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Abstract – The objective of this work was to evaluate the effects of soil management systems, cover crops, 
and phosphate fertilization on soil humic fractions in a long-term experiment. The treatments consisted of 
conventional tillage and no-tillage with pearl millet (Pennisetum glaucum) or velvet bean (Mucuna aterrima) 
as cover crops, at two doses of phosphorous: 0 and 100 kg ha-1 P2O5 per year. Soil samples were taken 11 
years after the establishment of the experiment and analyzed for soil total organic carbon and carbon content 
of humic fractions at 0.00–0.05, 0.05–0.10, and 0.10–0.20-m depths. The humic fractions are sensitive to soil 
management, except free fulvic acid, which was the only one that did not reduce its carbon contents on the 
surface layer (0.00–0.05 m) with conventional tillage. The main changes occurred on the soil surface layer, 
in which the no-tillage system with pearl millet as a cover crop provided the highest carbon levels in humic 
fractions. Long-term phosphate fertilization under no-tillage, with pearl millet as a cover crop, promotes the 
accumulation of organic carbon in soil humic fractions.

Index terms: humic fractions, no-tillage, organic matter fractions, phosphate fertilization, soil fertility, soil quality.

Matéria orgânica do solo influenciada por sistemas de 
manejo, adubação fosfatada e plantas de cobertura

Resumo – O objetivo deste trabalho foi avaliar os efeitos de sistemas de manejo do solo, de plantas de cobertura 
e da fertilização fosfatada nas frações húmicas do solo, em experimento de longa duração. Os tratamentos 
consistiram de sistemas de preparo convencional e de plantio direto com milheto (Pennisetum glaucum) ou 
com mucuna-preta (Mucuna aterrima) como planta de cobertura, sob duas doses de fósforo: 0 e 100 kg ha-1 de 
P2O5 por ano. As amostras de solo foram coletadas após 11 anos da implantação do experimento e analisadas 
quanto aos teores de carbono orgânico total e de carbono das frações humificadas no solo, nas camadas de 
0,00–0,05, 0,05–0,10 e 0,10–0,20 m de profundidade. As frações humificadas são sensíveis ao manejo do solo, 
exceto o ácido fúlvico livre, que foi a única que não diminuiu seus conteúdos de carbono na camada superficial 
do solo (0,00–0,05 cm) com o plantio convencional. As principais alterações ocorreram na camada superficial, 
em que o plantio direto com milheto como planta de cobertura promoveu os maiores teores de carbono nas 
frações húmicas. A fertilização fosfatada por longo tempo sob plantio direto, com milheto como planta de 
cobertura, promove o acúmulo de carbono orgânico nas frações húmicas do solo.

Termos para indexação: frações húmicas, plantio direto, frações da matéria orgânica, fertilização fosfatada, 
fertilidade do solo, qualidade do solo.

Introduction

The use of technology is a key factor for obtaining 
high yields in Cerrado (Brazilian savanna) soils and 
also for preserving soil quality, by protecting soil 
organic matter (SOM) contents.

Over the past three decades, the Cerrado region has 
been increasingly adopting advanced technologies 
that include conservational tillage systems combined 
with the use of cover crops (Carvalho et al., 2012). Of 
these systems, the main and most comprehensive one 

is no-tillage, which provides several advantages that 
increase yield and reduce the impacts of farming on 
the environment (Ramos et al., 2013; Sá et al., 2015). 
Typically, organic matter is the soil component that is 
most affected by the use of the no-tillage system (Nunes 
et al., 2011; Guareschi et al., 2012; Gazolla et al., 2015; 
Sá et al., 2015). Therefore, SOM plays an important 
role in evaluating the changes promoted by the use of 
no-tillage combined or not with other technologies, 
such as cover crops and phosphate fertilization.
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However, due to the complexity of SOM, its 
different fractions should be studied separately for a 
better understanding of its dynamics. Humic fractions 
are highly resistant to biodegradation because of their 
inherent recalcitrance and interaction with soil mineral 
colloids, forming stable clay-humic complexes (Grinhut 
et al., 2007). This characteristic provides a long-term 
organic carbon compartment (West & Post, 2002). 
Therefore, the study of humic fractions can enhance 
the effectiveness of the assessment of the impacts of 
conventional and conservational management systems, 
crop arrangements, and mineral fertilization on SOM 
preservation (Guimarães et al., 2013).

Despite their stability, humic fractions can be 
changed according to soil management, and different 
soil fractions can be used as indicators of SOM quality 
(Fontana et al., 2011b; Caetano et al., 2013). Higher 
levels of these fractions are generally observed in soil 
managements that do not involve soil disturbance, 
such as no-tillage (Liaudanskiene et al., 2013; Sá 
et al., 2015), as well as in soil management systems 
characterized by massive deposition of various plant 
residues (Arlauskiene et al., 2010).

In addition to the role played by the humic fractions 
of organic matter on soil fertility, studies have shown 
that higher levels of stable SOM contribute significantly 
to reduce CO2 emissions (Kragt et al., 2012), since the 
percentage of humic fractions in SOM indicates soil 
structural stability (Grinhut et al., 2007).

Although there are numerous studies on humification 
of SOM (Fontana et al., 2010, 2011a; Caetano et al., 
2013; Campos et al., 2013; Santos et al., 2014), its use 
as an indicator of changes in SOM quality by long-
term soil management systems and by the use of cover 
crops and phosphate fertilization are still limited for 
the Cerrado region.

The objective of this work was to evaluate the 
effects of soil management systems, cover crops, and 
phosphate fertilization on soil humic fractions in a 
long-term experiment.

Materials and Methods

The study was carried out in the experimental 
area of Embrapa Cerrados, in Planaltina, Brasília, 
DF, Brazil (15°36'S, 47°42'W, at 1,014-m altitude). 
The climate is Cwa according to Köppen, with mean 
annual temperature of 21.3°C and precipitation of 
1,570 mm. The experiment was established in a 

Latossolo Vermelho distrófico, i.e., an Oxisol, with a 
gently undulating relief (3% slope) and 571 g kg-1 clay, 
72 g kg-1 silt, and 357 g kg-1 sand.

The area was deforested in 1976 and used for pasture 
and grain production over 20 years. In 1996, prior to 
soybean (Glycine max L.) sowing, lime was applied in 
the area for grain production. In the same agricultural 
year and in the following one (1997/1998), the area 
was cultivated with soybean with the application of 80 
kg ha-1 P2O5 in the planting furrow, 80 kg ha-1 K2O as 
KCl, and 30 kg ha-1 sulfur as gypsum, broadcasted on 
the soil surface. In 1998/1999, corn was grown in the 
area and 80 kg ha-1 K2O, 30 kg ha-1 S, and 150 kg ha-1 
N as urea were applied at corn (Zea mays L.) planting, 
without phosphate fertilization. These three cultivation 
cycles were cropped in order to provide knowledge on 
area variability for selecting the experimental design 
and to achieve a state of high fertility for studying P 
management under this condition.

The experimentation actually began in the 1999/2000 
season, with appropriate chemical soil conditions, 
using corn-soybean succession, with winter cover 
crops sown at the end of the rainy season and mowed 
at the flowering stage. Fertilizations with N, K, and S 
were equal to those in the three previous years, and the 
treatments with P doses were established. In 2008 and 
2009, the cover crops were fertilized with 45 kg ha-1 N 
as urea, in order to increase plant biomass production.

Because of the common mid-summer drought 
phenomenon in the region (“veranico”), soybean and 
corn crops received supplemental sprinkler irrigation 
during drought occurrences in the rainy season. 
Irrigation was based on tensiometers installed in the 
plots at 0.20-m depth, when soil water tension reached 
45 kPa. The cover crops were also irrigated in winter 
with abundant water.

A randomized complete block design with split-
plots was used. Management systems were randomly 
assigned to the plots, and P doses to the subplots. The 
treatments consisted of three management systems: 
CTm, conventional tillage system, with plowing 
and harrowing before planting, with pearl millet 
[Pennisetum glaucum (L.) R.Br.] as cover crop; NTm, 
no-tillage system, with pearl millet coverage; and 
NTv, no-tillage with velvet bean (Mucuna aterrima 
Merr.) as cover crop. Phosphate fertilization treatments 
consisted of 0 and 100 kg ha-1 P2O5 per year, applied as 
granular triple superphosphate in the planting furrow.
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Soil samples were taken in March 2010, during the 
seed filling of soybean, at 0.00–0.05, 0.05–0.10, and 
0.10–0.20-m soil depths, using an auger with 0.05-m 
diameter. One composite sample was taken per plot, 
formed by 20 subsamples, i.e., four locations within 
each plot x five subsamples per location: one on the 
line and four on the equidistant inter-row spaces. The 
soil was homogenized and separated for chemical 
analyses, after air-drying and sieving to 2.0 or 0.5 mm.

Soil samples at the same depths were also taken under 
native Cerrado vegetation close to the experiment, and 
used as a reference condition. These samples were 
taken at 20 random points, in two different places, that 
is, with two replicates.

Organic carbon (OC) was determined by wet 
oxidation with potassium dichromate (10 mL of 
0.167 mol L-1 K2Cr2O7) in sulfuric acid medium  
(20 mL H2SO4), without an external heat source, followed 
by titration with 0.4 mol L-1 Fe(NH4)2(SO4)2.6H2O 
(Walkley & Black, 1934).

Organic matter fractionation was performed by 
differential solubility in acidic and alkaline mediums, 
according to Dabin (1976) and Benites et al. (2003). 
Firstly, soil samples were subjected to a pre-treatment 
with 40 mL of orthophosphoric acid solution 2 mol L-1, 
in order to separate the light organic matter fraction 
through density and to solubilize the free fulvic acid 
(FFA) fraction; the filtered extract corresponded to 
FFA (Dabin, 1976).

After the separation of this fraction, the solid residue 
retained in the centrifuge tube was subjected to extraction 
of the other fractions: fulvic acid (FA), humic acid 
(HA), and humin (HU), by stirring with 20 mL NaOH 
0.1 mol L-1, according to Benites et al. (2003). The pH 
value of the alkaline extract (supernatant) was adjusted 
to 1.0–1.5, with H2SO4 20%, in order to separate humic 
and fulvic acids. The supernatant corresponding to 
FA was transferred to another centrifuge tube and its 
volume was completed to 50 mL distilled water. Then, 
30 mL NaOH 0.1 mol L-1 were used in the precipitate, 
corresponding to HA, which was then homogenized, 
and the volume was completed to 50 mL distilled water. 
Unlike in Benites et al. (2003), in the present study, the 
insoluble residue retained in the centrifuge tubes was 
considered as being the humin fraction, following the 
procedure described by Fontana et al. (2011b) and 
Gazolla et al. (2015). This fraction was heated in an 
oven up to 45ºC, until complete drying.

Carbon levels were determined in the extracts of the 
fractions: FFA, FA, HA, and HU. This was performed 
by carbon oxidation with potassium dichromate and 
titration with ferrous ammonium sulfate, with heating 
under reflux. The HA/FA ratio, an indicator of the 
quality of organic matter, was also obtained.

In the present study, a model with repeated measures 
was used, due to the importance of understanding the 
effect of depth in conventional and no-tillage systems 
and to overcome sample dependency between layers 
(Vivaldi, 1999). For this purpose, the restricted 
maximum likelihood model (REML), using Proc 
Mixed of SAS, version 9.1 (SAS Institute Inc., Cary, 
NC, USA), was considered in the analysis of variance 
(Anova) of the levels of OC, FFA, FA, HA, and HU, 
with the following model: Yijk = μ + Bj + Si + eij + Dk 
+ (SD)ik + dl + (dS)il + dDkl + dSDikl + eijkl, in which 
μ is the overall data mean; B is the block (j = 1, 2, 
3); S is the management system (i = 1, 2); D is the P 
dose (k = 1, 2); d is soil depth (l = 1, 2, 3); and e is the 
experimental error.

When Anova was significant, Student’s test was 
used to compare the means at 5% probability.

Results and Discussion

A summary of Anova is shown in Table 1. Under no-
tillage system (NT), the distribution of OC followed 
a gradient, according to soil layers, at both doses 
of P. Greater OC levels were found in the top layer, 
decreasing with depth. This result contrasted with that 
of the conventional tillage system (CT), which did not 
show stratification of OC at the dose of 100 kg ha-1 
per year (P1) (Table 2). Guareschi et al. (2012) also 

Table 1. Significance values of the effects of management 
system, phosphorous dose, soil depth, and their interactions 
on soil organic carbon and humic fractions(1).

Source of variation TOC Humic substance
FFA FA HA HU

System <0.0001 0.5200 0.0865 0.0293 0.0085
Dose <0.0001 0.7470 0.3555 <0.0001 0.5616
System x dose 0.5214 0.4479 0.1485 0.4499 0.0063
Depth <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
System x depth <0.0001 0.0511 0.0006 <0.0001 <0.0001
Dose x depth 0.0028 0.3247 0.0154 0.0216 0.0004
System x dose x depth 0.0337 0.0793 0.5344 0.1341 0.0568

(1)TOC, total organic carbon; FFA, free fulvic acid; FA, fulvic acid; HA, 
humic acid; and HU, humin.
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reported stratification of OC levels with depth, under 
NT, with higher levels in the upper layers than CT.

Minimum soil disturbance, virtual absence of 
mechanical incorporation of organic waste into soil 
layers, and pronounced growth of roots in soil upper 
layers contribute to the gradient formation of OC 
levels (Bordin et al., 2008). However, conversion of 
natural vegetation into agroecosystems via ploughing 
degrades soil quality, and the mixing of the topsoil with 
the subsurface decreases organic matter stratification 
in CT (Franzluebbers, 2002).

The stratification of C in the soil upper profile plays 
an important role in soil quality, since stresses related 
to the application of pesticides, fertilizers, and to 
machinery traffic directly affect soil surface (Tormena 
et al., 2004), and greater concentrations of OC in the 
upper layers at NT allow greater stability of the porous 
system, mitigating the effects of soil compaction 
(Franzluebbers, 2002).

Regardless of the management system, phosphate 
fertilization and soil depth, humic fractions accounted 
for 80% total organic carbon (TOC). Among the 
fractions, HU accounted for 32% TOC, whereas the 
other fractions – FFA, FA, and HA – accounted for, in 
average, 11, 24, and 13% TOC.

The levels of C in humic fractions were affected 
by management systems and P doses, with significant 
double interactions, that is, system vs. depth, and dose 
vs. depth (Table 1). Carbon levels in the FFA fraction 
ranged from 1.65 to 2.00 g kg-1 (Figure 1) and, in FA, 
from 3.11 to 4.97 g kg-1 (Figure 2). The highest levels of 
FFA were found in deeper layers (0.05–0.10 and 0.10–
0.20 m) in NT, since this fraction has higher mobility 
and is not associated with mineral material (Guerra & 
Santos, 2008). These fractions are the most labile humic 
substances because of their lower molecular weight and 
higher density of carboxylic groups, compared to other 
fractions, such as HA and HU. Therefore, they show 

greater mobility in soil, which favors accumulation in 
deeper soil layers (Canellas et al., 2003).

The FA fraction showed the highest contents in the 
NTm and NTv systems, but with stratified distribution 
between the soil layers, with higher contents in the 
surface layers. Both FFA and FA fractions were more 
evenly distributed between the soil depths in NT. 
Moreover, CT showed lower FA contents than the 
other systems. This more even distribution in the soil 
upper profile, along with the lower content of FA in 
CT, can be explained by the greater soil disturbance 
in this system, which becomes more susceptible to 
decomposition (Sá et al., 2015).

Several studies reported higher levels of C in the 
FA fraction in deeper soil layers (Passos et al., 2007; 
Fontana et al., 2011b; Caetano et al., 2013). However, 
in the present study, this mobility under NT was not 
so pronounced, possibly because the sampling depth 
was limited to 0.20 m. Soil management may also have 
contributed to the lower FA levels under CT, suggesting 
that this fraction moved to greater depths or that it was 
transformed into HA.

The levels of HA ranged from 1.1 to 4.6 g kg-1 
(Figure 2) and corroborate data from Pessoa et al. 
(2012). The distribution of this fraction in the soil 
was similar to that of FA, with levels decreasing in 
deeper soil layers under NT compared to CT. The HA 
fraction reduced 65%, in average, from the 0.00–0.05 
to the 0.10–0.20-m layer. As for the FA fraction, this 
decrease was 25%, indicating that this fraction had 
greater mobility through the soil profile in comparison 
to HA. Santos et al. (2013) also observed that the levels 
of fulvic and humic acids decreased in deeper soil 
layers due to the decreased presence of crop residues, 
confirming the findings of the present study.

Benites et al. (2003) highlighted that the alkaline-
insoluble residue, mainly because of the presence 
of non-humic materials, does not represent the HU 

Table 2. Total organic carbon in different soil layers of an Oxisol cultivated for 11 years under different soil management 
systems, cover crops – velvet bean (Mucuna aterrima) or pearl millet (Pennisetum glaucum) –, and phosphorus doses(1).

Depth  
(m)

NT velvet bean NT pearl millet CT pearl millet
P0 P1 P0 P1 P0 P1

0.00–0.05 18.98Ca 22.13Ba 20.74Ba 24.28Aa 15.72Da 16.48Da
0.05–0.10 16.75ABb 16.29BCb 17.65ABb 18.23Ab 14.91Cab 16.51Ba
0.10–0.20 13.46Bc 12.98Bc 14.09Abc 14.37Abc 13.93ABb 15.05Aa

(1)Means followed by equal letters, uppercase in the lines and lowercase in the columns, do not differ by Student’s test, at 5% probability (n = 3). NT, 
no-tillage system; CT, conventional tillage system; P0, 0.0 kg ha-1 P2O5 per year; and P1, 100 kg ha-1 P2O5 per year, as triple superphosphate applied in the 
planting furrow. 
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fraction. However, in the present work, the HU fraction 
was considered as all the insoluble residue in the alkali 
solution during the classical fractionation of humic 
substances, as in Fontana et al. (2011b) and Gazolla 
et al. (2015).

The HU fraction also had a similar distribution, 
with differences between management systems and 
cover crops only in the surface layer, following the 
pattern NTm>NTv>CTm (Figure 2). In NT, cover 
crops provided different contents of HU, with higher 
levels in NTm. This was also observed for HA, in the 
surface layer. The greater amount of biomass input by 
the grass, when compared to velvet bean, can explain 
this result, which was also observed by Nunes et al. 
(2011) in the same experiment. Arlauskiene et al. 
(2010) reported a significant increase in HA levels 
after the introduction of cover crops in the evaluated 
systems, with increasing tendency over the years. HU 
values were lower in CT compared to NT, indicating 
that even this more recalcitrant fraction is affected by 
soil management (Fontana et al., 2011b).

Phosphate fertilization (P1) raised the levels of FA, 
HA, and HU (Figure 2). This increase was significant 
for FA and HU in the 0.00–0.05-m layer, and for HA 
in the first two layers. This can be attributed to the fact 

that phosphate fertilization in soil management systems 
tends to increase the amount of dry matter added to 
the surface layers, favoring continuous decomposition 
(Fontana et al., 2001). Furthermore, P is exported by 
the crops with harvest and, since it is not restored in 
the absence of P fertilization, the nutrient is depleted 
in the soil, resulting in lower grain yield and higher 
accumulation of biomass in the soil (Nunes et al., 
2011).

The HU fraction showed the highest levels in all 
soil management systems, representing the major 
form of carbon accumulation in the soil. The levels of 
HU ranged from 4 to 8 g kg-1 (Figure 2), in alignment 
with the findings of Barreto et al. (2008) and Caetano 
et al. (2013), with an average of 32% TOC (Table 3). 
This predominance of the HU fraction is related 
to its insolubility and resistance to biodegradation, 
which is favored by the formation of stable clay-
humic complexes (Fontana et al., 2011b). The lower 
percentages of FFA in soil OC indicate that the 
enhanced addition of OC by the cover crops favored 
the continuous decomposition of SOM, along with this 
easily biodegradable fraction, as reported by Fontana 
et al. (2001).

The percentages of the less stable fractions, 
that is, FFA and FA, in soil OC increased in deeper 
layers, in all management systems and in the native 
environment, showing the greater mobility of these 
fractions (Table 3). In turn, the percentages of HA 
and HU in OC decreased in deeper layers, except for 
the more homogeneous percentage of HU in native 
Cerrado. The smaller percentage of HA in relation to 
FA in OC indicates a different formation dynamics of 
these acids, possibly due to the lower stabilization of 
SOM in the studied environments (Kleber et al., 2007) 
The resultant low HA/FA ratio, which ranged from 0.2 
to 0.9 (mean 0.5), indicates a poorly stabilized organic 
matter (Table 4). In tropical soils, this ratio is usually 
less than 1, due to the lower intensity of humification 
processes, such as condensation and synthesis, and to 
the intense mineralization of residues (Cerri & Volkoff, 
1988).

The HA/FA ratio was higher in the surface layer and 
decreased in the deeper layers under NT. The greater 
biological activity in surface layers increases OC 
mineralization and the production of soluble phenolic 
compounds. Through polycondensation, these 
compounds generate the HA fraction (Duchaufour, 

Figure 1. Distribution of the free fulvic acid (FFA) fraction 
at different soil depths of an Oxisol cultivated for 11 years 
under different soil management systems: NTv, no-tillage + 
velvet bean (Mucuna aterrima) as a cover crop; NTm, no-
tillage + pearl millet (Pennisetum glaucum) as a cover crop; 
and CTm, conventional tillage + pearl millet as a cover crop. 
Means followed by equal letters, lowercase for depths and 
uppercase for systems at the same depth, do not differ by 
Student’s test, at 5% probability.
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1977). When P was added to soil under NT, the ratio 
was similar to that observed in the natural Cerrado 
environment. In CT, it was lower in the 0.00–0.05-m 
soil layer, for both P doses.

Humic fractions were lower in native Cerrado 
(Figure 3), despite being considered protected and 
stable forms of carbon. Increases in the HA fraction 
in the NTm and NTv systems were observed when 

Figure 2. Distribution of the fulvic acid (FA), humic acid (HA), and humin (HU) fractions at different soil depths of an Oxisol 
cultivated for 11 years under different soil management systems and at different P fertilization doses. Management systems: 
NTv, no-tillage + velvet bean (Mucuna aterrima) as cover crop; NTm, no-tillage + pearl millet (Pennisetum glaucum) as 
cover crop; and CTm, conventional tillage + pearl millet as cover crop. P fertilization doses: P0, 0.00 kg ha-1 P2O5 per year; 
and P1, 100 kg ha-1 P2O5 per year, as triple superphosphate applied in the planting furrow. Means followed by equal letters, 
lowercase for depths and uppercase for systems at the same depth, do not differ by Student’s test, at 5% probability.
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phosphate fertilization was used, in all soil layers. 
This increase shows the improvement in OC quality 
promoted by agriculture management systems, when 
compared to native Cerrado, since HA contents are 
directly correlated with parameters of fertility and 
quality of SOM (Canellas et al., 2003).

As for the 0.05–0.10 m layer, the HA fraction 
increased in all management systems, except in CT 

Table 3. Carbon in soil humic fractions in relation to total 
organic carbon (TOC) at different soil depths of an Oxisol 
cultivated for 11 years under different soil management 
systems and cover crops – velvet bean (Mucuna aterrima) 
or pearl millet (Pennisetum glaucum) –, at the P fertilization 
dose of 100 kg ha per year P2O5

(1).

System FFA/
TOC

FA/
TOC

HA/
TOC

HU/
TOC

0.00–0.05 m
No-tillage + velvet bean  7 20 17 33
No-tillage + pearl millet  7 21 18 35
Conventional tillage + pearl millet 13 30 17 35
Cerrado 10 18 14 38

0.05–0.10 m
No-tillage + velvet bean 12 25 15 30
No-tillage + pearl millet 10 24 14 31
Conventional tillage + pearl millet 11 23 14 29
Cerrado 13 23 11 36

0.10–0.20 m
No-tillage + velvet bean 16 24 10 31
No-tillage + pearl millet 13 23 10 31
Conventional tillage + pearl millet 12 24 12 30
Cerrado 14 23  8 36

(1)FFA, free fulvic acid; FA, fulvic acid; HA, humic acid; and HU, humin.

Table 4. Values of the ratio between humic acid and fulvic 
acid (HA/FA) at different soil depths of an Oxisol cultivated 
for 11 years under different soil management systems, 
cover crops – velvet bean (Mucuna aterrima) or pearl millet 
(Pennisetum glaucum) –, and P fertilization levels(1).

Depth (m) NT velvet bean NT pearl millet CT pearl millet Cerrado
P0 P1 P0 P1 P0 P1

0.00–0.05 0.6 0.8 0.7 0.9 0.5 0.6 0.8
0.05–0.10 0.5 0.6 0.6 0.6 0.5 0.6 0.5
0.10–0.20 0.3 0.4 0.3 0.4 0.4 0.5 0.4

(1)NT, no-tillage system; CT, conventional tillage system; P0, 0.00 kg ha-1 
per year P2O5; and P1, 100 kg ha-1 per year P2O5, as triple superphosphate 
applied in the planting furrow.

Figure 3. Percentage of humic fractions under different soil management systems: NTv, no-tillage + velvet bean (Mucuna 
aterrima) as a cover crop; NTm, no-tillage + pearl millet (Pennisetum glaucum) as cover crop; and CTm, conventional tillage 
+ pearl millet as cover crop, at different P fertilization doses (P0, 0.00 kg ha-1 P2O5 per year; and P1, 100 kg ha-1 P2O5 per year, 
as triple superphosphate applied in the planting furrow), compared to native Cerrado vegetation at 0.00–0.05, 0.05–0.10, 
0.10–0.20, and 0.00–0.20-m soil depths (weighted average). FFA, free fulvic acid; FA, fulvic acid; HA, humic acid; and HU, 
humin. *Absolute values of FFA, FA, HA, and HU in Cerrado soil at the following layers: 0.00–0.05 m, 2.53, 4.63, 3.33, and 
9.35 g kg-1, respectively; 0.05–0.10 m, 2.60, 4.44, 2.01, and 6.53 g kg-1; 0.10–0.20 m, 2.12, 3.71, 1.26, and 5.55 g kg-1; and 
0.00–0.20 m, 2.34, 4.11, 1.96, and 6.74 g kg-1.
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with phosphate fertilization (Figure 3). In general, 
higher values were observed with the application 
of 100 kg ha-1 P2O5 per year. This reinforces the idea 
that the use of fertilizers, crop rotation, and cover 
crops is related to higher concentrations of biomass 
in soil surface layers, and, therefore, to higher levels 
of C in humic fractions, contributing to a more stable 
ecosystem.

Conclusions

1. The no-tillage system tends to promote the 
stratification of soil organic carbon and of humic 
substances according to soil depth, whereas 
conventional tillage promotes a more even distribution 
of total carbon within soil layers.

2. The main changes in organic carbon levels occur 
in the surface soil layer (0.00–0.05 m), in which the no-
tillage system with pearl millet (Pennisetum glaucum) 
as cover crop provides the highest carbon levels in the 
humic fractions.

3. The use of phosphate fertilization, for 11 years 
under no-tillage, using pearl millet as a cover crop, 
promotes the accumulation of organic carbon in soil 
humic fractions.
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