0 - 20 cm; 0 - 30 cm; 0 - 40 cm; 0 - 50 cm and 0 60 cm) showed almost constant rates for the variation of carbon storage as a function of the depth. The rate,
given as mega grams carbon per hectare per depth centimeter (mg C ha−1∙cm−1), was 4.65 mg C ha−1∙cm−1 in
gleysols and 3.55 mg C ha−1∙cm−1 in plinthosols (Figure 5).
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(a)

(b)

(c)

(d)

Figure 3. Proportion of sand (a), clay (b), silt (c), and soil density (d) throughout the profile in
gleysols (black) and plinthosols (grey).
Table 3. Values obtained for carbon and nitrogen storage in different portions of the analysed profile (average
± standard error).
N

Depth Range
(cm)

Gleysols

84

60

0 - 5 cm

12

5

Soil Type/Depth

Nitrogen
(g∙kg−1)

Carbon
(g∙kg−1)

Carbon Stock
(mg C ha−1)

Accumulated Carbon
Stock (mg C ha−1)*

23.98 ± 2.61

61.65 ± 5.21

278.08 ± 41.34

278.08 ± 41.34

25.04 ± 6.05

87.49 ± 15.96

24.08 ± 10.03

24.08 ± 10.03

5 - 10 cm

12

5

26.56 ± 6.89

79.08 ± 14.73

23.54 ± 9.32

47.71 ± 13.43

10 - 20 cm

12

10

28.06 ± 7.58

70.48 ± 13.41

47.59 ± 17.65

95.92 ± 21.31

20 - 30 cm

12

10

25.72 ± 7.43

59.72 ± 12.48

45.27 ± 16.77

143.51 ± 27.26

30 - 40 cm

12

10

24.88 ± 7.49

55.22 ± 13.39

44.03 ± 17.46

190.15 ± 32.40

40 - 50 cm

12

10

19.87 ± 6.96

44.41 ± 11.92

40.10 ± 16.56

235.60 ± 37.17

50 - 60 cm

12

10

17.76 ± 7.19

35.16 ± 10.59

34.56 ± 14.78

278.08 ± 41.34

Plinthosols

84

60

17.34 ± 1.45

48.73 ± 3.81

211.38 ± 25.50

211.38 ± 25.50

0 - 5 cm

12

5

27.65 ± 4.48

79.84 ± 13.00

18.34 ± 5.13

18.34 ± 5.13

5 - 10 cm

12

5

27.03 ± 5.10

69.70 ± 10.24

19.12 ± 4.89

37.69 ± 7.13

10 - 20 cm

12

10

20.97 ± 3.57

57.13 ± 8.63

36.88 ± 9.19

75.96 ± 11.77

20 - 30 cm

12

10

15.48 ± 2.91

45.99 ± 8.21

33.94 ± 9.44

113.31 ± 15.90

30 - 40 cm

12

10

11.98 ± 2.30

36.69 ± 7.27

30.19 ± 8.93

148.83 ± 19.68

40 - 50 cm

12

10

9.46 ± 1.61

28.32 ± 5.66

26.10 ± 7.17

182.50 ± 22.98

50 - 60 cm

12

10

8.84 ± 1.39

23.48 ± 4.58

21.69 ± 5.89

211.38 ± 25.5

Humid Grasslands

168

60

20.66 ± 1.07

55.19 ± 2.30

244.17 ± 16.86

244.17 ± 16.86
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(a)

(b)

Figure 4. Level of carbon (a) and nitrogen (b) through the profile in gleysols (black) and plinthosols (grey).

(a)

(b)

Figure 5. Carbon storage for each depth intervals of 0 - 10 cm, 10 - 20 cm, 20 - 30 cm, 30 - 40 cm, 40 50 cm and 50 - 60 cm (a); cumulative carbon storage throughout the profile (0 - 60 cm)and the linear
trendlines (red lines) (b) in gleysols (black) and plinthosols (grey).

4. Discussion
Wetlands areas in the tropical region are recognizably important natural carbon sinks [6] [8] [29] [30]. Although
very little research exists currently about carbon stock levels in Cerrado wetlands, the results obtained from this
study confirm the positive role that this vegetation can play in maintaining soil carbon storage.
The soil density in Humid Grassland areas proved superior to that observed in other more well-drained areas
of the Cerrado (Table 4). In savanna areas (Cerrado sensu stricto) the carbon stocks were estimated between 45
mg C ha−1 and 73 mg C ha−1 for depths down to 60 cm, a value 5 times smaller than the storage density obtained
for the wetland areas analyzed.
In grassland formations, existing in well-drained regions (with Ferrasol soils), the density of carbon storage
was also inferior to that obtained from Humid Grassland areas (Table 4). Despite the similarity of vegetation
between these regions, clear fields had the stock of soil estimated in 100 mg C ha−1 for the depth of until 100 cm
[31], less than half of that observed in Humid Grasslands areas.
The average carbon storage levels obtained in this study confirm those observed by [38], which quantified
carbon stocks in a single Humid Grassland area in the Federal District (Table 4). That study was done using the
method of oxidation through wet process [39]. In it, the carbon stock was estimated at 241 Mg∙ha−1 to 60 cm
deep, while in the current study, which was conducted using the dry combustion analytic method and included 6
Humid Grassland areas, the carbon stock was estimated in 244.17 mg C ha−1 (Standard Error 16.86 mg C ha−1)
to 60cm deep.
The results obtained suggest a possible difference in the density of carbon storage levels between Humid
Grass-land areas for gleysols and plinthosols. In general, the samples obtained for gleysols showed levels of
carbon and nitrogen superior to those of plinthosols. In addition, for all the compounds analyzed (sand, clay, silt,
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Table 4. Estimates for the density of carbon storages in the soil for different vegetation of the Cerrado biome.
Vegetation Type

Cerrado Type

Soil Type (FAO)

High savannah

Cerradão

Typical savannah

Carbon Stock (mg C ha−1)

References

0 - 60 cm

0 - 100 cm

0 - 200 cm

Ferralsols

-

148

230

[32]

Cerrado

Ferralsols

-

143

231

[32]

Typical savannah

Cerrado

Ferralsols

-

133

-

[33]

Typical savannah

Cerrado

Ferralsols

45

-

-

[34]

Typical savannah

Cerrado

Cambisols

-

200

-

[35]

Typical savannah

Cerrado sensu stricto

Ferralsols

-

271

[36]

Typical savannah

Cerrado sensu stricto

Regosols

50

-

-

[37]

Typical savannah

Cerrado sensu stricto

Ferralsols

74

-

-

[37]

Shrubland

Campo Sujo

Ferralsols

-

209

297

[32]

Grassland

Campo Limpo

Ferralsols

-

198

281

[32]

Grassland

Campo Limpo

Ferralsols

-

100

-

[31]

Grassland

Campo Limpo Úmido

Histosols

241

-

-

[38]

soil density, nitrogen and carbon), a higher variability was observed for samples obtained in gleysols, with the
variation of carbon storage around 10% higher in this soil than among plinthosol samples. Although the results
obtained in this study suggest a possible difference in the carbon stock levels of Humid Grassland areas based
on soil type, a greater sampling effort is needed for the confirmation of such difference.
Changes to the use and handling of wetland areas, from a natural state to made for human use, have been
widely recognized as factors contributing to the emission of carbon from the soil into the atmosphere [6] [7]. In
areas of the Cerrado biome the variations in carbon stock levels, after the conversion from native areas to anthropic areas, depend especially on the types of native vegetation present, kinds of soil, local rainfall and handling
practices [40]. Existed studies report both an increase (e.g. [41]) and reduction in the carbon stocks based on
these factors (e.g. [42]).
All the Cerrado biomes natural regions have suffered annually with the conversion of 7652 km² of its area,
primarily for agricultural use or animal husbandry [14]. Considering just the Federal District area (0.3% of the
total area of the Cerrado Biome) we observed in this study total carbon storage, to 60 cm deep in Humid Grassland areas, of 206.71 ± 14.27 Gg∙C. The continuity of the anthropization of natural habitats has the potential to
promote the liberation of expressive quantities of carbon into the atmosphere on this kind of Cerrado phytophysiognomies. Therefore, it is recommended that specific studies are conducted to further investigate variations in
the carbon stock levels resulting from changes in use and handling of Humid Grassland regions, as well as
re-search that covers the entire area of Cerrado.

5. Conclusion
The results show that Humid Grasslands, one type of vegetation found in the Cerrado biome, have a high potential to store carbon in the soil, with an estimate of 244.17 mg C ha−1 (Standard error 16.86 mg C ha−1) until a
depth of 60 cm. The total stock estimated for these areas in the Federal District was 206.71 ± 14.27 Gg∙C, in
846.61 ha of Humid Grassland areas mapped by [22]. The results obtained suggest a possible difference between
the studied areas, observing the presence of gleysols and plinthosols. The first type of soil shows values of
278.08 ± 41.34 mg C ha−1, while plinthosols show values of 21.38 ± 25.5 mg C ha−1. Despite these findings, a
greater sampling effort is needed to confirm the differences between carbon stocks for both soil types. Considering the great anthropic pressure to which the Cerrado’s natural regions are subjected, it is recommended that
further specific studies are conducted, investigating variations in the carbon stock levels resulting from changes
in use and handling of Humid Grassland regions, as well as research that covers the entire area of the biome.
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