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Abstract

This study evaluated the effect of byproduct from mining process of granite rock doses in cultures of
high demand in soil fertility with annual and perennial cycles, such as soybean and Tamani perennial
grass, for two years in the municipality of Paragominas-PA. Experimental design was in randomized
blocks comprising five treatments and five replications. Treatments comprised doses of byproduct
from granite rock of 1000, 2000, 4000 and 6000 kg ha! and a control treatment (without application)
applied in soybean and Tamani perennial grass. Soil parameters and crops productivity were
evaluated for two years. The higher doses showed positive effects on soil fertility parameters,
including potassium increases. Crops productivity had low responses to application or residual
effects of the byproduct from granite rock mining process from Tracuateua-PA. The byproduct from
mining process of granite rock has low influence in soil fertility and yield of soybean and Tamani
perennial grass.

Keywords: nutrient release dynamics; rock remineralization; soil chemical attributes

1. Introduction

Application of byproducts from mining and quarrying industries in soil as remineralization has
emerged as a new practice in agriculture. This technology has been indicated to agriculture as an
alternative to reduce the use and dependence of soluble fertilizers, mostly imported [1], besides it is
viable to the large quantity of waste from mining and quarrying industries [2].

Agriculture adoption of the remineralization practice has been increased due to the high
demand and prices of mineral fertilizers; however, it is necessary to be alert to the viability
evaluation, because the relation of cost/benefits is highly dependent on chemical and granulometric
composition of the byproducts, besides logistic and application costs [3, 4]. Geologic diversity in
quarries and mining can generate many byproducts along the production process, however its use in
agriculture must attend to specificities of legislation [5].

Remineralizers are defined as mineral materials that were mechanically processed to reduce
particle size to be able to modify fertility indexes by inclusion of macro and microminerals to plants,
as well as improving the soil properties as physical or physicochemical or biological activities, in
addiction it must present sum of bases (CaO, MgO, Kz0) equal or superior to 9% along with K20
equal or superior to 1% [6].

Byproducts from sedimentary, metamorphic, and igneous rocks are easily obtained with
potential as natural nutrient supplier under adjusted management because they can supply
micronutrients and reduce nutrient leaching [7]. However, still there little information about the
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efficient rocks, using ways, and some inconsistencies about the effects of short to long time in soil
properties, as well as available nutrients to plants. Even in adjusted materials as remineralizations
there are few or no satisfactory answers to crops [7, 8].

Basalt rock dust (BRD) from Sao Paulo showed positive effects through the soil acidity reducing
and improving de levels of base saturation [9]. Dacite rock is potential to be an environmental
solution to soil fertilization problem because it does not require chemical processing and can be used
as it is mined [10]. Rock processing is highly efficient in increasing the agronomic effectiveness.
Silicate rock powders must be seriously considered as amendment for strongly weathered soils in the
humid- and subhumid tropics since they could fill the unresolved and escalating gap for affordable
and accessible K sources and micronutrient soil amendments, however the positive results prevail
with mafic and ultramafic rocks like basalts and rocks containing nepheline or glauconite [4].The aim
was evaluating doses of the byproduct from granite mining from Tracuateua-Para produced by crush
(coarse granulometry), with no additional processing, in annual and perennial crops, as respectively,
soybean (Glycine max) and forage grass Tamani (Megathyrsus maximus cv. BRS Tamani) for two years
in Paragominas-Para-Brazil.

2. Materials and Methods

The research was carried out with experiments to evaluate the doses of 1000, 2000, 4000 e 6000
kg ha! of the byproduct from granite mining and a control (Table 1) from Tracuateua, Par4, Brazil in
crops of soybean (Glycine max) and forage grass Tamani (Megathyrsus maximus cv. BRS Tamani) by
two years.

Table 1. Chemical and physical composition of the byproduct from granite mining from Tracuateua, Para,

Brazil.

Chemical characterization (%)

SiO:2 AlOs Fe20s CaO MgO TiOz2 P20s Na20 K20 MnO
73.7 15.4 1.6 0.63 0.26 0.14 0.342 3.61 5.03 0.03
Predominant minerals
Quartz—SiO:z Albite— (Na,Ca)AlSizOs Microcline — KAl SisOs
Physical characterization
>2.00 mm >0.84 mm >0.30 mm <0.30 mm
182 g (32.5%) 285 g (51%) 78 g (14%) 14 g (2.5%)

There was no previous processing in byproduct from granite mining, it was evaluated as well
as it was generated in the quarry. Generally, it is marketed as crushed stone (Table 1), mainly so that
it doesn’t involve additional costs. The rock is a granite with predominant minerals of quartz, feldspar
plagioclase (albite), k-feldspar (microcline) and mica (biotite/muscovite and chlorite). Feldspars are
minerals subject to weathering, therefore, they release nutrients such as calcium, magnesium, and
potassium, while quartz does not react (Table 1).

Experimental areas were in Paragominas-PA, northeast of Para state (2° 25" and 4° 09’ South and
46° 25" and 48° 54’ West). Climate characteristics are warm and wet of Awi type from Koppen [11].
The rainy tropical climate occurs between December to June, while the expressive dry period in July
to November. During the experimental period, the total precipitation and average temperature were
3811.2 and 2423.6 mm and 27.5 and 26.7° C, respectively in 2020 and 2021 (Figure 1).
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Figure 1. Climatic data of experimental period of 2019 to 2022. Source: AGRITEMPO (2023).

The byproduct from granite mining from Tracuateua was applied by throwing in experimental
areas (Table 2) under Latossolo Amarelo (Typic Hapludox) uniform, deep, clayey [12]. Physical
analysis of the soil indicated composition of 774, 126 and 100; and 770, 126 and 100 g kg of clay, silt,
and sand, respectively to areas cropped with soybean and Tamani.

Table 2. Chemical characterization of soil fertility (0-20 cm) before experimental stablishment of soybeanand

Tamani.
pH P* S K Ca Mg Al H+Al CEC MO
CaCla mgdm? mmolc dm- g dm?3
Soybean crop
5 24.2 8 2.46 29.1 10 0 315 73.1 24.7
Tamani crop
5.4 4 11 2.3 32 10 0.02 22 66.3 34

*Resin method.

2.1. Experimental Design

Experimental design for both crops, soybean and Tamani, was in randomized blocks with five
treatments, four doses of byproduct from granite mining from Tracuateua, 1000, 2000, 4000 and 6000
kg ha' application and a control (no application) with five replications. The experimental units
comprised a plot of 50 m? (10 lines of 10 m) to soybean and 16 m? of Tamani grass.

2.2. Soybean Experimental

Soybean was grown in two experimental crops 2019/2020 and 2020/2021 with cultivar CZ 48B32
IPRO in a commercial farm, near to the Paragominas Campus, Federal Rural University of the
Amazon, Para, Brazil. The arrangement of 0.5 m between rows and 0.065 m between plants.
Treatment application was realized 30 days before soybean sowing.

Soybean evaluation comprised yield and mass of one thousand grains. Samples were manually
collected from 20 m linear in the center of each experimental unit. The grains were mechanically
threshed and weighted and posteriorly subsampled for humidity determination. Parameter values
were adjusted by 13% of humidity according to discount Equation 1 (1) and adjustment to Equation
2(2).

Discount by humidity D (%) = [(Initial humidity - 13) x 100] / (100-13)], (1)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Adjusted weight (g) = Sample mass — [Sample mass x (D/100)] ()

2.3. Tamani Experimental

In the experimental area of the Paragominas Campus, Federal Rural University of the Amazon,
Para, Brazil, Tamani grass was sowed simultaneously to treatments application, as well as a
fertilization with 100 kg ha'* of monoammonium phosphate (10% de N e 48% de P20s). Establishment
fertilization comprised 40 kg ha' of N and K:O, respectively by urea and potassium chloride after the
first and second harvests at 2020/2021. In 2021/2022 were applied two fertilizations of 40 kg ha' of N
as urea after the first and sixth harvests.

Evaluations in forage grass comprised the dry matter productivity through harvests by cutting
up 25 cm from ground surface realized when dossel was around 50 cm according to
recommendations [13]. There were four and six harvests, respectively, in 2020/2021 and 2021/2022.
Average height of dossel before harvests were 64.8, 64.5, 51.7 and 49.0 cm during 2020-2021 and 52.5,
50.8, 48.7, 44.4, 62.4 and 50.8 cm during 2021-2022.

Samples were collected by scissor and a sampler of 1 m? in the center of each plot, following to
weighed and subsampled to determine dry matter content in the oven under 65° by 72 h. After
sampling, all remainder from the plots were harvested at the same height.

In the end of each soybean crop and one-year cycle of Tamani were realized soil sampled in layer
of 0-20 cm to analyze soil fertility.

2.4. Statistical Analysis

Data were organized in Excel and submitted to statistical analysis in normality study by Shapiro-
Wilk with p>0.05. Variables non-attended in normal criteria were analyzed by BOX- COX from
package “fpp” of the R software or nonparametric of Kruskal-Wallis. Data were analyzed by ANOVA
using “emmeans” and “agricolae” packages from R software. Significative effects among levels were
analyzed by regression study with significative time effect or interaction resulted in deployment.

3. Results

3.1. Soybean Experimental
Increment doses of byproduct of granite mining from Tracuateua-PA showed no effect on the

yield and mass of one thousand grains in the two crops (Table 3).

Table 3.—Yield and mass of one thousand grains (MTG) in the two soybean crops under application levels of

byproduct of granite mining from Tracuateua-PA.

Levels Soybean crops 2020/2021 Soybean crops 2021/2022

Yield MTG Yield MTG

kg ha-! kg ha! g kg ha-! g
0 2581.7 160.02 2269.9 159.54
1000 2794.0 160.14 2429.8 154.74
2000 2430.9 160.16 24359 158.12
3000 2612.8 160.32 2173.6 159.90
6000 2581.9 160.36 2364.3 161.22

CV (%) 3.6 3.7 17.8 5.7
P value 0.4770 0.7260 0.8597 0.8885

In soil, the content of potassium, calcium, magnesium, and aluminum, as well as values of CEC
and organic matter showed effects from treatments after first crop 2019/20, while after the second
crop (2020/21), the effects were observed to pH values, as well as contents of phosphorus, potassium,
and calcium (Table 4).

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 4. Parameters of soil fertility after application of the granite mining by-product of Tracuateua-PA in the
2019/2020/2021 harvests.

Soybean crop 2019/2020
Levels of byproduct of
. . CV(% )
Parameters granite mining (kg ha-) y P valor Equation R?
0 1000 2000 3000 6000
pH CaCl2 484 474 51 486 466 52 0.0641 ns* ns*
Pt mgdm? 214 242 21.0 234 27 311 0.7326 ns* ns*

K mmolcdm?3 234 236 282 276 3.14 16.8 0.0286* y =0.0001x + 2.3543 0.8781
Ca mmolc.dm? 17.2 12.6 19.2 13.6 10.2 32.9 0.0147** y =-0.001x + 17.019 0.4257

Mg mmoledm? 42 52 72 50 34 311 0.0001** y = -0.0002x+5566 0.1459
Al mmoledm?® 20 46 17 32 45 66.8 0.0134* y =0.0003x + 2.4981 0.2470
H+Al mmolcdm=? 29.8 31.9 284 28.0 29.8 8.0 0.0525 ns* ns*

CEC mmol.dm? 53.6 52.0 57.8 49.6 46.6 10.3 0.0088** y =-0.0013x + 54.981 0.4852
M.O. gdm?® 21.0 21.7 221 205 202 51 0.0127* y =-0.0002x + 21.621 0.3930
Soybean crop 2020/2021

Levels of byproduct of
. . CV(% )
Parameters granite mining (kg ha-) p valor Equation R?
0 1000 2000 3000 6000

y =-2E-08x2 + 0.0001x +

H CaCh 51 54 54 532 534 308 0.0005* 0.5539
p 5.1699
= _ - 2
Pt mgdm® 70 76 100 86 66 231 00129+ Y o0 rDO0Iet 0,
6.8942
= _ — 2
K mmolcdm® 2.04 386 272 276 200 352 0006% Y- OF 0522820'0004’” 0.3873
Ca mmolcdm? 27.0 35.6 358 372 414 227 0.011* y = 0.002x +30.6 0.7709
Mg mmoledm?® 80 90 92 84 74 146 0.0681 ns* ns*
Al mmoledm2 00 0.0 00 0.0 0.0 0.0 ns ns* ns*
H+Al mmolcdm? 32.8 26.6 30.0 354 32.8 19.2 0.181 ns* ns*
CEC mmolcdm3 70.2 75.0 77.6 83.6 83.6 14.2 0.2002 ns* ns*
MO. gdm® 196 214 230 240 228 166 0.2429 ns* ns*

ns*: not significant.

Potassium content in soil was linearly positive according to the increment in doses of byproduct
after the first soybean crop in 2019/20, while calcium, magnesium, CEC, and organic matter showed
negative linear effect. Aluminum in soil also was adjusted in a positive linear curve as answer to the
doses increment, however under a low correlation coefficient. In the second soybean crop (2020/2021),
residual effects was observed through higher values to pH (CaClz), P and K in intermediate doses,
while the Ca values were linearly increased (Table 4).

3.2. Tamani Experimental

In the evaluation period of 12 months, the dry matter production (DMP) of Tamani in 2020- 2021
and 2021-2022 were 11,487 e 12,818 kg ha! with a total of 4 and 6 cuts, respectively. Yield by harvest
in 12 months after establishment showed negative quadratic effect (p<0.05) for treatments, which
adjusted in equation DMP (kg ha' of DM) = -4E-05x2 + 0.1689x + 2869.3 (R? = 0.8268), while in the
second period (12 to 24 months), there was no the residual effect from treatments (Table 5).

There was no effect from treatments to dry matter content in two evaluated periods (Table 5), as
well as to interaction of treatments x harvest to dry matter production (p=0.8533 and 0.8889, in first
and second period, respectively) and dry matter content (p=0.6510 and 0.8189, in first and second
period, respectively).

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Table 5. Dry matter production (DMP) and dry matter cohntent (DM) of forage grass Tamani under application
levels of byproduct of granite mining from Tracuateua- PA during period of 24 months.

Levels of bvoroduct of 2020/2021 2021/2022
granite min}ilrll)g (kg ha) DMP DM DMP bM
kg ha! % kg ha! %
0 2772.2 214 21219 25.3
1000 3193.0 21.1 2044.0 25.7
2000 2995.1 20.9 2247.8 24.6
3000 2950.2 20.4 2105.1 25.4
6000 2448.5 21.7 2163.0 25.4
CV (%) 30.23 10.1 31.8 18.7
P value 0.015 0.3211 0.6974 0.5612

Dry mass production in two 12 months periods were, respectively of, 11,518 kg ha' and 12,777
kg ha', showing some variability among harvests as consequence of climatic influences from different
seasons, mainly for water availability (Figure 1) and fertilization management.

In soil fertility parameters there was no influence in all experimental periods (Table 6).

Table 6.—Chemical characterization of soil fertility post 12 months and residual period (12 to 24 months) in

layer of 0-20 cm for Tamani.

Levels of byproduct of granite mining (kg ha)

Soil Fertility 0 1000 2000 3000 6000  CV(%) p value
Parameter 12 months after Tamani sowing (2020-
2021)
pH CaClz 5.54 5.34 5.62 5.4 5.54 4.8 0.388
P* mg dm?3 32 35.2 33.8 27.2 33.8 32.1 0.9063
S mg dm- 13 13.8 11.8 124 12.6 22.6 0.8733
K mmolc dm?® 1.8 1.6 1.9 1.9 2 21.3 0.6335
Ca mmolc dm? 30.4 27.4 32 28.6 30 18.8 0.2455
Mg mmolc dm=? 10.6 9.2 11.2 9.6 10 12.8 0.115
H+Al mmolc dm? 27 23.6 24 23.6 22.8 24.7 0.8881
CEC mmolc dm?® 69.8 62.2 68.8 64.2 65.2 12.5 0.407
O.M. g dm?3 1.7 1.5 1.64 1.66 1.58 12.9 0.6826
Residual period (12 to 24 months) after Tamani sowing (2021-2022)
pH CaClz 5.54 5.5 5.44 5.48 5.44 34 0.9104
P* mg dm 6.4 8.2 6.4 6.6 5.8 37.3 0.8867
S mg dm 4.8 6.2 4.2 3.4 3.6 50.4  0.3202
K mmolcdm? 2.6 2.46 2.92 2.54 2.6 274  0.8891
Ca mmolc dm? 42.8 41.2 40.4 41 40.6 232 0.9628
Mg mmolcdm=? 11.4 10.2 10.8 10.6 10.4 17.7 0.8068
H+Al mmolcdm=?® 25 25.2 24.6 28.8 29.4 14.8  0.1795
CEC mmolc dm?® 56.8 53.8 54.4 54.2 53.4 19.9 0.973
O.M. g dm?3 2.96 3.04 3.16 3.14 3.3 16.5 0.6853

4. Discussion

Weathering is a geological/geo-environmental process that degrades and transforms rocks [14].

Silicate rock powders can enhance soil fertility and contribute to carbon sequestration, but their
effectiveness depends on the rock type, soil characteristics, and microbial responses [15].

The understanding of complex nature from minerals is necessary to define appropriate
analytical procedures allowing characterize satisfactorily the composition and bioavailability of
elements in rocks [16], once the responsiveness from crops to remineralization must be associated

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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with conjugated effects and factors according to the rock composition, not only the potassium.
Byproduct chemical composition expressed in bases did not reach the value of the Sum of Bases (CaO
+ MgO + K20) of 9% required to characterize the remineralizing product [17]. The predominant
mineralogy from this granite rock composed of plagioclase and potassium feldspars indicates
potential to release calcium, sodium, and potassium to soil solutions by weathering [18]. The release
of nutrients from rock for plants is dependent on physical, chemical, and biological processes to
solubilize [18, 19, 20]. Three igneous rocks (phonolite, diabase, and granite) sieved to 0.05 mm and
thoroughly mixed into soils to maximize contact between particles, roots, and the microbial
community resulted in enrichment microbial taxa linked to weathering, nutrient cycling, and plant
growth promotion [14].

Rock granulometry also influences the time of nutrient release, in this case byproduct of granite
mining from Tracuateua-Para possibly was negatively influenced by high size of particles (Table 1),
besides superficial application. The byproduct applied was classified as coarse crumbs and it has only
2,5% mass with the low granulometry (< 0.3 mm) recommended for effective soil remineralization
[21, 22].

4.1. Soybean Experimental

Soybean yield (Table 3) was inferior to the 2,979 and 2,995 kg ha! observed as crop averages of
2019/2020 and 2020/2021 in Para state [23]. The absence of treatments effect in yield and for mass of
one thousand grains (Table 3) reflected low influence of byproduct of granite mining in short time,
even under increasing levels of potassium in soil (Table 4).The effects of linear increasing of
potassium in soil in first period (12 months) a quadratic in residual period (12-24 months) were
followed by high levels of this nutrient in control, above to the potassium recommendation for
soybean in Para [24], probably justifying the absence of answer from the culture.

Calcium in soil showed a distinct answer to doses of byproduct of granite mining from
Tracuateua-Para in each cropping (Table 4). Linear negative effect of calcium and magnesium in soil
in first cropping can be dilution effect as consequence of high levels of the byproduct containing low
levels of these nutrients (Table 1) or could be resulted of soil heterogeneity due to surface application
in no-till farming systems summed to slow nutrient release, as is typical from this material, mainly
under high granulometry.

In the second soybean crop, treatment effects were influenced by lime application by farm. There
was positive linear effects from doses increments in calcium from soil, even with high values due to
liming. In the same way, the linear positive effect from treatments to aluminum in soil was totally
neutralized in the second soybean crop, while pH (CaClz) increased and the quadratic effect on
phosphorus with treatments occurred only in the second crop (Table 4), in accordance with [2] who
also observed reduced active and potential acidity and increased calcium with the limestone
application.

4.2. Tamani Experimental

Tamani grass showed the highest dry matter production under doses of 1000, 2000 e 3000 kg ha-
1 of byproduct of granite mining in the first experimental period, but the decrease in the highest dose
resulted in a negative quadratic curve. The increasing supply of potassium through the byproduct
doses was not followed by dry mass production after 3000 kg ha, thus the potassium efficiency
utilization was inversely proportional to the increased potassium levels [25]. The residual evaluation
(until 24 months) showed no effect of treatments on dry mass production. Accumulated production
of of dry mass of Tamani in both periods of 12 months were similar from study of Embrapa Gado de
Corte of 14.800 kg ha! [26]. The absence of influence from other nutrients besides K is corroborated
by other study [27], because the low nutrients and solubility from igneous rocks with high silica
content as granite. Characteristics of original rock may justify the low responsiveness in crop
production, mainly in crops with fast cycles as soybean or crops with high exigences such as Tamani
grass. Potassium content in soil was higher in the residual period, however with no treatment effect
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in both evaluated periods, as well as other evaluated parameters in soil fertility (Table 6). The high
roots mass typical from tropical grass along with the straw deposition and microorganisms activity
can provide a favorable environment to nutrients recycling and uptake.

Rock characteristics and high particle size, even with high doses applications, could justify the
absence effects or low influences in crops. Igneous rock rich in silica, as granite, generally contains
low levels of nutrients and solubility, although it contains large nutrients and non-essential nutrients,
thus rock characteristics require high application levels turning laborious and expensive, besides the
reduced agronomic efficiency in crops of short cycle [27].

Low influence from byproduct of granite mining from Tracuateua in soil fertility and crops
makes it fragile to recommend as a remineralizer, mainly considering the vies economic with logistic
and application. The byproduct processing as mill could accelerate nutrients released by the
weathering process; however, it could include one more cost to byproduct requiring caution.

5. Conclusions

Application of higher levels of byproduct from granite mining from Tracuateua-PA showed
beneficial effects to soil fertility, mainly to potassium content, however showed no influence after 12
months under intensive management of forage grass.

Vegetable productivity shows low or no influences on application or residual of byproduct from
granite mining from Tracuateua-PA up to 6 Mg ha'. It's necessary more studies with less
granulometry granite byproduct application to better soil remineralizer evaluation.
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Abbreviations

The following abbreviations are used in this manuscript:

BRD Basalt rock dust

K Potassium

m Meter

m? Square meters

N Nitrogen

MTG Represents the weight of one thousand soybean grains
CEC Cation Exchange Capacity
P Phosphorus

Ca Calcium

DMP Dry matter production
DM dry matter
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cm Centimeters
mm millimeter

ns not significant
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