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Abstract

Soil organic matter has great importance in chemical, physical and biological processes in soil-plant system. This
study aimed to evaluate changes in carbon humic fractions of soil organic matter under different vegetation coverings
in Cerrado in Tocantins, Brazil. The work was developed in Eucalyptus sp., Pasture, Agriculture and Cerrado sensu
stricto areas. Soil samples were collected in dry period, October, 2018, in trenches 70 x 70 cm at depths 0-10, 10-20,
20-30, 30-40 and 40-50 cm, with six replications. The vegetation cover in Eucalyptus sp. area showed higher levels
of total carbon in soil humic fraction. Respectively fulvic acid, humic acid and humin in Eucalyptus sp. area had
stocks of 22.09; 2.71 and 20.01% higher than native forest, 32.04; 2.57 and 35.59% higher than pasture and 10.59;
19.19 and 7.61% higher than the agriculture area. Among the different areas evaluated, the soil of Eucalyptus sp. has
great potential to increase carbon storage in soil humic fractions.
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1. INTRODUCTION AND OBJECTIVES

Soil organic matter (SOM) is extremely important as
soil quality key indicator, as its accumulation influences
physical and chemical properties of soil (Dhaliwal et al.,
2019). Humus is result of biological animals decomposition,
microorganisms and mainly plants, consisting of compounds
in various stages of decomposition, closely linked to soil
clay minerals (Stevenson, 1994).

The SOM is a nutrientes reserve for plants, with carbon
(C) alarge part of its composition (Ondrasek et al., 2019),

it helps in physical structure of the soil such as porosity
and stability of aggregates, facilitating development roots,
fungi and water infiltration (Souza et al., 2019).

The SOM has two fundamental groups, one consisting
in decomposition products of organic residues and
microorganisms metabolism that represents about 10 to 15%
of the TOC reserve in mineral soils (Dhaliwal et al., 2019)
and humic substances, with emphasis on humic acid, fulvic
acid and humin, representing 85 to 90% of TOC reserve
(Pegoraro et al., 2018). The humic fraction is composed
of organic residues having a high decomposition degree,

"Universidade Federal do Tocantins, Gurupi, TO, Brasil

2Universidade Federal Rural de Pernambuco, Recife, PE, Brasil

*Universidade Federal de Sergipe, Departamento de Ciéncias Florestais, Aracaju, SE, Brasil

*Universidade Federal de Sergipe, Sdo Cristévao, SE, Brasil

Creative Commons License. All the contents of this journal, except where otherwise noted, is licensed under a Creative Commons Attribution License.

Floresta e Ambiente


https://doi.org/10.1590/2179-8087-FLORAM-2020-0024
https://orcid.org/0000-0001-5242-7581
https://orcid.org/0000-0002-9747-1276

2-9 Marinho Junior JL, Piscoya VC, Fernandes MM, Holanda FSR, Gongalves, SB, Cunha Filho M, Gomes Filho RR, Pedrotti A, Araujo Filho RN

which generates greater molecular stability indicating a
longer soil C permanence, with this fraction retaining
most of soil C (Petter et al., 2017).

The C in fulvic acid has great solubility in acid and basic
environments, being easily leached and distributed more
evenly between soil layers and presenting lower concentrations
between humic soil fractions (Kukuls et al., 2019). The C in
humin fraction is associated with mineral soil fraction showing
strong resistance to microbial activity (Stevenson, 1994). Carbon
in humic acid and humin is more recalcitrant with greater
stability and presence in unchanged soils (Gmach et al., 2018;
Kunlanit et al., 2019).

Thus, changes in vegetation covers use, depending on the
management applied, can reduce or increase the C stocks in
humic fractions (Santana et al., 2019). One way to mitigate C
emission in atmosphere is preservation of native forests and
reforestation, measures like these remove large amounts of CO,
from the atmosphere, through photosynthesis, and store C in
biomass and soil (Soleimani et al., 2019).

Undisturbed ecosystems, such as virgin native forests
and areas reforested with eucalyptus, are highly conservative
environments of SOM (Primieri et al., 2017). The physical-
biochemical protection generated by the humic fractions through
the recalcitrant C in aggregates is one of main preservation
mechanisms of soils C in different vegetation coverings (Zhang
etal., 2019).

In light above discussion, the objective this study was to
evaluate possible changes in humic fractions carbon of soil
organic matter under different vegetation coverings in Cerrado
in Tocantins, Brazil.

2. MATERIALS AND METHODS
2.1. Study area
The work was carried out in municipality Gurupi, state

of Tocantins, in geographical coordinates 11°4625” S and
49°02°54” W (Figure 1).

Figure 1. Experimental areas location with native forest, Eucalyptus sp., pasture and agriculture in Gurupi-TO.
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Climate of region according Thornthwaite is BIwAa’
type, having two well-defined seasons, with about six months
of drought including the winter period and six months of
rain that correspond to the summer. The average annual
temperature is 27 °C and the average annual precipitation
is 1,500 mm (SEPLAN, 2017). The soil was classified as
Plinthosol (Santos et al., 2018). The studied areas were
with native forest of Cerrado sensu stricto as a witness,
Eucalyptus sp., pasture and agriculture. Each area had the
following characteristics:

Native forest of Cerrado sensu stricto: the area has
22.82 ha, aged over 60 years and has a mean diameter
breast height (DBH) of 23.1 cm. The vegetation was
characterized by five species of higher values of importance
Mpyrcia splendens (Sw.) DC. (13.04%), Qualea multiflora
Mart. (9.87%), Protium heptaphyllum (Aubl.) Marchand
(7.53%), Magonia pubescens A.St.-Hil. (5.35%), Qualea
grandiflora Mart. (5.02%) (Bendito et al., 2018).

Eucalyptus sp.: the area has 0.65 ha at 11 years of age,
presenting an average DBH of 32.7 cm and its implementation
was carried out through deforestation with a crawler tractor
and front blade, then plowing and harrowing was carried
out. Seedlings with a height of 25 cm were planted in pits
in the dimensions of 0.4 x 0.4 x 0.4 m with the help of
diggers, and with a 3 x 2 m spacing. Then, fertilization
was carried out with 100 g of simple superphosphate at
the bottom of the pit and partially buried, then 150 g of
pit' NPK was added in formulation 5-25-15.

Pasture: the area has 11.25 ha with natural pasture
and predominance of Andropogon grass over 40 years
old. Other species of poaceas have been recorded such as:
Spalum notatum, Eragrostis bahiensis, Axonopus affinis,
Bothriochloa laguroides, Schizachyrium microstachyum,
Paspalum dilatatum, Sporobolus indicus, Rhynchospora sp.,
Andropogon ternatus, Panpalumis sp. (Marinho et al., 2017).

Agriculture: the area has 0.95 ha and the soil preparation
was done using a leveling harrow and disc plow, and the
weeds were controlled by manual weeding associated
with the use of full-action herbicides such as glyphosate,
operations adopted when necessary. Over the past 6 years
the corn crop was grown in the area (Vaz-de-Melo et al.,
2017), planted annually in the period between February
and March at an average spacing of 0.2 x 0.8 m (Simon et
al.,, 2016). For sowing, a manual planter-fertilizer was used,
which enabled basic fertilization. The nutrients applied at
the time of corn sowing consisted of nitrogen in the form
of ammonium sulphate (45% N), phosphorus in the form
of triple superphosphate (42% P,O,) and potassium in the
form of potassium chloride (58% of K,0), corresponding
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to 120, 170 and 140 kg ha’, respectively of N, P and K,
with N applied 50% at 25 days and 50% at 45 days after
sowing (Vaz-de-Melo et al. , 2017).

The study areas characterization was carried out based
on studies carried out in same areas.

2.2. Soil samples

Six trenches were opened per area, the first being
selected at random and the rest equidistant from each
other around 30 m, with dimensions 70 x 70 cm and
depth of 50 cm in each area. The samples were collected
in dry period in October, 2018, at depths 0-10, 10-20,
20-30, 30-40 and 40-50 cm. The deformed soil samples
were air dried at room temperature and passed through
a2 mm sieve to perform physical and chemical analyzes.
Undeformed soil samples were collected and submitted
to soil density analysis.

2.3. Physical analysis

The soil density was determined by volumetric
cylinder method described by Almeida et al. (2017), and
granulometric analysis was performed using the pipette
method (Donagemma et al., 2017).

2.4. Chemical analysis

The chemical fractionation of humic substances was
carried out according to the method suggested by the
International Humic Substances Society (Swift, 1996).
Fulvic acids (FA), humic acids (HA) and humin (HUM)
were obtained, based on the solubility in acids and alkalis.
After fractionation, the samples were frozen and lyophilized
to determine C in humic fractions by the dry combustion
method (CHNS/ O) in an elemental analyzer (Model PE-
2400 Series II Perkin Elmer).

The C concentrations were converted into soil carbon
stock in Mg ha! for each depth sampled as follows
(Veldkamp, 1994):

Stock C = (Cx S, x VSD) x 1000 (1)

Where Stock C is the carbon stock in the soil layer,
in (Mg ha'); C is the carbon concentration in the soil
sample, in (kg Mg"); S is the soil density in the layer, in
(Mg m™) and the VSD is the volume of the sampled depth,
in (m?). After calculating the C stock for each layer, the
soil carbono stocks was corrected, taking into account the
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differences in soil mass (Sisti et al., 2004). The total stock
of C at a depth of 0 to 50 cm was calculated by adding the
values obtained in each sampled layer.

2.5. Statistical analysis

The parameters evaluated, concentrations and stocks
of C in the humic fractions were subjected to normality
tests Shapiro and Wilk, then performed the analysis of
variance to evaluate the differences between the soil uses

in depths. The comparison of means was performed by
the Tukey test at 5% significance and using the statistical
software SISVAR (Ferreira, 2011).

3. RESULTS AND DISCUSSION

In general, the granulometric composition of soil
showed a médium texture predominance, being thus
classified with a sandy-clay-loam texture in all soil depths
of the analyzed areas (Table 1).

Table 1. Physical characteristics of the Cerrado soil in the different vegetation coverings in Gurupi-TO.

Coarse Sand Fine Sand

Vegetal Cover

7SN

Soil Density
Texture

Depth 0-10 cm

Native Forest 57.50 +2.85 6.33 £1.89 8.44 £1.32 27.73 £3.01 1.45 +0.06 Sandy-clay-loam
Eucalyptus sp. 54.85 +3.12 9.98 +2.99 9.19 +1.23 25.98 +2.38 1.40 £0.05 Sandy-clay-loam
Pasture 55.59 +1.79 13.44 +1.63 6.64 + 0.57 24.33 +1.21 1.55 £0.08 Sandy-clay-loam
Agriculture 56.71 +1.59 9.41 £3.71 7.86 +£0.80 26.02 +3.32 1.37 £0.06 Sandy-clay-loam

Depth 10-20 cm

Native Forest 59.96 £2.03 4.71 £2.12 8.51 +2.33 26.82 +2.24 1.51 +£0.05 Sandy-clay-loam
Eucalyptus sp. 56.04 +2.24 9.09 +1.90 6.85 +2.17 28.02 +1.91 1.53 £0.07 Sandy-clay-loam
Pasture 57.84 +1.32 10.55 +1.84 7.26 £1.75 24.35 +1.76 1.59 £0.05 Sandy-clay-loam
Agriculture 57.84 +1.86 8.92 £2.09 7.54 £1.19 25.70 £2.90 1.49 +0.08 Sandy-clay-loam

Depth 20-30 cm

Native Forest 59.30 +2.36 4.67 +3.09 8.47 +1.44 27.56 £2.66 1.55 +£0.03 Sandy-clay-loam
Eucalyptus sp. 55.62 +1.56 7.53 £1.81 8.38 £1.48 28.47 £1.08 1.57 +£0.05 Sandy-clay-loam
Pasture 58.31 +1.02 8.98 +1.39 7.10 £0.80 25.61 £1.36 1.62 +0.07 Sandy-clay-loam
Agriculture 57.67 +2.23 8.28 +3.47 6.56 +0.73 27.49 £2.70 1.51 £0.07 Sandy-clay-loam

Depth 30-40 cm

Native Forest 58.43 £3.23 4.43 £2.89 8.68 £1.55 28.46 £2.33 1.62 £0.03 Sandy-clay-loam
Eucalyptus sp. 55.89 +1.68 8.75 £2.08 8.82 £1.68 26.54 £2.36 1.65 +0.04 Sandy-clay-loam
Pasture 58.16 +1.44 9.44 +2.17 6.23 +1.46 26.17 £1.81 1.64 +0.06 Sandy-clay-loam
Agriculture 57.39 +2.22 7.44 +3.78 6.74 £1.00 28.43 +4.05 1.57 £0.03 Sandy-clay-loam

Depth 40-50 cm

Native Forest 58.46 +3.16 5.52 +4.19 8.38 +1.78 27.64 +2.00 1.65 £0.03 Sandy-clay-loam
Eucalyptus sp. 55.95 +1.62 7.93 £1.62 8.85 £1.47 27.27 £2.98 1.68 +0.02 Sandy-clay-loam
Pasture 57.57 £1.54 8.78 +2.75 6.85+1.13 26.80 £2.65 1.69 £0.04 Sandy-clay-loam
Agriculture 57.04 +2.45 6.89 £2.55 7.23 £0.45 28.84 +£3.64 1.61 +0.07 Sandy-clay-loam

'S
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The predominance of sand indicates that soil has a low
capacity for nutrient retention (Araujo Filho et al., 2017).
In general, the soil density did not show great variation
between the types of land use (Aradjo Filho et al., 2018).
For Marinho Junior et al. (2019) the removal of vegetation
cover can cause physical changes in soil, due to the impact
of raindrops that fall directly on the exposed soil, this can
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explain the high soil density in superficial layers, as well
as, the density increase with the depth increase of soil is
attributed to densification caused by the upper layers.

The carbon concentrations in soil humic fractions:
fulvic acid (FA), humic acid (HA) and humin (HUM)
were represented in Figure 2.

Figure 2. Carbon concentrations in humic fractions in different vegetation coverings in Gurupi-TO.

HA: Humic Acid; FA: Fulvic Acid; HUM: Humin.

" Significant differences are indicated by different letters by the Tukey test at 5% significance level (P < 0.05). Capital letters indicate differences between vegetation

cover and lower letters indicate differences between soil layers.

Floresta e Ambiente 2021; 28(2): €20200024
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The carbon concentrations in soil humic fractions
decreased with depth increase, finding the maximum
values in the layer of 0-10 cm and minimum values in
layer 40-50 cm, presenting a variation in FA, HA and
HUM respectively of 2.28 to 0.67 g kg-1, 3.20 to 0.93 g
kg-1 and 8.22 to 2.41 g kg-1 (Figure 2). Araujo Filho et
al. (2018) attributes the highest carbon concentration in
soil humic fractions in the superficial layer to the death
of thin roots mainly of herbaceous, vegetable biomass
disposition in soil and the microbial activity that acts in
stabilization of this soil organic matter.

The higher C proportion in the humic fraction is
important for soil organic carbon, and this fraction is
composed of organic residues with a high degree of
decomposition generating greater molecular stability,
indicating a longer soil C permanence, attributing greater
capacity of the area in storing carbon (Petter et al., 2017).

The HUM presented the highest results over the other
fractions in all vegetation coverings and HA over FA, with
emphasis on the soil of Eucalyptus sp. area which presented
the highest C concentrations in humic fractions between the
evaluated areas up to a depth 30 cm. Protection of humic C
in aggregate fractions and physical-biochemical protection
through recalcitrant C in aggregates is one of the main
mechanisms for preserving C in altered soil (Zhang et al.,
2019). This fraction has a strong resistance to microbial
activity and is strongly associated with the soil mineral
fraction, especially in oxidic soils (Stevenson, 1994).

In contrast, with native forest and pasture area provided
the soil with a low C concentration in FA and HUM in
topsoil. According to Petter et al. (2017) and Kukuls et
al. (2019) the greater AF solubility in acidic and basic
environments and the leaching process of this fraction
favors a more homogeneous distribution of C in AF fraction
between soil layers. These results were corroborated by
(Gmach et al.,, 2018; Guimaraes et al., 2013; Kunlanit et al.,
2019) who reinforce the greater HA and HUM stability and
a greater FA lability with lower C levels in this fraction.

According to Doane et al. (2003) reinforce this theory
in their study where the soil carbon dynamics in different
cultivation systems at the California University were
evaluated, and found higher concentrations of carbon
respectively in HUM, HA and FA.

Studies by Sato et al. (2019) evaluating the humic
fractions in Cerrado, found the highest C levels in HUM
fraction (7.10 gkg') in native Cerrado, in the HA fraction
(4.7 g kg') in a integrated crop-livestock system under
no-tillage and in FA fraction (3.87 gkg') in a conventional

crop, values that corroborate what was found in this study.
According to Kukuls et al. (2019) sandy soils cause more
dynamic changes in the properties of SOM and consequently
in the humic fraction according to the change in land use.

The change in vegetation cover affects the dynamics
of organic matter fractions (Ferreira et al., 2020). The
evaluated areas showed significant differences in total
carbon stocks in the humic fractions of soil (FA, HA and
HUM) (Figure 3). Studies by Guimaraes et al. (2013) showed
an increase in the percentage of humic substances in the
total soil carbon stock, attributing this phenomenon to its
recalcitrance mainly in the humin fraction, adsorption by
the mineral matrix of soil and its intra-aggregate occlusion.

Most of the C stored in the soil is associated with
humic fractions (Stevenson, 1994). The HUM stored
most of carbon contained in humic fraction (Figure 3C),
in agriculture area the HUM represented 61.69% of total
carbon fraction, followed by Eucalyptus sp. area 60.02%,
native forest 57.93% and pasture 55.59%. According to
Aratjo Filho et al. (2018) this fact occurs mainly in high
concentrations of carbon in the humic fractions, action
of soil density and clay content, since the carbon stored
in the humic fraction is more recalcitrant in soils making
it easier to maintain this element in the soil.

Studies by Ferreira et al. (2020) studying the dynamics
of soil aggregation and carbon fractions in a fragment of
Atlantic Forest in Parana concludes that the change in land
use promotes C storage in the most stable fractions (HUM),
according to the results found in this study. According to
Gray et al. (2019) analyzing determinants of soil organic
carbon fractions in Australia identified the largest stocks
of soil carbon in the humic fraction, which corroborates
this study. In addition, Gray says that the stocks of humic
organic carbon are higher in humid areas, with a decrease
in hot and dry areas.

After HUM, the HA represented the largest total carbono
stocks in humic fraction, with the agriculture area having
the lowest stocks in HA (12.40 Mg ha) in contrast to
the areas of Eucalyptus sp., pasture and native forest that
respectively presented (14.78; 14.41 and 14.39 Mg ha)
as seen in Figure 3B. Lower stocks of humic substances in
areas where there has been a change in land use, such as
agriculture, is evidenced by Liu et al. (2020) who evaluating
changes in soil carbon stocks in Central Asia, states that,
when changing the soil, the carbon present in labile and
humic fractions drastically reduces after the change, that,
with the growth of vegetation cover, the carbon in these
fractions increases significantly.

Floresta e Ambiente 2021; 28(2): 20200024
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Figure 3. Total carbon stocks in humic fractions in different vegetation coverings in Gurupi-TO.

HA: Humic Acid; FA: Fulvic Acid; HUM: Humin.

" Significant differences are indicated by different letters by the Tukey test at 5% significance level (P < 0.05). Capital letters indicate differences between vegetation cover.

The Eucalyptus sp. area presented the largest carbon
stocks in FA (10.55 Mg ha'), followed by agriculture,
native forest and pasture areas that respectively presented
(9.54; 8.62 and 7.99 Mg ha!) (Figure 3A). According to
Guimardes et al. (2013) evaluating the soil organic matter

Floresta e Ambiente 2021; 28(2): €20200024

and carbon fractions in soil under different land uses
concluded that chemical fractions of SOM is effective
in evaluating changes in C dynamics, indicating that
stocks present in humic fractions (FA, HA and HUM) are
indicative of nature conservation.
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4. CONCLUSIONS

o Areawith vegetation cover of Eucalyptus sp. presented
higher carbon content in humic acid fraction, with a
tendency to be more humid;

o Carbon of humic fractions was found in decreasing
order: humin, humic acid and fulvic acid;

o Over time, the vegetable coverings of Eucalyptus sp.
have the capacity to store C in more stable fractions
of organic matter;

o Ingeneral, the pasture area showed lower concentrations
and carbon stocks in fulvic acid and humine compared
to the reference area, attributed to care lack and 4rea
abandonment.

o Agriculture area under conventional corn cultivation
showed the potential to recover soil carbon stocks in
fulvic acid and humine fractions, showing lower carbon
reductions with increasing depth compared to other
evaluated areas.

o Humic fractions of soil: humic acid, fulvic acid and
humin are effective in assessing changes in the dynamics
of C of the SOM in forest ecosystems.
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