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Agricultural management methods affect organic compounds in the soil. The aim of this study was to characterize
humic and fulvic acids using infrared spectroscopy and nuclear magnetic resonance (NMR) in aggregates collected
from areas under different crop and soil management systems. Soil samples were collected at depths of 0.00-0.10
m in a trial set up in 1989 with four management systems (no-till, no-till with chiseling every three years, disk
harrowing and heavy disking) under two production systems (succession and rotation). In the laboratory, the soil
was sieved and separated into two fractions: particle size of 2 mm or more, and less than 2 mm. From each of the
samples an aliquot was extracted and the humic and fulvic acids purified for FTIR, UV-VIS and NMR-'H analysis.
The results obtained showed that the structural characterization of the humic and fulvic acid fractions were linked
to organic matter left on the soil surface, especially where the agricultural system involved species diversity.
Aggregates >2 mm produce higher NMR, UV-VIS and FTIR spectral magnitudes in aromatic and aliphatic
structures than those <2 mm. Aggregates collected from soil under no-till retained their aromatic and aliphatic
chemical structures, resulting in higher spectral amplitude.

1. Introduction

Problems caused by agricultural management can lead to exaggerated
responses, which can cause soil loss and degradation, nutrient leaching
and loss of organic matter, which result productivity decline (Bispo et al.,
2017).

Soil organic matter (SOM) is one of the agents responsible for stabi-
lizing soil aggregates, supplying nutrients and maintaining soil micro-
biological balance (Huang et al., 2010). SOM dynamics are driven by
adding organic compounds, which are transformed as time progresses by
a combination of chemical, physical and biological factors (Ver et al.,
1999; Gude et al., 2012). These transformations occur as the organic
matter decomposes, changing the size of the molecules, chemical
composition, structure and functional groups, as well as the poly-
electrolytic characteristics of the added material (Kononova, 1966; Ste-
venson, 1994; Loss et al., 2016).

In chemical terms, organic matter consists of three fractions of humic
substances (HS): humin, fulvic acids and humic acids (Santos and
Camargo, 1999). Each of these substances has a specific function in the
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soil: for example, fulvic and humic acids play a role in transporting cat-
ions between exchange organic-mineral complexes and also affect
cation-exchange capacity (CEC) of organic origin (Senesi et al., 1994;
Janos, 2003; Benites et al., 2010).

The humic substances eventually form between 80 and 90% of all
SOM. They consist of heterogeneous molecular compounds containing
different functional groups (Chen et al., 2002). They are dark in color,
with no defined property, hydrophilic and stable, and their constituents
can vary as follows: 40-60% C; 30-50% O; 0-4% N; 2-4% H; 0-2% S
(Moraes et al., 2011).

Humic substances interact with ions to form complexes of different
stabilities and structural characteristics (Clemente et al., 2013). All these
characteristics can indicate the soil management stage in agricultural
areas. Some authors have used humic substances to indirectly evaluate
soil management quality based on the degree of SOM humification
(Canellas et al., 2004, 2007; Rosa et al., 2005).

SOM resulting from organic residues boosts carbon content,
depending on the existing structures, generally with carboxyl and aro-
matic bonds, and there is a drop in carbon associated with
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polysaccharides (Zech et al., 1997; Canellas et al., 2007). Thus, humic
fractions tend to increase particle cohesion and aggregate stability, and
are associated with the distribution of aggregate particle sizes and con-
servation of carbon in the soil (Huang et al., 2010; Loss et al., 2016).
Examining the spectral characteristics of separate fractions of organic
matter can provide important information on how to improve soil quality
(Oades et al., 1987; Rigobello et al., 2017).

The use of agricultural management with species diversity signifi-
cantly increases the organic matter content, thus acting effectively on the
relationship between soil aggregates. As consequence, it changes the soil
chemical structure, and humic and fulvic acids increase as part of soil
quality (Sarkhot et al., 2007).

Different management systems may affect the structural formation of
humic and fulvic acids. This fact is the basis for the hypothesis that either
the type of soil management and the aggregate particle size affect may
the quality and spectra of humic substances. Thus, the aim of this study
was to characterize humic and fulvic acids by means of infrared spec-
troscopy and nuclear magnetic resonance in aggregates collected from
soils under different management and cropping systems.

2. Material and methods
2.1. Experimental area

Samples were collected in February, 2018, at location 23°11" S,
51°11' W (Brazil) in a dystroferric Red Latosol (Oxisol) area. The area
was split up into fully randomized experimental units of 225 m? (7.5 m x
30 m), with four replicates per treatment. The experiment was divided in
four agricultural management types (no-till; no-till chiseled every three
years; disk harrowing; heavy disking) and two production systems
(rotation and succession crops).

The following soil management systems were studied: No-Till (NT), in
which seeds are sown in the waste of the previous crop by simply opening
a narrow furrow; No-till, chiseled (NTC) with winter chiseling every 3
years using a chiseler with five tines spaced at 0.35 m, working to an
average depth of 0.25 m; Disk Harrowing (DH), in which the soil is
prepared every year before summer cropping to an average depth of 0.20
m, followed by leveling harrowing; Heavy Disking (HD) in which the soil
is plowed to an average depth of 0.15 m followed by light harrowing
prior to summer planting. Under the DH and HD systems, this procedure
is also implemented prior to winter cropping. All soil management sys-
tems were assessed with crop rotation and soybean/wheat succession.
Under NTC, the most recent chiseling operation had been carried out
three years prior to the evaluation.

At the beginning of the trial, plots were sown with wheat and winter
cover (white lupin or black oats) in April. Summer crops (soybean and
maize) were sown in November.

2.2. Soil collection and characterization

Soil samples were collected at depths of 0.0-0.10 m, then air dried
and sieved through a 2 mm mesh ready for chemical analysis and clay
content evaluation, following the methods described in Pavan et al.
(1992) and Claessen (1997) (Table 1). The following parameters were
determined: potential acidity (H + Al) by SMP; Ca; Mg and Al extracted
by 1N KCl and titrated with EDTA (Ethylenediamine tetraacetic acid) and
NaOH; P and K by Melhich-1 extraction and spectrophotometry at 630
nm (P) and flame photometry (K); and carbon by oxidation with CrZO%'
and titration with FeSO4. Clay content was determined in 20 g of fine
oven dried soil using the pipette method with slow stirring (180 rpm) for
16 h and 1N NaOH as a chemical dispersant. After drying, the material
was weighed and the following formula used: Clay (%) = ((Weight or
mass of clay x 500) - 2).
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2.3. Aggregate particle size

The aggregates were sieved through a 2 mm mesh to separate parti-
cles >2 and <2 mm.

2.3.1. Humic substance extraction and purification

The method used to extract the humic substances was as described in
Giovanela et al. (2004) and Lamar et al. (2014), with some adaptations.
Five grams of sampled material were washed in 0.145 mol 1~} HCI for an
hour with mechanical stirring in order to eliminate any minerals present.
The suspension was then left for 24 h at 4 °C. The supernatant was
separated by centrifuging at 5000 rpm for 20 min. The precipitate was
washed in 0.113 mol 17! NaOH for 4 h under an inert atmosphere of N
and stirred constantly. The samples were then left for 24 h at 4 °C. The
supernatant was separated from the precipitate by centrifuging. The
alkaline extract was acidified by adding 6.034 mol 1~! HCI to obtain a pH
of approximately 1.203, and the humic (HA) and fulvic (FA) acids
separated. The acids extracted were left for 24 h at 4 °C and then
centrifuged.

The HA precipitate was washed in 0.141 mol 17! HCI/0.324 mol 1}
HF (hydrofluoric acid) for 12 h with stirring. The suspension was washed
in deionized water until the quantity of Cl”~ dropped, as verified by 0.142
mol 17! AgNOs. The humic acids were dissolved in 0.113 mol 1~} NaOH
and eluted using a column packed with Amberlite IRA 200 resin, and the
extract frozen and then lyophilized.

The supernatant containing fulvic acids was eluted a number of times
using Supelite XAD-8 resin, previously purified and acidified with 0.145
mol 17 HCL. The fulvic acids were adsorbed and the column washed with
deionized water to eliminate any salts present and eluted in 0.113 mol 17!
NaOH. The elutant was run several times through a column of Amberlite
IRA 200. The concentrate was frozen and then lyophilized.

2.4. Characterization of samples the humic and fulvic acids

2.4.1. Fourier transform infrared Spectroscopy

The purified, lyophilized samples were prepared in tablets and com-
pressed with KBr for analysis. The FTIR spectra at 400 to 4000 cm ™' were
obtained using a Bruker Vertex 70 FTIR spectrophotometer with Plat-
inum ATR (attenuated total reflection) module. A resolution of 4 cm ™!
and 10 scans were used to obtain the 10 spectra, which were analyzed
using Origin software (5.0, 2007).

2.4.2. H nuclear magnetic resonance

Five hundred microliters of deuterium oxide (D20-99,9%, Sigma
Aldrich®) were added to 100 mg of the purified, lyophilized sample. The
spectra were obtained at the spectroscopy laboratory (SPEC) of the State
University of Londrina using a Bruker Avance III spectrometer set to 400
MHz for 'H, with 5 mm multinuclear probes. The zg30 program was used
for llH, solvent suppression at 4.7 ppm with zgpr. Number of scans 64000
for "H.

2.4.3. UV/VIS Spectrophotometry

In the AJX-1600 spectrophotometer, two milligrams of purified
sample were added to 10 ml 0.05 mol NaHCO3 and the E4/Eg ratio
determined by reading 465 and 665 nm absorbance in order to determine
the degree of aromaticity.

3. Results and discussion
3.1. FTIR spectroscopy

The FTIR spectra for humic and fulvic acids extracted from aggregates
of >2 mm or <2 mm are shown in Figures 1 and 2, and Table 2 gives
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Table 1. Chemical properties and clay-content evaluated after 26 years of trials.

Depth Mgmt. Clay C H+ Al pH Ca Al Mg P K

0.00-0.10 m HD 786 12.0 4.87 4.76 4.15 0.08 1.85 22.8 0.65
DH 780 11.7 5.46 4.64 3.92 0.07 1.49 17.3 0.56
NTC 742 12.1 5.58 4.73 4.11 0.10 1.85 37.9 0.74
NT 710 16.6 4.22 5.26 5.36 0.01 2.56 38.5 0.94

Depth in m. pH determined by CaCl,; H + Al determined by SMP; Ca, Mg and Al extracted by KCI; P and K extracted by Mehlich-1; C extracted by K>Cr,0,; and clay
determined by the slow stirring method. H + Al; Ca; Mg; Al; K in Cmolc dm™~3; P in mg dm~3; C in g kg™ '; Clay in g kg ~!. Mgmt.: Manegement; HD: heavy disking; DH:

disk harrowing; NTC: no-till chiseled; NT: no-till.

absorption bands for each component according to Stevenson (1994);
Gonzalez Péres et al. (2004) and Moraes et al. (2011). The spectra of the
main chemical structures (OH stretch; C=0; C=C aromatic; C-H and
polysaccharides) are similar (Figures 1 and 2). This is due to the complex
composition of humic and fulvic acids and the diversity of kinds of
organic matter from which they are formed (Moraes et al., 2011).

Wavelengths in the 3700-3620 cm™! band denote the appearance of
OH, alcohols and free phenols, which can be seen for all treatments in
humic acids (Figure 1), but in lower incidence in fulvic acids (Figure 2).
These bands can denote impurities associated with minerals or water, or
show the complexity of the chains in humic acids (Stevenson, 1994)
resulting from the kind of management system applied, and humic acids
are more recalcitrant than fulvic acids.

In all humic and fulvic acid spectra, there are wide bands between
3400 and 3200 cm ™, indicating COOH stretch on H bridges. The
strength of intra-molecular bonds is related to stretching and widening:
the greater the width the higher the number of bridges and the more acid
the material (Oliveira Dias et al., 2009).

In the humic acid fractions (HAF) of aggregates >2 mm (Figure 1)
under no-till with crop rotation and fulvic acid fractions (FAF) in the no-
till chiseled there was a greater intensity, and under disk harrowing with

succession a lower intensity of peaks in FAF, which could be correlated
with the management systems and cropping in the area. Dobbss et al.
(2009) observed intense bands in HA than in FA, corroborating the
spectra found in this study. These authors also state that narrow bands
denote a low degree of humic substance association.

For all treatments, aromatic characters were observed (mainly in
humic acids) in the 1580 cm ™! region. This aromatic region indicates less
labile structures in humic acids, in contrast to fulvic acids extracted from
aggregates >2 mm, where these bands were not found, showing that
these compounds were not predominant. In fulvic acids extracted from
aggregates <2 mm, and humic acids extracted from aggregates < and >2
mm, the carbon is retained in the soil, even under the effects of waste
decomposition in more intense management systems and the presence of
biological activity. Working on isolated soil humic acids, alginites, lig-
nites, organic compounds and commercial chemicals, Pospisilova et al.
(2015) found similar values and stated that the characteristics of humic
acids are linked to soil type and origin from management, as well as the
kind of organic matter input and this organic matter is degraded. Expo-
sure to enzymatic attack increases humification, therefore more molec-
ular structures can be observed in humic acids (Figures 1 and 2).
Biological activity is essential for chemically degrading organic matter
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Figure 1. Wave numbers in the middle infrared with Fourier Transforms (FTIR) of fractions of humic acids for the following treatments: NT- No-till; NTC - No-till,
chiseled; DH - Disk harrowing; HD - Heavy disking; R - crop rotation; S - crop succession. (A) humic acid fractions (HAF) extracted from aggregates <2 mm under crop
rotation; (B) HAF extracted from aggregates <2 mm under crop succession; (C) HAF extracted from aggregates >2 mm under crop rotation; (D) HAF extracted from

aggregates >2 mm under crop succession.
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Figure 2. Wave numbers in the middle infrared with Fourier Transforms (FTIR) of fractions of fulvic acids for the following treatments: NT- No-till; NTC - No-till,
chiseled; DH - Disk harrowing; HD - Heavy disking; R - crop rotation; S - crop succession. (A) Fulvic acid fractions (FAF) extracted from aggregates < 2mm under
crop rotation; (B) FAF extracted from aggregates < 2mm under crop succession; (C) FAF extracted from aggregates >2 mm under crop rotation; (D) FAF extracted from

aggregates >2 mm under crop succession.

Table 2. Proposed attributions for wavelengths (cm ') of FTIR spectra.

Wavelength Proposed attribution

cm™!

3700-3620 Free OH stretch

3400-3200 OH stretch, inter- and intra-molecular N-H, amine NH and phenol OH

1660-1630 Amide C=0 stretch; quinone C=0 and/or C=0 bonded to H in paired ketones; C=C aromatic
1600-1580 C = C aromatic group stretching

~1430 Stretching of methyl and methylene C-H bonds

1400-1380 Aliphatic C-H stretch

<1000 C-O stretches; aromatic C-H corresponding to polysaccharides and carbohydrates

Stevenson (1994); Gonzélez Péres et al. (2004) and Moraes et al. (2011).

(Silva et al., 2014). Thus, chemical forms are more marked in the aro-
matic region.

Low-intensity bands were observed at 1645 cm™ -, corresponding to
C=O0 stretches in carboxyl groups. This wavelength was found under all
treatments. However, comparing bands at shorter wavelengths, it can be
seen that, irrespective of the treatment, humic acids contain more C=0,
-COO-, ketone and polysaccharide group molecules, due to the amount of
peaks present.

In the fulvic acid fraction extracted from aggregates <2 mm, there
were neither N-H stretch bands nor C=N stretch at 1430 cm ™. However,
these bands were observed in aggregates >2 mm, and could indicate the
presence of methyl and methylene groups. The solubility of fulvic acids
could have affected absorption in these bands (fulvic acids are less sol-
uble and easier to remove), indicating the presence of lignin at this
amplitude, therefore eliminating the amplitude of 1430 cm ™. With ag-
gregates breakdown and soil drying, exposing organic compounds,
decomposition increases in the aerobic environment and the

1

humification rate, causing bands of lower peaks for some treatments
(DiDonato et al., 2016).

Bands related to aliphatic C-H stretching were observed in the 1380
cm™! band, with high intensity of fulvic acids extracted from aggregates
< and >2 mm for all the treatments evaluated, except DH-S for aggre-
gates >2 mm, in which there was a low incidence. This low incidence
could be linked to the breakup of the aggregates and exposure of organic
matter to the environment, preventing reads in the spectrum. Working
with humic substances in soil under degraded pasture, Santana et al.
(2011) observed the same wavelength, but at lower intensity, showing
that degradation influences wavelength. The use no-till and rotation
crops have positive effect in C-H stretching in fulvic and humic acids
fractions.

For humic acids extracted from aggregates >2 mm under crop suc-
cession and extracted from aggregates <2 mm under crop succession and
rotation, there were specific peaks at wavelengths below 1000 cm ™%,
corresponding to CO stretching in polysaccharides, and aromatic or out-
of-plane C-H. However, for fulvic acids there were few of these peaks
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under both treatments (Figure 2). Since fulvic acid fractions are less
stable, they show peaks at low incidence in the region below 1000 cm ™!
in aggregates both larger and smaller than 2 mm, obtained under the crop
rotation and succession conditions evaluated.

Vibrations between 1090-995 cm ™' could also be due to aluminosil-
icate impurities (Si-O stretch) (Madejova and Komadel, 2001) that,
during the extraction process, were not completely removed from the
humic acids (Pernet-Coudrier et al., 2011). In this case, ascribing these
bands to aluminosilicate impurities is based on several factors, including
the additional presence of bands at 890 cm ! (AIAIOH stretch) and 530
em ™! (Al-O-Si stretch) (Rodriguez et al., 2016).

3.2. 'H nuclear magnetic resonance

Differences in the spectral intensities were observed in line with the
diversity and activity of the soil management systems (Figures 3 and 4).
Peaks were interpreted based on Rumjanek (2005), Khan et al. (2006)
and Rodriguez et al. (2016). The region close to 5 ppm, corresponding to
D20. Although there are similarities in the chemical structures shown by
the spectra, peak magnitudes do vary.

Figure 3 shows more aliphatic structure than aromatic in humic acids
fractions, with peak distribution between 0 and 4 ppm. Methyl (CH3-R)
and methylene (R-CH3-R) were observed for all treatments, but with
greater intensity under NT and NTC with crop rotation and succession
(Figure 3). Clement et al. (2013) point out that these structures are
typical of molecules which have high and low molecular weight and form
part of the polymer lipids, cutin and suberin.

The same structure (CH3-R) was found in the HAF extracted from
aggregates <2 mm, but with lower intensity under NTC-R, NTC-S, DH-R
and HD-R. The soil under NT, however, showed the highest intensities for
aliphatic chains (0-4 ppm) (Figure 4). This result indicates that the di-
versity of species grown on the land boosts the presence of poly-
saccharides from the cell walls, formed by chains of polysaccharides,
proteins and phenolic compounds, which can be very resistant to
decomposition. The fraction of humic acids extracted from aggregates >2
mm, resulted in higher intensities of aliphatic and aromatic chains. This
aggregate particle size could help conserve intra and inter-aggregate
organic material, preventing its rapid decomposition. It could, there-
fore, be indicative of structural changes in systems in which the aggre-
gates are broken down during soil preparation and in which agricultural
systems like rotation are used, and the quality of the material depends on
recalcitrant organic matter. Khan et al. (2006) found similarity between
H spectra for all areas incubated with Oryza sativa, Quercus dendata and
Cryptomeria japonica.
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In the humic acid fraction (HAF) from aggregates <2 mm, the spectra
obtained were similar for all treatments (Figure 4). NT-R, NT-S and of the
spectra for DH-S and HD-S showed similar magnitudes; the same was true
of NTC-R; NTC-S; DH-R and HD-R. Working with organic soils, Enev et al.
(2014) observed the presence of aliphatic and aromatic structure in soils
with organic compounds. This corroborates the values in Table 3, espe-
cially for NT in which the crop waste is left on the soil surface. Tadini
et al. (2015) report that the cell walls contain cutin and suberin, resistant
aliphatic biopolymers that are derived from lignin, cellulose and hemi-
cellulose, and affect the 'H NMR spectra, mainly in no-till.

Table 3 shows the E4/Eg ratio for absorbance between 465 and 665
nm that defines the degree of aromaticity in humic substances. According
to Rumjanek (2005), the higher the E4/Eg ratio, the higher the degree of
aromaticity. The values in Table 4 corroborate with the spectrometry
results. The degree of aromaticity is dependent on the humification of
humic substances and represented by a low E4/Eg ratio, showing that
little humificated residue is present (Saab and Martin-Neto, 2007).

Rigobello et al. (2017) reported that the E4/Eg ratio is influenced by
molecule size, environmental pH, levels of oxygen, carbon and carboxyl
groups, and the age of the humic material. This affects the formation of
humic substances, which, according to Stevenson (1994), occurs through
three mechanisms: a) microbiological activity releases nitrogenated
compounds that react with lignins; b) oxidation of polyphenolic com-
pounds to form quinones that are condensates in reactions with aminated
compounds, and c) reduction of sugars that react with aminated com-
pounds and change into macropolymers of dark in color and with high
molecular mass. Microorganisms play a fundamental role in forming the
structures of HAF and FAF, releasing compounds and enzymes, in addi-
tion to degrading lignin, which binds the chains (Silva et al., 2014).

The different E4/E¢ ratios and spectra observed according to aggre-
gate particle size could be related to the quantity of organic matter
incorporated into the soil, such as lignins, carbohydrates, lipids, poly-
saccharides, etc. These compounds are degraded and form complexes
such as lignin-carbohydrate that is amphiphilic and has a tendency to
form aggregates, especially mycelial aggregates (Canellas et al., 2007).

Another point to be considered is that the E4/Eg ratio is related to
aggregate aromatic condensation and the content of phenol and benzene-
carboxyl groups (Rubenacker et al., 2012). A low E4/Eg ratio suggests
that humic substance particles are large with high molecular masses and
degrees of humification (Traversa et al., 2014) but it depends on the type
of organic matter to be inserted into the agricultural system. The degree
of humification could have affected the fulvic acid fraction (FAF),
whereas the humic acid fraction contains highly humificated organic
compounds that are resistant to degradation, and therefore tend to persist
for longer. Thus, management systems like NT directly influence the

——NT-R ——NT-S JJ\« ——DH-S
s s p 3 5 5 o i : 0
o N ‘A—Hi/L/L B
8 [ 4 2 0 8 6 4 2 0
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Figure 3. 'H NMR spectra for humic acid fractions extracted from aggregates >2 mm under different management systems. NT: no-till; NTC: no-till, chiseled; DH: disk

harrowing; HD: heavy disking; R: rotation; S: succession.
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Table 3. Ratio of E4es to Ees, (E4/Eg) obtained by UV/VIS spectrophotometry for different management systems in humic and fulvic acid fractions extracted from
aggregates < and >2 mm.

E4/Eg ratio

HAF FAF

System >2 mm <2 mm >2 mm <2 mm
NT-R 7.0 15.3 9.9 6.8
NT-S 4.3 15.0 11.2 6.0
NTC-R 8.5 42.0 7.7 7.1
NTC-S 4.6 29.0 9.2 15.3
DH-R 11.4 19.0 5.3 9.5
DH-S 8.7 13.3 6.3 14.6
HD-R 18.0 17.3 14.3 5.6
HD-S 11.7 11.6 14.0 5.9

NT: no-till; NTC: no-till, chiseled; DH: disk harrowing; HD: heavy disking; R: rotation; S: succession.

é é )1 é ) é é ‘w‘ é 6 8 6 4 2 0 8 6 4 2 0

o - L m

8 6 2 2 0 8 6 2 2 0 8 6 4 2 0 8 [ 2 2 0
ppm ppm ppm ppm

Figure 4. "H NMR spectra for humic acid fractions extracted from aggregates <2 mm under different management systems. NT: no-till; NTC: no-till, chiseled; DH: disk
harrowing; HD: heavy disking; R: rotation; S: succession.
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Figure 5. 'H NMR spectra for fulvic acid fractions extracted from aggregates >2 mm under different management systems.

various structural compounds. The length of the trial and the diversity of
the species grown could be another factor that influenced the structures,
with lower impact on humic acids and higher on fulvic acids.

Fulvic acid fractions were similar (Figures 5 and 6). Under NTC-R,
DH-S and HD-S, they were chemically more aromatic, corroborating

the values in Table 3, with peaks between 7 and 9 ppm. E4/Eg ratios and
magnitudes are related to the formation process and the structural chain,
since fulvic acids are more soluble and tend to be rapidly degraded.
The 'H NMR spectra for fulvic acids extracted from aggregates <2
mm were very similar under NT-R and S; NTC-R and S; DH-R and HD-R.
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Figure 6. 'H NMR spectra for fulvic acid fractions extracted from aggregates <2 mm under different management systems.

The influence of various rotated crops and their decomposition is clearly
visible, since the magnitudes of spectra are between 7 and 9 ppm,
showing the aromatic nature of the structures. These spectral magnitudes
correlate with the values in Table 3.

In the light of the silviculture work carried out by Moraes et al.
(2011), a number of hypotheses can be considered regarding the for-
mation of aliphatic and aromatic structures. Under no-tillage systems, the
organic matter cycle tends to be constant throughout a given period,
favoring the formation of labile C chains in the fulvic and humic acid
fractions. Therefore, the aromatic nature of the fulvic acids could be
related to exposure of the material to microbial attack due to the dis-
ruptions of the soil, boosting oxidation of the organic matter and forming
more labile organic structures.

According to Gonzales-Péres et al. (2008), some chemical structures,
such as aromaticity, could be related to the fresh organic matter or the
slow process of decomposition on superficial horizons. However, for
aliphatic structures, increments of lignin directly influence these
structures.

Ikeya et al. (2015) reported that humic substances, especially the
humic acid fraction, are a mixture of many molecules that can vary ac-
cording to the origin, age and degree of humification. It is difficult to
establish a structural parameter for humic substances in view of envi-
ronmental influences.

4. Conclusion

No-till soil management systems produced aliphatic chemical struc-
ture and the no-till method maintained the stability of the chemical
structures in the soil and increased the magnitude and amplitude of the
'H NMR and FTIR spectra.

Aggregates >2 mm conserved more organic matter, therefore contain
a greater diversity of chemical compounds.

Both humic fractions presented aliphatic and aromatic character but
with greater representativeness in humic acids and aggregates >2 mm.
The diversity of the crop species grown in the trial area influenced the
structure of HAF and FAF, especially in the presence of open-chain
structures, helping to increase the magnitude of spectral peaks.

Declarations
Author contribution statement
W. Machado: Conceived and designed the experiments; Performed

the experiments; Analyzed and interpreted the data; Contributed re-
agents, materials, analysis tools or data; Wrote the paper.

J. C. Franchini: Conceived and designed the experiments; Performed
the experiments; Contributed reagents, materials, analysis tools or data.

M. Guimaraes: Conceived and designed the experiments; Analyzed
and interpreted the data; Contributed reagents, materials, analysis tools
or data; Wrote the paper.

J. Tavares Filho: Conceived and designed the experiments; Performed
the experiments; Analyzed and interpreted the data; Contributed re-
agents, materials, analysis tools or data; Wrote the paper.

Funding statement

This work was supported by CAPES and CNPgq.

Competing interest statement

The authors declare no conflict of interest.

Additional information
No additional information is available for this paper.
Acknowledgements

To CAPES and CNPq, Soil Laboratory and LabSpec from the State
University of Londrina- Brazil.

References

Benites, V.M., Moutta, R.O., Coutinho, H.L.C., Balieiro, F.C., 2010. Analise discriminante
de solos sob diferentes usos em drea de Mata Atlantica a partir de atributos da
matéria organica. Rev. Arvore 34, 685-690.

Bispo, D.F.A,, Silva, M.L.N., Pontes, L.M., Guimaraes, D.V., Marques, J.J.G.S.M., Curi, N.,
2017. Soil, water, nutrients and soil organic matter losses by water erosion as a
function of soil management in the Posses sub-watershed, Extrema, Minas Gerais,
Brazil. Semina Ciéncias Agrarias 38 (4), 1813-1824.

Canellas, L.P., Baldotto, M.A., Busato, J.G., Marciano, C.R., Menezes, S.C., Silva, N.M.,
Rumjanek, V.M., Velloso, A.C.X., Simoes, M.L., Martin-Neto, L., 2007. Estoque e
qualidade da matéria organica de um solo cultivado com cana-de-acticar por longo
tempo. Rev. Bras. Cienc. Solo. 31, 331-340.

Canellas, L.P., Espindola, J.A., Guerra, J.G.M., Camargo, P., Zandonadi, D.B., Braz
Filho, R., Rumjanek, V.M., 2004. Organic matter quality of a soil cultived with
perennial herbaceous legumes. Sci. Agric. 61, 43-53.

Chen, J., Gu, B., Leboeuf, E.J., Pan, H., Dai, S., 2002. Spectroscopic characterization of the
structural and functional properties of natural organic matter fractions. Chemosphere
48, 59-68.

Claessen MEC Org, 1997. Manual de métodos de analise de solo. EMBRAPA-CNPS, Rio de
Janeiro.

Clemente, J.S., Simpson, M.J., Simpson, A.J., Yanni, S.F., Whalen, J.K., 2013. Comparison
of soil organic matter composition after incubation with maize leaves , roots , and
stems. Geoderma 192, 86-96.


http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref1
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref2
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref3
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref4
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref4
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref4
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref4
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref5
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref5
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref5
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref5
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref6
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref6
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref6
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref6
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref7
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref7
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref7
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref7

W. Machado et al.

Didonato, N., Chen, H., Waggoner, D., Hatcher, P.G., 2016. Potential origin and formation
for molecular components of humic acids in soils. Geochem. Cosmochim. Acta 178,
210-222.

Dobbss, L.B., Rumjaneck, V.M., Baldotto, M.A., Velloso, A.C.X., Canellas, L.P., 2009.
Caracterizacao quimica e espectroscopica de acidos htiimicos e fiilvicos isolados da
camada superficial de Latossolos brasileiros. Rev. BrasCienc. Solo. 33, 51-63.

Enev, V., Pospisilova, L., Klucakova, M., Liptaj, T., Doskocil, L., 2014. Spectral
characterization of selected humic substances. Soil Water Res. 9, 9-17.

Giovanela, M., Sierra, M.M.D., Sierra, E.J.S., Soldi, M.S., Parlanti, E., 2004. Elemental
compositions, FT-IR spectra and thermal behavior of sedimentary fulvic and humic
acids from aquatic and terrestrial environments. Geochem. J. 38, 255-264.

Gonzalez Pérez, M., Martin-Neto, L., Saab, S.C., Novotny, E.H., Milori, D.M.B.P.,
Bagnato, V.S., Colnago, L.A., Melo, W.J., Knicker, H., 2004. Characterization of
humic acids from a Brazilian Oxisol under different tillage systems by EPR, 13C NMR,
FTIR and fluorescence spectroscopy. Geoderma 118, 181-190.

Gonzélez-Pérez, M., Torrado, P.V., Colnago, L.A., Martin-Neto, L., Otero, X.L.,

Milori, D.M.B.P., Gomes, F.H., 2008. 13C NMR and FTIR spectroscopy
characterization of humic acids in spodosols under tropical rain forest in southeastern
Brazil. Geoderma 146, 425-433.

Gude, A., Kandeler, E., Gleixner, G., 2012. Input related microbial carbon dynamic of soil
organic matter in particle size fractions. Soil Biol. Biochem. 47, 209-219.

Huang, S., Peng, X., Huang, Q., Zhang, W., 2010. Soil aggregation and organic carbon
fractions affected by long-term fertilization in a red soil of subtropical China.
Geoderma 154, 364-369.

Ikeya, K., Sleighter, R.L., Hatcher, P.G., Watanabe, A., 2015. Characterization of the
chemical composition of soil humic acids using Fourier transform ion cyclotron
resonance mass spectrometry. Geochem. Cosmochim. Acta 153, 169-182.

Janos, P., 2003. Separation methods in the chemistry of humic substances.

J. Chromatogr., A 983, 1-18.

Khan, N.A,, Fujitake, N., Noda, Y., Suzuki, T., Otsuka, H., 2006. Comparison of humic acid
fractions derived from thermally created plant residues and natural soils. Sci. Soil
Plant Nutr. 52, 349-360.

Kononova, M.M., 1966. Soil Organic Matter. Pergamon Press, Oxford.

Lamar, R.T., Olk, D.C., Mayhew, L., Bloom, P.R., 2014. A new standardized method for
quantification of humic and fulvic acids in humic ores and commercial products.

J. AOAC Int. 97, 721-730.

Loss, A., Pereira, M.G., Mendes Costa, E., Beutler, S.J., Piccolo, M.C., 2016. Fertilidad del
suelo,fracciones hiimicas y abundancia natural de 13C y 15N en el suelo bajo
diferentes usos del suelo en el estado de Parana, Sur de Brasil. Idesia (Arica) 34,
27-38.

Madejova, J., Komadel, P., 2005. Baseline studies of the clay minerals society source
clays: infrared methods. Clay Clay Miner. 49, 410-432.

Moraes, G.M., Xavier, F.A.S., Mendonca, E.S., Aratjo Filho, J.A., Oliveira, T.S., 2011.
Chemical and structural characterization of soil humic substances under agroforestry
and conventional systems. Rev. Bras. Cien. Solo. 35, 1597-1608.

Oades, J.M., Vassallo, A.M., Waters, A.G., Wilson, M.A., 1987. Characterization of organic
matter in particle size and density fractions from a Red-brown Earth by solid state
13C NMR. Aust. J. Soil Res. 25, 71-82.

Oliveira Dias, B., Silva, C.A., Barros Soares, E.M., Bettiol, W., Guerreiro, M.C.,
Belizario, M.H., 2009. Infravermelho na caracterizacao de acidos himicos de
Latossolos sob efeito de uso continuo de lodo de esgoto. Rev. Bras. Cien. Solo. 33,
885-894.

Pavan, M.A., Bloch, M.F., Zempulski, H.C., Miyazawa, M., Zocoler, D.C., 1992. Manual de
analise quimica de solo e controle de qualidade. IAPAR, Londrina, p. 40 (IAPAR.
Circular 76).

Heliyon 6 (2020) e04078

Pernet-Coudrier, B., Varrault, G., Saad, M., Croué, J.P., Dignac, M.F., Mouchel, J.M.,
2011. Characteristics of dissolved organic matter in Parisian urban aquatic systems:
pre- dominance of hydrophilic and proteinaceous structures. Biogeochemistry 106,
89-106.

Pospisilova, L., Kominkova, M., Zitka, O., Kizek, R., Barancikova, G., Litavec, T., Losék, T.,
Hlusek, J., Martensson, A., Liptaj, T., 2015. Fate of humic acids isolated from natural
humic substances. Acta Agric. Scand. 65, 517-528.

Rigobello, E.S., Campos, S.X., Vieira, E.M., 2017. Comparative characterization of humic
substances extracted from freshwater and peat of different apparent molecular sizes.
Rev. Amb. Agua. 12, 774-785.

Rodriguez, F.J., Schlenger, P., Garcia-Valverde, M., 2016. Monitoring changes in the
structure and properties of humic substances following ozonation using UV — Vis,
FTIR and 1 H NMR techniques. Sci. Total Environ. 541, 623-637.

Rosa, A.H., Simoes, M.L., Oliveira, L.C., Rocha, J.C., Martin Neto, L., Milori, D.P., 2005.
Multimethod study of the degree of humification of humic substances extracted from
different tropical soil profiles in Brazil’s Amazonian region. Geoderma 127, 1-10.

Rubenacker, A., Campitelli, P., Velasco, M., Ceppi, S., 2012. Fire impact on several
chemical and physicochemical parameters in a forest soil. Soil Health Land Use
Manag. 5, 67-86.

Rumjanek, V.M., 2005. Ressonancia magnética nuclear. In: Canellas, L.P., Santos, G.A.
(Eds.), Humosfera: tratado preliminar sobre a quimica das substancias himicas.
Campos dos Goytacazes, RJ, UENF, pp. 126-142.

Saab, S.C., Martin-Neto, L., 2007. Anéis aromaticos condensados e relacao E4/E6: estudo
de 4cidos hiimicos de gleissolos por RMN de 13C no estado sélido utilizando a técnica
CP/MAS desacoplamento defasado. Quim. Nova 30, 260-263.

Santana, S.S., Dick, D.P., Jacques, A.V.A., Chitarra, G.S., 2011. Substancias himicas e suas
interacoes com Fe e Al em Latossolos subtropical sob diferentes sistemas de manejo
de pastagem. Rev. Bras. Cién. Solo. 35, 461-472.

Santos, G.A., Camargo, F.A.O., 1999. In: Genesis, Porto Alegre (Ed.), Fundamentos da
matéria organica do solo, p. 491.

Sarkhot, D.V., Comerford, N.B., Jokela, E.J., Reeves, J.B., 2007. Effects of forest
management intensity on carbon and nitrogen content in different soil size fractions
of North Florida Spodosol. Plant Soil 294, 291-303.

Senesi, N., Miano, T.M., Brunetti, G., 1994. Methods and related problems for sampling
soil and sediment organic matter. Extraction, fractionation and purification of humic
substances. Quim. Anal. (Barcelona) 13, 26-33.

Silva, A.P., Babujia, L.C., Franchini, J.C., Ralisch, R., Hungria, M., Guimaraes, M.F., 2014.
Soil structure and its influence on microbial biomass in diferente soil and crop
management systems. Soil Res. 142, 42-53.

Stevenson, F.J., 1994. Humus Chemistry: Genesis, Composition, and Reactions. John
Willey and Sons, New York.

Tadini, A.M., Nicolodelli, G., Mounier, S., Montes, C.R., Milori, D., 2015. The importance
of humin in soil characterisation: a study on Amazonian soils using different
fluorescence techniques. Sci. Total Environ. 537, 152-158.

Traversa, A., D’Orazio, V., Mezzapesa, G.N., Bonifacio, E., Farrag, K., Senesi, N.,
Brunetti, G., 2014. Chemical and spectroscopic characteristics of humic acids and
dissolved organic matter along two Alfisol profiles. Chemosphere 111, 184-194.

Ver, L.M.B., Mackenzie, F.T., Lerman, A., 1999. Biogeochemical responses of the carbon
cycle to natural and human perturbations: past, present and future. Am. J. Sci. 299,
762-801.

Zech, W., Senesi, N., Guggenberger, G., Kaiser, K., Lehmann, J., Miano, T.M., Miltner, A.,
Schroth, G., 1997. Factors controlling humification and mineralization of soil organic
matter in the tropics. Geoderma 79, 117-161.


http://refhub.elsevier.com/S2405-8440(20)30922-1/sref8
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref8
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref8
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref8
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref9
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref9
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref9
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref9
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref9
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref9
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref9
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref10
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref10
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref10
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref11
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref11
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref11
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref11
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref12
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref12
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref12
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref12
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref12
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref12
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref12
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref13
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref13
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref13
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref13
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref13
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref13
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref13
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref14
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref14
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref14
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref15
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref15
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref15
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref15
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref16
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref16
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref16
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref16
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref17
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref17
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref17
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref18
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref18
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref18
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref18
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref19
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref20
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref20
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref20
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref20
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref21
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref21
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref21
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref21
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref21
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref21
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref22
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref22
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref22
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref22
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref23
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref23
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref23
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref23
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref24
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref24
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref24
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref24
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref25
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref26
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref26
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref26
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref26
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref27
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref27
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref27
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref27
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref27
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref27
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref28
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref29
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref29
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref29
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref29
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref29
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref30
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref30
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref30
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref30
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref30
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref31
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref31
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref31
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref31
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref31
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref32
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref32
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref32
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref32
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref33
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref33
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref33
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref33
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref33
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref33
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref33
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref34
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref35
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref35
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref35
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref35
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref35
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref35
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref35
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref36
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref36
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref36
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref36
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref37
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref37
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref37
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref37
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref38
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref38
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref38
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref38
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref39
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref39
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref39
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref39
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref39
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref40
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref40
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref41
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref41
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref41
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref41
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref42
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref42
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref42
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref42
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref43
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref43
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref43
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref43
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref44
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref44
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref44
http://refhub.elsevier.com/S2405-8440(20)30922-1/sref44

	Spectroscopic characterization of humic and fulvic acids in soil aggregates, Brazil
	1. Introduction
	2. Material and methods
	2.1. Experimental area
	2.2. Soil collection and characterization
	2.3. Aggregate particle size
	2.3.1. Humic substance extraction and purification

	2.4. Characterization of samples the humic and fulvic acids
	2.4.1. Fourier transform infrared Spectroscopy
	2.4.2. 1H nuclear magnetic resonance
	2.4.3. UV/VIS Spectrophotometry


	3. Results and discussion
	3.1. FTIR spectroscopy
	3.2. 1H nuclear magnetic resonance

	4. Conclusion
	Declarations
	Author contribution statement
	Funding statement
	Competing interest statement
	Additional information

	Acknowledgements
	References


