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A B S T R A C T 
The aim of this study was to evaluate the stock of total organic carbon 
(TOC) and to perform the physical-granulometric fractionation of 
soil organic matter (SOM) in different management systems (MS). 
Three MS and one reference area of Native Forest (NF) were studied, 
and the three systems were sugarcane (SC), permanent pasture 
(PP) and no-tillage system (NTS). Soil samples were collected in 
the 0–0.05, 0.05–0.10, 0.10–0.20-m layers. Soil density (Sd), TOC, 
stratification index (SI), carbon stock (StockC), variation in StockC 
(∆StockC), carbon content of particulate organic matter (C-POM) 
and mineral organic matter (C-MOM), carbon stock index (CSI), 
lability (L), lability index (LI), and carbon management index (CMI) 
were determined. The MS presented higher Sd than the NF area. 
The NF area had higher TOC contents in the first layers, reaching 
25.40 g kg-1 in the 0–0.05-m layer, with the PP area having higher 
values than the NF in the 0.10–0.20-m layer. The NF area showed 
the highest levels of C-POM (15.25 g kg-1) and C-MOM (10.15 g kg-1) 
in the first layer. In the 0.10–0.20-m layer, the PP and NTS systems 
were superior to the others. Regarding the C-MOM content, SC and 
PP showed higher levels in the 0.10–0.20-m layer. The highest CMI 
values were observed in the NTS and PP areas in the 0.10–0.20-
m layer. The MS increased the Sd and reduced the TOC levels. 
The different MS modified the POM fraction, and the MOM fraction 
was most impacted by the SC area. The lability of the SOM was 
altered by the MS in the most superficial layers.

Keywords: soil quality; labile carbon; environmental assessment.

R E S U M O
O objetivo do presente trabalho foi avaliar os estoques de carbono 
orgânico total (COT) e realizar o fracionamento físico-granulométrico da 
matéria orgânica do solo (MOS) em diferentes sistemas de manejo (SM). 
Foram estudados três SM e uma área de referência de Mata Nativa (MN), 
sendo os três sistemas: cana-de-açúcar (CA); pastagem permanente 
(PP) e sistema plantio direto (SPD). Foram coletadas amostras de solos 
nas camadas 0–0,05, 0,05–0,10 e 0,10–0,20 m. Foram determinados a 
densidade do solo (Ds), o COT, o índice de estratificação (IE), o estoque 
de carbono (EstC), a variação do EstC (∆EstC), os teores de carbono da 
matéria orgânica particulada (C-MOP) e mineral (C-MOM), o índice de 
estoque de carbono (IEC), a labilidade (L), o índice de labilidade (IL) e o 
índice de manejo de carbono (IMC). Os SM apresentaram Ds superior 
à área de MN. A área de MN apresentou maiores teores de COT nas 
primeiras camadas, chegando a 25,40 g kg-1 na camada 0–0,05 m, 
sendo a área de PP superior à MN na camada de 0,10–0,20 m. A área 
de MN apresentou os maiores teores de C-MOP (15,25 g kg-1) e C-MOM 
(10,15 g kg-1) na primeira camada. Para a camada de 0,10–0,20 m, os 
sistemas de PP e SPD foram superiores aos demais. Para os teores de 
C-MOM, a CA e PP apresentaram maiores teores na camada 0,10–0,20 
m. Os maiores valores de IMC foram observados nas áreas de SPD e PP 
na camada de 0,10–0,20 m. Os SM aumentaram a Ds e reduziram os 
teores de COT. Os diferentes SM modificaram a fração MOP, sendo a 
fração MOM mais impactada pela área de CA. A labilidade da MOS foi 
alterada pelos SM nas camadas mais superficiais. 

Palavras-chave: qualidade do solo; carbono lábil; avaliação ambiental.
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Introduction
The conversion of natural areas into production systems can, 

in addition to modifying the landscape, change the edaphic quality 
when not properly handled (Freitas et al., 2018). The different uses 
and managements directly influence soil attributes, such as carbon 
(C) (Lal, 2018; Ozório et al., 2019), besides causing changes in physi-
cal (Sales et al., 2018; Falcão et al., 2020), chemical (Souza et al., 2018; 
Assunção et  al., 2019), and biological attributes of the soil (Borges 
et al., 2015; Barbosa et al., 2018).

Among the many attributes analyzed to evaluate the effects of the 
management systems and soil quality (SQ), soil organic matter (SOM) 
stands out (Nanzer et al., 2019; Lavallee et al., 2020; Poffenbarger et al., 
2020). Thus, one of the methods for evaluating SQ is the analysis of 
C compartments of the physical fractions of the SOM (Cambardella 
and Elliott, 1992). Those are divided into two fractions, the particulate 
organic matter (POM), a fraction with high potential to indicate SQ in 
a short period of time (Bayer et al., 2002; Bongiorno et al., 2019); and 
the mineral organic matter (MOM), which is the most stable fraction 
of the SOM, being less sensitive to changes in a short period of time 
(Cambardella and Elliott, 1992). 

With the data of physical fractionation, it is possible to obtain the 
carbon management index (CMI), developed by Blair et  al. (1995), 
which is a useful tool to analyze the effects of different management 
systems, as it analyzes the effects of the systems on the quality and 
quantity of SOM in the same index (Ghosh et al., 2019).

The implementation of conservation production systems, such as 
well-managed pastures and the no-tillage system, can maintain or even 
increase soil carbon stocks (Salton et al., 2008; Rosset et al., 2019; Fal-
cão et al., 2020), maintaining productive capacity and mitigating the 
emission of C dioxide (CO2) into the atmosphere (Borges et al., 2015; 
Besen et al., 2018). In conventional soil tillage systems, the yearly plow-
ing hinders the formation of stable soil aggregates, with consequent 
damage to the storage of C (Salton et al., 2008), as reported in studies 
analyzing soil quality in systems with sugarcane cultivation (Bordonal 
et al., 2018; Gomes et al., 2019).

Thus, the evaluation of SQ by quantifying the total organic carbon 
(TOC) contents and their respective fractions in areas with a known 
history of cultivation can produce accurate and conclusive results on 
the edaphic quality of the area. Therefore, the present study aimed to 
evaluate soil TOC contents and stocks, and the physical fractions of 
SOM in different management systems.

Materials and Methods
Soil collections were carried out at Vezozzo Farm, located in the 

municipality of Eldorado (Figure 1), Southern Cone region of the state 
of Mato Grosso do Sul, Brazil. The climate of the region is subtrop-
ical (Cfa), according to Köppen’s classification and native vegetation 
of Atlantic Forest – Semideciduous Seasonal Forest (SEMADE, 2015), 
with soils classified as Argissolo Vermelho Amarelo distrofico típico 

(Santos  et  al., 2018), equivalent Acrisols (IUSS WORKING GROUP 
WRB, 2015) and Ultisols (SOIL SURVEY STAFF, 2014), of sandy tex-
ture (Santos et al., 2018).

Four different areas were evaluated, three management systems in 
addition to a reference area of native forest, namely: sugarcane crop 
area (SC) – with 350 hectares, cultivated with sugarcane since 2006; 
permanent pasture area (PP) –implanted in 2003, with 2.5 hectares, 
with Brachiaria brizantha species subjected to grazing pressure by 
goats, with approximately 12 AU ha-1; no-tillage system area (NTS) – 
240 hectares, where a succession of corn/soybean and cassava has been 
cultivated since 2002; and a native forest area (NF) of legal reserve with 
160 hectares.

Disturbed and undisturbed soil samples were collected in the 
0–0.05, 0.05–0.10 and 0.10–0.20-m layers, with four replicates per 
management system and layer. Each composite sample of deformed 
soil was represented by ten simple samples within the four evaluat-
ed areas. In the NTS and SC, collection was carried out between the 
cultivation rows. In the areas of PP and NF, samples were random-
ly collected. The undisturbed samples for soil density analysis (Sd) 
were collected with the aid of a volumetric ring with a volume of 
48.86  cm3, with four replicates in the areas and layers. In order to 
characterize the study areas, soil samples from the 0–0.20-m layer 
were collected and then sent to the laboratory for chemical and phys-
ical characterization (Table 1).

Sd analyses were performed according to Claessen (1997), using 
the volumetric ring method. TOC was determined according to the 
methodology adapted from Yeomans and Bremner (1988). Based on 
the TOC results, the total organic carbon stocks (StockC) were cal-
culated according to the equivalent mass method (Ellert and Bettany, 
1995; Sisti et al., 2004). 

To assess trends of accumulation or loss of TOC in relation to the 
NF (reference system of the original soil condition in this study), 
the variation in the StockC (ΔStockC) was calculated by the difference 
between the mean values of StockC of the NF and each of the manage-
ment systems. The obtained value was divided by the thickness (cm) of 
each layer and in the profile of 0–0.20 m. With the results of the TOC 
contents, the carbon stratification index (SI) (Franzluebbers, 2002) was 
calculated using the relation between the TOC contents of the 0–0.05-
m and the 0.10–0.20-m layers.

The physical-granulometric fractionation of the SOM was per-
formed according to the methodology of Cambardella and Elliott (1992), 
in which 20 g of air-dried fine earth (ADFE), together with 60 mL of 
sodium hexametaphosphate (5 g L-1) were placed in Erlenmeyer flasks of 
250 mL, being stirred for 16 hours in stirring table at a speed of 150 rpm. 
After the stirring period, samples were washed in a 53-μm sieve, and 
the material retained in the sieve comprised the POM. Subsequently, the 
carbon content of particulate organic matter (C-POM) was obtained by 
the methodology of Yeomans and Bremner (1988), and the carbon con-
tent of mineral organic matter (C-MOM) was obtained from the differ-
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ence between TOC and C-POM. For the calculations of carbon stock of 
particulate organic matter (StockC-POM) and carbon stock of mineral 
organic matter (StockC-MOM), the methodology of the equivalent mass 
was used (Ellert and Bettany, 1995; Sisti et al., 2004).

After the determination of C fractions, the following indices were 
calculated to evaluate the quality of the SOM: carbon stock index 
(CSI), lability of SOM (L), lability index (LI), and carbon management 
index (CMI), according to Blair et al. (1995).

Figure 1 – Location of the municipality of Eldorado, state of Mato Grosso do Sul (MS), indicating the location of Vezozzo Farm, where the 
study collections were carried out. Cartography software: QGIS 3.12 Bucuresti. 

Table 1 – Physical and chemical characterization of the soil (0-0.20-m layer) in the study areas.

SA
Sand Silt Clay pH OM P K Ca Mg Al H+Al SB CEC V

--------g kg-1-------- CaCl2 g dm-3 mg dm-3 ----------------------- cmolcdm-3--------------------- %

SC 779 100 121 5.13 10.11 3.52 0.20 2.1 1.1 0.02 1.4 3.40 4.80 70.8

PP 831 84 85 5.53 12.85 26.10 0.17 1.6 1.2 0 1.2 2.97 4.17 71.2

NTS 815 83 102 4.53 16.94 35.58 0.14 0.8 0.5 0.13 1.8 1.44 3.24 44.4

NF 831 50 119 4.16 14.76 3.03 0.03 0.5 0.3 0.49 2.8 0.87 3.67 23.7

SA: Study area; SC: sugarcane crop area; PP: permanent pasture; NTS: no-tillage system; NF: native forest. Physical characterization – Granulome-
try: pipette method. Chemical characterization – Calcium Chloride (pH); Mehlich (P and K); KCl 1N (Ca, Mg and Al); Calcium Acetate pH 7 (H 
+ Al); OM: Organic matter; CEC:  Cationic exchange capacity; V: Base Saturation; SB: Sum of bases.
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The results were subjected to variance analysis with F-test applica-
tion, and the mean values were compared with each other by the Tukey 
test at 5% probability with the aid of the GENES software (Cruz, 2006).

Results and Discussion
Regarding the Sd, it can be observed that the three managed areas 

had higher values than the area of NF in the 0-0.05-m layer, being sim-
ilar to each other, ranging from 1.35 to 1.52 Mg m-3, whereas the area 
of NF presented a value of 1.08 Mg m-3 (Table 2). In the 0.05–0.10-m 
layer, the highest Sd values were observed in the SC and PP areas, with 
values of 1.63 and 1.74 Mg m-3, respectively. In this same layer, the area 
of NTS (1.35 Mg m-3) and NF (1.20 Mg m-3) were similar to each other. 
In the 0.10–0.20-m layer, the areas of SC and PP had the highest values 
of Sd, and the area of NTS was similar to the NF (Table 2).

The highest values of Sd in the areas of SC and NTS are associated 
with the use of agricultural machinery during crop management pro-
cedures, which increase the pressure under the soil surface, promoting 
soil compaction (Sales et al., 2018). Awe et al. (2020), studying changes 

in soil physical attributes in sugarcane areas, reported an increase in 
Sd up to the 0.40-m layer, due to machine traffic and soil revolving, 
corroborating the results of Rosset et al. (2014b) in sugarcane crop ar-
eas in the state of Mato Grosso do Sul. The highest values of Sd pre-
sented by the PP area are due to the absence of pasture maintenance, 
which favors degradation processes, such as surface disaggregation 
and particle rearrangement, thus increasing the Sd (Falcão et al., 2020). 
Vasques  et  al. (2019) in a pasture management study in Brazil, con-
cluded that inadequate pasture management results in direct impacts 
on soil physical attributes, directly on Sd and soil porosity, which are 
extremely important in soil water regulation.

In the area of NF, the lowest values of Sd are associated with the 
intense litter deposition in these areas – which, together with the fact 
that there is no revolving, favors the activity of organisms (Borges et al., 
2015), especially the edaphic macrofauna, that directly contribute to 
the decrease in Sd through their movement of the soil profile (Menan-
dro et  al., 2019; Velasquez and Lavelle, 2019). In all evaluated areas 
and layers, Sd values did not exceed 1.75 Mg m-3, considered an im-
pediment for root development of crops in this sandy soil condition 
(Reinert et al., 2008; Sales et al., 2016).

It is noteworthy that in the 0–0.05 and 0.05–0.10-m layers, the TOC 
contents of the managed areas are lower than the NF. In the 0.05–0.10-
m layer, the SC, PP, and NTS presented contents of 11.63, 13.71, and 
12.57 g kg-1, respectively. These higher contents in the NF area are due 
to the higher litter deposition of different forest extracts (Ozório et al., 
2019), which increases the TOC contents in the most superficial layers 
of the soil (Assunção et al., 2019). Several authors have reported higher 
TOC contents in higher native areas compared with production sys-
tems in different regions of Brazil, soil types, and management systems 
(Borges et al., 2019; Maia et al., 2019; Santos et al., 2019; Ferreira et al., 
2020; Medeiros et al., 2020).

Regarding the 0.10-0.20-m layer, the highest levels of TOC were 
found in the PP area, with 13 g kg-1 (Table 2). These higher levels of 
TOC in more subsurface layers of areas cultivated with PP are explained 
because the root system of grasses deposits significant amounts of TOC 
in subsurface (Nanzer et al., 2019). Another explanation for the higher 
levels of TOC in the 0.10–0.20-m layer of PP, even with lower levels of 
TOC in surface layers, might be related to the process of pasture degra-
dation by excessive grazing, with increased production of exudates in 
the roots, which increase the intake of C in more subsurface layers, as 
reported by Shen et al. (2020).

The highest StockC value in the 0–0.05-m layer was observed in the 
NF area, with 10.18 Mg ha-1, being higher than the SC with 6.84 Mg ha-1. 
In the 0.05–0.10-m layer, all the evaluated areas were similar to each 
other, ranging from 7.00 to 8.25 Mg ha-1. In the 0.10–0.20-m layer, the 
highest values of StockC were observed in the areas of PP (16.11 Mg ha-1) 
and NTS (13.82 Mg ha-1), being higher than the area of NF (Table 2).

These results show that the management adopted in NTS and PP 
have contributed to the maintenance of the StockC both in surface and 

Table 2 – Soil density (Sd), total organic carbon (TOC), and 
carbon stock (StockC) in the different management systems in the 
municipality of Eldorado, MS.

MS

Sd TOC StockC

Mg m-3 g kg-1 Mg ha-1

0–0.05 m

SC 1.52a 12.68c 6.84b

PP 1.50a 15.79b 8.53ab

NTS 1.35a 15.01b 8.05ab

NF 1.08b 25.40a 10.18a

CV (%) 9.0 4.8 15.1

0.05–0.10 m

SC 1.63a 11.63c 7.00a

PP 1.74a 13.71b 8.25a

NTS 1.35b 12.57bc 7.56a

NF 1.20b 16.60a 7.63a

CV (%) 5.2 5.5 8.4

0.10–0.20 m

SC 1.62a 9.21b 11.42bc

PP 1.70a 13.00a 16.11a

NTS 1.49ab 11.13ab 13.82ab

NF 1.24b 9.72b 10.46c

CV (%) 7.9 8.8 9.3

MS: management systems; SC: sugarcane; PP: permanent pasture; 
NTS: no-tillage system; NF: native forest; CV (%): coefficient of varia-
tion. Means followed by equal letters in the column, in each layer, do 
not differ from each other according to the Tukey test (p ≤ 0.05).
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subsurface soil layers, a behavior previously observed by other authors 
(Rosset 2014a; 2014b; Rosset et al., 2016; Sales et al., 2018; Assunção et al., 
2019; Rosset et al., 2019). This increase in soil StockC in the PP and NTS 
areas is important for improving soil quality, considering that C directly 
acts in the reduction of Sd (Velasquez and Lavelle, 2019; Falcão et al., 
2020), porosity maintenance (Bertollo and Levien, 2019) as well as in 
the regulation of water infiltration (Silva et al., 2019), improving micro-
organism activity (Souza et al., 2018) and providing greater soil aggrega-
tion (Ozório et al., 2019; Udom and Omovbude, 2019). 

The results of the TOC stratification index (SI) assessed in all stud-
ied areas, presented values above 1 (Figure 2). The managed areas did 
not present differences between them, with values ranging from 1.22 
to 1.38, which were different from the NF area, which presented an SI 
value of 2.63.

According to Franzluebbers (2002) and Sá and Lal (2009), SI values 
greater than 1 indicate a high stratification ratio of soil C, which con-
tributes to storing C in more subsurface soil layers. The highest SI value 
in the NF area is due to the constant entry of SOM into the soil surface, 
which causes the TOC content of the first layer to be higher in relation 
to deeper layers, as observed in Table 2. Salton et al. (2014) found SI of 
1.70 for NF area in the Cerrado. Rosset et al. (2014a) reported a value 
of 3.43 SI in an Atlantic Forest area in western Paraná, Brazil.

Regarding the variation in carbon stock (ΔStockC), all managed 
areas showed negative variation, especially in the 0–0.05-m layer (Fig-
ure 3). This negative variation in StockC in the 0–0.05-m layer is more 
evident in the SC area. This is mainly due to the intense soil manage-
ment in the SC area, where gradation is used for crop renewal (Lopes 
et al., 2017). This process breaks the soil aggregates, leaving the SOM 
exposed to microorganisms that consume this organic matter, releas-
ing CO2 (Bertollo and Levien, 2019; Gonçalves et al., 2019). This fact 

was also observed by Rosset et al. (2014b) in areas with different forms 
of sugarcane cultivation in the municipality of Maracajú, MS, Brazil.

In the PP area, especially in the 0.10–0.20-m layer, but also in the 
0–0.2-m profile, the positive variation in the StockC was higher than 
the other managed areas. Nanzer et al. (2019) found higher StockC in 
a Brachiaria brizantha PP area, mainly due to the continuous renewal 
of the root system. Shen et al. (2020) highlights the importance and 
contribution of pastures to increase the StockC in deeper soil layers, 
even in pastures that show signs of degradation.

Considering the ΔStockC in the three stratified layers evaluated to-
gether (profile of 0–0.2 m), it is possible to observe negative variation 
in the StockC only in the area of sugarcane cultivation (Figure 2). Some 
authors studying the effect of sugarcane production on soil C also ob-
served StockC reduction in the layer of 0–0.2 m in SC areas in Brazil 
(Rosset et al., 2014b; Oliveira et al., 2016; Borges et al., 2019).

In the 0-0.05-m layer, the highest C-POM contents were observed 
in the NF area with 15.25 g kg-1, and the lowest content was observed in 
the SC area (4.93 g kg-1), whereas the PP and NTS areas presented in-
termediate levels. This same pattern was observed in the 0.05–0.10-m 
layer, where the SC area presented 43.68% of the C-POM content com-
pared with the reference area (Table 3). Gomes et al. (2019), in a study 
in southeastern Brazil, concluded that areas of SC are prone to losses of 
C-POM, both by soil revolving during crop renewal, and by losses in 
erosive processes that occur between the rows of these areas.

In the NF area, the highest levels of C-POM are attributed to the 
continuous deposition of soil litter (Gazolla et al., 2015; Rosset et al., 
2019), with different plant extracts and different carbon-to-nitro-
gen (C/N) ratios between them (Ozório et al., 2019). The C-POM 
is extremely important for soil quality due to the strong relation-
ship with the formation of soil macroaggregates (Tisdall and Oades, 
1982; Six et al., 2000).

Regarding the C-MOM in the 0–0.05-m layer, the highest content 
was observed in the NF area, 10.15 g kg-1, and the areas of SC, PP and 
NTS were similar to each other, with contents from 6.75 g kg-1 to 7.75 
g kg-1, respectively (Table 3). The absence of soil disturbance in the NF 
area favors the humification of SOM in the most superficial layer of 
the soil (Rosset et al., 2019). Similar results were found by Bueno et al. 
(2017), according to which a secondary forest area presented C-MOM 
values higher than managed areas, in the 0-0.10-m layer, and by Rosset 
et al. (2019) in Atlantic Forest vegetation.

In the deepest layer evaluated (of 0.10–0.20 m), there is an increase 
in the C-MOM content in the PP area (Table 3). This increase corrob-
orates the pattern of increase in the TOC content of this area (Table 2). 
The increase in TOC content in subsurface layers and soil stability in 
PP areas favor the SOM humification process, becoming more recalci-
trant (Rosset et al., 2019; Shen et al., 2020).

The representativeness of POM was higher in the most superficial 
layer of the soil, while the MOM percentage (%MOM) increased ac-
cording to increased depth in all areas (Table 3). The SC area presented 

Figure 2 – Stratification index (SI) of total organic carbon as a 
function of different management systems in the municipality of 
Eldorado, MS. SC: sugarcane crop area; PP: permanent pasture; 
NTS: no-tillage system; NF: native forest.
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lower POM percentage (%POM) than the other areas, with 38.75%, 
35.14%, and 31.80% in relation to TOC, in layers of 0–0.05 m; 0.05–
0.10 m; and 0.10–0.20 m, respectively. On the other hand, the SC area 
presented %MOM higher than 60% in all evaluated layers. This char-
acterizes the absence of constant deposition of SOM (Bordonal et al., 
2018), which hinders the balance between these two fractions of the 
SOM (Lal, 2018).

The areas of NF, PP, and NTS in all layers showed variations be-
tween 39% and 60% for %POM and %MOM, respectively, and they 
were influenced by the evaluated layer (Table 3). Higher %POM in 
surface soil layers is common due to the entry of organic matter de-

posited on the soil surface (Cotrufo et al., 2019; Rosset et al., 2019; 
Lavallee et al., 2020).

The NF area had the highest value of StockPOM in the first layer 
evaluated, 6.12 Mg ha-1, with PP and NTS areas having similar val-
ues, and the SC area had the lowest StockPOM, 2.68 Mg ha-1. In the 
0.05–0.10-m layer, the areas of PP, NTS, and NF were similar to each 
other, ranging from 4.23 Mg ha-1 to 4.30 Mg ha-1, higher than the SC 
area. Finally, in the 0.10–0.20-m layer, the PP and NTS areas showed 
the highest StockPOM, 7.17 Mg ha-1 and 7.22 Mg ha-1, respectively (Ta-
ble 3). C accumulation in the particulate fraction is important to keep 
the flow of biological activities in the soil (Batista et al., 2013), mainly 

Figure 3 – Variation in TOC stock (ΔStockC) in the managed areas in the 0–0.05-m, 0.05–0.10-m, and 0.10–0.20-m layers in relation to the 
native forest area, and in the 0–0.20-m layer.
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Table 3 – Carbon of particulate organic matter (C-POM), carbon of mineral organic matter (C-MOM), POM percentage (%POM), MOM 
percentage (%MOM), carbon stock of particulate organic matter (StockPOM), carbon stock of mineral organic matter (StockMOM), carbon 
stock index (CSI), lability of SOM (L), lability index (LI), and carbon management index (CMI) in the different management systems in the 
municipality of Eldorado, MS*.

MS

C-POM C-MOM POM MOM StockPOM StockMOM CSI L LI CMI

--------g kg-1-------- -------%------- --------Mg ha-1-------- -----------------------------

0–0.05 m

SC 4.93c 7.75b 38.75b 61.25a 2.68c 4.16a 0.50c 0.64b 0.42b 21.30c

PP 8.54b 7.25b 54.44a 45.56b 4.58b 3.94a 0.62b 1.22a 0.81a 49.80b

NTS 8.26b 6.75b 54.92a 45.08b 4.42b 3.62a 0.59b 1.22a 0.82a 48.37b

NF 15.25a 10.15a 60.05a 39.95b 6.12a 4.06a 1.00a 1.50a 1.00a 100.00a

CV (%) 6.1 10.0 7.6 8.2 14.6 18.4 4.7 15.9 15.8 10.6

0.05–0.10 m

SC 4.08c 7.55a 35.14b 64.86a 2.45b 4.53a 0.70c 0.55b 0.42b 29.73b

PP 7.30b 6.41ab 53.66a 46.34a 4.38a 3.86a 0.83b 1.20a 0.96a 78.04a

NTS 7.05b 5.52b 56.25a 43.75b 4.23a 3.32a 0.75c 1.30a 1.03a 77.46a

NF 9.34a 7.26ab 56.24a 43.76b 4.30a 3.32a 1.00a 1.29a 1.00a 100.00a

CV (%) 7.2 14.2 10.5 10.6 9.6 16.0 4.0 23.7 29.9 24.6

0.10–0.20 m

SC 2.92c 6.29ab 31.80c 68.20a 3.61b 7.80ab 0.95b 0.47c 0.59c 56.57d

PP 5.79a 7.21a 44.61b 55.39b 7.17a 8.93a 1.34a 0.81b 1.03b 137.39b

NTS 5.82a 5.31b 52.31a 47.69c 7.22a 6.59bc 1.15ab 1.10a 1.40a 160.36a

NF 4.26b 5.46b 44.00b 56.00b 4.59b 5.86c 1.00b 0.79b 1.00b 100.00c

CV (%) 8.5 10.7 4.6 3.5 8.9 11.2 8.9 6.8 7.3 8.1

*Means followed by equal letters in the column, in each layer, do not differ from each other according to the Tukey test (p ≤ 0.05); CV: coefficient 
of variation.

by microorganisms that consume this SOM, turning it into more stable 
fractions (Borges et al., 2015; Rosset et al., 2019).

When observing the carbon stocks associated with minerals (Stock-
MOM), in the first two layers evaluated, no difference was observed be-
tween the studied areas, ranging from 3.62 Mg ha-1 to 4.16 Mg ha-1 in the 
0–0.05-m layer, and from 3.32 Mg ha-1 to 4.53 Mg ha-1 in the 0.05–0.10-
m layer. In the 0.10–0.20-m layer, the highest values were observed in 
the SC and PP areas differing from the NF area (Table 3). This fraction 
presents advanced humification stage, being highly stable due to the in-
teraction with the soil colloids and being located inside stable microag-
gregates (Assunção et al., 2019; Rosset et al., 2019; Ferreira et al., 2020). 

The NF area had higher values of CSI for the first two layers stud-
ied (Table 3). This difference between the managed areas and the NF 
demonstrates the potential for C accumulation in the first layers of soil 
of areas under native vegetation (Ozório et al., 2019). When only as-
sessing the managed areas, the NTS and PP areas differed from the SC 
area in the 0–0.05-m layer. It is worth highlighting, mainly in  the 
0–0.05-m layer, the low value of CSI (0.50) in the SC area, indicating 
that this area is not efficient in stocking C (Bordonal et al., 2018). In the 

0.10–0.20-m layer, the highest CSI was found in the PP area, being 
even higher than in the NF and SC areas (Table 3). The higher CSI in 
areas cultivated with PP are due to their volume of root system, which 
is efficient in the accumulation of C (Nanzer et al., 2019; Ozório et al., 
2019; Shen et al., 2020).

In general, in all evaluated layers, the lability values (L) of the SOM 
ranged from 0.47 to 1.50. In the three layers evaluated, the SC area 
had values lower than 0.64, different from the other managed areas, 
PP and NTS, and the NF area (Table 3). Regarding the LI, the same L 
pattern was found in the 0–0.05-m and 0.05–0.10-m layers, with the 
SC presenting the lowest values and the other treatments being similar 
to each other.

In this study, the L and LI values showed differences in C quality 
between the managed areas, especially comparing the SC area with the 
others (Table 3), demonstrating sensitivity in detecting changes in soil 
organic fraction of the evaluated areas. This assessment is essential to 
evaluate how different management systems alter soil attributes, thus 
allowing to develop strategies to minimize the negative impacts of ag-
ricultural production over the years of cultivation (Lal, 2018).
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