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Abstract 
In the face of the traditional model of succession of native environments in pastures or agricultural areas, 
followed by superpastejo and the concern with emissions of greenhouse gases in the Brazilian Amazon region, 
this work aims to determine the influence of different land uses on carbon sequestration and soil organic matter 
changes in the municipality of Pindaré-Mirim, in state of Maranhão. This study evaluated different uses of the 
soil: native forest; secondary vegetation (capoeira); degraded pasture and CLFI (Crop-Livestock-Forest 
Integration) system. The deformed and undisturbed samples were collected at depths: 0.00-0.10, 0.10-0.20, 
0.20-0.30, 0.30-0.40, 0.40-0.60, 0.60-0.80 and 0.80-1.00 m. Soil densities were determined by the volumetric 
ring method, the carbon stocks by the carbon content in the soil evaluating the dry combustion, and the 
accumulated carbon stocks were calculated in 1.00 m. The physical fractions of the organic matter were 
determined by means of the granulometric method. At depth 0.0-0.10 m, the soil density in the native forest (1.17 
g cm-3) was lower than the average of degraded pasture (1.40 g cm-3). There was no difference in the carbon 
content between all the land uses up to 0.40 m depth. The accumulated carbon stocks up to 1.00 m ranged from 
49.52 Mg ha-1 to 64.41 Mg ha-1 and were higher in the native forest compared to capoeira and the ICLF system. 
In relation to the accumulated carbon stock, the native forest and degraded pasture were the ones that obtained 
the highest levels, followed by the capoeira and the CLFI system.  

Keywords: fractionation of organic matter, degraded grassland, low carbon agriculture 

1. Introduction 
In the municipality of Pindaré-Mirim and other regions of Amazonia, the practice of converting native forests to 
pastures for traditional cattle ranching or agricultural areas, which rapidly reach the stage of degradation, is 
predominant. The degradation of pasture is one of the main agronomic problems for the cattle activity, occupying 
90% of the total pasture area of the Brazilian Northeast (DIEESE, 2011; Dias-Filho, 2014) and contributing to 
increased emissions of greenhouse gases (GHGs) such as methane, nitrous oxide and carbon dioxide. 

In 2015, at the 21st United Nations Conference on Climate Change (COP-21), held in Paris, France, Brazil 
committed to reduce GHGs emissions by 37 percent until 2025 and by 43 percent, until 2030 (La Rovere, 2017). 
To this end, the country also intends to clear deforestation in the Legal Amazon and restore 12 million hectares 
of forests by 2030, through diversification of agricultural production and the recovery of degraded pastures. 

In order to recover or reform degraded pastures, the diversified or integrated Crop-Livestock-Forest (CLFI) 
systems are a set of strategies that integrate agricultural, livestock and forestry activities in synergy in the same 
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area, under intercropping, succession or rotation (Balbino et al., 2012). These systems bring several global and 
local environmental benefits, such as soil and water conservation, carbon sequestration, cash flow flexibility 
throughout the year and increased biodiversity. 

These changes in the configuration of the production system have a direct impact on soil organic matter quality, 
one of the largest terrestrial carbon reservoirs. The dynamics of organic matter is driven by the addition of 
organic residues of various natures and by the continuous transformation under the action of biological, chemical 
and physical factors. Signor et al. (2014) explain that these changes in soil organic matter can be measured by 
changes in soil C stock and in its chemical or physical fractions or combinations thereof. 

The Maranhão Amazon has a rich biodiversity, occupying 26% of the Amazonian biome, with 62 municipalities, 
including the municipality of Pindaré-Mirim. However, for years this region has been suffering with 
deforestation, illegal logging, mining, coal production, over hunting and cattle breeding. According to 
information from the PRODES System, from the National Institute of Space Research, Brazil (INPE), until 2010 
71.05% of the State had been deforested. Today, less than 25% of its original vegetation remains in the 
Maranhão Amazon (INPE, 2017).  

It is known that the traditional model of succession of native environments in pastures or agricultural areas, 
followed by superpastejo in the Amazon region of the State of Maranhão is a reality. Based on this, Brazil’s 
commitment aims to implement an integration system to reduce GHGs emissions. Thus, this work is based on 
the hypothesis that the crop-livestock-forest integration system provides the replacement and protection of 
organic matter in the soil, due to the biomass maintenance of grasses and pruning of the forest component, in 
addition to the greater volume of roots not alone. The objective of this work was to determine the influence of 
different land uses on soil carbon sequestration and qualitative changes in soil organic matter, in the municipality 
of Pindaré-Mirim, in the Amazonian biome of the state of Maranhão. 

2. Materials and Methods 
Soil samples were collected in areas under different uses at the Embrapa Cocais CLFI Technological Reference 
Unit located in the Pindaré-Mirim municipality, in the Pindaré microregion, with latitude 03º46′13.60″S, 
longitude 45º29′42.00″W and altitude of 28 meters, in the state of Maranhão. The regional climate according to 
the classification of Köppen (1948) is Aw (hot and humid), with an annual average temperature of 299.15 ºC, 
minimum annual average of 295.45 ºC and maximum of 306.65 K (SEPLAN, 2013). 

Geologically, the municipality is in the Itapecuru Formation, from Upper Cretaceous, being the soil classified as 
albaqualf (Santos et al., 2013), with medium texture. As for the relief, it varies from soft-wavy to wavy, 
originally covered by vegetation of Open Lowland Ombrophylous Forest, with predominance of babassu 
palm-trees (Attalea speciosa Mart). 

This study evaluated four different soil uses within the CLFI Technological Reference Unit at Embrapa Cocais. 
The areas were: 

(I) Native vegetation with babassu, used as a reference area; 

(II) Capoeira (secondary vegetation), in natural regeneration for approximately 20 years; 

(III) Degraded pasture with Urochloa brizantha cv. Marandu with 15 years of implantation and; 

(IV) CLFI, a degraded pasture area in which maize was grown in a consortium with Marandu grass for 
implantation of the CLFI system, to be managed as recommended by Rego et al. (2017).  

In the latter, sampling was done in the first year of the CLFI system, immediately after the maize harvest. 

In all areas, the physical and chemical characterization was done up to one meter deep, according to the 
methodology proposed by Donagema (2011) (Table 1). 
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Table 1. Characterization of texture and soil chemistry under different uses evaluated in Maranhense Amazonia, 
Brazil 

Land uses Depth Sand Silt Clay pH P K Al Ca Mg H+Al SB CEC V 

---- m ---- --------- g kg-1 ----------- H2O mg dm-3 -------------------- cmolc dm-3 -------------------- % 

N
at

iv
e 

fo
re

st
 

0.00-0.10 748.8 144.8 106.4 4.8 1.3 0.3 2.0 2.0 4.2 6.4 6.5 12.9 50.4

0.10-0.20 744.5 125.7 129.8 4.7 1.7 0.3 1.0 1.8 3.2 6.2 5.4 11.6 46.5

0.20-0.30 721.4 119.8 158.8 4.7 1.7 0.3 1.8 1.5 3.1 6.7 4.9 11.6 42.5

0.30-0.40 693.0 128.7 178.4 4.6 0.8 0.3 2.6 1.3 1.7 6.9 3.3 10.1 32.2

0.40-0.60 666.7 125.7 207.6 4.6 1.0 0.4 4.3 0.8 2.6 8.5 3.9 12.4 31.2

0.60-0.80 619.5 159.8 220.7 4.6 1.3 0.4 9.1 0.5 2.9 14.9 3.9 18.8 20.8

0.80-1.00 615.9 165.8 218.3 4.6 0.3 0.4 12.3 0.3 3.6 20.5 4.4 24.9 17.6

C
ap

oe
ir

a 

0.00-0.10 768.5 107.7 123.8 5.1 1.7 0.2 1.0 1.4 3.0 6.6 4.7 11.3 41.7

0.10-0.20 742.2 124.7 133.1 5.0 0.6 0.2 1.5 1.2 2.7 5.9 4.1 10.0 40.8

0.20-0.30 714.3 149.6 136.2 5.1 0.7 0.2 2.4 1.1 2.4 6.5 3.8 10.2 37.0

0.30-0.40 706.9 123.0 170.1 5.0 0.7 0.2 3.0 0.9 2.1 7.2 3.3 10.5 31.2

0.40-0.60 675.1 113.6 211.4 5.0 0.6 0.3 4.8 0.7 2.8 8.2 3.8 12.0 31.7

0.60-0.80 609.5 150.5 240.0 5.1 0.3 0.3 7.3 0.7 2.9 12.3 3.9 16.2 24.2

0.80-1.00 602.1 145.0 252.9 5.1 * 0.4 9.6 0.4 3.9 14.2 4.7 18.9 24.8

D
eg

ra
de

d 
gr

as
sl

an
d 

0.00-0.10 528.4 411.3 60.4 5.4 3.5 1.0 0.3 3.3 6.3 2.6 10 13.3 80.8

0.10-0.20 630.2 274.7 95.2 5.5 1.4 0.9 0.3 3.4 5.9 2.2 10 12.6 82.2

0.20-0.30 647.4 257.7 95.0 5.4 1.7 0.8 0.2 3.2 7.2 2.5 11 13.8 82.1

0.30-0.40 584.7 263.1 152.3 5.1 1.3 0.7 1.4 3.3 1,7 3.6 15 18.4 80.7

0.40-0.60 537.0 301.3 161.7 4.9 1.6 0.7 4.3 2.2 7.6 5.2 11 15.8 67.0

0.60-0.80 557.6 292.8 149.6 4.7 1.5 0.5 8.4 1.3 76 9.2 9.5 18.7 50.6

0.80-1.00 537.5 317.5 145.0 4.6 1.5 0.5 11.0 0.8 6.6 10.9 8.0 18.9 42.3

C
L

F
I 

0.00-0.10 603.6 348.2 48.2 4.8 10,7 0.9 0,3 2.7 6.3 2.2 10 12.3 81.9

0.10-0.20 634.2 284.9 80.9 4.9 9.3 0.8 0,6 2.8 6.2 2.4 9.9 12.3 80.6

0.20-0.30 614.1 293.9 92.1 4.7 7.6 0.8 1,1 2.6 6.6 3.0 10 13.1 77.4

0.30-0.40 583.6 306.3 110.1 4.6 4.7 0.6 4,0 2.4 6.6 4.4 9.8 14.2 69.2

0.40-0.60 555.6 298.0 146.4 4.5 3.1 0.7 6,3 2.1 6.7 7.3 9.6 17.0 56.7

0.60-0.80 609.7 260.8 129.5 4.5 1.2 0.7 8,9 1.1 6.4 9.7 8.3 18.0 46.4

0.80-1.00 581.9 312.0 106.2 4.5 1.0 0.5 10,6 0.6 6.4 9.8 7.7 17.5 43.9

Note. SB = Sum of bases. * Value below the detection limit of the method. 

 

In each area of use, three trenches of one square meter by one of depth were arranged, randomly arranged in the 
area. The undisturbed samples for determination of soil density were collected up to one meter deep, comprising 
seven layers/depths: 0.00-0.10, 0.10-0.20, 0.20-0.30, 0.30-0.40, 0.40-0.60, 0.60-0.80 and 0.80-1.00 m and the 
three faces (walls) of the trench were sampled at each depth, the soil density was determined by the volumetric 
ring method, according to the Donagema (2011) methodology. Around the trenches, in all the cardinal directions, 
twelve equidistant points were marked, where the deformed samples were collected. The twelve deformed soil 
samples were combined in a composite sample for each depth collected.  

The physical granulometric fractionation of soil organic matter was done according to Christensen (1992) and 
Conceição et al. (2014). This analyzes were carried out in the Laboratory of Soils and Vegetable Tissues of 
Embrapa Semiárido, using the Elementary Analyzer. The dispersed sample passed through a 75 μm sieve. The 
portion retained in the 75 μm sieve represents C in the form of particulate organic matter that is not trapped in 
the soil aggregates and is formed by partially decomposed residues. The fraction with size smaller than 75 μm 
has C in intermediate stage to the advanced stage of decomposition, representing most of the organic C of the 
soil and is in the form of organomineral complexes of silt size and clay. After drying, the masses were quantified, 
ground in a ball mill and the C contents were determined by dry combustion in elemental analyzer (LECO®CN, 
2000). 
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From the total C contents in the soil samples the C (Mg ha-1) stocks were calculated according to Equation (1), 
where the “content” is the content of element (C) in soil (%), soil density in g cm-3 and “thickness” is the layer 
thickness for which the stock is being calculated, measured in m:  

Stock = Content × Density × Thickness                         (1) 

However, different types of soils may have different densities, which implies the comparison of different soil 
masses when considering layers with the same thickness, as those used in the sampling done in this study. 
Therefore, to compare adequately C stocks between areas, it was necessary to make comparisons between equal 
masses of soil, adjusting the values of the depths used in the calculations (Ellert & Bettany, 1995). This 
adjustment, called soil mass equivalent correction, was done by taking the native babassu forest as a reference, 
and consists of finding a new depth value for each area, which will be used in the recalculation of C stocks, so 
that the new depth represents the same mass of soil in all areas. The adjustment is made only in the deepest layer 
to avoid propagation of errors and the corrected depth will be calculated by Equation (2). 

Correct Depth (m) = (WEDref/WADcor) × Depthcor                    (2) 

Where,  

WEDref represents the weighted average density of the reference area (g cm-3); WADcor is the weighted average 
density of the area being corrected (g cm-3); Depthcor is the original depth of the layer being corrected (m). 

The values of the parameters were analyzed by Kruskal-Wallis method (non-parametric test), followed by the 
comparison of means by the Bonferroni test (Dunn) and the confidence intervals around the means were 
calculated at 95%. All statistical analyzes were performed using the Action Stat 3.0.2 software. 

3. Results and Discussion 
In relation to the soil density, for all the different uses of the land there was an increase of the density as the depth 
increased, natural behavior due to the action of the weight of the particles of the soil itself. In relation to soil density, 
only the native forest area with babassu (1.17 g cm-3) presented significant differences in relation to the others for 
the different depths (Table 2).  

 

Table 2. Soil density (g cm-3) in areas under different land uses in Maranhense Amazonia, Brazil 

Depth (m) Native forest Capoeira Degraded grassland CLFI 

0.00-0.10 1.17 bC 1.23 abC 1.40 aB 1.32 abC 

0.10-0.20 1.36 aA 1.44 aAB 1.47 aAB 1.39 aBC 

0.20-0.30 1.31 cAB 1.34 bcC 1.49 aAB 1.38 abBC 

0.30-0.40 1.30 bAB 1.34 bC 1.58 aAB 1.46 aB 

0.40-0.60 1.30 aAB 1.35 aC 1.48 aAB 1.53 aA 

0.60-0.80 1.24 cBC 1.33 cC 1.59 aA 1.53 bA 

0.80-1.00 1.28 cAB 1.48 bcA 1.51 aAB 1.53 abA 

Note. Lowercase letters compare mean values of different uses within the same depth. Uppercase letters compare 
mean values of the same usage at different depths. Means followed by the same letters in the same row or column 
do not differ from each other based on the Bonferroni test (α = 0.05).  

 

The native forest areas and capoeira presented lower values of soil density when compared to the others, mainly in 
the superficial layers, due to the greater deposition of organic matter and the preservation of its structure, besides a 
greater variety of natural agents that aid in the process of decrease in density. According to Guariz et al. (2009) as 
soil deepening occurs, the lower the contribution of organic matter to the aggregation of the particles, which, 
together with the weight of the overlying layers, the lower penetration of roots and the eluviation of clays results in 
increased density from soil.  

In the degraded pasture and in the CLFI system the mean values of soil density ranged from 1.40 g cm-3 to 1.59 g 
cm-3 and 1.32 g cm-3 to 1.53 g cm-3, respectively. In these two areas, there were no significant differences between 
the depths up to 0.40 m depth, which results corroborate with those found by Vieira and Klein (2007). However, in 
spite of the short time of implantation of the integration system, it is possible to perceive that there was a reduction 
in soil density, mainly in the superficial layers of the soil, probably due to the deposition of the cultural remains and 
the pasture formed.  
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In relation to the total carbon content, it was observed that there were no significant differences between the land 
uses up to 0.40 m depth, below which depth there was a significant difference between the CLFI and the other 
areas (Table 3). This fact may be related to the preparation of the soil for the implantation of the system, 
contributing to a rapid degradation of the carbon by the microorganisms. Besides, in all areas a usual behavior of 
the carbon contents was observed, with decreasing values in depth. Campos et al. (2016), comparing different 
land uses, including pasture and agroforestry, verified that the highest total carbon content in pasture 
environment, which according to Araújo et al. (2011), is due to the greater accumulation of organic matter due to 
the greater volume of the grass root system. 

 

Table 3. Total carbon (g Kg-1) in areas under different land uses in Maranhense Amazonia, Brazil 

Depth (m) Native forest Capoeira Degraded grassland CLFI 

0.00-0.10 12.74 aA 8.61 aA 10.55 aA 9.27 aA 

0.10-0.20 6.95 aB 5.74 aB 5.96 aAB 6.18 aAB 

0.20-0.30 5.40 aC 4.46 aC 5.25 aBC 4.50 aBC 

0.30-0.40 4.57 aD 4.12 aD 4.72 aBC 3.73 aCD 

0.40-0.60 4.28 aDE 3.65 aE 3.97 aCD 2.90 bDE 

0.60-0.80 3.68 aE 3.13 abF 3.02 abDE 2.09 bE 

0.80-1.00 2.71 aF 2.67 aG 2.11 abE 1.61 bE 

Note. Lowercase letters compare mean values of different uses within the same depth. Uppercase letters compare 
mean values of the same usage at different depths. Means followed by the same letters in the same row or column 
do not differ from each other based on the Bonferroni test (α = 0.05).  

 

Based on the carbon contents, the carbon stocks presented in Table 4 were calculated, and no significant 
differences between the different uses were found. The 0.00-0.10 m layers of all treatments presented higher 
carbon stock due to the higher deposition of organic matter at this depth. 

 

Table 4. Carbon stock (Mg ha-1) in areas under different land uses in Maranhense Amazonia, Brazil 

Depth (m) Native forest Capoeira Degraded grassland CLFI 

0.00-0.10 14.70 aA 10.66 aA 14.76 aA 12.19 aA 

0.10-0.20 9.46 aB 8.30 aB 9.23 aBC 8.57 aABC 

0.20-0.30 7.09 aC 5.97 aCD 7.88 aC 6.21 aBCD 

0.30-0.40 5.93 aC 5.51 aD 7.56 aC 5.45 aD 

0.40-0.60 11.14 aAB 9.87 aA 12.00 aAB 8.86 aAB 

0.60-0.80 9.15 aB 8.29 aAB 9.58 aABC 6.39 aCD 

0.80-1.00 7.05 aC 7.89 aBC 6.39 aC 4.92 aD 

Note. Lowercase letters compare mean values of different uses within the same depth. Uppercase letters compare 
mean values of the same usage at different depths. Means followed by the same letters in the same row or column 
do not differ from each other based on the Bonferroni test (α = 0.05).  

 

The accumulated carbon stocks up to 1.00 m ranged from 49.52 Mg ha-1 to 64.41 Mg ha-1 and were higher in the 
native forest with babassu in relation to capoeira and the ILPF system (Figure 1). It is observed that there is a 
similarity between the carbon stock of native forest with babassu and degraded pasture. Costa et al. (2009) explain 
that soils under pasture present stocks of C equal to or greater than those found in native forest environment due to 
the higher amount of organic matter provided by the roots. Roscoe and Buurman (2003) also did not find 
significant differences in the C stock when comparing the natural Cerrado vegetation and a pasture of Brachiaria 
spp. with 23 years of implantation in an oxisol.  
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