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Abstract

Brazil is a major producer of dimension/ornamental stones, with a great diversity of raw materials. The sawing process
transforms 20 to 30% of the extracted block into powder, with the generation of fine waste around 800,000 t/year. An
alternative to reusing this waste is its application as a source of nutrients for the soil. This study evaluated the potential
use of mud residue from a marble shop located in Jodo Monlevade, Minas Gerais, as a remineralizer, based on fertility,
mineralogical and chemical analysis performed by X-ray diffraction and X-ray fluorescence. For fertility, pH in CaCl, 0.01
mol L', organic matter, aluminum saturation, potential acidity, sum of bases, cation-exchange capacity, base saturation,
macro and micronutrients were determined. The studied residue has free silica, the sum of basis, and K O content in the
range established by MAPA to be certified as a remineralizer. The sample contains 6.7% phyllosilicates, a source of faster
K availability, and 19.4% K-feldspar, a slow-release source. Results described in this study indicate that residue can be a
promising, efficient, and low-cost alternative to improve soil fertility.

Keywords: Agromineral; Remineralizer; Solid residues; Sustainability.

Resumo

O Brasil ¢ um grande produtor de rochas ornamentais, com grande diversidade de matérias-primas. O processo de serragem
transforma de 20 a 30% do bloco extraido em po, com geragdo de residuos finos em torno de 800.000 t/ano. Uma alternativa
para o reaproveitamento desses residuos € a sua utilizagdo como fonte de nutrientes para o solo. Este estudo avaliou o po-
tencial de utilizagdo do residuo de lama de uma marmoraria localizada em Jodo Monlevade, Minas Gerais, como reminera-
lizador, com base em analises de fertilidade, mineralogicas e quimicas realizadas por difra¢do de raios X e fluorescéncia de
raios X. Para a fertilidade, foram determinados pH em CaCl, 0,01 mol L', matéria orgénica, saturagdo de aluminio, acidez
potencial, soma de bases, capacidade de troca cationica, saturag@o de bases, macro ¢ micronutrientes. O residuo estudado
possui teor de silica livre, soma de bases e K,O na faixa estabelecida pelo MAPA para ser certificado como remineralizador.
A amostra contém 6,7% de filossilicatos, uma fonte de disponibilidade mais rapida de K, e 19,4% de K-feldspato, uma
fonte de liberagao lenta. Os resultados descritos neste estudo indicam que o residuo pode ser uma alternativa promissora,
eficiente e de baixo custo para melhorar a fertilidade do solo.

Palavras-chave: Agromineral; Remineralizador; Residuos solidos; Sustentabilidade.
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INTRODUCTION

Brazil is a major producer of dimension/ornamental stones,
having reached fourth place in the world in production and
exports in 2006 (Chiodi Filho and Chiodi, 2014), having a
raw rock total production in 2022 of 10 Mt, being currently
the fifth largest exporter, behind China, India, Italy, and
Turkey (Chiodi Filho, 2023), with a great diversity of raw
materials. Approximately 10,000 companies operate in this
sector in Brazil, including marble factories (61%), processing
sectors (20%), mining (10%), exporters (4%), services (3%),
slab deposits (1%) and machinery, equipment, and input
industries (1%) (Chiodi Filho, 2013). The entire production
chain of dimension stones generates solid waste, from block
extraction, sawing, cutting, and polishing process. The saw-
ing process transforms 20 to 30% of the extracted block
into powder (Moura and Leite, 2011). The total processing
waste generated in the 2023 production was 3,7 Mt of 10 Mt
of raw rock total production (Chiodi Filho, 2023). Several
studies have been carried out with a focus on the reuse of
these wastes, such as the production of various construction
materials (Gongalves, 2000; Almeida et al., 2007; Moura
and Leite, 2011; Araujo, 2019). Another form of reuse that
has been explored, and which is the focus of this research,
is as a source of nutrients for the soil (Machado et al., 2008;
Lichs et al., 2019; Nasser et al., 2022).

The Brazilian territory consists, for the most part, of
acidic and nutrient-poor soils. To make them productive,
high amounts of fertilizers are used, which comprise about
40% of agricultural production costs (Martins et al., 2008).
The most important nutrients are primary macronutrients:
nitrogen (N), phosphorus (P), and potassium (K); second-
ary macronutrients: calcium (Ca), magnesium (Mg), and
sulfur (S); and micronutrients: boron (B), chlorine (Cl),
copper (Cu), iron (Fe), manganese (Mn), molybdenum
(Mo), zinc (Zn), cobalt (Co), and silicon (Si). According to
Rodrigues (2008), 70% of the total fertilizers used in Brazil
are derived from imported conventional nutrient sources
(FCN — Fontes Convencionais de Nutrientes), essentially
composed of variants of nitrogen, phosphorus, and potas-
sium (NPK), of high concentration and high solubility in
water. The high solubility in water, especially in tropical and
subtropical climate conditions, results in low use efficiency,
and therefore, the search for alternative nutrient sources has
expanded in recent years (Camara et al., 2021).

In this context, the direct use of rock powder, registered
as remineralizers, emerged as a viable, economical, and
ecological alternative, improving the physical and chemi-
cal quality of soil. The use of remineralizers to totally or
partially replace high-solubility fertilizers was regulated by
the Brazilian Ministry of Agriculture (MAPA — Ministério
da Agricultura, Pecuaria e Abastecimento), employing Law
12,890, of December 10, 2013 (Brasil, 2013). Remineralizers

are defined in this law as materials of mineral origin that
have been reduced by mechanical processes, being capa-
ble of generating changes in soil fertility indices, as they
provide macro and micronutrients for plants. Normative
Instructions (INs) numbers 05 and 06, published by the
MAPA (Brasil, 2016), establish the minimum characteris-
tics for product certification, such as a minimum of 9% of
sum of bases and 1% of potassium oxide (K,0), maximum
of 15 ppm of arsenic (As), 10 ppm of cadmium (Cd), 0.1
ppm of mercury (Hg), and 200 ppm of lead (Pb), and less
than 25% of free silica (SiO,), in addition to proven agro-
nomic efficiency (Viana et al., 2021).

The remineralizers promote the improvement of phys-
ical-chemical properties and biological activity of the
soil and can help to reduce the use of FCN, in addition to
enabling the practice of more sustainable and organic agri-
culture (Leonardos and Theodoro, 1999; Lichs et al., 2019).
The use of remineralizers, depending on the material and
factors related to the soil and plant cultivated, can correct
the soil acidity, provide nutrients, and condition the soil
(Luz et al., 2010). The main interest of rock powder is to
provide alternative nutrient sources, especially K, through
physical and chemical modification processes of different
raw materials (Souza, 2014).

Agrogeology aims to understand the weathering processes
during soil formation and identify possibilities to increase
the release rate of nutrients from minerals (van Straaten,
2002). Research with a focus on the use of silicate mate-
rials as sources of K found that this application, in tropi-
cal climates, achieves high rates of dissolution and better
performance, due to the high temperatures and humidity in
the soil, which favor the reaction mechanisms between the
minerals and the soil solution (Luz et al., 2010; Angélica
et al., 2014a, 2014b; Braga et al., 2014a, 2014b; Oliveira
et al., 2014). The agronomic efficiency of the powder rock
depends on the rock origin, mineralogy, and chemical com-
position, as well as factors associated with soil characteris-
tics such as mineral compound incubation time, the previ-
ous treatment applied, and the cultivated species (Tavora,
1982; Nascimento and Loureiro, 2004).

The fine (2-0.075 mm) and ultrafine (< 0.075 mm) waste
generated in the cutting and polishing phase of dimension
stones are called abrasive mud or processing mud (Camara
et al., 2021). These residues contain a mixture of different
rocky materials, which may be able to generate the avail-
ability of different nutrients in the short, medium, and long
term (Duarte et al., 2013). Despite providing fewer nutri-
ents in the short term, when compared to industrial mineral
fertilizers of high solubility (FCN), rock powder can gradu-
ally provide nutrients over a long time after application to
soil (Martins et al., 2008).

The use of remineralizers is, therefore, a promising tech-
nique that can provide a dependence reduction on imports
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of high solubility fertilizers, and combined with the pro-
cess of reuse of solid residue, it is capable of promoting a
more sustainable production chain both in the field of agri-
culture and in the dimension stone extraction and process-
ing sector. This practice is consistent with the so-called
Circular Economy, which presents as objectives, accord-
ing to Camara et al. (2021) the cyclical use of products and
materials through maintenance, reuse, remanufacturing,
recycling, and regeneration.

The present research evaluated the potential use of mud
residue from a marble shop located in the municipality of
Jodo Monlevade, Minas Gerais state, as a remineralizer,
based on mineralogical, X-ray diffraction (XRD), and fer-
tility analysis.

MATERIAL AND METHODS

Sampling and preparation

The samples consist of fine (2—0.075 mm) and ultrafine
(< 0.075 mm) waste generated in the cutting and polish-
ing phase of various ornamental rocks, including mainly
marbles, granite, gneiss, and gabbro, collected in a marble
shop located at Jodo Monlevade, Minas Gerais state. The
mud results from the cutting and polishing phase; it is
decanted, and the solid material is deposited in a tempo-
rary reservoir (Figure 1). When this reservoir is full, the
marble shop hires a company for a final disposal of the
material. The reservoir has about 2.3 meters of length
and width, and is 50 centimeters thick, resulting in a stor-
age of 2.645 m®. Three samples were collected making a
vertical hole along the 50 cm thick, using a round handle
articulated digger.

Figure 1. Waste reservoir of the marble shop where the
sample studied was collected.

The three samples were dried in the Universidade do
Estado de Minas Gerais (UEMG) laboratory oven for 48
hours at 100°C, then homogenized and quartered.

Analytical procedures

The XRD analysis was carried out in Centro de Pesquisa
Professor Manoel Teixeira da Costa (CPMTC) of Universidade
Federal de Minas Gerais (UFMG). The sample was passed
through a 200 mesh sieve, i.e., granulometry below 0.074 mm.
The powder was mounted by back-loading a flat aluminum
sample holder. The analysis was carried out in a PANanalytical
X’Pert PRO diffractometer, with a 240 mm Bragg-Brentano
0/6 geometry, with a copper tube. The instrument set up
at the incident beam side was as follows: Soller slit 0.04
rad; fixed divergent slit 1°; beam mask 15 mm. The setup
at the diffracted beam side was as follows: antiscatter slit
1°; receiving slit 0.5° opening; Soller slit 0.04 rad; curved
graphite monochromator, and xenon/methane-filled pro-
portional detector. The scan was set to range from 5 to 70°
(in 20 range), 40 kV, 45 mA, 0.02° step size, and 1 second
counting time per step, in continuous mode.

The software HighScore Plus (HSP), published by
PANalytical Inc., was used to process the XRD raw data,
phase identification, and further calculation of weight frac-
tions, through Rietveld analysis. The observed diffractogram
was uploaded in HSP, the Y-axis was set to square root mode
in order to facilitate the visualization of noise/peaks, and the
background automatically fit. A peak-search function algo-
rithm with high significance was initially applied to allow
major peaks detection only; small secondary peaks were
manually inserted afterward, by visual inspection of the dif-
fractogram. A default profile fitting cycle was executed (“Flat
background”; “More background”; “Peak position”; “Peak
height”; “Peak FWHM”; “Peak shape™) in order to extract
precise peak information and assign mineral candidates.

From this point forward, major phase identification was
based on patterns available in the Crystallographic Open
Database (COD), which contains more than 466,000 (year
2021) crystallographic information files (CIF). It is worth
mentioning that the sample was collected from a “marble”
shop’s waste material, so possible misfits and misinterpre-
tations can arise due to the heterogeneity of the materials
that made up the sample — granite, gneiss, marble — i.e.,
a mixture of natural phases that are not formed from pure
solutions; impurities, substitution, and weathering can occur
to various extents, affecting peak positions and intensities.
This is especially problematic at the 20-30°(26), due to the
convolution of Bragg peaks derived from plagioclase feld-
spars. Furthermore, plagioclase with variable amounts of
anorthite component can occur in the sample, leading to peak
complexity. The major mineral phases identified were quartz,
orthoclase, oligoclase, biotite, and calcite — the latter as a
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minor phase. Kaolinite might be present in trace amounts

as well, but only its d~7.1 A (001) reflection at 12.4°(20)

is barely seen above the background, and therefore it was

not considered during the Rietveld refinement; small sec-

ondary kaolinite peaks, not considered in the analysis, can

contribute to some extent to the overall misfit of the calcu-

lated pattern. References of assigned phases are:

e Quartz (reference code: 96-900-9667, COD ID: 9009666),
Gualtieri (2000);

¢ Orthoclase (reference code: 96-101-1206, COD ID:
1011205), Chao et al. (1940);

* Oligoclase (reference code: 96-901-1424, COD ID:
9011423), Phillips et al. (1971);

* Biotite (reference code: 96-900-2302, COD ID: 9002301),
Brigatti et al. (2000);

e Calcite (reference code: 96-900-0096, COD ID: 9000095),
Graf (1961).

For the Rietveld refinement, the peak shape was repre-
sented by the pseudo-Voigt function and crystal structure data
were obtained from the cited references above. The refine-
ment strategy was applied over the entire scan range, i.c.,
5-70°(20) but three regions were omitted because they
exhibited reflections from the aluminum sample holder,
not accounted for in the refinement. The excluded regions
were at ~38.0-39.0°, 44.2-44.9° and 64.8-65.5°(20), which
correspond to the most intense aluminum Bragg reflections
below 70°(20) (COD ID: 9008460). The kaolinite (001)
reflection at 12.4°(20) was omitted from the analysis as well.

The background and scale factor were the initial refined
parameters, followed by specimen displacement, Caglioti
peak shape parameters W, V, U (one at a time), and Peak
Shape parameter 1’s. An asymmetry function was applied
in general, but probably with a stronger effect on the low-
angle Bragg reflections. Sample texture (preferred orienta-
tion) was refined for biotite (March-Dollase function) only.
Peak positions slightly off the “ideal (20)” were corrected
by refining the lattice parameters a, b, and c. The main
misfit at this point corresponded to the calculated inten-
sities at the feldspars “critical” region, around 27.5°(20).
Refining the atomic coordinates X, y, z for oligoclase and
orthoclase reduced the misfit and, at the end of this process,
the convergence between the measured and calculated data
— agreement indices (R-factors) — were: Rwp (weighted
profile) = 11.21%; Rexp (expected) = 6.59%; X> Goodness
of Fit (GOF) = 2.89.

The X-ray fluorescence (XRF) analysis was performed
at Centro Federal de Educagao Tecnoldgica de Minas Gerais
(CEFET-MGQG), using a SHIMADZU EDX-720. Sixteen oxides
were analyzed: SiO,, Al,O,, Fe O,, Ca0O, K,0, TiO,, MgO,

273

P,0O,, BaO, SrO, SO,, MnO, ZrO,, Rb,0, As,O,, and Y, 0,.

275
Fertility analysis was conducted at Escola Superior de

Agricultura Luiz Queiroz from Universidade de Sao Paulo

(ESALQ-USP). The following parameters were determined:
pH in CaCl, 0.01 mol L"; organic matter (MO) extracted
with sodium dichromate, determined by colorimetry; alu-
minum saturation (m); potential acidity (H+Al) composed
of exchangeable and non-exchangeable acidity by the pH
SMP method; sum of bases (SB); cation-exchange capac-
ity (CEC), base saturation (V), macronutrients (P, K, Ca,
Mg, Al, S), and micronutrients (B, Cu, Fe, Mn, Zn, Na, Si).
P and K were extracted by ion-exchange resin procedure;
Al, Ca, and Mg were extracted with KCI 1 mol L'; S with
calcium phosphate 0.01 mol L''; B with hot water; Cu, Fe,
Mn, and Zn with diethylenetriamine pentaacetic acid (Raij
etal., 2001); Na with Mehlich-1 (Silva, 2009); and Si with
calcium chloride 0.01 mol L' (Korndorfer et al., 2004).

RESULTS AND DISCUSSION

The XRD analysis indicated that the sample was composed
mainly of oligoclase (48.0%), quartz (23.1%), orthoclase
(19.4%), biotite (6.7%), and calcite (2.8%), as shown in
Figure 2. Traces of kaolinite were estimated. The biotite
identified could be a mix of various phyllosilicates such as
muscovite and illite, very common in granite and gneiss.

Figure 2. X-ray diffractogram of the residue sample,
indicating the minerals quantified. The figure illustrates
the assigned phases, where Bt stands for biotite; Plag for
oligoclase; KF for orthoclase; Qtz for quartz, and Calc for
calcite. The figure also exhibits the weight fraction for each
phase, the measured data (red dots), the calculated profile
(black solid line), and the difference plot, which displays
the difference between the anchor scan and the calculated
profile. The dashed areas depict omitted regions. Only
major peaks below 30°(26) were labeled for simplicity.

-40 -

Geol. USP, Sér. cient., S&o Paulo, v. 23, n. 4, p. 37-47, Dezembro 2023



Mud residue as soil remineralizer

The total chemical analysis (Table 1) indicated that the
sample was mainly composed of SiO, (58.03%), Al,O,
(14.04%), Fe,0, (9.11%), CaO (7.72%), K,0 (6.96%), TiO,
(1.35%), MgO (0.92%), P,0,(0.63%), and BaO (0.55%).
The other oxides analyzed had a concentration below 0.5%.
The BaO content was probably associated with alkali feld-
spar, once it substitutes K in a simple-solid solution (Roy,
1967). The sum of bases obtained was 15.6%, and together
with the K value of 6.96%, they were in the range estab-
lished by the IN as the minimum to certify a product as a
soil remineralizer, which need to be at least 9% and 1%,
respectively. The free silica established by the IN was below
25%, and the quartz content obtained by XRD analysis was
21%, indicating a compatible percentage.

The XRD results (Table 2) showed other parameters
of the residue. The pH was 6.94, the Al was < 0.1 mmolc.
dm?, and the potential acidity was 6.9 mmolc.dm™, which
indicates low values of interchangeable Al. The sum of
basis value obtained was 39 mmolc.dm™, which indi-
cates the number of exchangeable bases Ca, Mg, K, and
Na. In soil, this value points to the degree of weathering,
since in younger soil that suffered less weathering, the
contents of the four elements are higher than in old soil
(Sobral et al., 2015).

The parameter V is the proportion of the cation exchange
capacity occupied by the bases, and soils with values
above 70% do not need liming (Sobral et al., 2015). The V

CEC obtained was 45.9 mmolc.dm?, indicating a low
content of clay minerals according to Sobral et al. (2005),
which is congruent with the XRD results. In soils, CEC
values above 40.0 mmolc.dm™ are considered high values
(Sobral et al., 2015).

Comparing the XRF results for K, Mg, and Ca, with
the exchangeable values obtained using ion-exchange resin
procedure for K and KC1 1 mol L' for Mg and Ca, it is pos-
sible to calculate that 0.33%, 0.86%, and 1.10% of total
K, Mg, and Ca, respectively, of the sample are considered
“exchangeable”. Most soil K is found in the structure of pri-
mary and secondary minerals, and the smallest part (about
2% of the total) is readily available to plants, which are
those bound to soil colloids (exchangeable K), or present
in the soil solution (Gama et al., 2020). The K in feldspars
and feldspathoids is structural type, found inside the three-
dimensional network of silicon tetrahedral and, to be used
by plants, these minerals need to be dissolved through the
natural reactions of chemical weathering that occur during
soil formation and development (Villa et al., 2004; Araujo
and Sampaio, 2010). Using fine granulometry of residue,
the contact surface area of the exposed material will be
larger, and consequently, there will be a greater release of
ions (Martins et al., 2010; Camara et al., 2021).

Table 2. Fertility parameters.

value obtained was 85%, indicating that there were no Parameter Unit Result
charges occupied by acidity components H or Al. The B (hot water) mg.dm-2 < 0.10
Cu (DTPA) mg.dm-3 59.1
Table 1. The X-ray fluorescence results. Fe (DTPA) mg.dm-8 32.1
Oxide Result (%) Mn (DTPA) mg.dm-3 4.5
SiO, 58.03 Zn (DTPA) mg.dm-3 6.4
AlLQ, 14.04 Na (Mehlich-1) mg.dm-3 352
Fe, O, 9.11 Si (CaCl, 0.01 mol L) mg.kg-! 21.5
Ca0 7.72 pH (CaCl,) - 6.94
K,O 6.96 MO g.dm-3 4.6
TiO, 1.35 P (resin) mg.dm-8 18.8
MgO 0.92 S (calcium phosphate 0.01 mol L")  mg.dm-3 17
PO, 0.63 Ca (KCI 1 mol/L) mmolc.dm-3  30.2
BaO 0.55 Mg (KCI 1 mol/L) mmolc.dm-= 3.9
SrO 0.18 K (resin) mmolc.dm-3  4.93
SO, 0.18 Al (KCI 1 mol/L) mmolc.dm-2 < 0.1
MnO 0.15 H+AI (SMP) mmolc.dm-3 6.9
Zr0, 0.10 SB mmolc.dm- 39
Rb,0 0.04 CEC mmolc.dm-3  45.9
As,O, 0.038 \ % 85
Y,0, 0.01 M % 0
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The Ca and Mg contents measured in the residue are
considered medium and low, respectively, and are similar to
those found in alternative fertilizers such as coffee and rice
straw, cattle manure, and sewage sludge, which have been
widely used in agriculture (Prezotti et al., 2007).

Comparison with previous studies

Nasser et al. (2022) studied ornamental rock-cutting waste
from Adamantina, Sdo Paulo state, and concluded, based on
chemical analysis of the residue, that it could not be com-
mercialized as a remineralizer, due to its high SiO, content
(57.43%); still, the authors considered the residue presented a
good potential as an alternative source of K, O (3.50%), CaO
(3.36%), MgO (2.34%), and S (2.26%) (Figure 3). However,
the authors did not analyze the mineralogical composition,
therefore, it was not possible to affirm that all SiO, content
obtained was in the form of free silica once the residue was
probably also composed of other silicates. Si is naturally
abundant in the soil in an inert form and consequently is
unavailable for plant uptake (Tubafia and Heckman, 2015).
It is considered a non-essential element for plants; however, it
is beneficial to plant growth, mainly as nanoparticles (Rajput
etal., 2021). Therefore, the abundance of Si in soils is not an
indication that appropriate supplies of soluble Si are available.

Lichs et al. (2019) evaluated the mud residue of ornamen-
tal rock processing to verify the effects of variation in waste
results due to variation in the processed material. The sum
of bases presented a variation between 21.98 and 27.43%,
K,O between 3.71 and 4.87%, and CaO between 14.29 and
19.09% (Figure 3). According to the authors, the residue added
to the soil regulated its pH, since the soil in natura had a pH
of 5.4. In the rejects, the pH value was around 8, and with
the addition of residue, the soil reached 6.7. The residue also
stimulated the development of soil microbiota in bean crops.
The variance in CaO content between our study (7.72%) and
the findings reported by Lichs et al. (2019) may be a crucial
factor influencing the extent of pH correction achieved in
the soil, as higher CaO levels are typically associated with
more pronounced alkaline effects, which can significantly
impact the soil’s pH correction capabilities.

Bertossi et al. (2012) studied the influence of fine waste
from processing silicate ornamental rocks on soil and water
quality. According to the authors, fine-grained waste could
induce waterproofing of soil and deteriorate groundwater
quality if used incorrectly. The authors observed that the
hydraulic conductivity measured on mixtures of soil and
waste was decreased in relation to pure soil and the mix of
increasing quantities of fine waste on soil induced rising
on electric conductivity, pH, and Ca, Mg, K, Na, and Mn
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Figure 3. Comparison of K,O, K available, MgO, and CaO content of the residue studied with other published researches,

which analyzed the same residue, and various powder rocks.
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concentrations of percolated water. However, all measured
water quality parameters were under allowable limits estab-
lished by CONAMA (Brasil, 2008) Resolution n® 396/2008.
Considering the application of the studied residue in Jodo
Monlevade and region, red and red-yellow oxisols occur
— the same class analyzed by Bertossi et al. (2012), which
generally shows high hydraulic conductivity and elevated
effective porosity, with a significant decrease in hydraulic
conductivity at depth (Fiori et al., 2010). Therefore, it is
expected that the application of residue could generate a
slight reduction in water percolation velocity.

Castro et al. (2022) evaluated the agronomic efficiency
of mica-schist as a soil remineralizer in millet and soya.
The authors showed that in sandy soil the mica-schist per-
formed better in millet than in KCI, however, in clay soils it
is necessary to increase the mica-schist doses in the first year
of cultivation, indicating that the powder rock use partially
substitutes the KCI. The XRF indicates that the mica-schist
is composed of 3.47% K, 0O and 2.09% CaO, lower values
than those of our studied sample (Figure 3). The mica-schist
is composed mainly of oligoclase (23.8%), quartz (23.6%),
muscovite (22.1%), biotite (14.5%), and chlorite (11.3%).

Souza (2021) analyzed the pyroxenite-bebedourite
rock from the Catalao I Carbonatite Alkaline Complex as a
potassium remineralizer for the nutrition of Marandu grass
(Brachiaria brizantha) culture. The rock had a total of 1.09%
K,0, 30.24% CaO, 7.42% MgO, and 5.26% P,O, (Figure
3). The author verified that the treatment of 5t/ha obtained
the best result for plant height growth.

The availability of K in soil using an application of mel-
ilitite, granite, and syenite powder was evaluated by Duarte
etal. (2013), which have a total K,O content of 3.42, 3.99,
and 4.70%, respectively (Figure 3). The content of K in
the soil was determined using extraction with Mehlich-1
and ion exchange resin. The authors concluded that oliv-
ine melilitite did not differ from KCl in relation to K avail-
ability in the soil and its uptake by plants. However, granite
and sienite powder did not respond to the variables tested,
which points out that they are materials with slow K avail-
ability to plants. The high K availability of melilitite could
be related, according to Duarte et al. (2013), to the presence
of easily weathered minerals in its composition, such as
phlogopite. The mineralogy of the residue presented herein
indicates that the phyllosilicates could be a source for faster
K availability, and feldspar a slower source. It is important
to emphasize that another important factor that influences
slow or fast availability is the granulometry.

Aratijo and Sampaio (2010) studied the K extraction
of an alkaline potassic rock from Pocos de Caldas, Minas
Gerais state, using nitric acid, citric acid, and Mehlich-1.
The studied sample was composed mainly of microcline,
muscovite, and gibbsite, and had a total of 8.9% K, 0, 54.8%
Si0,, 19.7% Al0,, 0.14% Ca0, and 0.29% MgO (Figure
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3). The highest K extraction was obtained using Mehlich-1,
with 58.9 mg/L extracted along 120 hours, with no release
increase when extending the time of extraction.

Anggélica et al. (2014a) studied weathering profiles over-
lying syenite rocks in the Triunfo region, Pernambuco state,
to understand the K behavior from the primary microcline in
the bedrock up to the soils. The authors observed kaolinite
formation after K-feldspar hydrolysis, with the total K,O
decreasing to the upper part of the profiles, and increasing
the available K (obtained by cation exchange resin) and total
Fe,0, to the top of the profiles. According to the authors,
since no new K-bearing mineral is formed in the soil ana-
lyzed, K availability is related to the K-feldspar structure,
which becomes looser due to upward weathering. This is the
expected behavior of the weathering of the studied residue
when applied in soil, once a great part of the K O content
of the residue is related to K-feldspar.

Braga et al. (2014b) showed the main characteristics of
a syenite deposit with a mineral potential of 67.8 Mt using a
cut-off grade of 12.50% K O, located in the municipality of
Guanambi, Bahia state. According to XRD and petrographic
analysis, the syenite was mainly composed of alkali feldspar
(microcline — 77.0%), biotite (11%), and clinopyroxene
(11%). Agronomic tests using this rock applied the recom-
mended dose to corn crops based on total K rock content
(100 mg of K per kg of soil, equivalent to 240 t ha" of K, O)
(Gabos et al., 2014; Oliveira et al., 2014). The authors veri-
fied that the plant dry mass in the treatment presented an
increment 41.5% higher than the control treatment. The great
results in the agronomic tests are attributed by Braga et al.
(2014b) mainly to the high potash content, the feldspar “fin-
gerprint” texture, and the considerable amount of biotite.

Possibilities of application

The main application considered for the residue studied is to
local small producers (familiar agriculture), considering the
limited volume and transportation costs. The application of
remineralizer is important for small farmers, mainly because
they have limited access to resources, financial incentives,
and technology, and often face challenges in acquiring con-
ventional fertilizers. Furthermore, it caters to producers who
tend to seek healthier food production with less impact on
the environment. Theodoro et al. (2006) found that the use
of rock fertilization maintained corn, rice, cassava, sugar-
cane, and horticultural yields comparable to conventional
fertilization, providing more sustainable soil fertility for
small family producers in the state of Minas Gerais.

The main challenges for the use of remineralizers are
the timing and intensity of nutrient supply, and the capacity
to provide nutrients in the right quantities and at the appro-
priate times for each incorporated crop. Therefore, large
doses with fine granulometry need to be applied in order to
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achieve better incorporation. The solubilization and libera-
tion of nutrients from rock powder depend on many factors
besides mineralogy, chemical composition, and granulom-
etry, such as leaching conditions, soil pH, biological activity,
temperature, precipitation, redox potential, exposure time
to the environment, soil-plant relationship, among others
(Camara et al., 2021). Thus, applied studies to determine the
agronomic efficiency under greenhouse using local oxisol are
essential to better determine the possibilities of application.

CONCLUSIONS

The studied residue, based on the parameters analyzed, has
a good potential to be used as a soil remineralizer, once
its free silica, the sum of basis, and K, O content are in the
range established by MAPA to be certified as a remineralizer.
However, MAPA also establishes the maximum content of
some metals (As, Cd, Hg, Pb), consequently, these elements
still need to be analyzed, using the Inductively Coupled
Plasma (ICP) methodology, to verify if the studied residue
has less than the limit determined as safe.

The results also indicated that the residue has a good
potential to provide micronutrients and help to regulate the
pH of acidic soils, due to its long-term release. The miner-
alogical composition of the residue indicates that phyllo-
silicates, which constitute 6.7% of the sample, could be a
source for faster K availability, and the K-feldspar, which
forms 19.4% of the sample, is a slow-release source.

Results described in this study provide an important
insight into the use of residue as a promising efficient and
low-cost alternative to improve soil fertility. After this anal-
ysis, it is necessary to verify the agronomic efficiency under
greenhouse and field conditions.

Considering a dose of 240 t ha! for the application of
powder rock in corn crops (Gabos et al., 2014; Oliveira
et al., 2014) of a small rural producer, defined as someone
who holds possession of a rural tract of land not exceeding
50 hectares, the use of rock powder could avoid the disposal
of at least 12,000 t of material in nature. The use of remin-
eralizers is a promising technique capable of promoting a
more sustainable production chain in both agriculture and
the extraction and processing of ornamental rock sectors.
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