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Different land uses and occupations have a direct impact on edaphic attributes, which can be identified by
soil quality indicators, with organic matter being an excellent edaphic quality indicator. The objective of
the work was to chemically characterize soil organic matter (SOM) in different management systems in the
municipality of Aquidauana, Mato Grosso do Sul, Brazil. Soil samples were collected in five areas with
different management practices, in addition to an area of native Cerrado forest (NF), and the managed areas
were: exposed soil (ES), conventional tillage system (CTS), no-tillage (NTS), permanent pasture (PP) and
sugarcane (SC). In addition to the determination of bulk density (Bd), total organic carbon (TOC) contents
and stocks were quantified, as well as carbon (C) contents and stocks of the humified fractions: humic acid
(AH), fulvic acid (AF) and humin (HUM), with subsequent calculation of HA/FA and alkaline
extract/humin (AE/HUM) and TOC stratification index (SI). There were no significant changes for Ds after
six years of implementation of management systems. TOC levels and stocks were higher in PP and NTS
areas. The HUM fraction was predominant, with higher contents and stocks of all fractions for the PP and
NTS areas, demonstrating the greater intensity of the humification process in these management systems,
with greater stability of C in the soil after six years of experiment. The PCA indicated a difference between
the areas that present conservation practices in the ES and CTS areas. The NF, NTS, PP and SC areas
contribute to SOM stabilization.

Key words: sustainability, edaphic quality, humic substances.

Os diferentes usos e ocupagdes do solo impactam diretamente nos atributos edaficos, que podem ser
identificados pelos indicadores de qualidade do solo, sendo a matéria organica um excelente indicador de
qualidade edéfica. O objetivo do trabalho foi caracterizar quimicamente a matéria orgénica do solo (MOS)
em diferentes sistemas de manejo no municipio de Aquidauana, Mato Grosso do Sul, Brasil. Amostras de
solo foram coletadas em cinco areas com diferentes praticas de manejo, além de uma area de floresta nativa
de Cerrado (NF), e as areas manejadas foram: solo exposto (ES), sistema de preparo convencional (SPC),
plantio direto (SPD), pastagem permanente (PP) e cana-de-acUcar (SC). Além da determinacdo da
densidade do solo (Ds), foram quantificados os teores e estoques de carbono organico total (COT), bem
como os teores e estoques de carbono (C) das fragdes humificadas: acido himico (AH), acido falvico (AF)
e humina (HUM), com posterior célculo de HA/FA e extrato alcalino/humina (AE/HUM) e indice de
estratificagdo TOC (SI). Ndo houve mudancas significativas para Ds apés seis anos de implantagcdo dos
sistemas de gestdo. Os niveis e estoques de COT foram maiores nas areas de PP e SPD. A fracdo HUM foi
predominante, com maiores teores e estoques de todas as fragdes para as areas de PP e SPD, demonstrando
a maior intensidade do processo de humificacdo nesses sistemas de manejo, com maior estabilidade do C
no solo apds seis anos de experimento. O PCA indicou uma diferenga entre as areas que apresentam praticas
conservacionistas nas areas do ES e CTS. As areas NF, CTS, PP e SC contribuem para a estabilizacdo do
MOS.

Palavras-chave: sustentabilidade, qualidade edéfica, substancias himicas.
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1. INTRODUCTION

The adoption of management systems aimed at sustainability in agricultural production
becomes increasingly essential to maintain the quality of production systems, in order to improve
soil quality (SQ) and, consequently, crop yield. The replacement of management systems with
intense soil revolving, such as the conventional tillage system (CTS), for conservation systems
such as the no-tillage system (NTS) and pastures, when well-handled, allow the maintenance of
the intake of residues on the soil surface and, added to the non-revolving of it, provides greater
accumulation and storage of carbon (C), contributing to the maintenance of edaphic quality and
productive capacity [1-5].

Among the components responsible for maintaining the SQ, there is the soil organic matter
(SOM) [6-8]. It integrates three main components, comprising the remains of dead roots and other
residues with a particle size sufficient for recognition, the living biomass that includes tissues of
plants, animals, and microorganisms, and, finally, a combination of organic substances whose
chains are complex and not recognizable as tissues, also called soil humus [9, 10].

Humus represents the decomposed part of SOM, in which the structure of the material that
originated it cannot be identified, due to the advanced state of decomposition. It is separated into
three types of humic substances (SH), namely fulvic acids (AF), humic acids (AH), and humine
(HUM) [11]. Its effects reflect directly on agricultural production, as in addition to increasing the
aggregation capacity and water retention in the soil, they improve soil fertility by increasing the
cation exchange capacity (CEC) of the soil [12].

The expansion of the agricultural sector has caused the replacement of areas with pasture for
crops, especially for the production of soybeans, corn and cotton [13]. Studies are being done
intensively to improve the technologies applied to plant resistance to pests and diseases, however,
the crop change adopted and the treatment that the soil receives causes changes in its properties,
which vary for soil type and region. In addition, there is a lack in studies that clarify the changes
in the edaphic system instigated by the different management systems at the interface of the
transition of the Cerrado and Pantanal biomes.

The degradation that occurs in productive areas is notorious when management systems that
do not use conservation techniques are adopted. The transition region between the Cerrado and
the Pantanal has potential for agricultural use, therefore, management systems that contribute to
environmental sustainability must be sought, considering the weaknesses found in the Pantanal.
In view of the above, due to several management practices adopted in different climate and soil
conditions at the country level, it is important to characterize not only the amount of C, but also
the quality of this C to the soil due to the adoption of different management systems. Thus, with
the intention of verifying which management practices play a role in maintaining/improving the
quality of the soil organic fraction and, consequently, of the other edaphic attributes, with the goal
of increasing the productive capacity and sustainability of the cultivation areas, the study aimed
to chemically characterize the soil organic matter in different management systems conducted
over time in the Cerrado-Pantanal ecotone region.

2. MATERIAL AND METHODS

Soil samples were collected in five different management systems, and also in an area under
native Cerrado vegetation in the municipality of Aquidauana, Mato Grosso do Sul, Brazil (Figure
1) [14]. The study region is located in a transition area of the Cerrado-Pantanal biomes, and the
climate is classified by the international system of Képpen [15], as sub-humid hot tropical, with
records of average annual precipitation of 1,250 mm and average annual temperature of 26°C.
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Figure 1. Map of location of the municipality of Aquidauana, state of Mato Grosso do Sul. (Source:
QGIS, version 3.26.0 Buenos Aires).

Five managed areas and an adjacent reference area (Native Forest - NF - Cerrado Stricto sensu
vegetation with variations of Cerraddo) without anthropic action were evaluated, making up six
different systems. The five managed areas comprise exposed soil without any cultivation with
annual revolving in the direction of slope (ES), conventional tillage system with annual revolving
towards the slope (CTS), no-tillage system (NTS), permanent pasture (PP) and sugarcane (SC),
all with a history of six years of management. The physical and chemical attributes of the managed
areas of the study are shown in Table 1, and the history of use of the respective managed areas is
shown in Table 2.

Table 1. Physical and chemical attributes of the dystrophic Red Ultisol of the experimental area prior to
the implementation of the experiment.

Layer Sand Silt Clay pH cC OM P Ca Mg K Al m \Y
(m)

g.kg?! ---%---  Mgdm - cmole.dm®----- - %-----
3

0.0-0.2 815 124 61 569 073 126 4723 240 054 039 0.00 0.00 5401
0.2-0.4 785 138 77 567 057 098 3897 241 037 031 0.00 0.00 5453

pH: Hydrogenionic potential. C: Carbon. OM: Organic matter. P: Phosphorus. Ca: Calcium. Mg:
Magnesium. K: Potassium. Al: Aluminum. m: Aluminum Saturation. V: Base saturation.

The experimental plots were installed in 2014. Before the installation of the different
management systems, the soil in the experimental areas had been cultivated for 20 years with a
succession of pastures and annual crops. During this period, the crops were carried out in CTS,
in which, before the installation of annual crops alternated with pastures, a soil disturbance
operation was carried out with harrowing to a depth of 0.2 m and two operations with leveling
harrows to a depth of 0.1 m.
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Table 2. History and description of the different management systems installed.

MS Management history

ES Managed with two plows using a disc plow up to a depth of 0.2 m and two leveling
harrows at a depth of 0.1 m in the direction of the slope, without any cultivated plant
species.

CTS  Managed with two plows using disc plows to a depth of 0.2 m and two leveling
harrows at a depth of 0.1 m in the direction of the slope, with the alternating
cultivations of soybean, corn, turnip, sunn hemp and fallow in summer and winter
crops.

NTS  Managed without soil revolving, with alternating crops of soybean, corn, turnip,
sunn hemp, millet and fallow in summer and winter seasons.

PP Managed continuously with Brachiaria ruziziensis without grazing with beef or
dairy cattle.

SC Managed continuously with sugarcane using the RB 855536 variety with annual
cuts, without the practice of burning in pre-harvest.

NF*  Area adjacent to the experimental plots with vegetation of Native Forest of Cerrado
Stricto sensu. Used as a reference for the original soil condition.

Source: Farias et al. (2022) [16]. MS: management systems; ES: exposed soil, CTS: conventional tillage
system, NTS: no-tillage system, PP: permanent pasture, SC: sugarcane and NF*: native forest (area adjacent
to experimental plots with straight distance of 400 m).

In the year 2018, in each study area, four replicates were collected for both disturbed and
undisturbed samples, and each disturbed composite sample was represented by five simple
samples in the 0-0.05, 0.05-0.1 and 0.1-0.2 m layers, thus comprising 72 sample units.

The disturbed samples were disaggregated and sieved in a 2 mm mesh sieve, constituting the
Thin Air-Dried Soil (TADS). Bulk density analysis (Bd) was performed according to Claessen
(1997) [17]. TOC analyses were performed by oxidation of carbon by potassium dichromate
under heating and titrated with ammoniacal ferrous sulfate in the presence of Ferroin, according
to a methodology adapted from Yeomans and Bremner (1988) [18].

The chemical fractionation of SOM was performed according to a differential solubility
technique established by the International Society of Humic Substances [19], according to the
adaptation of Benites et al. (2003) [20], by separating the fractions in fulvic acid (FA), humic acid
(HA) and humin (HUM), with subsequent determination of the carbon content (C) of each fraction
by oxidation of C by potassium dichromate in sulfuric medium under heating, and ammoniacal
ferrous sulfate titration with Ferroin indicator.

From the analyses of C, HA, FA, alkaline extract (AE) (AE = HA+FA) and HUM, the
following ratios were calculated: HA/FA and AE/HUM to verify the humification processes of
SOM, and the relative proportion of each fraction in relation to the TOC was also calculated. In
addition, the stocks of TOC (StockC) and C of the humic substances (HS) were calculated
according to the equivalent mass method [21, 22].

After all the analyses performed, the results obtained were analyzed in a completely
randomized design, being subjected to variance analysis with F-test application, and the mean
values compared to each other by the 5% Tukey test with the aid of the GENES program [23]. In
addition, a Principal Component Analysis (PCA) was generated with the help of the R Core Team
program (2019) [24], using the "prcomp™ command of the vegan package [25], with the variables
TOC, StockC, Ds and SI.

3. RESULTS AND DISCUSSION

Higher bulk density values (Bd) can be observed for the ES management system in all
evaluated layers, with values ranging from 1.47 to 1.71 Mg.m?3, differing from the PP area in the
layers of 0-0.05 and 0.05-0.1 m, with 1.19 and 1.37 Mg.m=, respectively, and the NF area in the
0.1-0.2 m layer, 1.42 Mg.m™. In general, for the other systems evaluated, there were no
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differences (Table 3). After six years of cultivation, no significant changes were observed in Sd
in most of the studied areas.

In all areas evaluated, Sd values were below the critical limit presented for plant development,
which now have difficulty in penetrating soils with Sd above 1.75 Mg.m=3 [26, 27]. It is also
noteworthy that there were no differences in Sd between the areas of CTS and NTS after six years
of practice in the areas.

Higher TOC contents were observed for the NTS and PP areas in the 0-0.05 m layer, with
36.38 and 37.37 g.kg™, respectively, being similar in this layer, with the PP area higher than the
NTS in the other layers (Table 3). The highest TOC contents presented in these areas are related
to the frequent deposition of plant material in the soil over time, and the development of the root
system of the different plant species in the crop rotation system in NTS and grass in PP, in addition
to the absence of grazing and soil revolving [28-32].

It is also worth noting the difference in the accumulation of TOC between the areas of CTS
and NTS with only six years of cultivation, with contents of 11.52, 16.05 and 12.79 g.kg* in CTS
and 36.38, 27.99 and 23.13 g.kg? in NTS, respectively for the 0-0.05, 0.05-0.1 and 0.1-0.2 m
layers (Table 3), consequently reflecting in the StockC (Table 3). On average, for the profile of
0-0.2 m, the CTS area presented a TOC content of 13.45 g.kg?, and the NTS area of
29.17 g.kg?, that is, the CTS in six years accumulated only 46.11% of the TOC in relation to the
NTS. This represents an accumulation of TOC of 7.85 g.kg* year? for the NTS area in relation
to the NTS, a fact also reported in the studies of Loss et al. (2017) [33] and Assungdo et al. (2019)
[34].

As well as for TOC levels in relation to conservation practices and pasture management, the
highest StockC were observed for the PP area in all layers evaluated, with values ranging from
50.87 Mg.ha* in the 0.05-0.1 m and 47.32 Mg.ha! in the 0.1-0.2 m layer, and the NTS area was
similar to PP only in the 0-0.05 m layer with C storage of 48.79 Mg.ha! (Table 3). The same
similarity between StockC in surface layer between PP area with 41 years of management and
NTS with 17 years of cultivation was also found by Assuncéo et al. (2019) [34]. Several authors,
in the most diverse regions, soil and climate, have demonstrated in their studies how management
is capable of interfering in the StockC [7, 30, 32, 34-37].

It is also worth mentioning the C storage potential that the NTS had in relation to the CTS
after six years of conducting the experiment. The CTS area presented StockC of 15.44, 23.18 and
18.23 Mg.ha?, and the NTS showed values of 48.79, 40.42 and 32.99 Mg.hal, respectively, for
the layers of 0-0.05, 0.05-0.1 and 0.1-0.2 m (Table 3). Considering the 0.2 m profile, the areas of
CTS and NTS stocked 56.85 and 122.20 Mg.ha* of C. That is, the CTS area stocked 46.52% of
the C of the NTS area. This difference also represents that the area of NTS stocked
10.89 Mg.ha! year?® of C plus in relation to the CTS area for the 0-0.2 m layer. This fact is
probably due to the constant soil revolving adopted by the NTS, which accelerates the process of
decomposition of SOM present inside soil aggregates, further preventing soil stabilization, unlike
the NTS [37, 38]. Several studies in the literature show the advantages of adopting the NTS in
relation to CTS regarding the potential for C accumulation over the years of cultivation [27, 39-
41].

The areas with the highest C-FA contents were ES and CTS, being similar to the PP area in
the 0-0.05 and 0.1-0.2 m layers, reaching 1.33 g.kg™ in the 0.05-0.1 m layer in CTS (Table 3).
This result is mainly due to the annual revolving of the soil that these two areas have, a fact that
provides the non-evolution of the stages of humification of SOM, causing the FA to take a longer
period to stabilize in the most recalcitrant fractions of HA and, mainly of HUM [41, 42]. Results
found by Melo et al. (2016) [28] in a study with NTS, CTS and PP in the Cerrado region,
demonstrated that there were lower levels of C-FA for the areas of PP and CTS compared to the
NTS, diverging from those found in this study.

The PP area presented higher levels of C-HA in all layers, with higher content in layer
0-0.05 m, 3.07 g.kg?, differing from the other assessed areas, including NF. However, the PP area
presented levels similar to those found for the NTS area with 2.37 and 2.45 g.kg™? in the layers
0.05-0.1 and 0.1-0.2 m, respectively. Management systems that adopt less soil revolving
preserving surface-based plant residues contribute to the increase of HA levels over the years of
cultivation [42, 43], resulting in fractions with greater stability of C in the soil [43, 44].
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Table 3. Bulk density (Bd), total organic carbon contents (TOC), carbon contents of the humified fractions of MOS fulvic acid (C-FA), humic acid (C-HA) and humin (C-
HUM), HA/FA, alkaline extract/HUM ratio (AE/HUM), carbon stock (Stock C) and carbon stock of the humified fractions fulvic acid (Stock-FA), humic acid (Stock-HA) and
humin (Stock-HUM) in the different management systems.

MS Bd TOC StockC C-FA C-HA C-HUM HA/FA AE/HUM Stock-FA  Stock-HA  Stock-HUM
Mg.m?® gkg! Mgha! e L s Lo e —
0-0.05m
ES 1.47a 6.31d 8.46d 1.28a 1.14c 3.65d 0.89b 0.66a 1.72a 1.53c 4.89d
CTS 1.40ab 11.52c 15.44c 1.25a 1.16¢ 8.71¢c 0.93b 0.28b 1.68a 1.56¢ 11.68c
NTS 142a 36.38a 48.79a  0.66b 2.29b 20.18b 3.56a 0.14c 0.89b 3.07b 27.06b
PP 1.19b 37.37a 50.11a 0.94ab 3.07a 25.27a 3.33a 0.16c¢ 1.26ab 4.12a 33.88a
SC 153a 27.26b 36.55b 0.81b 1.72bc 19.87b 2.18ab 0.13c 1.09b 2.30bc 26.65b
NF 1.34ab 27.55b 36.95b  0.58b 2.05b 19.38b 3.63a 0.13c 0.77b 2.74b 25.99b
CV% 6.46 5.12 8.02 17.97 15.23 7.94 26.90 20.99 17.86 15.13 7.94
0.05-0.1m
ES 1.60a 7.00e 10.10e 1.25a 1.33c 3.8% 1.04c 0.67a 1.80a 1.92c 5.62e
CTS 151ab 16.05d 23.18d 1.33a 1.14c 9.98d 0.87c 0.25b 1.92a 1.65c¢ 14.41d
NTS 1.53ab 27.99b 40.42b 0.48b  2.37ab 20.22b 5.63a 0.14b 0.70b 3.42ab 29.21b
PP 1.37b 35.23a 50.87a 0.79b 2.79a 24.90a 3.50b 0.14b 1.15b 4.03a 35.97a
SC 1.52ab 25.27bc 36.50bc  0.56b 1.24c 19.43b 2.20bc 0.09b 0.81b 1.80c 28.06b
NF 1.44ab 22.80c 32.93c 0.65b 2.09b 16.36¢ 3.44b 0.17b 0.94b 3.01b 23.63c
CV% 4.98 8.02 8.02 20.82 12.38 6.30 33.93 33.47 20.82 12.30 6.30
0.1-02m
ES 1.71a 6.38f 9.10e 1.13a 1.06¢ 3.81e 0.95¢ 0.58a 1.6la 1.51c 5.43e
CTS 1.56ab 12.79e  18.24d 1.21a 1.27c 9.03d 1.10bc 0.27b 1.73a 1.82c 12.88d
NTS 1.52ab 23.13c  32.99b 0.42c 2.45ab 20.21b 6.36a 0.14c 0.60c 3.49ab 28.81b
PP 1.48ab 33.19a 47.32a 1.04ab 2.85a 24.53a 2.81bc 0.16c 1.48ab 4.06a 34.98a
SC 156ab 25.36b 36.15b  0.48c 1.39¢ 19.21b 2.88bc 0.09c 0.69c 1.99c 27.38b
NF 142b 19.86d 28.31c 0.67bc 2.17b 15.79c¢ 3.44b 0.18c 0.95bc 3.09b 22.51c
CV% 7.62 6.55 6.56 23.65 14.97 3.95 36.03 16.86 23.80 14.93 3.95

Means followed by the same lowercase letter in the column for each system and layer do not differ statistically by the Tukey test (5%). MS: Management system; ES: Exposed

soil; CTS: Conventional preparation system; NTS: No-tillage system; PP: Permanent pasture; SC: Sugarcane; NF: Native forest. C\V%: coefficient of variation.
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The PP area presented higher C-HUM content in all evaluated layers, differing from the other
areas, representing 19% and 31% more C in this fraction compared to the areas of NTS and NF,
respectively, considering the profile of 0-0.2 m. This can be explained by the contribution of plant
material with higher carbon/nitrogen (C/N) ratio added to higher microbial activity [44, 45],
because plant residues (straw and roots) of grasses have higher lignin content, promoting the
increase of HA content [46] due to the low intensity of the decomposition of plant materials [45],
forming more stable substances in the soil, such as HUM [43]. A common fact in areas where
there is no constant soil revolving, which favors the processes of humification and stabilization
of the SOM [34, 42].

It is observed, in general, that in conservation systems, such as NTS, SC and PP, there are
fractions of greater stability and greater degree of humification of SOM, differently from the
observed in the areas of ES and CTS, which, when presenting higher levels of C-FA, show the
stagnation of the humification of SOM in the phase of lower stability, preventing C stabilization
in more recalcitrant fractions such as HUM [33, 46, 47]. This is evident when comparing the areas
of CTS and NTS, because even though the NTS area had higher levels of TOC, it presented lower
levels of C-FA in relation to the CTS area, differently from the observed for the fractions of
C-HA and C-HUM (Table 3).

Regarding the HA/FA ratio, in which values higher than one determine the predominance of
HA in relation to FA, values lower than the unit were found only for the ES and CTS areas,
reaching 0.89 and 0.93, respectively in the 0-0.05 m layer, being similar to each other in all layers.
For the other areas and layers evaluated, values above the unit were observed, with the NTS area
standing out with higher values, ranging from 3.56 to 6.36 in the layers of 0-0.05 and 0.1-0.2 m,
respectively, being similar to the areas of PP, SC and NF only in the 0-0.05 m layer (Table 3),
again indicating greater stability of the C. In addition, the greater presence of HA in relation to
FA benefits the chemical attributes of the soil, since the HA is responsible for the higher cation
exchange capacity of organic soil origin, especially in sandy soils [20].

Farias et al. (2022) [16] determined soil quality using physical fractions as an indicator of its
quality in the same cultivated areas of this research. They noted higher levels of C in particulate
organic matter (C-POM) in the PP, SC and NF systems, indicating a greater input of plant material
in these areas. As for C from organic matter associated with minerals (C-MOM), the highest levels
were in the areas of PP and NTS. The fact that the PP area has the highest levels both in the
physical and chemical fractions of SOM, indicates a greater SOM stabilization capacity at all
levels of mineralization, and C storage capacity in the edaphic system both on the surface and in
depth.

Lopes et al. (2022) [48], evaluated the soil quality of managed systems such as NTS with
10 year soybean and corn rotation, permanent pasture area with signs of degradation, an area of
Private Natural Heritage Reserve (PNHR) in state of recovery for 2 years and a reference area of
native forest in sandy soil. The results showed that despite the ability of pastures to improve soil
quality, if the management adopted is inappropriate, this capacity decreases significantly,
equaling a degraded area undergoing environmental regeneration, preventing the advancement of
SOM stabilization.

The benefits of adopting conservation systems of soil management in relation to the
quality/stability of the organic fraction can be observed comparing the HA/FA ratio between the
areas of CTS and NTS, in which the values of this relationship between these two areas were
different in all layers, ranging from 0.87 to 1.10 in CTS and 3.56 to 6.36 in NTS (Table 3). Melo
et al. (2016) [28], compared cultivation areas in NTS and CTS analyzing the humic fractions,
reaching the conclusion that the NTS improves the edaphic quality, presenting values similar to
the native Cerrado area.

Other data that prove the benefits of conservation systems in the SOM humification process is
the AE/HUM ratio, in which the ES and NTS areas presented higher values in all layers, reaching
0.67 for the ES area in the 0.05-0.1 m layer. Differently from what was observed in areas managed
with conservation systems and NF, where the values of this relationship were no more than 0.18
(Table 3). Rosa et al. (2017) [49] in a study evaluating alterations in MO and HS contents in
cultivation with cover crops in rotation with corn and soybean in NTS, found values of the
AE/HUM ratio lower than the unit in all treatments.
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According to the results of the C contents of the humified fractions of the SOM, the highest
StockC-FA were observed for the CTS area followed by the ES area with 1.92 and 1.80 Mg.ha?,
respectively in the 0.05-0.1 m layer, a pattern also observed in all evaluated layers (Table 3). Soil
revolving in the CTS area subjects it to solar radiation exposure, as it is happens in the ES area,
reducing the moisture present in the soil. Fernandes et al. (1999) [50] reports that the low
availability of water in surface layers restricts the polymerization process of these HS, which
causes greater accumulation of C in less stable fractions.

The highest StockC-HA were verified for the PP area, with C storage above 4.00 Mg.ha* in
all layers, reaching 4.12 Mg.ha in the 0-0.05 m layer, while in the other layers the results found
for PP in relation to NTS were similar (Table 3). Humic acids play an important role in the
stabilization of organic compounds in the soil, being considered natural markers of the
humification process and reflecting both the condition of genesis and soil management [11].

Because of the higher levels of C-HUM in the PP area, there was also a higher StockC-HUM
in all layers, reaching 35.97 Mg.ha in the 0.05-0.1 m layer (Table 3). This result corroborates
with several studies in the literature that also verified higher C storage of the HUM fraction in
relation to the other fractions, especially in systems with a higher degree of soil conservation [37,
42, 45, 50, 51].

The values of the stratification index (SI) of the TOC varied between 0.91 and 1.57 for the
areas of CTS and NTS, respectively, and the NF area presented a value similar to that found for
the NTS area. The high values of Sl found for the NTS and NF areas, when compared to the other
treatments evaluated, showed greater accumulation of C in the soil surface layer. Since the
treatments that presented values lower than 1.0 were the ES and CTS, and the area of ES was
similar to the areas of CTS, PP and SC (Figure 2).
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Figure 2. Total organic carbon stratification index (SI) as a function of different management systems.
ES: Exploded Soil, CTS: Conventional Tillage System, NTS: No-till System, PP: Permanent Pasture, SC:
Sugarcane and NF: Native Forest.

Franzluebbers (2002) [52] working with CTS and NTS, highlighted that management systems
that adopt constant soil revolving presented Sl variation from 1.1 to 1.9. In more conservationist
management systems such as the NTS, they can present values that reach from 2.1 to0 4.1 [52, 53].
Troian et al. (2020) [32] assessing areas managed with pasture, eucalyptus and crops, found values
between 1.01 and 1.22.
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Figure 3 shows the principal component analysis (PCA) with the variables Sd, TOC, FA, HA,
HUM, HA/FA, AE/HUM, StockC, StockC-FA, StockC-HA, StockC-HUM and stratification
index, evaluated in the section 0-0.20 m of the different management systems evaluated. The
variation of axis 1 explains 70.7% of the total variation of the data. This axis separated the CTS
and ES areas from the other areas (Figure 3). The fact that these areas are isolated from the other
areas evaluated is related to the difference presented for the variables studied between the areas
of CTS and ES in the areas of NF, PP, NTS and SC (Table 3).

The variables Sd and FA, StockC-FA and AE/HUM evaluated were correlated with the areas
of CTS and SE (Figure 3). This demonstrates that the absence of conservation practices, and the
intense soil revolving can negatively affect soil attributes, with increased Sd [3] and
predominance of levels and stock of FA and AE/HUM ratio, showing difficulty in advancing the
humification process of soil C [1, 34, 42].

MS

[#] cts

ES

NTS

PP

[%] sc

Dim2 (13.9%)

5.0- ! | 1 '
-3 0 3 i

Dim1 (70.7%)
Figure 3. Principal component analysis of Sd, TOC, FA, HA, HUM, HA/FA, AE/HUM, StockC, StockC -
FA, StockC - HA, StockC - HUM and Si, in the section 0-0,2 m, of the different management systems
(MS), CTS: Conventional Tillage System; ES: Exploded Soil; NF: Native Forest; NTS: No-till System;
PP: Permanent Pasture; SC: Sugarcane.

The areas of NF, NTS, PP and SC, present similarity with the contents and stocks of TOC,
HA, HUM and with the SI (Figure 3). The association of these variables with these areas occurs
due to the absence of intense soil revolving activity, which promote the stabilization of C [3, 7,
54, 55].

The results of the PCA indicate the importance of management without annual soil revolving,
since C stabilization benefits the edaphic quality, acting directly in the maintenance of soil
aggregates [3, 55, 56], reducing Sd and soil resistance penetration [57-59], increasing levels and
stocks of C [55], mitigating the emission of greenhouse gases [4] reducing the occurrence of
erosive processes [60-62] and, consequently lowering production costs [63, 64].
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4. CONCLUSIONS

After six years of cultivation, no significant changes in bulk density were observed among the
studied areas.

The areas of permanent pasture and no-tillage system contributed to the increase of the carbon
content sums and stock in the soil.

There was a predominance of the humin fraction in relation to fractions of fulvic acid and
humic acid, and the area of permanent pasture showed predominance of fractions of greater
stability and greater degree of humification of SOM.

The exposed soil areas and conventional tillage system, both with annual soil revolving,
showed lower carbon stabilization, being represented by higher levels and stocks of fulvic acid,
lower HA/FA ratio and higher AE/HUM ratio.

Conservation management practices are the main factor that differed the areas evaluated in the
PCA, where one group comprised the areas of SC, NTS, PP and NF and another one comprised
the areas of ES and CTS, with the first group being associated with the main variables of edaphic
quality.
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