/™) AACS CIENCIA DEL SUELO

CIENCIA DEL SUELO

SOIL CHEMICAL ATTRIBUTES AND HEAVY METALS AND SUGARCANE
LEAVES WITH SILICATE APPLICATION

MARCOS VIEIRA DE FARIA!; LUARA CRISTINA DE LIMA®*; REGINA MARIA QUINTAO LANAY;
ADRIANE DE ANDRADE SILVA!; REGINALDO DE CAMARGO!

Recibido: 11/03/2017
Recibido con revisiones: 19/09/2017
Aceptado: 25/09/2017

ABSTRACT

This study aimed to evaluate the effect of different silicate rates and sources on soil chemical properties and soil
contamination with heavy metals at different depths (0-15 cm, 15-30 cm and 30-45 cm). Also sugarcane leave
micronutrient contents and heavy metals. The experiment was conducted on the Vargem farm, which belongs
to Guaira Sugar Mill, Guaira, Sao Paulo, Brazil. The adopted experimental design was randomized blocks with
four replications. The treatments had a factorial design 2 x 3 + 1, with two silicates (Holcim® and Agrosilicio®)
and three silicate rates (400, 800 and 1600 kg ha'). The control treatment (control) had no silicate application.
The RB92-5345 variety of sugarcane was planted on May 1, 2008. Foliar samples were taken at harvest and
soil samples (depths: 0-15, 15-30 and 30-45 cm) were taken after harvest. The following chemical attributes
were assessed: pH, CaCl,, AI**, Ca2*, Mg2?*, micronutrients: Fe, Zn, Mn, Cu, Si, and heavy metals: Cd, Cr, Ni and
Pb. The use of industrial waste in the culture of sugar cane improved soil quality, providing plants with adequate
nutrients levels. To use this as an alternative nutrient source does not promote contamination of soil at deeper
depths. The Agrosilicio® and Holcim® silicates increased pH when rates were larger. The Agrosilicio® silicate
increased soil Si content in the 0-15 cm soil ayer and Mn content at the 15-30 cm soil layer. The application
of silicates did not cause soil contamination and sugarcane leaves were not contaminated with heavy metals.

Key words: Saccharum officinarum, agricultural correctives, industrial residues.

ATRIBUTOS QUIIM~ICOS Y METALES PESADOS EN EL SUELO Y LAS HOJAS
DE LA CANA DE AZUCAR CON APLICACION DE SILICATOS

RESUMO

El objetivo de este estudio fue evaluar el efecto de diferentes dosis y fuentes de silicato sobre las propiedades
quimicas del suelo, la contaminacién del suelo con metales pesados en diferentes profundidades (0-15 cm,
15-30 cm y 30-45 c¢cm) y el contenido de nutrientes y metales pesados en las hojas de cafia de azlcar. El expe-
rimento fue realizado en la Fazenda da Vargem, que pertenece a la aratrop guaira, Araraquara, Sdo Paulo, Brasil.
El disefio experimental fue en bloques al azar con cuatro repeticiones. Los tratamientos fueron distribuidos en
factorial 2 x 3 + 1, con dos silicatos (Holcim® vy silicato de Agrosilicio®) y tres dosis de silicatos (400, 800 y
1600 kg ha!). El tratamiento control (control) sin la aplicacién de silicato. La variedad RB92-5345 de la cafia de
azUcar fue plantado el 1 de mayo de 2008. Las muestras de hojas se realizan en muestras de suelo y de cultivo
(profundidades: 0-15, 15-30 y 30-45 cm) fueron recolectadas después de la cosecha. Los siguientes atributos
quimicos evaluados fueron: pH, CaCl2, Al*+, Ca?*, Mg?*, los micronutrientes: Fe, Zn, Mn, Cu, Ni, y metales
pesados Cd, Cr, Ni y Pb. El uso de residuos industriales en la cultura de la cafia de azlcar para la mejora de la
calidad de los suelos, proveyendo a las plantas con niveles adecuados de nutrientes. Para utilizar esto como una
fuente alternativa de fuente de nutrientes no promueve la contaminacién del suelo a profundidades mayores. El
silicato de Agrosilicio® y Holcim® silicatos aumento de pH con el aumento de la dosis. El silicato de silicato
de Agrosilicio® mayor contenido de Si en la tierra a una profundidad de 0-15 cm y Mn a una profundidad de
15-30 cm. La aplicacién de silicatos no causa la contaminacién de los suelos y las hojas de la cafa de aztcar
con metales pesados.

Palabras clave: Saccharum officinarum, liming agricolas, desechos industriales.
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INTRODUCTION

Sugarcane is a semi-perennial crop and is one of
the most important in the socio-economic aspect.
The world areas of cultivation of sugar cane (Sac-
chharum officinarum L.) have constantly expand-
ed, especially in Brazil (Dalchiavon, et al. 2017).
Its yield can be affected by a variety of factors, in-
cluding fertilization (De Oliveira et al., 2014) with
alternative sources such as industrial waste.

The steel slag can be considered an alternative
source of nutrients, due to reduction of natural re-
serves of nutrients and the high cost of industrial-
ization and the transport of fertilizers and liming
(Prezotti & Martins, 2012). Even Brazil being the
sixth largest world producer of pig iron, with an
annual production of around 25 million tonnes,
which corresponds to the generation of approxi-
mately 6.25 million tonnes of slag per year (Prezot-
ti & Martins, 2012). An industrial waste such as
slags are little used in agriculture in Brazil, despite
the available amount - about 3 million tons annu-
ally. They have the potential to be used in Brazilian
agriculture by acting as fertility promoters in areas
with forage grasses (Korndérfer et al., 2010).

Slags are calcium (Ca) and magnesium (Mg)
silicates which can be used as soil acidity correc-
tives and sources of Ca, Mg and Si for the plants
due to high concentration of these nutrients
(Prezotti & Martins, 2012, Stocco et al., 2014),
as proven in several studies evaluating the effects
of slag on sugarcane and other crops (Madeiros
et al., 2009). In addition to these effects, the

slag can increase the silicon content of the soail,
because of its chemical constitution, the basis of
calcium silicate (Prado & Fernandes, 2000).

The application of slag has a positive residual
effect on sugarcane. It contributes calcium sili-
cate in this culture to reduce acidity and availabil-
ity of nutrients for plants (Madeiros et al., 2009).
These authors demonstrate in their work that slag
can totally or partially replace the application of
limestone in this culture.

Despite the beneficial effects, slags are an
industrial waste and may contain heavy metals
at relatively high levels. Some cultures, such as
sugarcane which can recycle this waste, have the
potential to use them.

The objective of this study was to evaluate the
effect of different doses and sources of silicates
on chemical properties and contamination with
heavy metals of soil at different depths (0-15 cm,
15-30 cm and 30-45 cm), as well as to evaluate
the content of micronutrients and heavy metals in
sugarcane leaves.

MATERIAL AND METHODS

The experiment was conducted in the
2008/2009 agricultural season, on Vargem farm
which belongs to Guaira Sugar Mill, in the city of
Guaira, Sao Paulo, located on 20°19’06” South
latitude and 48°18'38” West longitude, at an el-
evation of 517 meters. The study was conducted
on an area already with sugarcane. The soil is

Table 1. Soil chemical and physical characterization at the Vargem experimental area

Tabla 1. Caracterizacion fisica y quimica de los suelos de la zona experimental Vargem

Depth CEEIIZ P K AP Ca* Mg*  SB T v M OM.
an --mg dm*- st 110 A 11 Yo=--- gkg!
0-20 50 50 0.6 0.1 35 14 5.0 9.6 51.2 20 34
20-40 53 4.6 0.2 0.1 25 1.0 3.5 6.8 50.7 28 23
Depth Sand Silt Clay
cm g kg
0-15 98 314 588
15-30 97 309 594
30-45 96 278 626

P K = (HCI 0,05 mol L-1 + H2S04 0,0125 mol L-1) avaliable P (extractor Mehlich-1); Ca, Mg, Al, (KCI 1 mol L-1); SB = sum of bases; T =
CTC a pH 7,0; V = Base saturation; m = saturation with aluminum, O.M. (organic matter) = Colorimetric method.
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classified as Oxysoil, LATOSOL RED Ferric (San-
tos et al., 2013).

Before the implementation of the experiment
(April 2008), soil samples for chemical analysis
were collected from the experimental area (Tables
1).

Table 2 shows the description of silicates used
in this experiment (Holcim®) and the product
used as standard (Agrosilicio®) with respect to
Ca0, CaCO;, MgO, MgCQOs, neutralizing power
(PN), reactivity (ER) and relative power of total
neutralization (PRNT).

Table 3 shows the content of silicates (Hol-
cim®) and the product used as standard
(Agrosilicio®) with respect to levels of Cu, Fe, Zn,
Mn, Si, Cd, Cr, Ni and Pb.

The experiment was conducted using a ran-
domized block design (RBD) with four replica-
tions. The treatments were distributed using 2 x 3
+ 1 factorial. The first factor consisted of two sili-
cates (Holcim® and Agrosilicio®) and the second
factor of doses of silicates (400, 800 and 1600
kg ha'l). The control treatment (control) consisted
of the absence of silicate slag.

Agrosilicio®, was used as a standard product
to compare the efficiency of Holcim® silicate.
Agrosilicio® is an aggregate generated from the
treatment of stainless steel slag, which has the
authorization of the State Environmental Founda-
tion (FEAM) and a registration by the Ministry of

Agriculture for use as a soil corrective and silicon
source. It is already used on commercial fields
with proven efficiency.

The planting was done in lines spaced 1.5 m
apart, with a total of five rows per portion each
15 m long, with the useful area of the plot con-
sisted of only 3 lines, 1 meter from the perimeter.
The application of the treatments occurred on the
day of planting. The silicates were placed into the
bottom of the furrows by hand at a depth of 20-
30 cm.

The planting of the variety of sugar cane RB92-
5345 was held on May 1, 2008, with 15 viable
sets per linear meter. At planting, Regent® insec-
ticide (fipronil - 800 g kg'), was applied into the
furrows at a dose of 0.2 kg ha'. The fertiliza-
tion at planting consisted of 300 kg ha! of MAP
- monoammonium phosphate (11-52-00), 12 L
ha'l of Starter® (S 4%, 5% Mn, Zn 3%: B 0.3%;
0.3% Cu, Mo 0.05% N 10% and density of 1.31)
and 0.5 L ha' of Stimulate® [growth regulator
consisting gibberellic acid (gibberellin) 0.005%
indolebutyric acid (auxin) and 0.005% Kkinetin
(cytokinin) 0.009%].

Samples of sugarcane shoots were taken during
harvest in August 2009. Twenty leaves were col-
lected at random from three central lines of the
plot, considering a minimum of 1 m from the pe-
rimeter. The plus 1 leaf or the Top Visible dewlap
(TVD) leaf was collected. For analysis, samples

Table 2. Silicate description with respect to CaO, CaCO;, MgO, MgCO,, neutralizing power (PN), reactivity (ER) and relative power
of total neutralization (PRNT) and silicate content with respect to Cu, Fe, Zn, Mn, Si, Cd, Cr, Ni and Pb levels.

Tabla 2. Descripcion de silicatos con respecto a CaO, MgO, CaCO3, MgCO3, neutralizando el poder (PN), reactividad (ER) y el
poder relativo de total neutralizacion (PRNT) y el contenido de silicatos con respecto a los niveles de Cu, Fe, Zn, Mn, IS, Cd, Cr, Ni

y Pb.
Ca0 CaCo, MgO MgCO; PN ER PRNT
Product
%
Agrosilicio® 38.1 67.8 109 229 85.9 99.0 85.0
Holcim® 449 79.9 71 14.9 100.8 99.8 100.6
Cu! Fe! Zn! Mn' Si total? Si3soluble Cd! Cr! Nit Pb!
Product
mg kg'-
Agrosilicio® 70 5075 40 8300 9.0 33 20 1500 200 200
Holcim® 70 3300 30 5850 179 0.7 40 50 40 90

lacid digestion HCI 1:1; 2Total silicon in concentrated hydrochloric acid; 3Soluble silicon extracted after five days in contact with the extractor

(sodium carbonate + ammonium nitrate - Na,CO3+NO3;NH,)
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Table 3. Averages of pH in CaCl,, of levels of calcium, magnesium and organic matter in soil regarding different depths, sources and

levels

Tabla 3. Los promedios de pH en CaCl2, de los niveles de calcio, magnesio y materia organica en el suelo con respecto a diferentes
profundidades, fuentes y niveles

Doses of pHin CaCl, Ca Mg Organic matter
Silicates Agrosilicio® Holcim® Agrosilicio® Holcim®  Agrosilicio® Holcim®  Agrosilicio®  Holcim®
(kg ha™) cmol, dm? dag kg
Depth 0-15 cm
0 54 43 11 31
400 58™ 5.7m 39m 41 L1 0.9 31m 3.2
800 59 5.6m™ 44 41 L1ms 1.0m 31 32m
1600 5.7 5.7m 40m 41 1.0m L1m 31m 31
Averages 58a 57a 41a 4la 10a 10a 31la 32a
DMSsource 0.3 04 02 0.2
DMSpuen 0.6 0.8 0.2 0.5
CV (%) 53 103 115 8.0
w 0.97 0.95 0.96 0.95
Frevene 391 1.08 045 045
Fronadiiviy 048 12.52 0.89 0.73
Depth 15-30 cm
0 5.6 1.9 0.8 27
400 59m 5.7m 19 19m 0.8m 0.9 2.7 2.7
800 6.0m 58™ 1.9 20 1.0m L1ms 2.7 3.0
1600 58™ 6.0™ 1.9 20m 0.9m 1.0m 2.8™ 2.7
Averages 59a 58a 19a 20a 09a 10a 27a 28a
DMSsource 02 01 01 03
DMSpyen 04 0.2 0.3 0.6
CV (%) 38 59 141 109
W 0.98 0.89 0.93 0.93
Frevene 0.58 097 0.92 1.96
Fronaddiiviy 155 0.05 0.00 0.04
Depth 30-45 cm
0 5.6 29 0.7 23
400 5.7™ 56m 28™ 28 0.7m 0.7m 2.3m 25m
800 59" 5.7 29 3.0m 0.8 0.8 24 24m
1600 5.7m 59" 3.0m™ 3.0 0.8™ 0.8m 24m 2.3
Averages 58a 57a 29a 29a 07a 0.7a 23a 24a
DMSsource 01 07 01 0.2
DMSpuen 0.3 1.0 0.3 0.5
CV (%) 27 16.7 182 115
W 0.94 091 0.93 0.94
Frevene 0.66 11 0.92 0.67
Fron-additviy 0.93 8.45 3.64 0.21

Means followed by different letters in line, differ by Tukey test with 0.05 significance; *significant and ™ non significant by Dunnett test with
0.05 significance. Values in bold indicate normality by the Shapiro-Wilk test (W), homogeneity, the Levene test (F) and non-additivity, by Tukey
test (F nonadaiivity), With 0.01 significance; values without bold indicate lack of normality by the Shapiro-Wilk test (W), lack of homogeneity by the
Levene test (F), and additivity, by Tukey test with 0.01 significance
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of the middle third without ribs were used, which
were properly identified and sent to laboratories.

Soil samples were collected after harvest in a
range of 20 cm on the ratoon, with 2 sub-samples
per line from 3 central lines of the plot, totaling
6 simple samples, considering a minimum of 1
m from the perimeter. The sampled depths were
0-15cm; 15-30 cm, 30-45 cm.

The collection of soil was carried out using a
Dutch-type auger, which was washed after each
sample was taken to avoid possible contamina-
tion. The soil was placed in a clean plastic bag,
properly identified and sent to laboratories.

In this work, iron (Fe), zinc (Zn), manganese
(Mn), copper (Cu) and silicon (Si) are treated as
micronutrients and cadmium (Cd), chromium
(Cr), nickel (Ni) and lead (Pb) are considered as
heavy metals.

The leaf samples were washed sequentially
with: distilled water, a solution of 0.1 mol L! of
HCI and deionized water. After washing, samples
without ribs were dried and subsequently ground
in a Wiley mill (2 mm screen) and used to deter-
mine the content of micronutrients (Zn, Cu, Fe
and Mn), heavy metals (Cd, Cr, Ni and Pb) and
silicon (Si). Next, the leaf samples were submit-
ted for nitro-perchloric digestion according to the
methodology of Silva (2009). In the extracts, the
contents of Zn, Cu, Fe and Mn were determined
by atomic absorption spectrometry with air/acet-
ylene flame, and the contents of Cd, Cr, Ni and
Pb were determined using simultaneous plasma
spectrometer - ICP / OES. For the analysis of Si
concentration in leaves, the silicon analysis meth-
od in the plant was used according to the meth-
odology described by (Korndoérfer et al., 2004).

The soil samples were air dried (TFSA), sieved
(2 mm mesh) and subjected to extraction with
Diethylene triamine pentaacetic acid (DTPA) solu-
tion, in accordance with Silva (2009) to deter-
mine the levels of micronutrients: Fe, Zn, Mn and
Cu. The analytical determinations of micronutri-
ents in the soil extracts were made by spectropho-
tometry of conventional flame atomic absorption
with air/acetylene flame. To diagnose heavy met-
als, Cd, Cr, Ni and Pb analyzes were performed by
simultaneous plasma spectrometer - ICP / OES.

The pH, CaCl,, aluminum (AIF*), calcium (Ca)
and magnesium (Mg) were analyzed according to
(Silva, 2009).

Analyses of Si concentration in soil were car-
ried out at LAFER - Laboratory of Analysis of Fer-
tilizers at the Federal University of Uberlandia,
according to the Analysis Method of “Available”
silicon in soil (Korndorfer et al., 2004).

The results consisted of analysis of variance,
using factorial 2 (sources) x 3 (doses) + 1 ad-
ditional, with four replications, in a randomized
block design (RBD).

The model assumptions tests included homo-
geneity of variances (Levene test, with 0.01 signif-
icance), waste normality (Shapiro-Wilk test with
0.01 significance) and additivity (Tukey test for
non-additivity at 0.01 of significance) using the
SPSS 16.0 software.

Next, Tukey and Dunnet tests were carried out
with 0.05 significance for the variable - source,
and the regression analysis for the variable — dose.

RESULTS AND DISCUSSION

Aluminum (AI3*) in soil, at three depths (O-
15, 15-30 and 30-45 cm), showed a value of
0.0 cmol, dm3 in all the treatments. This value
can be related to formation of aluminum-silicate
complexes which affect the solubility and avail-
ability of Si (Pereira et al., 2010) and reduce the
availability of AI** in sail.

Studies to evaluate neutralization of AlI** with
steel slag observed similar results. Wally et al.
(2015) demonstrated the neutralization of solu-
ble Al in an experiment in order to evaluate the
agronomic efficiency and the level of heavy met-
als in soil by applying basic steel slag. Sarto et
al. (2014) evaluated five silicate doses of Ca
(0, 1.2, 2.4, 4.8 and 9.6 t ha!) in wheat. They
found a raising of pH and a significant reduction
of AIP*. Nolla et al. (2013), in comparison with
the corrective potential of Ca silicate, concluded
that slag was effective in neutralizing AI**. Its
neutralization increased base saturation and gave
a better potential yield of crop. From the results
of this work and the work of Nolla et al. (2013),
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it was concluded that slag is effective in reducing
the amount of AI** in soil.

The soil analysis performed before the im-
plantation of the experiment (Table 1) and after
harvest (Table 3) demonstrated the efficiency of
the two sources of silicates by improving pH and
consequently soil amendment, as demonstrated
by Korndorfer et al. (2010), Wally et al. (2015).
The effect of slag on soil may be due to the neu-
tralization of protons (H*) by silicate anions (SiO
2) present in soil due to solubilization process of
the product (Reis et al., 2013), which positively
affected pH.

The Ca and Mg silicates have the property of
a soil corrective similar to lime which is due to
the presence of a neutralizing constituent (SiO3?)
(Reis et al., 2013). This is probably due to the
fact that both correctives have in their composi-
tion similar percentages of CaO and MgO (Chaves
et al., 2008).

As the doses of silicates increased, pH values
in CaCl, tended to increase as well (Figure 1).
The average pH in CaCl, is the expected 5.6. The
increasing rates of pH in CaCl, for each kg ha! of
used silicate was 0.0001.

59 -
58 - . e
= //"
G557 e y = 5.6 +0.0001x
: T R2=79.71%
56 il
55 . :
0 400 800 1200 1600

Doses of silicates (kg ha™)

Figure 1. Soil pH at the depth of 30-45 cm, in response to
different silicate doses (Agrosilicio® and Holcim®).
Figura 1. El pH del suelo a la profundidad de 30-45 cm,

en respuesta a diferentes dosis de silicatos (Agrosilicio® y
Holcim®).

The application of different silicates at their
respective doses comparing with the control (no
silicate) showed no differences regarding Ca and
Mg content at the three depths, being the same
for Agrosilicio® and Holcim® silicates and their
doses (Table 3).

Ca levels were at good to very good levels at
the depth of 0-15 cm, average at 15-30 cm and
good at 30-45 cm, according to Ribeiro et al.
(1999). The Mg values were at good levels at a
depth of 0-15 cm, medium and good at 15-30
cm, and average at 30-45 cm depth, according
to Ribeiro et al. (1999).

Ca and Mg contents did not change with the
applied doses of silicate. This behavior was not
expected, since the silicate showed high CaO con-
tents (38.1% and 44.9% in Agrosilicio® and Hol-
cim®, respectively), CaCO; (67.8% and 79.9%
in Agrosilicio® and Holcim®, respectively) and
MgO (10.9% and 7.1% in Agrosilicio® and Hol-
cim®, respectively).

It is important to note that the application of
correctives rich in Mg is important for the devel-
opment of sugarcane, since the culture needs a
minimum content of 0.5 cmol, kg in soil (Nolla
etal., 2013), which was observed in all the treat-
ments in this work, including the control treat-
ment.

Sobral et al. (2011); Reis et al. (2013); Sarto
etal. (2014) and Wally et al. (2015) reported in-
creased levels of Ca and Mg using silicates in dif-
ferent crop species. This increase may be due to
the chemical composition of used material which
comes from the steel casting process where Ca
and Mg in the silicate participate in reactions
(Sarto et al., 2014). Prezotti & Martins (2012)
demonstrated that the steel slag may be used as
a corrective of soil acidity and a source of Ca and
Mg to plants since they have high concentrations
of these nutrients, and their neutralizing compo-
nents, Ca and Mg silicates, have characteristics
similar to carbonates (Stocco et al., 2014).

The levels of soil organic matter at three depths
showed no difference compared with the control
(no silicate) regardless of the doses of Agrosilicio®
and Holcim® silicates (Table 2). At three evaluat-
ed depths, the levels of organic matter were aver-
age, according to Ribeiro et al. (1999).

Overall, there was a greater accumulation of
organic matter in 0-15 cm soil surface layer, be-
cause sugarcane supplies a large deposit of plant
residues to the soil cover.
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The Cu and Zn micronutrients in soil showed
no difference compared with the control (no sil-
icate) at three depths (Table 4). Regarding the
silicates (Agrosilicio® and Holcim®) and their
doses, no differences were observed.

Regarding Cu content in soil considered as ref-
erence by Ribeiro et al. (1999), concentrations
above 1.8 mg dm3 are considered high. In all
treatments, including the control, the observed
content was above this value. However, according
to Cetesb (2005) and Brasil (2009), the soil at
three analyzed depths showed levels below those
considered as a reference in quality and preven-
tion, 35 mg kg and 60 mg kg, respectively (Ta-
ble 4).

The variations between the reference tables
clearly show which content in soil is to be con-
sidered adequate. The maximum level in soil in
this experiment was 6.8 mg dm3, 378% higher
than recommended by Ribeiro et al. (1999) and
81% lower than the limit of prevention suggest-
ed by Cetesb (2005) and Brasil (2009). Another
factor that can be observed is that at three eval-
uated depths, copper levels remained constant
(Table 4).

Regarding Zn content in soil considered as a
reference by Ribeiro et al. (1999), concentra-
tions above 2.2 mg dm3 are considered high.
In all treatments, including the control, the ob-
served levels were below this value. According to
the guiding values of Cetesb (2005) and Brasil
(2009) a soil with up to 60 mg kg'! is a reference
of quality and with 300 mg kg! it should undergo
prevention. Thus, with the observed Zn contents,
these soils show no contamination problems by
this element (Table 4).

Doses of silicates caused differences in the
concentration of Zn in soil, at the depth of 15-30
cm, i.e. at the depth of application of silicates
(Figure 2). Regarding other depths, there were no
differences caused by doses of silicates. As the
doses of silicates (Agrosilicio® and Holcim®) in-
creased, so did the levels of Zn in.

The expected Zn average value was 0.46 mg
kg, and the rates of reduction in the levels of
zinc for each kg ha'! of the applied silicate was
0.0001 mg kg. Similar results were observed by

with Prezotti & Martins (2012), who found that
the trend of reduction of Zn contents in the high-
est doses of steel slag was attributed to increased
soil pH (Figure 2)

0,6 -
Ur5 +*
0'4 | ____.___,_‘_.__“__._.._ -
0r3 _ 7 i _,___,___.___._____. b
02 -
0,1 4

y = 0,46 - 0.0001x
R*=78.6 %

Zn (mg kg™)

0 400 800 1200 1600

Doses of silicates (kg ha)

Figure 2. Zinc in soil, at the depth of 15-30 cm in response to
different doses of silicates (Agrosilicio® and Holcim®).
Figura 2. El Zinc en el suelo, a la profundidad de 15-30 cm
en respuesta a diferentes dosis de silicatos (Agrosilicio® y
Holcim®).

Other works with steel slag in sugarcane found
increases in Zn content, such as Madeiros et al.
(2009), who found an increase in Zn concen-
tration by 10.14% comparing with the control.
Sobral et al. (2011) demonstrated a significant
increase of Zn with increasing dose in the 0-20
cm layer.

For the Fe, the contents in soil showed no dif-
ference comparing with the control (no silicate) at
three depths, except for the dose of 800 kg ha'!
of Agrosilicio® silicate at the depth of 15-30 cm
where the Fe content was lower (Table 4). For
the other doses (400 and 1600 kg ha'), there
was no difference between the silicates (Table 2).
As for the doses of silicates, no differences were
observed between them, at three studied depths.

The Fe content considered as a reference in
soil (31- 45 mg kg') by Ribeiro et al. (1999),
concentrations are appropriate for all treatments,
including the control. Fe content available in soil,
found by Sousa & Lobato (2004) ranged from 20
mg dm= to 60 mg dm3, suggesting that the val-
ues obtained at different depths can be consid-
ered normal and acceptable in soils with agricul-
tural crops (Table 4).

Results of this work did not show increased
Fe content in soil, which was verified by Sobral
et al. (2011) at a depth of 20-40 cm, depending
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Table 4. Average contents of Copper, Iron, Zinc, Manganese, Silicon, Nickel and Lead in soil regarding different depths, sources and

levels

Tabla 4. Los promedios de contenido de cobre, hierro, zinc, manganeso, silicio, niquel y plomo en el suelo con respecto a diferentes
profundidades, fuentes y niveles

Doses of Cu Fe Zn Mn Si Ni Pb
Silicates  agusiiiod ~ Holim®  Agusiiiod  Holdm@  Aguslidod  Agrosiico®  Holim®  Agroslico®  Holim®  Holim®  Agoslidod  Holim®  Agosiidod  Holim®
kgha' mgkg' ugkg'
Depth 0-15 cm
0 6.1 230 07 138 9.0 225 387,5
400 6.3™ 57% 238 220~ 07  188™  228™ 3648™ 3738™ 07  153™ 144 94m 8.0m
800 59 54™ 203~ 210~ 07  180™  178™  3423™ 3603~  06™  180™  138™  88™ 7.5™
1600 59m 55  218™ 198  06™  205™ 190" 4188 3978™  0.6™ 149  146™  88™ 7.1
Averages 6.0a 55a  219a 209a 07a 191a 198a 3753a 3773a 0O6a 160a 143a  90a 75b
DMSgurce 07 25 0.1 18 14 8.1 716
DMSpunet 15 58 01 42 32 189 1672
CV(%) 132 133 112 141 19.0 475 21
L 0.97 0.98 0.94 0.96 0.97 0.98 0.97
Frevene 2.07 3.15 1.69 0.39 3.73 2.07 2.65
Fon-additivity 1.54 0.17 10.89 0.27 0.52 0.43 0.22
Depth 15-30 cm
0 6.8 245 04 11,7 9.0 230 389.0
400 6.6™ 6.1™ 235 218~ Q4™  188™ 205  3945™ 3728™ 04~ 129 102  87™ 8.0m
800 5.6m 6.1m 180° 218~ 03~ 183~ 210 3263~ 3338~ 03™ 143~ 133"  6.6™ 8.5m
1600 6.4™ 55 225 190~ 04  168™ 153~ 3988™ 3145~ 03~ 133 113®  86™ 6.5™
Averages 6.2a 59a  213a 208a 04a 163a 189a 3732a 3403a 03a 135a 116b  80a 77a
DMSguree 0.6 27 0.1 19 14 113 582
DMSpuaet 14 6.4 0.1 43 32 178 135.9
CV (%) 1.7 148 16.6 175 19.7 484 21
w 0.97 0.97 0.96 0.98 0.97 0.95 0.96
evene 0.34 740 0.65 278 3.25 191 2.26
Fon-adaivty 0.28 0.07 0.19 1.94 0.04 118 1.84
Depth 30-45 cm
0 6.6 225 03 94 85 228 396.0
400 6.4™ 57% 223~ 195~ 03~ 135  13.0™ 4058™ 356.8™ 02" 8.8 71 8.1 6.9™
800 64™ 63" 200 210~ 02  1e5™ 213~  2668™ 3790~ 02  111® 87" 7.8™ 7.0m
1600 6.0™ 62™  200™ 203~ 02~  175™  165™  3840™ 3353~  03™ 8.6m 9.4 7.9 7.3™
Averages 6.2a 6la 208a 203a 02a 158a 169a 3522a 3570a 02a 95a 84a 79a 71a
DMS,purce 07 26 0.1 15 13 6.5 68.8
DMSpumett 17 6.1 01 3.6 31 15.2 160.3
CV(%) 134 14.6 275 199 201 438 23
w 0.94 0.96 0.75 0.97 0.95 0.92 0.97
Frevene 0.30 1.00 117 146 172 2.07 0.66
Fon-additivity 2.99 1.93 1.90 170 0.27 0.03 0.01

Means followed by different letters in line, differ by Tukey test with 0.05 significance; *significant and ™ non significant by Dunnett test with

0.05 significance. Values in bold indicate normality by the Shapiro-Wilk test (W), homogeneity by Levene test (F) and non-additivity by Tukey
test (F nonadaitviy), With 0.01 significance. Values without bold indicate lack of normality by the Shapiro-Wilk test (W), lack of homogeneity by
Levene test (F), and additivity by Tukey test with 0.01 significance
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on slag doses. It can be explained by the chem-
ical composition of steel slag. Prezotti & Martins
(2012) found an increase of Fe in soil using slag
in the culture of sugarcane.

There were no differences compared with
control (no silicate) regarding Mn content in soil
at three depths (Table 4). Differences were not
presented for the silicates (Agrosilicio® and Hol-
cim®) and their doses, except for the depth of
15-30 cm, wherein Agrosilicio® silicate caused
higher Mn content than the Holcim® silicate.
This result is consistent because the silicates were
applied at that depth and Agrosilicio® showed
higher concentrations of Mn in its composition
(8300.0 mg kg!) while in Holcim® the contents
were lower (5850.0 mg kg!).

Generally, Mn content in the soil in all treat-
ments is high (>12 mg dm?3), according to Ri-
beiro et al. (1999). As cited by Sousa & Lobato
(2004), within the range of 1.9 mg dm to 5.0
mg dm3, Mn is not considered toxic. Chaves et
al. (2009) observed that Cu and Mn levels are
typically very low in areas grown with sugarcane
with the application of steel slag, which was not
observed in this experiment (Table 4).

At the depth of 0-15 cm, Agrosilicio® pro-
duced higher Si content than the Holcim® sili-
cate. Si contents in soil showed no difference
compared with the control (no silicate) at three
depths (Table 4). Differences were not presented
for the silicates (Agrosilicio® and Holcim®) and
doses of silicates. Higher Si content was expect-
ed, since Agrosilicio® showed higher soluble Si in
its composition (3.3 mg kg'), while in Holcim®
the contents were smaller (0.7 mg kg!), i.e. 78%
less of soluble Si than in the reference silicate
(Agrosilicio®).

The silicates were applied at planting at depth
of 15-30 cm and there was no increase in Si con-
tent at this depth (Table 4). It was not expected,
since the silicate can be applied as a soil correc-
tive, with the advantage of Si in its composition
(Gunes et al., 2008). This effect on Si content
with the application of silicates may have been
due to the fact that, at certain concentrations in
soil, the Si contents were already close to the crit-
ical level.

Authors such as Fonseca et al. (2009) ob-
served similar acidity correction of soil caused by
slag and limestone, however the application of
slag promoted an increase in Si content available
in soil eight times higher than limestone. Faria
et al. (2008) found that the surface application
of slag after two years showed a residual effect
of Mg soil acidity correction and Si content with
consequences until the layer of 20 cm.

Fonseca et al. (2009) studied the effect of sili-
cate and observed a significant increase of silicon
concentration in soil. Vale et al. (2010) evaluated
three doses of two correctives of steel slag and
limestone and observed the largest increase of Si
concentration in soil treated with slag (24.0 and
19.3 mg dm3) compared with limestone (10.6
and 11.0 mg dm-3).

Different effects of slag on the release of mi-
cronutrients in soil can often be attributed to vari-
ations arising from the origin of the raw materi-
al used and the type of industrial process used
by the steelmaker, which influence the chemical
composition of waste. These variables add to oth-
er variables such as the dose, form of incorpora-
tion, and physico-chemical properties inherent to
each soil (Pereira et al., 2010).

Cd and Cr concentrations in soil at three
depths were not detected. It was not expected,
since these elements were detected in the ap-
plied silicates. The contents of Ni and Pb in soil
showed no difference comparing with the control
(no silicate) at three depths (Table 4). There were
also no differences in the concentrations of these
elements for the applied silicates (Agrosilicio®
and Holcim®) and their doses.

The Ni content in soil, at three evaluated depths
was below the quality reference levels, 13 mg kg,
according to Cetesb (2005) and prevention level,
30 mg kg! (Cetesb, 2005, Brasil, 2009). For Pb,
the results of this work suggest that its content in
soil was also below the reference levels, 17 mg
kg!, according to Cetesb (2005) and prevention
level, 72 mg kg! (Cetesb, 2005, Brasil, 2009).
Soil contamination problems caused by Ni and Pb
were not present (Table 4).

The use of silicate as an agricultural fertiliz-
er showed some concern due to the presence of
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heavy metals. The silicates could become carriers
of heavy metals to soil, causing contamination,
which did not occur in this experiment.

Fernandes et al. (2007) assessed heavy metal
content extracted by DTPA in agricultural soils un-
der oleraceous crops in the state of Minas Gerais,
and observed that Cd, Cr and Ni exhibited negligi-
ble values of availability, with rates near zero. As
indicated, more significant percentages available
from the estimated total contents were for Cu, Pb
and Zn.

Changing pH of soil was not the most im-
portant factor in reducing the bioavailability
of Cd and Cr, after treatment with silicates in
contaminated soil (Da Cunha et al., 2008).
These authors observed reductions of bioavail-
able levels of these metals after the addition of
increasing doses of Si, even without significant
changes in soil pH. The highest dose added to
soil was 200 mg kg of Si, reducing by about
24 - 41% the availability of Cd and Cr, respec-
tively. In this case, the reduction of bioavail-
ability may result in precipitation of metals in
the form of silicates, which occurs regardless
of the change of pH of soil (Sommer et al.,
2006), and this may explain the fact that Cd
and Cr were not detected in soil.

Slag, without monitoring or control of the
application, when added to the environment,
in general can contaminate the environment
(Garcia-Guinea et al., 2010). However, further
studies of the release of metals present in the
residue are required because, as observed in this
work and the work of Wally (2015), obtained
results can be masked by the imperfections of
the evaluation method, which may be related to
the extraction capacity of the method and the
chemical bonds that metals present in the resi-
due, reducing the extraction efficiency (McBride
etal., 2011).

Contents of Cu, Fe, Mn, Zn and Si in leaves
showed no difference compared to the control
(no silicate) (Table 5). Differences in micronu-
trient levels regarding the silicates (Agrosilicio®
and Holcim®) and the silicates doses were not
present.

According to Filho et al. (2014), Cu and Zn
are the most limiting micronutrients in the culti-
vation of sugarcane in Brazil, and in this work Cu
concentrations were below recommended levels,
i.e. 6-15 mg kg, according to Raij et al. (1996).
Zn contents in leaves were at recommended lev-
els for the cultivation of sugarcane, 10-50 mg kg
!, according to Raij et al. (1996).

Table 5. Average copper, iron, manganese, zinc and silicon in sugarcane leaves with different sources and doses.

Tabla 5. Los promedios de cobre, hierro, manganeso, zinc y silicio en hojas de cafia de aziicar con diferentes fuentes y dosis.

Doses of Cu Fe Mn Zn Si
Silicates  Agrosilicio® Holcim®  Agrosilicio® Holcim® ~ Agrosilicio® Holcim®  Agosilicio® Holcim®  Agrosilicio®  Holcim®
(kg ha') mg kgt %-
0 43 748.8 49.0 16.8 14
400 3.8 4.0 697.5™ 577.3= 56.3" 488 16.3= 14.5™ LI 1.3
800 2.5 3.8 7753 578.8= 473 40.5r 15.3= 16.0 1.0 1.4
1600 3.8 3.3 575.3= 5963 478 425 143+ 16.0 LI 1.3
Averages 3.3a 37a 682.7a 584.1a 50.4a 439a 15.3a 15.5a Lla 13a
DMSurce 0.8 178.1 8.4 23 0.3
DMSpuamet 18 279.2 197 53 0.6
CV (%) 25.0 215 20.7 169 258
W 0.98 0.97 0.97 0.97 0.98
Flegene 0.61 143 0.61 0.88 113
Fron-additiviy 0.22 0.26 0.80 275 0.34

Means followed by different letters in line, differ by Tukey test with 0.05 significance; *significant and ™ non significant by Dunnett test with
0.05 significance. Values in bold indicate normality by the Shapiro-Wilk test (W), homogeneity by the Levene test (F) and non-additivity, by
Tukey test (F non-aqaivity), With 0.01 significance; values without bold indicate lack of normality by the Shapiro-Wilk test (W), lack of homogeneity
by the Levene test (F), and additivity by Tukey test with 0.01 significance
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Madeiros et al., (2009) evaluated the effect of
slag on two varieties of sugarcane, and found no
increase of Cu in leaves as a function of slag dos-
es. The average content they observed was 7.5
mg kg!, higher than that observed in this experi-
ment. Madeiros et al. (2009) found no differenc-
es in foliar Zn depending on the increase of slag
doses, similar to results found in this experiment.

It was observed that the Fe contents in leaves
(584.1 - 682.7 mg kg!) are above 40 - 250 mg
kg suitable for the cultivation of sugarcane (Raij
et al., 1996). These levels above average might
be due to the presence of Fe in the slag which,
according to Table 5, showed high values.

Madeiros et al. (2009) observed a reduction
of Fe leaf contents due to the increase of silicon
doses. They attributed this fact to the increase of
pH brought about by the use of slag, which was
not observed in this experiment, and an increase
in levels of foliar Mn due to the increase of steel
slag applied to SP791011 variety, while for the
RB72454 variety no difference was observed,
which was attributed to the efficiency of use and
uptake of varieties.

Regarding the contents of foliar Mn, they were
at an appropriate range (40.5 — 88.8 mg kg!) for
the cultivation of sugarcane, according to Raij et
al. (1996), indicating levels of 25-250 mg kg for
the culture of sugarcane.

Levels of Mn in leaves in this work were be-
low the range of 100 to 250 mg kg, which are
appropriate according to Malavolta et al. (1997).
Increased leaf content of Mn was expected due to
its high content in the silicates (Table 5).

The leaf Si content was in an appropriate range
for the cultivation of sugarcane since, according
to Korndorfer et al. (2002), the contents suitable
for the cultivation of sugarcane are 0.7 - 1.9%.

The used silicates sources caused differences
of soluble Si and overall Si contents. It was ex-
pected that the application of Agrosilicio® would
elevate the leaf content of Si in relation to the
application of Holcim®, which has 94% less sol-
uble Si. It was observed that the Si content was
equivalent to the control treatment, which had no
Si applied. This fact is probably due to the pres-

ence of Si in soil, which could have high level of
available Si.

The application of silicate slag affects the con-
tents of Si in leaves. These contents may still be
affected by soil type, origin of silicate and vari-
ety of sugarcane. The application of silicate may
increase, on average, from 32.57 to 50.3% Si
content comparing with the control in varieties
RB72454 and SP791011 respectively (Madeiros
et al., 2009).

Leaf contents of Cd, Ni and Pb showed no
difference comparing with the control (no sili-
cate) (Table 6). There were no differences in the
leaf content caused by the silicates (Agrosilicio®
and Holcim®) or their doses, respectively for Cd
and Ni.

The concentrations of Cd, Pb and Ni in leaves
were below levels tolerated by plants, i.e. 5-10
mg kg!, 20-30 mg kg! and 10-20 mg kg, re-
spectively (Mengel & Kirkby, 2009) (Table 6).

Cr content showed no difference comparing
with the control (no silicate) (Table 6). The Hol-
cim® silicate produced a lower content of Cr in
leaves (282.7 ug kg') in relation to Agrosilicio®,
which showed a mean value of 480.5 ug kg!.
These results may be due to high Cr values found
in Agrosilicio® comparing with Holcim® (Table
6). Foliar Cr levels were below permissible levels
for plants. No difference was observed between
doses, regarding foliar chrome.

As the doses of silicates rose, foliar Pb levels
also tended to increase (Figure 3). The expected
average foliar level of lead was 1.298 ug kg!. The
increment rate of foliar lead for each kg ha'! of
applied silicate was 0.3999 ug kg!.

Corroborating with these results, Prezotti &
Martins (2012) found that, even at much higher
doses than would normally be estimated by the
methods of recommendation of a corrective of
soil acidity, they did not cause increased levels of
heavy metals in the plants used for consumption
or industrialization, thus demonstrating that there
was no impairment of quality of the final product.
It is an important indication for the use of slag
in the culture of sugarcane, hence confirming the
results of this work.
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Table 6. Average chromium, cadmium, nickel and lead in sugarcane leaves with different sources and doses
Tabla 6. Los promedios de cromo, cadmio, niquel y plomo en las hojas de cafia de azticar con distintas fuentes y dosis

Doses of Cr Cd Ni Pb
Silicates Agrosilicio® Holcim® Agrosilicio® Holcim® Agrosilicio® Holcim® Agrosilicio® Holcim®
(kg ha') Hg kg’
0 358.3 775 605.0 14785
400 622.0m 243.8™ 228.8 170.0m 1069.3™ 577.30 1268.5™ 1104.0
800 546.3° 279.5™ 134.0m 73.30 1079.5™ 933.07¢ 2050.5™ 1278.5™
1600 273.3% 324.8™ 157.5™ 124.0m 7478 782.3™ 1859.3 21058
Averages 480.5b 282.7a 1734a 1224a 965.5a 764.2a 1726.1a 1496.1a
DMS, e 194.7 44 261.2 400.5
DMSp et 454.3 10.2 609.7 934.7
CV(%) 60.0 428 36.8 293
W 0.97 0.93 0.98 0.98
Flevene 2,61 148 4.03 3.26
Foonadiivy 025 243 266 243

!Data with 4/ X transformation. Means followed by different letters in line, differ by Tukey test with 0.05 significance; *significant and ™ non
significant by Dunnett test with 0.05 significance. Values in bold indicate normality by the Shapiro-Wilk test (W), homogeneity by the Levene
test (F) and non-additivity, by Tukey test (F non.aqaiivity), With 0.01 significance; values without bold indicate lack of normality by the Shapiro-Wilk
test (W), lack of homogeneity by the Levene test (F), and additivity by Tukey test with 0.01 significance

= 2500 REFERENCES
2 2000 - .
B GRS e = Cetesb - Companhia de tecnologia de saneamento ambien-
E 1000 - : y = 1298 +0.3999x tal. Decisdo da Diretoria. 2005. Valores orientadores
500 - R? = 66.95% para solos e aguas subterraneas do estado de Sao Paulo.
0+ . . : 195:1-4. Brasil.
0 400 800 1200 1600

Chaves, LHG & CH de Azevedo Farias. 2009. Variabilidade
espacial de cobre e manganés em Argissolo sob cultivo
Figure 3. Foliar lead in response to different doses of silicates de cana-de-aclicar. Ciénc. Agron., 40 (2): 211-218.

(Agr05111C10® and Holcim®). Brasil. Ministério do Meio Ambiente. Conselho Nacional do
Figura 3. Contenido de hojas en respuesta a diferentes dosis de Meio Ambiente. Resolugdo n° 420, de 28 de dezembro
silicatos (Agrosilicio® y Holcim®). de 2009. Dispde sobre critérios e valores orientadores de

qualidade do solo quanto a presenga de substancias qui-

micas e estabelece diretrizes para o gerenciamento am-
CONCLUSIONS biental de areas contaminadas por essas substancias em
decorréncia de atividades antrépicas. Diario Oficial [dal
Republica Federativa do Brasil, 30 dez. 2009. Segéao 1,

Doses of silicates (kg ha')

The use of industrial waste in the culture of
sugar cane improves the quality of the soil, pro-

viding plants with adequate levels of nutrients. p-81-84.
. . Dalchiavon, FC; EAD Bem; MDP Carvalho; MD Sarto; R
To use this as an alternative source of source of Montanari & FH Kaneko. 2017. Relagdes da produtivi-
nutrients does not promote contamination of soil dade de cana-de-agticar com atributos quimicos de um
at greater depths. Argissolo. Rev. Cienc. Agrar., 40 (4): 60-69.
The Agrosilicio® and Holcim® silicates pro- Da Cunha, KPV; CWA do Nascimento; RM de Mendonca
mote pH rise. Pimentel; AM de Aguiar Accioly & AJ da Silva. 2008.

Gy .. . f Disponibilidade, acimulo e toxidez de cadmio e zinco em
The Agrosilicio® silicate increases contents o milho cultivado em solo contaminado. Rev. Bras. Ciénc.

available Si in soil at a depth of 0-15 cm and Mn Solo, 32 (3): 1319-1328.

contents at a depth of 15-30 cm. De Oliveira, WS: MEB Brito; RAB Alves: A dos Santos Souza

The application of silicates does not promote & EG da Silva. 2014. Cultivo da cana-de-agucar sob fer-
contamination of soil and leaves of sugarcane tirrigacdo com vinhaca e adubagao mineral. Rev. Verde
with heavy metals. Agroeco.e Des.Sust., 9 (1): 01-05.

Cienc. Suelo (Argentina) 37 (1): 133-146, 2019

¢



HEAVY METALS TO SOIL OF SILICATES

145

Faria, L de A; PH de C Luz & R Claudia 2008. Efeito resi-
dual da silicatagem no solo e na produtividade do capim-
marandl sob pastejo. Rev. Bras. Ciénc. Solo, 32 (3):
1209-1216.

Fernandes, R; W Luz; M Fontes & L Fontes. 2007. Avaliagao
da concentragdo de metais pesados em areas olericolas
no estado de Minas Gerais. Rev. Bras. Eng. Agric. Amb.,
11: 81-93.

Filho, GM; AW de Albuquerque; AB Moura; AC dos Santos;
MDSO Filho & LC Da Silva. 2014. Diagnose nutricio-
nal de variedades de cana-de-aglcar em argissolos. Rev.
Bras. Eng. Agric. Amb., 18 (11):1102-1109.

Fonseca, IM; RDM Prado; ADA Vidal & TAR Nogueira. 2009.
Efeito da escoria, calcario e nitrogénio na absorcao de
silicio e na producdo do capim-marandu. Bragantia, 68
(1): 221-232.

Garcia-Guinea, J; V Correcher; L Recio-Vazquez; E Crespo-
Feo; R Gonzalez-Martin & L Tormo. 2010. Influence of
accumulation of heaps of steel slag on the environment:
determination of heavy metals content in the soils. Anais
da Academia Brasileira de Ciéncias, Rio de Janeiro, 82:
267-277.

Gunes, A.; A Inal; MS Adak; EG Bagci; N Cicek & F Eras-
lan. 2008. Effect of drought stress implemented at pre-
or post-anthesis stage on some physiological parameters
as screening criteria in chickpea cultivars. Russ. J. Plant
Physiol., 55 (1): 59-67.

Korndorfer, GH; HS Pereira & MS Camargo. 2002. Papel do
silicio na producéo de cana-de-acucar. STAB, Piracicaba,
21 (1): 6-9.

Korndorfer GH; HS Pereira & A Nola. 2004 Anélise de silicio:
solo, planta e fertilizante. Uberlandia: UFU. 34p. Bole-
tim técnico, 2. Brazil.

Korndorfer, GH; GC Silva; IR Teixeira; AG Silva & RS Freitas.
2010. Efeito da adubacao silicatada sobre gramineas
forrageiras e caracteristicas quimicas do solo. Pesqui.
Agropecu. Trop., 40 (2): 119-125.

Madeiros, LB; AO Vieira & BF Aquino. 2009. Micronutrien-
tes e silicio nas folhas da cana-de-agUlcar: escéria side-
rargica aplicado no solo. Eng. Amb., 6: 27-37.

Malavolta, E; GC Vitti & SA Oliveira. 1997. Avaliacao do
estado nutricional das plantas: principios e aplicacoes. 2
ed. Piracicaba, POTAFOS, 201p, Brazil.

McBride, MB; RR Mathur & LL Baker. 2011. Chemical ex-
tractability of lead in field-contaminated soils: implica-
tions for estimating total lead. Commun. Soil Sci. Plant
Anal., Athens, 42: 1581-1593.

Mengel, K & EA Kirkby (Eds). 2009. Principles of plant nu-
trition. International Potash Institute. 52 ed. Bern, Swit-
zerland.

Nolla, A; GH Korndérfer; CAT Da Silva; TRB Da Silva; V
Zucarelli & MAG Da Silva. 2013. Correcting soil acidity
with the use of slags. J. Agric. Res., 8 (41): 5174-5180.

Pereira, HS; AJM Gama; MS Camargo & GH Korndorfer.
2010. Reatividade de escérias silicatadas da indUstria
siderdrgica. Ciénc. Agrotec., 34 (2): 382-390.

Prado, RM & FM Fernandes. 2000. Escéria de siderurgia
e calcério na correcdo da acidez do solo cultivado com
cana-de-aglcar em vaso. Sci. Agric., 57 (4): 739-744.

Prezotti, LC & AG Martins. 2012. Soil chemical characteris-
tics, nutrients and heavy metal elements in sugar cane
crop as function of steel slag doses. Ver. Ceres, Vigosa,
59 (4): 530-536.

Raij, B Van; H Cantarela; JA Quaggio & AMC Furlani. 1996.
Recomendactes de adubacao e calagem para o Estado
de Sao Paulo, 2. ed. Campinas: IAC, 285 p. (Boletim
Técnico, 100). Brazil.

Reis, JJDD; AMT Alovisi; JAA Ferreira; AA Alovisi & CF Go-
mes. Atributos quimicos do solo e produgédo da cana-
de-aclicar em resposta ao silicato de célcio. Rev. Cienc.
Agrar., v.36, n.1, p.3-9, 2013.

Ribeiro, AC; PT Guimardez & VH Alvarez (Eds). 1999.
Recomendacao para o uso de corretivos e fertilizantes
para o Estado de Minas Gerais. 5% aproximacao. CFSE-
MG. Vicosa, Brasil. 359 pp.

Santos HG dos; PKT Jacomine; LHC dos Anjos; VA de Oli-
veira; JF Lumbreras; MR Coelho; JA de Almeida; TJF
Cunha & JB Oliveira De. 2013. Sistema brasileiro de
classificagdo de solos. 3.ed. rev. e ampl. Brasilia: Em-
brapa. 353p.

Sarto, MVM; L Rampim; MDC Lana; JS Rosset; M Ecco &
Wobeto. 2014. Atributos quimicos do solo e desenvolvi-
mento da cultura do trigo em funcao da adubacgao silica-
tada. Agrarian, 7 (25): 390-400.

Silva, FC da S (Ed.). Manual de andlises quimicas de solos,
plantas e fertilizantes. Brasilia: Embrapa Informagéo Tec-
noldgica; Rio de Janeiro: Embrapa Solos, 2009.

Sobral, MF; CD Nascimento; KD Cunha; HA Ferreira; AJ Sil-
va & FB Silva. 2011. Escéria de siderurgia e seus efeitos
nos teores de nutrientes e metais pesados em cana-de-
acucar. Rev. Bras. Eng. Agric. Ambient., 15 (8): 867-
872.

Sommer, M; D Kaczorek; Y Kuzyakov & J Breuer. 2006. Si-
licon pools and fluxes in soils and landscapes—a review.
J. Plant Nut. Soil Sc., 169 (3): 310-329.

Sousa, DMG & E Lobato (Ed.). 2004. Cerrado: corregao
do solo e adubagéo. Planaltina, DF. Embrapa Cerrados.
416p. Brazil.

Stocco, FC; RR Passos; FV Andrade & LF Mesquita. 2014.
Escorias de siderurgia na nutricdo de gramineas cultiva-
das em latossolo vermelho-amarelo: Blast furnace slags

Cienc. Suelo (Argentina) 37 (1): 133-146, 2019

¢



HEAVY METALS TO SOIL OF SILICATES

146

in the grass nutrition cultivated in oxisol. Biosci. J., 30
(4): 1095-1107.

Vale, D.W; RM Prado & JCHAG Bastos. 2010. Nitrogénio
e escéria de siderurgia nos atributos quimicos do solo
e na nutricdo da cana-de-aclcar. Rev. FZVA, 17 (2):
199-220.

Wally, de SM; CA Bissani; VP dos Santos; L Bortolon; ESO
Bortolon & C Gianello. 2015. Correcao da acidez do
solo e aporte de metais pesados pela aplicagdo de esco-
ria basica de aciaria= Soil chemical properties changes
by application of steel basic slag. Biosci. J., 31 (1):
135-145.

Cienc. Suelo (Argentina) 37 (1): 133-146, 2019 }



	_Hlk526336713
	_Hlk526336742
	_Hlk526336766
	_Hlk526336813
	OLE_LINK35
	OLE_LINK36
	_Hlk527732510
	_GoBack

	Botón 7: 
	Página 1: 

	Botón 8: 
	Página 1: 

	Botón 1: 
	Página 2: 
	Página 3: 
	Página 4: 
	Página 5: 
	Página 6: 
	Página 7: 
	Página 8: 
	Página 9: 
	Página 10: 
	Página 11: 
	Página 12: 
	Página 13: 
	Página 14: 

	Botón 2: 
	Página 2: 
	Página 3: 
	Página 4: 
	Página 5: 
	Página 6: 
	Página 7: 
	Página 8: 
	Página 9: 
	Página 10: 
	Página 11: 
	Página 12: 
	Página 13: 
	Página 14: 



