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SPATIAL AND VERTICAL DISTRIBUTION OF LITTER AND BELOWGROUND 
CARBON IN A BRAZILIAN CERRADO VEGETATION 

ABSTRACT: Forest ecosystems contribute signiÀcantly to store greenhouse gases. 
This paper aimed to investigate the spatial and vertical distribution of litter, roots, and 
soil carbon. We obtained biomass and carbon of compartments (litter, roots, and soil) 
in a vegetation from Cerrado biome, state of Minas Gerais, Brazil. The materials were 
collected in 7 0.5 m² sub-plots randomly allocated in the vegetation. Root and soil samples 
were taken from Àve soil layers across the 0-100 cm depth. Roots were classiÀed into 
three diameter classes: Àne (<5 mm), medium (5-10 mm), and coarse (>10 mm) roots. 
The carbon stock was mapped through geostatistical analysis. The results indicated 
averages of soil carbon stock of 208.5 Mg.ha-1 (94.6% of the total carbon), root carbon of 
6.8 Mg.ha-1 (3.1%), and litter of 5 Mg.ha-1 (2.3%). The root carbon was majority stored 
in coarse roots (83%), followed by Àne (10%), and medium roots (7%). The largest 
portion of Àne roots concentrated in the 0-10 cm soil depth, whereas medium and coarse 
roots were majority in the 10-20 cm depth. The largest portion of soil (53%) and root 
(85%) carbon were stored in superÀcial soil layers (above 40 cm). As conclusion, the 
carbon spatial distribution follows a reasonable trend among the compartments. There is 
a vertical relation of which the deeper the soil layer, the lower the soil and root carbon 
stock. Excepting the shallowest layer, coarse roots held the largest portion of carbon 
across the evaluated soil layers. 

DISTRIBUIÇÃO ESPACIAL E VERTICAL DO CARBONO EM SERAPILHEIRA E 
SUBSOLO EM VEGETAÇÃO DO CERRADO BRASILEIRO

RESUMO: Ecossistemas Áorestais contribuem signiÀcativamente para estocar gases 
do efeito estufa. Objetivou-se investigar a distribuição espacial e vertical do carbono 
em serapilheira, raízes e solo. Foram obtidos biomassa e carbono de compartimentos 
(serapilheira, raiz e solo) em vegetação do bioma Cerrado, Minas Gerais, Brasil. O material 
foi coletado em 7 sub-parcelas de 0,5 m² aleatoriamente alocadas na vegetação. As amostras 
de raízes e solo foram tiradas de cinco camadas do solo na profundidade de 0-100 cm. 
Raízes foram classiÀcadas em três classes: raízes Ànas (<5 mm), médias (5-10 mm) e grossas 
(>10 mm). Estoques de carbono foram mapeados usando análise geoestatística. Resultados 
indicaram médias do estoque de carbono no solo de 208,5 Mg.ha-1 (94,6% do carbono total), 
carbono nas raízes de 6,8 Mg.ha-1 (3,1%), e na serapilheira de 5 Mg.ha-1 (2,3%). Carbono de 
raízes foi majoritariamente estocado nas raízes grossas (83%), seguido das Ànas (10%) 
e médias (7%). A maior porção das raízes Ànas se concentrou na camada de 0-10 cm, 
enquanto que raízes médias e grossas majoritariamente entre 10-20 cm. A maior porção 
do carbono em solo (53%) e raízes (85%) estiveram estocados nas camadas superÀciais 
do solo (acima de 40 cm). Como conclusão, a distribuição espacial do carbono segue 
razoável tendência entre os compartimentos. Há uma relação vertical de que quanto mais 
profunda a camada de solo, menor o estoque de carbono de solo e raízes. Com exceção 
da camada de solo mais superÀcial, raízes grossas estocaram a maior porção de carbono 
nas profundidades avaliadas.
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INTRODUCTION

The greenhouse effect is a phenomenon that 
occurs due to gases concentration in the atmosphere, 
ensuring the maintenance of temperature in proper 
levels for survival in the planet (DIAS-FILHO, 2006). 
Deforestation, forest Àres, and fossil fuel burning provoke 
the intensiÀcation of greenhouse gas (GHG) emissions, 
contributing thus to the global warming.

According to Carvalho et al. (2010), the 
consequences of global warming are not only of 
environmental order, but social and economic too. 
Many researchers have studied globalized strategies to 
mitigate global warming, in which the need for public 
policies is seen as essential requirement for reducing 
GHG emissions, such as carbon dioxide (CO2), and 
methane (CH4) (CARVALHO et al., 2010; TONIOLO 
and CARNEIRO, 2010).

Forest ecosystems are the biggest terrestrial 
carbon sinks in the world, consequently, they play an 
important role in the global carbon cycle and weather 
regulation (MARTINS et al., 2003; BARRETO et al., 
2009). However, few surveys discuss how carbon cycle 
behaves in different forest ecosystems. 

Carbon stock depends on variables such as local 
climate, relief, forest species, and soil characteristics, 
including water and nutrients availability (BROWN 
and JOHNSTONE, 2011; SCOLFORO et al., 2015), 
suggesting that carbon is stored differently by ecosystems 
and biomes.

In 2015, Brazil committed to reduce in 37% the 
GHG emissions by 2030, in relation to the emission 
from 2005. In this sense, monitoring biomass and carbon 
stocks has been one of the goals of the National Forest 
Inventory, being conducted in Brazil. Consequently, 
carbon content and stock tend to be increasingly more 
studied in national levels. These analyses involve big-data 
and costly data processing, requiring reduction of sample 
size without losing accuracy of estimates.

SpeciÀcally in the Brazilian state of Minas Gerais, 
deforestation and land-use change are the main causes of 
GHG emission, totalizing 54% of all emissions in the state 
(BRASIL, 2010). Cerrado biome is a savanna vegetation 
type that shelters more than 50% of natural vegetation 
belonging to the state across different physiognomies 
(OLIVEIRA FILHO and SCOLFORO, 2008). Cerrado 
Sensu stricto is the most important physiognomy of 
the state of Minas Gerais, sheltering 28% of all natural 
vegetation (CARVALHO et al., 2008). Despite the few 
studies, Cerrado biome is seen as a relevant site of 
carbon sink (REZENDE et al., 2006), mainly with respect 
to soil and root carbon (LIU et al., 2010).

Surveys indicate that in Cerrado ecosystems, 
the soil may concentrate more than 70% of carbon 
(MORAIS et al., 2013a; MORAIS et al., 2013b), however, 
there is a lack of studies that elucidates how the carbon 
in soil distributes across the forest and how strong is the 
dependence between carbon in different compartments, 
for example soil, roots and litter.

Such analysis depends on tools proper for 
quantifying carbon stocks in forest ecosystems, thus, 
researches that approach this subject play a key role in 
the carbon distribution issue. Studies in this scope help 
to plan data collection in forest inventories, since they 
allow stratiÀcation into homogeneous areas, which make 
possible to reduce sample size without losing accuracy.

In this sense geostatistical analysis, such as 
spatial interpolation technique, has been widely applied 
in cases involving carbon analysis in large dimension 
areas (CONSTANTINI et al., 2012; MISHRA et al., 
2012; SCOLFORO et al., 2015; SCOLFORO et al., 
2016). On the other hand, Morais (2014) detected high 
heterogeneity of carbon stock in soil, roots and litter 
in smaller areas, such as vegetation belonging to the 
Cerrado biome, in the state of Minas Gerais. This induced 
the author to apply geostatistics in small areas, which 
enabled him to understand the carbon distribution and 
existence of correlation between various compartments, 
then applying the technique in large scale.

Based on this, we conducted this paper assuming 
the hypothesis that carbon stocks in soil, roots and litter 
have spatial dependence, allowing the spatialization of these 
variables by means of ordinary kriging. After quantifying 
biomass and obtaining carbon content in a vegetation 
belonging to the Cerrado biome, the aim of this research 
was to investigate the spatial distribution of litter and the 
spatial and vertical distribution of belowground carbon, 
including roots and soil organic matter.

MATERIAL AND METHODS

Study area and data collection

The study area was a vegetation belonging to the 
Cerrado biome, located in Olhos d’Água city, state of 
Minas Gerais (Figure 1).

The studied area is considered as mature vegetation 
with an area of 111.9 ha. This region possesses an annual 
mean temperature and precipitation of 20.9 ºC and 1,187 
mm respectively, with predominance of latosol.

We used data from 21 1,000 m² plots (10 x 100 
m) systematically allocated in the vegetation, belonging 
to the project “Forest Inventory of Minas Gerais”. More 
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information about the project is presented in Scolforo et 
al. (2008). From these 21 plots, we randomly selected 
30% (7) of them to allocate, also randomly, a 0.5 m² (0.5 
x 1.0 m) sub-plot in each one. We collected biomass in 
litter, roots and soil in the seven sub-plots.

All litter over the sub-plot area was gathered, 
weighted, and put into a bag to take to laboratory 
for quantiÀ cation of carbon content and stock. After 
collecting the litter, we opened a trench of 100 cm depth 
on the sub-plots, in order to collect roots and soil. We 
considered À ve soil layers: 0 to 10; 10 to 20; 20 to 40; 40 
to 60; and 60 to 100 cm.

The roots and soil were separated by layer. 
The roots were classiÀ ed according to three classes of 
thickness: <5 mm (À ne); 5 to 10 mm (medium); and 
>10 mm (coarse roots). Thicker roots were cut using 
a pruning saw. More detail about storing, transportation, 
as well as processing of the collected material can be 
found in Morais (2014).

We colected samples from the soil, roots and litter 
collected in the sub-plots to analyze carbon content and 
stock on each of these compartments. About 10-12 mg 
of soil sample and 2-4 mg of litter and root samples were 
used on the carbon analysis. The equipment Total Organic 
Carbon (Vario TOC Cube) was used to determinate the 
carbon content. The samples were packed in tin capsules 
and burned at 950 ºC for dry combustion.

The emitted carbon dioxide (CO2) correspondent 
to each sample was quantiÀ ed by an infrared detector 
NDIR, which relates the CO2 emission with the weight 
of the samples. These analyses allowed us to compute 
carbon stock by multiplying biomass obtained in the root 
and litter samples. The root and litter carbon stock per 
hectare was determined in Mg.ha-1 using a conversion 
factor of 20,000, i.e., relation between hectare area 
(10,000 m²) and sub-plot area (0.5 m²).

To quantify soil carbon stock we pondered the soil 
density by the depth of each soil layer and its respective 
carbon content. More details about the procedures to 
determine carbon stock and sample collection can be 
found in Morais (2014).

Geostatistical analysis

Before performing the geostatistical analysis, we 
veriÀ ed the data normality by means of Shapiro-Wilk 
test at 95% probability level, whose result conÀ rmed a 
normal distribution of the dataset.

We developed an experimental semivariogram 
of the carbon stored in litter, roots and soil (including all 
layers). In addition, experimental semivariograms also 
were developed for mean diameter at breast height (dbh) 
and basal area, in order to verify the existence of similarity 
on spatial distribution among carbon and stand variables.

Preliminary analysis indicated anisotropy in the 
semivariograms, allowing us to proceed the modelling 
and to obtain an isotropic semivariogram, according to 
Yamamoto and Landin (2013). Semivariance graphs were 
generated for the carbon stock in litter, roots, and soil, 
besides mean diameter and basal area. We also created 
graphs that show linear trends between carbon stock in 
the compartments and the stand variables (mean dbh 
and basal area), aiming to assess their relations.

The Exponential model was À tted using the 
software GS+ version 10 (ROBERTSON, 1998). This 
model presents the coefÀ cients nugget (τ²), sill (σ²), and 
range (Ø), which were employed in the ordinary kriging.

The Ordinary Least Squares method was applied 
to À t the models (MELLO et al., 2012; TERRA, 2015; 
SCOLFORO et al., 2016). The method known as 
ordinary kriging allowed us to estimate carbon stock 
in litter, roots, and soil for the unsampled areas across 
the vegetation (JOURNEL and HUIJBREGTS, 1978). 
Through this step we elaborated carbon stock maps for 
these three compartments. 

RESULTS

The main descriptive statistics regarding to 
biomass and carbon stored in litter and roots. We 
obtained coefÀ cients of variation of biomass and carbon 
stocks in litter much higher than in roots. The variation 
of biomass stock was higher than carbon stock, both for 
litter and root. As expected, the means of biomass and 
carbon stock were larger in roots than in litter, as well as 
the carbon content (Table 1).

FIGURE 1 Map illustrating the location of the study area.
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The distribution of carbon stored in roots across 
the soil layers, we found great stocking by the coarse 
roots (83%), followed by the À ne (10%) and medium 
roots (7%). Such percentages totalize a mean amount of 
5.61, 0.68, and 0.47 Mg.ha-1 of carbon stock, respectively. 
Figure 2 presents bars indicating the percentage of 
carbon stored in roots and its distribution by soil layer 
and by root thickness.

The coarse root stocks ranged from 64% (60-
100 cm) up to 93% (10-20 cm layer) of the carbon in all 
roots. Considering the soil layers as a whole, the coarse 
roots stored much more carbon (about 84%) than the 
other ones, which reached less than 9% of the total 
root carbon (Figure 2B). We plotted mean root and soil 
carbon in function of the layer depth (Figure 3). Figure 
3B presents the soil carbon stored by layer per cm.

TABLE 1  Descriptive statistics of biomass and carbon of litter 
and root.

Compartment Variables Mean Maximum Minimum
Standard 

deviation

CoefÀ cient

 of Variation 

(%)

Litter 

Biomass stock  

(Mg.ha-1)
11.08 23.48 4.29 6.07 54.74

C content 

(%)
43.94 48.01 38.5 3.34 7.61

C stock 

(Mg.ha-1)
4.97 11.27 1.91 3.06 61.61

Root 

Biomass stock

 (Mg.ha-1)
14.34 18.27 0.24 3.43 23.88

C content

 (%)
46.38 52.92 41.42 2.32 4.99

C stock

 (Mg.ha-1)
6.76 9.61 0.11 1.73 25.62

FIGURE 2 Percentage of carbon stored in roots and its 
distribution by soil layer (A) and by root thickness (B).

The carbon stock from À ne roots was more 
concentrated in the shallowest soil layer, whereas 
carbon stock from medium and coarse roots was 
majority concentrated in the 10-20 cm soil layer. Among 
the À ve layers, roots within the deeper ones in general 
contained lower carbon stock than the shallower layers, 
excepting the 0-10 cm layer. The 10-20 and 20-30 cm 
layers concentrated the highest carbon levels stored 
in roots (Figure 2A), totalizing around 80%. Thus, the 
roots above the 30 cm depth held more than 85% of the 
total root carbon.

Besides the fact that À ne roots concentrated more 
carbon in the À rst layer, they also stored a larger portion 
of carbon (40%) than the thicker roots, in the shallowest 
layer. However, considering the other soil layers, i.e., 
the 20-100 cm depth, the coarse roots hold the largest 
amount of carbon when compared to the other roots.

FIGURE 3 Concentration of root (A) and soil (B) carbon in 
relation to the soil depth.

Figure 3A shows a parabolic trend indicating that 
the larger portion of root carbon is stored across the 10-
40 cm soil depth. In addition, there is a clear trend in 
decreasing the stock above and below this layer. The soil 
carbon stock tended to decrease directly proportional 
to the soil depth (Figure 3B). Table 2 presents the main 
descriptive statistics of soil carbon stock and carbon 
content by soil depth.

Considering all layers, the mean soil stock was 
208.5 Mg.ha-1, corresponding to a mean stock of 41.7 
Mg.ha-1.layer-1. The coefÀ cients of variations of carbon 
stock, for all soil layers, were lower than those values 
seen in Table 1. However, the variations of the carbon 
contents in soil (Table 2) were higher than the values 
found for litter and roots (Table 1).

Contrary to what was found in the roots, the 
10-20 cm layer had the lowest carbon concentration 
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(about 23 Mg.ha-1) of carbon in soil, whereas the 60-
100 cm layer stores the largest portion (88.2 Mg.ha-1). 
However, we emphasize that the 60-100 cm layer is four 
times thicker than the 10-20 cm layer, therefore, such 
relation inverts when considered the amount of carbon 
per centimeter (Figure 3B).

We related the variables mean dbh and basal area 
of the plots (where sub-plots were allocated), in function 
of carbon stored in litter, soil, and roots (Figure 4).

The simple linear models and the coefÀcients of 
determination (R²) indicated weak correlations between 
the tested variables, excepting the situations shown 
in Figures 4D and 4F. In both cases a relatively strong 
correlation was detected for the carbon stored in litter 
and roots, in relation to the mean dbh. 

The exponential model was able to describe the 
behavior of the variogram in all cases. The autocorrelation 
distance among the samples was equal to 714, 342, and 
933 m, respectively for litter, roots, and soil. The degree 
of spatial dependence, which was used to characterize 
the intensity of the structure of spatial dependence, 
was classiÀed as strong for all variables, according to the 
classiÀcation proposed by Cambardella et al. (1994). 
Through the parameters of the exponential model, we 
elaborated the ordinary kriging maps with the distribution 
of carbon stored in litter, soil, and roots (Figure 4).

The three studied compartments store an amount 
of 24,643 Mg of carbon, equivalent to 220 Mg.ha-1 of 
carbon, of which 94.5% is held in the soil (0-100 cm), 
3.1% in the roots, and 2.4% in litter.

DISCUSSION

The mean litter biomass (11.08 Mg.ha-1) obtained 
in this study was almost two times above the values 
found by Aquino et al. (2016), which was 6.4 Mg.ha-1, and 
Ribeiro et al. (2001), which was 6.3 Mg.ha-1. Morais (2014) 
also assessed litter biomass from the Cerrado, however 
the author collected data from 20 areas, encountering a 
mean value of 8.7 Mg.ha-1, indicating strong evidence that 
the vegetation studied in this research possess a well-
stocked litter.

We obtained a carbon content of litter close to 
44% (Table 1), which is a little above the value of 37% 
suggested by the Intergovernmental Panel on Climate 
Change (IPCC).  Morais et al. (2014) obtained a content 
much closer (43.2%) for litter.

Regarding to the carbon content of roots, the 
mean value reached 46.4%, which is within the expected 

TABLE 2 Descriptive statistics of soil carbon content and 
stock across soil depths.

Soil depth Variables Mean Maximum Minimum
Standard

deviation

CoefÀcient of 

Variation (%)

0-10

C content

 (%)
4.47 5.36 3.20 0.68 15.33

C stock 

(Mg.ha-1)
37.35 45.16 24.92 6.73 18.03

10-20

C content 

(%)
3.29 4.06 2.51 0.53 16.09

C stock

 (Mg.ha-1)
29.54 35.82 23.01 4.07 13.77

20-40

C content 

(%)
2.34 3.37 1.63 0.62 26.45

C stock 

(Mg.ha-1)
43.06 63.56 27.83 12.44 28.90

40-60

C content

 (%)
1.89 2.52 1.47 0.35 18.67

C stock 

(Mg.ha-1)
35.80 44.85 27.91 5.57 15.56

60-100

C content

(%)
1.55 2.26 1.18 0.39 24.90

C stock 

(Mg.ha-1)
62.74 88.22 43.04 15.33 24.43

FIGURE 4 Behavior of carbon stored in litter (A and D), soil (B and E), and roots (C and F) in function of mean dbh and basal area.
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range of 40-60% for vegetal materials as reported by 
Barbosa et al. (2012). Such value also corroborates the 
mean carbon content of roots found by Morais (2014), 
in vegetation from Cerrado in the state of Minas Gerais.

As shown in Figure 2B, the coarse roots held the 
largest portion of the biomass and carbon stored in the 
roots. According to Barbosa et al. (2012) and Azevedo 
(2014), this behavior occurs because thicker roots store 
majority carbon, whereas À ne roots are responsible for 
transporting water and nutrients from the soil to the 
plant (TUFEKCIOGLU et al., 1999).

Barbosa et al. (2012) describes that À ne roots 
are found mainly in supercial soil layers, what was found 
in this study such as shown in Figure 2. In addition, we 
detected that the largest amount (42%) of roots was 
contained in the 0-20 cm soil layer, such as obtained 
by Castellanos et al. (1991), Barbosa et al. (2012), and 
Albuquerque et al. (2015). This root concentration 
in superÀ cial layers occurs in response of the available 
nutrients due to organic matter decomposition, which 
decreases in deeper layers (ALBUQUERQUE et al., 
2015; ARAÚJO et al., 2007; BALIEIRO et al., 2005; 
BARBOSA et al., 2012; SAYER et al., 2006; SELLE et al., 
2010). Root biomass is one of the factors that contributes 
to the soil carbon stock, however, Costa et al. (2014) 
state that biomass in roots is accumulated slower than 
the aerial biomass, since they may take various decades 
to stabilize growth. Climate, vegetation, soil type, and 
soil texture, and interaction among them, is another 
factor that affects the carbon stored in soil (LAL, 2005, 
LEIFELD et al., 2005). Such condition makes the soil 
carbon stock quite variable even in equal vegetation type 
sites, as can be seen in IPCC (2000), Melo and Durigan 
(2006), Paiva et al. (2011), and Morais (2014).

The soil carbon stock ranged from 23.01 Mg. ha-1 (10-
20 cm) up to 88.22 Mg.ha-1 (60-100 cm), demonstrating 

high vertical variability (Table 2). However, we highlight 
that the soil layers possess different depths. As the soil 
carbon stock was computed per centimeter in Figure 
3B, we obtained a relation indicating that the deeper the 
layer, the lower the carbon stock, meaning that superÀ cial 
layers contain the largest carbon stock per centimeter. 

The soil carbon content, in turn, followed a 
decaying trend of its value with the increasing of the soil 
depth, such as noted by Jobbágy and Jackson (2000), Salton 
et al. (2011), Sheikh et al. (2009), and Zinn et al. (2012).

The kriging maps allowed us to obtain the 
total amount of carbon stored across the vegetation. 
As expected, the soil was responsible for the largest 
total carbon stock (25,424.9 Mg), followed by roots 
(2,235.1.Mg), and litter (530.8 Mg). 

The spatial autocorrelations were satisfactory 
because the spatial dependence was above the minimal 
distance between samples (250 m). The ordinary kriging 
maps of carbon stored in litter (Figure 5A), roots (Figure 
5B), and soil (Figure 5C) indicates a carbon gradient in 
such compartments across the vegetation. 

With regards to the carbon spatial distribution 
across the vegetation, the maps of carbon distribution 
(Figure 5) are reasonably resembled. The region with 
larger concentrations (upper class) of carbon stored 
in litter and soil overlapped, such as larger part of the 
middle and lower classes. However, some regions 
occupied by the middle class in the map of soil carbon 
distribution overlapped regions occupied by the lower 
class in the litter map.

Likewise, the map of root carbon distribution 
shows that the upper class is allocated exactly in the 
region where the lower class is allocated in the maps of 
litter and soil. However, a considerable portion of the 
lower and middle classes overlapped in relation to the 
maps of litter and soil.

FIGURE 5 Distribution of carbon stored in litter (A), roots (B), and soil (C).
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Terra et al. (2015) found spatial correlation 
between aerial carbon and soil organic matter using co-
kriging technique. Knowing that the aerial carbon of trees 
depends on its diameter, it is expected that the carbon 
in soil increases in the extent the trees grow in diameter. 
This relation can be associated with the results shown in 
Figures 4, 5, and 6. Thus, it was observed that regions 
with the larger amounts of carbon stored in litter and soil 
were reasonably in accordance to the ones where we 
found the larger diameters.

As shown in Figure 4, a relation between carbon 
and basal area was not detected and this may be associated 
with the density of plants. Basal area tends to increase 
as much as the density increases, as consequence, this 
provokes a reduction of the mean dbh, and therefore the 
dependence with basal area is lost.

CONCLUSION

The carbon spatial distribution follows a reasonable 
trend among litter, roots, and soil, although it is stronger 
between litter and soil. This moderate similarity means that 
well- and low-stocked regions may overlap considering the 
litter, root, and soil carbon distribution. 

In regards to the vertical distribution, there is a 
relation in which the deeper the soil layer, the lower the 
soil and root carbon stock. Excepting the shallowest soil 
layer, coarse roots held the largest portion of carbon 
across the evaluated soil layers. 
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