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ABSTRACT

Vinasse is considered the main residue of the sugar and alcohol industry and its application in agriculture
provides a considerable amount of potassium and other nutrients to the soil. However, care should be taken
when using it for the fertigation of sugarcane fields owing to its high polluting potential. Based on the
hypothesis that sandy textured soils promote a greater leaching of cations and therefore a lower cation
availability for plants than other soils, the aim of the present study was to evaluate the dynamics and levels of
cations along the profile of two Oxisols after vinasse application in elution columns. The experiment was
conducted in the Hydraulics and Irrigation laboratory of the Federal Institute of Goids - Rio Verde Campus,
Goias, Brazil. Two soils were used: Rhodic Hapludox with clayey texture and Oxisol-Typic Hapludox with
sandy texture. Rigid polyvinyl chloride (PVC) columns with 0.20 in height and 0.07 m in diameter were used.
The columns were dismantled and the chemical analysis of K, Ca, Mg, Na, Cu, Zn, Fe, and Mn nutrient
concentrations was performed in the 0.00-0.05, 0.05-0.10, 0.10-0.15, and 0.15-0.20 m layers of the PVC soil
column. There was a large K concentration increase along the surface profile of both soils after vinasse
application. The Rhodic Hapludox promoted a higher gradient of K concentration than the Oxisol-Typic
Hapludox, as well as the highest concentrations along the profile. Conversely, the Oxisol-Typic Hapludox
promoted a greater leaching of K than the Rhodic Hapludox. The increase in K concentrations promoted the
transport, mainly of Ca and Mg, to deeper layers in both soils. In general, metallic ions had greater mobility in
sandier soil, resulting in higher leached contents. Interactions between pH/organic matter and ions could be
observed.
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INTRODUCTION and Cortez, 2000), and it can damage the soil

and surface and ground waters when used

Vinasse is one of the main by-products
of sugarcane processing, originating
from the ethanol production process. It
is important because of its chemical
composition, which includes nutrients and
organic matter, with potassium (K) constituting
around 20% of the total organic and mineral
compounds (Marques, 2006). Therefore,
vinasse is widely applied by sugar and
alcohol mills in sugarcane plantations as a
form of organic and mineral supplementation,
mainly in the form of fertigation. However,
despite its nutritional benefits to plants,
vinasse is characterized as an effluent from
distilleries with high polluting power (Freire

incorrectly (Santos et al., 2018a).

The main constituent of vinasse is organic
matter, mainly formed by organic acids and,
to a lesser extent, cations such as K*, Ca*?
and Mg (Ribeiro et al., 2014). When
applied to the soil, vinasse can improve
fertility by increasing the levels of nutrients
and organic matter (Ribeiro et al., 2019) and
improve the physical characteristics of the
soil (Melo et al., 2019). However, when used
for this purpose, the quantities should not
exceed their ion retention capacity.
Therefore, the dosages should be measured
according to the characteristics of each soil,
since vinasse has different amounts of
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mineral and organic elements, which may
lead to leaching of several of these ions,
especially nitrate and K (Silva et al., 2007).

The soil capacity to retain the applied K is
highly dependent on the cation exchange
capacity of the soil. Consequently, the
quantities of organic matter and clay
influence the degree of leaching. Soils with
high cation exchange capacity have great
ability to retain the applied K. However, the
washing of this element is a frequent problem
in sandy soils (Libardi, 2005).

In view of the above, the aim of the
present study was to evaluate the distribution
of Ca, Mg, and Na ions as a function of K,
and metal ion (Cu, Zn, Fe, and Mn)
concentrations as a function of pH and
organic matter along the profile of two
distinct oxisols (clay and sandy texture) after
vinasse application in elution columns.

MATERIAL AND METHODS

The experiment was conducted in the
Hydraulics and Irrigation laboratory of the
Federal Institute of Education, Science, and
Technology of Goids - Campus Rio Verde,
Goias, Brazil.

Two types of soil were studied. The first
one was collected in a farm area belonging to
the Federal Institute of Goias - Campus Rio
Verde, Goiés and can be classified as Rhodic
Hapludox (Latossolo Vermelho distroférrico -
LVdf) with clayey texture according to the
Brazilian Soil Classification System (Santos
et al., 2018b), with oxisol and ferrosol
classifications in the Soil Taxonomy (USDA,
1999) and the WRB/FAO (2015), respectively.
The second soil, collected at the Rio Preto
farm, also in the municipality of Rio Verde,
Goiés, can be classified as Oxisol-Typic
Hapludox (Latossolo Vermelho distrofico -
LVd) with sandy texture according to the
Brazilian Soil Classification System (Santos
et al., 2018b), with oxisol and ferrasol
classifications in the Soil Taxonomy (USDA,
1999) and the WRB/FAO (2015), respectively.
Both were cultivated with pasture. Deformed
samples were collected from each soil in
0.00-0.20 m depth layers. Initially, soil physical
and chemical parameters were determined
following the methodologies described by
Embrapa - Brazilian Company of Agricultural
Research (Teixeira et al., 2017), with
subsequent filling of the soil columns
(Table 1).

Table 1. Physical and chemical characteristics of the Rhodic Hapludox (LVdf) and Oxisol-Typic Hapludox (LVd)
in the 0.00-0.20 m layer

Soil Ca Mg Ca+Mg Al H+Al K S P CaCl,
oi
—————————————————— 01116) PV el 1171 | e— pH
Lvdf 200 0.80 2.8 0.05 6.9 0.08 31 3.9 1.8 4.76
Lvd 1.06 0.22 1.3 0.15 2.6 0.14 56 6.0 2.0 4.57
Na  Fe Mn Cu Zn cTc sB® V%°© m%*
Solo . . Bases Aluminum
-3 -3
--------- Micronutrients (mg dm™) --------- cmol, dm Saturation Saturation
Lvdf 1.0 28.5 23.6 3.3 1.0 9.8 2.9 29 1.7
Lvd 3.0 46.7 27.2 0.4 04 4.0 14 36 9.5
Texture (%) OM® Ca/Mg Ca/K Mg/K Ca/CTC  Mg/CTC K/CTC
Soil
Clay  Silt Sand 10 1 A — Relationship between bases --------------
Lvdf 60 10 30 44.4 25 25.3 10.0 0.20 0.08 0.01
Lvd 10 3 87 14.2 4.9 1.5 0.74 0.15 0.10

P (Honey), K, Na, Cu, Fe, Mn, and Zn = Melich 1; Ca, Mg, and Al = KCI 1N; S = Ca(H,P0O,), in HOACc;

M.O. = colorimetric method; B = BaCls,.

“Cation exchange capacity; "sum of bases; ‘bases saturation; “aluminum saturation; organic matter.
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The samples from each soil were taken to and 0.07 m in diameter. They were filled up to
the laboratory, smashed, sieved in a 2 mm a height of 0.20 m, resulting in a soil volume
mesh, and prepared using the air-dried soil of 0.0008 m®. Columns were filled in order to
(ADS) methodology. We used Rigid polyvinyl maintain the soil density as close as possible to
chloride (PVC) columns with 0.25 m in height that found in the field (Table 2).

Table 2. Mean values of the characteristics of columns filled with Rhodic Hapludox (LVdf)
and Oxisol-Typic Hapludox (LVd)

*

PVC column Column with soil Soil Sd
Column 3
kg kg m
LVvdf 0.17 1.16 1.00 1290.00
LVd 0.16 1.32 1.16 1500.00
“Sd - soil density
The vinasse used in the experiment was Vinasse composition was analyzed at the
collected at the Decal Rio Verde plant, in the Soil Chemistry Laboratory of the Federal
municipality of Rio Verde, Goias. Vinasse Institute of Goiads - Campus Rio Verde,
was collected in the output unit after passing Goids, according to the methodology
through the production and cooling system described by Embrapa (Teixeira et al., 2017).
and before being destined to the transport The chemical characteristics of vinasse are
channels in the field, which avoided presented in Table 3.

contamination or addition of soil particles.

Table 3. Physical and chemical characteristics of the vinasse used in the soil column

Macronutrients (g L™) gLt
N P K Ca Mg Na S-S0, om?
11 0.04 2.50 0.13 0.12 14 0.04 0.9
Micronutrients (mg L™) pH Density M.S.°
Fe Mn Cu Zn Fe gL? %
83.6 4.0 0.2 1.8 3.98 1000 0.6

P (Honey), K, Na, Cu, Fe, Mn and Zn = Melich 1; Ca and Mg = KCI 1N; S = Ca(H,PO,), in HOAC;
M.O. = colorimetric method.
#Organic matter; °dry matter.

Before starting the analysis, the soil started, with vinasse column passage through
columns were slowly saturated with distilled the lasting for 30 hours.
water by the capillarity process using a 0.02 m3 After passage of vinasse, the PVC
plastic container. To complete the saturation columns with soil were disassembled and
by capillarity, the columns were set in a tilted the physical and chemical characteristics of
position with distilled water up to 2/3 of its both oxisols were analyzed in the 0.00-0.05,
height and remained at rest for 24 hours. Then, 0.05-0.10, 0.10-0.15, and 0.15-0.20 m layers
the columns were fixed in a metallic support to obtain the concentrations of K, Ca, Mg, Na,
and the effluent reservoir containing distilled Cu, Fe, Mn, and Zn. SigmaPlot® software was
water was installed above them. Afterwards, used to prepare surface graphs, which assess
the test with washing of the soil started and it the relationships between Ca/K, Mg/K,
took 4 hours to remove all nutrients present. K/CEC, and Na/K; and to prepare graphs
The supply of distilled water was replaced by showing the depth profiles of soil pH, Cu, Fe,

vinasse, and the test of saturated columns Zn, Mn, and organic matter components.
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RESULTS AND DISCUSSION

Table 4 presents the physical and chemical
characteristics of the Rhodic Hapludox (LVdf)
and the Oxisol-Typic Hapludox (LVd) after
application of vinasse in the 0.00-0.05,
0.05-0.10, 0.10-0.15, and 0.15-0.20 m layers
of PVC columns. As compared with the initial

soil analysis (before vinasse application),
there was an average increase in the K
content of 1000 and 400% in LVdf and
LVd, respectively, after vinasse application
(Table 1). This reduced base ratios by 30 and
53% (Na/K), 36 and 65% (Ca/Mg), 91 and
82% (Ca/K), and 87 and 43% (Mg/K) in
LVdf and LVd, respectively.

Table 4. Physical and chemical characteristics of the Rhodic Hapludox (LVdf) and Oxisol-Typic Hapludox (LVd),
after application of vinasse in the 0.00-0.05, 0.05-0.10, 0.10-0.15, and 0.15-0.20 m soil column layers

Texture (%) K pH Relationship between bases
Soil (m) . mg
Clay Silt  Sand am? CaCl, Na/K Ca/Mg Ca/K Mg/K K/CEC
Lvadf
coeobs 63 13 24 470 418 003 12 14 1.2 0.28
LVdf
ooolo 46 13 40 380 433 002 15 17 12 0.26
LVdf
odoos 63 13 24 30 470 002 18 2.4 13 0.21
LVdf
odoobo 60 13 27 330 487 002 19 3.2 16 0.17
LVd 10 7 83 270 425 003 12 12 11 0.30
0.00-0.05 : : : : ' :
LVd 10 3 87 230 425 003 27 17 0.6 0.30
0.05-0.10 : : : : ' :
LVd 10 3 87 230 423 002 13 13 1.0 0.30
0.10-0.15 : : : : ' :
LVd 10 3 87 250 435 002 17 12 0.7 0.33
0.15-0.20 : : : : ' :

K, Na = Melich 1; Ca and Mg = KCI 1N.

Agreeing with the behavior of K observed
by Brito et al. (2005), when studying the K
content in the leachate after vinasse
application in different soils, we observed an
increase in the levels of Ca, Mg and Na after
vinasse application, as can be seen in Figures
1, 2, 3, and 4. However, given that K
concentration in vinasse is much higher than
that of other components (Table 3), it
resulted in changes in the balance between
bases in the Oxisols.

The clayey texture and higher CEC of
the LVvdf (Table 1) promoted the highest
concentrations of K along the soil profile
(Table 4). In LVdf, K concentration in the
soil profile showed large heterogeneity
among the evaluated layers, with a 30% K
concentration decrease in the 0.15-0.20 m
layer from the more superficial layer
(0.00-0.05 m). Contrastingly, LVd showed
only a 7% decrease in K concentration from
the superficial layer.

According to Melo et al. (2006), K, due to
its cationic character, is more easily adsorbed
to the soil matrix the higher the cation
exchange capacity (CEC) of the soil. Our
results corroborated this when LVdf and LVd
were compared in this study. When vinasse is
applied to sandy soils, leaching of K to
deeper layers is predicted as the wetting front
advances. Moreover, Brito et al. (2007) and
Silva et al. (2018) found an association between
soil type and vinasse doses, which interfered
with the cation concentration of the drained
solution (leachate).

Cherubin et al. (2015) studied the
chemical properties of Brazilian tropical soils
and observed that the increase in clay content
determined greater accumulation of K after
vinasse application in soils cultivated with
sugarcane.

The Ca contents were different in the
profile of each oxisol as a function of K
concentrations. In LVdf, the decrease in K
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concentration with the deepening of the soil
layer promoted the increase in Ca content
(Figure 1A). In LVd, the highest levels of

Ca were observed in the 0.00-0.15 m soil
layer, which coincided with the lowest
concentrations of K (Figure 1B).
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Figure 1. Calcium concentrations as a function of depth soil and potassium concentration in LVdf (A)
and LVd (B) after application of vinasse

The highest concentration of Ca,
530 mg dm™, was observed in the deepest
layer of L\Vdf. When this layer was compared
to the initial and intermediate layers there
were Ca concentration decreases of 39 and
25%, respectively. Ca concentrations were
higher in LVdf than in LVd, around 47, 41,
67, and 70% in the 0.00-0.05, 0.05-0.10,
0.10-0.15, and 0.15-0.20 m layers, respectively.

Silva et al. (2016) observed that excess of
K from vinasse application can displace other
cations (Ca** > Mg** > Na") of the exchange

complex in a greater proportion than soils
with lower base saturation, enabling greater
leaching. In this sense, a greater displacement
of Ca may cause a deficit of this nutrient in
plants (Lelis Neto, 2008).

Mg showed the opposite behavior of Ca in
both soils. The decrease in K concentrations
as depth increased reduced Mg concentrations
in LVdf (Figure 2A). In LVd (Figure 2B), the
highest concentrations of K were found in the
0.00-0.10 and 0.15-0.20 m layers, resulting in
the highest concentrations of Mg.
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Figure 2. Magnesium concentrations as a function of depth soil and potassium concentration in the in L\Vdf (A)
and LVd (B) after application of vinasse
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The concentrations of Mg were higher
in LVdf than in LVd, with around 47, 41,
67, and 70% in the 0.00-0.05, 0.05-0.10,
0.10-0.15 and 0.15-0.20 m layers, respectively.

Bebé et al. (2009), evaluating soils under
different periods of application of vinasse,
found a negative correlation between K
contents and soil depth, with a reduction of
concentration in soil depth. Camargo et al.
(1983) observed an increase in cations (K,
Ca, Mg, and Na) at the evaluated depths due

to the amount of these elements supplied by
vinasse application.

In LVdf and LVd, the deepening of the
layers as a function of the decrease in K
concentrations reduced Na concentrations
(Figure 3A and 3B). The highest
concentrations of Na, 13, 9, 9 and 8 mg dm,
were found in LVdf when compared to LVd.
Reductions of 46, 33, 44 and 25% were
observed in 0.00-0.05, 0.05-0.10, 0.10-0.15
and 0.15-0.20 m layers, respectively.
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Figure 3. Sodium concentrations as a function of depth soil and potassium concentration in the in LVdf (A)
and LVd (B) after application of vinasse

A lower gradient in Na contents is observed
along the profile as a function of K
concentrations in the two Oxisols, when
compared to Ca and Mg (Figures 1 and 2).
According to Silva et al. (2012), highly
mobile ions can easily be lost through leaching
and contaminate groundwater. For example,
K" and Na*, which have good mobility in the
soil, mainly due to their monovalent character
compared to the other bases and, salinizing
potential of soils and waters.

As expected, there was an increase in the
CEC of both soils due to the increase in soil
bases. CEC values varied according to soil
depth and K concentrations. In LVdf and
LVd, the highest concentrations of K,
and, therefore, of CEC, were observed in the
0-5 cm layer (Figure 4A and 4B). According
to Martins et al. (2016), the highest effective
CEC is related to the increase in pH and
cation concentrations (K, Ca, Mg, and Na).
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Figure 4. CEC values as a function of depth soil and potassium concentration in the in LVdf (A)
and LVd (B) after application of vinasse

The highest values of CEC were observed
in LVdf, 16, 16, 14 and 13 cmol, dm?,
in the 0.00-0.05, 0.05-0.10, 0.10-0.15, and
0.15-0.20 m layers, respectively. They were
on average 60% higher than the values found
in LVdf. Silva et al. (2007) analyzed the
effects of vinasse application on soil
properties and groundwater and concluded
that the dosage to be applied with lower
chances of contaminating groundwater
depends on soil texture, since it exerts an
influence on soil CEC. This can be observed
in the relationship between the CEC values,
depth, and K concentrations and by
comparing the LVdf and LVd under study.

Surface profile K concentrations being
higher in LVdf than in LVd (Figures 1, 2, 3
and 4) can also be related to differences in
water retention between the soils. With the
occupation of all the negative electrical
charges of the soil by the cations, the surplus
of K that remains in the solution suffers
greater influence of mobility in relation to the
volumetric content of water in the soil

(wetting front) (Barber, 1962; Ribeiro et al.,
2014), causing higher or lower leaching rates.
It is worth mentioning that this phenomenon
is accentuated when the main form of K
displacement by the soil in the solution is
through mass flow.

Given that Cerrado soils are highly
weathered, especially the Oxisols, they have
a predominance of aluminosilicate minerals
measuring the same as particles in the clay
fraction with negative charge (Raij, 1986).
Therefore, they have great affinity with soil
bases (K, Na, Ca, and Mg), especially in soils
with medium to clayey texture. This justifies
our detection of the highest values of both
CEC and nutrients in L\df.

In the LVdf profile, organic matter (OM)
increased at increasing depth to a maximum
of 57.85 g dm™ at 0.07 m depth and decreased
to a minimum concentration of 45.25 g dm™
at 0.18 m depth, while pH increased from
4.13 at 0.01 m depth to 4.62 at 0.18 m depth
(Figures 5 and 6).
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Figure 5. Concentrations of iron (A and B), manganese (A and B), organic matter (A) and pH (B)
in the Rhodic Hapludox (LVdf) after application of vinasse

The iron ion (Fe) had a 89.85%
concentration decrease with increasing depth
and pH, from 137.87 mg dm™ at a depth of
0.01 m to 14.00 mg dm™ at a depth of 0.2 m,
showing the influence of pH on the Fe
concentration, while OM remained more
stable and was not influenced so much by
the retention of Fe ion. According to Schmitz
et al. (2017) pH is one of the factors that
most influences the solubility of metals,
and its increase causes the reduction of
their solubility, due to the formation of
precipitates.

The manganese ion (Mn) increased with
increasing depth and pH of soil, starting from
a minimum concentration of 3.7 mg dm™ at a
depth of 0.01 m and reaching a maximum
concentration of 100.82 mg dm™ at a depth of
0.16 m.

The copper ion (Cu) concentration (Figure 6)
decreased 13.95% along the entire profile,
starting from a concentration of 3.87 mg dm™ at
of 0.01 m depth to 3.33 mg dm™ at a depth of
0.2 m, showing a greater interaction of Cu with
OM but not showing an influence of increased
pH on Cu retention in this L\Vdf profile.
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Figure 6. Concentrations of copper (A and B), zinc (A and B), organic matter (A) and pH (B)
in the Rhodic Hapludox (LVdf) after vinasse application

The zinc ion (Zn) decreased 83.13%
along the LVdf profile, starting from a
concentration of 6.52 mg dm™ at a depth of
0.01 m to a concentration of 1.10 mg dm™ at

a depth of 0.2 m. Thus, Fe presented the
strongest relationship to pH in the profile,
with an increase in pH corresponding to a
decrease in Zn concentration. The pH
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increase causes an increase in the cation
exchange process of metals in the soil due to
reduced availability of H* ions that interact
with negative charges (EPA, 2007).

In agreement with the results expressed in
Figures 5 and 6, Dias (2018) observed that
after the application of pig manure in Oxisol,
the highest concentrations of Cu and Zn
remained in the first 0.05 m of soil, showing
a lower eminent risk of groundwater

contamination due to the lower transport of
these ions to the deeper layers of soil.

OM increased with depth in the LVd
profile to a maximum of 17.23 g dm™ at a
depth of 0.2 m, with an 10.45% increase
when compared to the concentration of
15.43 g dm™ at a depth of 0.01 m, while pH
remained stable at a mean of 4.23 along
the soil profile (Figures 7 and 8).
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Figure 7. Concentrations of iron (A and B), manganese (A and B), organic matter (A) and pH (B)
in the Oxisol-Typic Hapludox (LVd) after vinasse application

Fe decreased along the LVd profile to a
minimum concentration of 87.6 mg dm™ at a
depth of 0.15 m, differing from the dynamics
in LVvdf (Figures 5A and 5B), while Mn
remained stable up to a depth of 0.14 m,
where it had a concentration of 5.99 mg dm™,
From this depth down, Fe had a considerable

concentration increase up to a depth of 0.2 m,
where it had a concentration of 21.90 mg dm,
representing a 265.61% increase.

Cu concentration (Figure 8) decreased
56.04% along the entire profile, starting from
a concentration of 0.91 mg dm™ at a 0.01 m
depth to 0.4 mg dm™ at 0.2 m depth.
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in the Oxisol-Typic Hapludox (LVd) after application of vinasse in the elution column
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Zn decreased 83.94% along the LVd
profile, from a concentration of 3.30 mg dm™
at a depth of 0.01 m to a concentration of
0.53 mg dm™ at a depth of 0.2 m.

Organic matter played a fundamental role
in the retention capacity of Cu and Zn in
LVd, in which the added organic content may
have promoted chelation of these metals,
reducing their leaching (Schmitz et al., 2017).
This shows that pH stability did not alter the
solubility of the metals along the soil profile
(Figures 7 and 8).

According to Oliveira and Matitiazzo
(2001) and Smanhotto et al. (2010), high
organic matter concentrations decrease the
presence of Zn and easily leachable forms in
the solution because of the potential for
forming precipitates with Fe and Mg oxides
and complexation with the organic matter.

LVdf had higher concentrations of Fe, Mn,
Cu, and Zn ions and OM than LVd, showing
the greater interaction of ions and MO with
the clayey texture. It was also observed that,
except for Zn ion, the behavior of ions, pH,
and OM was different in LVd when
compared to LVdf, showing the influence of
texture and potential CEC on ion and OM
retention. This suggests that a different
management should be applied when
fertigating to these soils to avoid soil and
groundwater contamination by heavy metals,
especially when working on sandy soils.

Mn had the greatest mobility for L\Vdf and
LVd deeper layers among all metallic ions.

CONCLUSIONS

Vinasse application increases the bases
contents in the soil at all the evaluated
depths, with greater intensity in LVdf soil.
K concentration in both soils decreased
with depth but with higher leaching in LVd
soil. K concentrations increase after vinasse
application promotes ion transport, mainly of
Ca and Mg, to deeper layers in both studied
soils. Ca and Mg contents are inversely
proportional to combined depth and K
concentrations in LVdf and LVd after
vinasse application. The decrease in K
concentrations, as a function of soil depth,
decreases Na contents and CEC values in

LVdf and LVd, with greater intensity in the
most superficial layer (0.00-0.05 m) in LVdf
soil. In general, metallic ions had greater
mobility in the sandy soil, resulting in higher
concentrations of leached contents in the
0.15-0.20 m layer. |Interactions between
pH/organic matter and ions also were
observed.

ACKNOWLEDGEMENTS

The authors thank the National Council
for Scientific and Technological Development
(CNPq); the Coordination for the Improvement
for Higher Level Personnel (CAPES); the
Research Support Foundation of the State of
Goids (FAPEG); the Ministry of Science,
Technology, Innovation, and Communications
(MCTIC); and the Federal Institute of
Education, Science, and Technology Goiano
(IFGoiano) - Campus Rio Verde, for the
financial and structural support to conduct
this study.

REFERENCES

Barber, S.A., 1962. A diffusion and mass-flow concept
of soil nutrient availability. Soil Science, 93(2):
39-49.

Bebé, F.V., Rolim, M.M., Pedrosa, E.M.R., Silva,
G.B., Oliveira, V.S., 2009. Evaluation of soils
under different periods of stillage aplication.
Revista Brasileira de Engenharia Agricola e
Ambiental, 13: 781-787.
http://dx.doi.org/10.1590/S1415-43662009000600017

Brito, F.L., Rolim, M.M., Pedrosa, E.M.R., 2005.
Potassium and sodium content in leachate and
soils after vinasse application. Revista Brasileira
de Engenharia Agricola e Ambiental, Campina
Grande, 9: 52-56.

Brito, F.L., Rolim, M.M., Pedrosa, E.M.R., 2007.
Cations concentration in leachate from soils
treated with vinasse. Revista Engenharia Agricola,
Jaboticabal, 27(3): 773-781.
http://dx.doi.org/10.1590/S0100-69162007000400021

Camargo, O.A., Valadares, J.M.AS., Geraldi, R.N.,
1983. Chemical and physical characteristics of
soil that received vinasse for a long time. Boletim,
76(39), Instituto Agronémico, Campinas, Brazil.

Cherubin, M.R., Franco, A.L.C., Cerri, C.E.P,
Oliveira, D.M.S., Davies, C.A., Cerri, C.C., 2015.
Sugarcane expansion in Brazilian tropical soils -
effects of land use change on soil chemical
attributes. Agriculture, Ecosystems and Environment,
211:173-184.
https://dx.doi.org/10.1016/j.agee.2015.06.006


http://dx.doi.org/10.1590/S1415-43662009000600017

269

FERNANDO RODRIGUES CABRAL FILHO ET AL.: CATION CONCENTRATIONS AND DYNAMICS
IN THE SURFACE PROFILE OF TWO OXISOLS AFTER THE APPLICATION OF VINASSE

Dias, D.C.P.,, 2018. Swine wastewater as an
alternative for soil fertilization in the Cerrado.
Graduacdo em Agronomia, Instituto de Ciéncias
Agrarias da Universidade Federal de Uberlandia:
1-23.

EPA, 2007. www.epa.gov/ada/download/issue/issuel4.pdf/
accessed on: February, 2019.

FAO - Food and Agriculture Organization of the
United Nations, 2015. World reference base
for soil resources 2014. International soil
classification system for naming soils and creating
legends for soil maps. Update 2015, Rome.

Freire, W.J., and Cortez, L.A.B., 2000. Sugarcane
vinasse. Guaiba: Agropecuéria.

Lelis Neto, J., 2008. Monitoring the fate and transport
of vinasse chemical components applied to different
soil types. Mestrado em Agronomia - Concentrado
em Irrigacdo e Drenagem. Escola Superior de
Agricultura Luiz de Queiroz, Piracicaba: 1-89.

Libardi, P.L., 2005. Soil water dynamics. Sdo Paulo,
Edusp: 1-335.

Marques, M.O., 2006. Technical and legal aspects of
vinasse production, transport and application. In:
Segato S.V., Pinto A.S., Jendiroba E.J.C.M. and
Nobrega (eds.), Atualizacdo em produgdo de
cana-de-agUcar, Piracicaba Editorial: 369-375.

Martins, P.O., 2016. Source efficiency, soil
magnesium dynamics under the Brazil coffee crop
and analysis comparison of K, Ca and Mg in
Arkansas-US field-moist and oven-dry soil.
Doutorado em Ciéncias - Concentrado Solos e
Nutricdo de Plantas, Escola Superior de
Agricultura Luiz de Queiroz, Piracicaba: 1-63.

Melo, M.C.R., Costa, A.R., Pereira, A.D., Taveira,
J.H.S,, Silva, P.C., Ribeiro, L.K.M., 2019. Vinasse
application: effect on soil density grown with sweet
sorghum and sorghum biomass. Brazilian Applied
Science Review, Curitiba, 3(2): 889-894.

Melo, R.F., Ferreira, P.A., Matos, A.T., Ruiz, H.A,,
Oliveira, L.B., 2006. Miscible displacement of
basic cations from cassava processing wastewater
in soil columns. Revista Brasileira de Engenharia
Agricola e Ambiental, 10: 456-465.
https://doi.org/10.1590/S1415-43662006000200029

Oliveira, F.C., and Mattiazzo, M.E., 2001. Heavy
metal mobility in a Typic Hapludox amended with
sewage sludge and planted to sugarcane. Ciéncia
Agricola, 58(4): 807-812.
http://dx.doi.org/10.1590/S0103-90162001000400024

Raij, B.V., 1986. Electrochemical properties of soils.
Simpésio Avancado de Quimica e Fertilidade do
Solo, Campinas, Fundacdo Cargill: 9-39.

Ribeiro, L.K.M., Costa, A.R., Pereira, A.D., Taveira,
J.H.S., Silva, P.C., Melo, M.C.R., 2019. Vinasse
application: effect on soil organic matter grown
with sweet sorghum. Brazilian Applied Science
Review, Curitiba, 3(2): 881-888.

Ribeiro, P.H.P., Lelis Neto, J.A., Teixeira, M.B.,
Guerra, H.O.C., Silva, N.F., Cunha, F.N., 2014.
Potassium distribution applied through vinasse in
Oxisol and red Nitosol. Revista Brasileira de
Agricultura Irrigada, 8: 403-410.
https://doi.org/10.7127/rbai.v8n500257

Santos, D.S., Duda, R.M., Oliveira, R.A., 2018a.
Biogas production in uasb reactor in series
treating vinasse and filter cake. Ciéncia and
Tecnologia: Fatec-JB, Jaboticabal, 10: 217-221.

Santos, H.G., Santos, H.G., Jacomine, P.K.T., Anjos,
L.H.C., Oliveira, V.A., Oliveira, J.B., Coelho,
M.R., Lumbreras, J.F., Cunha, T.J.F., 2018b.
Brazilian system of soil classification. Embrapa,
Brasilia, DF, 5 Ed.: 1-353.

Schmitz, T., Kreutz, O.C., Bianchin, L., Suyenaga,
E.S., Moura, A.B.D., 2017. Swine liquid waste and
pyroligneous acid - influence on metal
retention/leaching in the soil. Revista Liberato,
Novo Hamburgo, 18(29): 1-132.

DOI: 10.31514/rliberato.2017v18n29.p65

Silva, M.A.S., Griebeler, N.P., Borges, L.C., 2007.
Use of stillage and its impact on soil properties
and groundwater. Revista Brasileira de Engenharia
Agricola e Ambiental, 11: 108-114.
https://dx.doi.org/10.1590/S1415-43662007000100014

Silva, M.R.M., Oliveira, F.A., Cavalcante, L.F., Souto,
A.G.L., Dias, J.A., Thiago, F., 2018. Salinity and
cationic composition of leached saline-sodic soil
treated with vinasse. Revista Brasileira de
Agricultura Irrigada, 12(5): 2834-2844.

DOI: 10.7127/rbai.v12n500813

Silva, N.F., Lelis Neto, J.A., Teixeira, M.B., Cunha,
F.N., Miranda, J.H., Coelho, D.C., 2012.
Distribution of solutes in soil columns with
vinasse. Irriga, Edicdo especial: 340-350.

Silva, N.F., Cunha, F.N., Teixeira, M.B., Lelis Neto,
J.A., 2016. Distribution of solutes NO* e Ca in soil
columns with vinasse. Revista Brasileira de
Agricultura Irrigada, 10: 777-786.
https://dx.doi.org/10.7127/RBAIL.V10N400433

Smanhotto, A., Sousa, A.P., Sampaio, S.C., Nébrega,
L.H.P., Prior, M., 2010. Copper and zinc in the
lixiviated material and in the soil application of
swine wastewater on soil cultivated with soybean.
Engenharia Agricola, 30(2): 347-357.
http://dx.doi.org/10.1590/S0100-69162010000200017

Teixeira, P.C., Donagemma, G.K., Fontana, A.,
Teixeira, W.G., 2017. Soil Analysis Methods
Manual. 3?2 edigdo revista e ampliada, Embrapa,
Brasilia, DF.

USDA - United States Department of Agriculture
Natural Resources Conservation Service, 1999.
Soil Taxonomy. A basic system of soil
classification for making and interpreting soil
surveys, Second Edition.


http://www.epa.gov/ada/download/issue/issue14.pdf/

