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ABSTRACT: The present study aimed to evaluate the ability of a mixture of gabbro powder and dacite powder to promote
plant growth, provide nutrients and alter soil chemical characteristics. Two experiments were conducted under different field
conditions, in which black oat and beans were added with increasing doses (0 to 10 t ha) of the powder rock blend. The grain
yield (beans), dry matter production (oats) and the nutritional status of the crops were evaluated. At the end of the experiments,
soil samples were collected and subjected to chemical analysis. The application of the rocks resulted in an increase in bean
productivity corresponding to 440 kg ha* at the dose of 7 t ha" in relation to the control. The application of the blend also resulted
in an overall improvement in most commonly fertility parameters used, although this improvement was more evident only for
phosphorus, copper, and zinc nutrients. In addition, the application of the rock mixture resulted in an increase in the foliar contents
of potassium, zinc, copper, and manganese nutrients. Therefore, the material obtained by the mixture of gabbro and dacite, in the
proportion of mixture tested, can be considered a multi-nutrient source with evident agronomic viability.
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O blend gabro dacito como remineralizador de solo

RESUMO: O presente estudo teve como objetivo avaliar a capacidade de uma mistura de pé de gabro com pé de dacito
em promover o crescimento de plantas, fornecer nutrientes e alterar caracteristicas quimicas do solo. Dois experimentos
foram conduzidos em condi¢fes de campo distintas, nos quais foram cultivados aveia preta e feijdo adicionados de doses
crescentes (0 a 10 t ha'") do blend de rochas. Foram avaliadas a produtividade de matéria seca (aveia) e graos (feijdo) e o
estado nutricional das culturas. Ao final dos experimentos, amostras compostas do solo foram coletadas e submetidas as
analises quimicas. A aplicacdo das rochas resultou em um aumento na produtividade de feijao correspondente a 440 kg ha"'
na dose de 7 t ha”' em relagdo a testemunha. A aplicagdo do blend também resultou em melhoria global dos parametros de
fertilidade mais comumente empregados, embora esta melhoria tenha sido mais evidente apenas para os nutrientes fésforo,
cobre e zinco. Além disso, a aplicagao da mistura de rochas resultou em aumento nos teores foliares dos nutrientes potassio,
zinco, cobre e manganés. Portanto, o material obtido pela mistura de gabro e dacito, na propor¢ao de mistura testada, pode
ser considerado uma fonte multinutriente com evidente viabilidade agronémica.
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The gabbro dacite blend as soil remineralizer

Introduction

Some silicate rocks have been shown as possible
alternatives for the addition of nutrients to the soil from
sources available regionally. The use of these materials in
agriculture minimizes the impacts of quarrying and mining
activities, reducing their tailings deposits and providing a
useful destination for these materials (Tavares et al., 2018). In
addition, silicate rock powders, or remineralizers, can reduce
Brazil's external dependence on fertilizers and strengthen
local productive arrangements through the decentralization
of fertilizer suppliers. Last but not least, because they
are natural inputs with use permitted by national and
international standards for organic food production, research
on remineralizers meet demands for products that suit this
growing segment (Willer et al., 2021).

Some studies have shown satisfactory results in the use of
rock powders as acidity correctors (Melo et al., 2012; Mancuso
et al., 2014) and addition of nutrients to the soil (Shamshuddi
& Anda, 2012; Silva et al., 2012; Machado et al., 2016; Ramos
et al., 2017; Souza et al., 2018; Tavares et al., 2018; Basak et
al., 2021). However, the real capacity of these materials to
provide an expressive amount of nutrients in the short term
is not consensual (Gotz et al., 2019). However, Carvalho et al.
(2018) points out that the results unfavorable to the use of
silicate rocks are mostly associated to short-term experiments
in a controlled environment, with the use of sterile soils or
substrates with low microbial activity/diversity, very low
temperature and humidity in addition to very small amounts
or powders with very large particles. These conditions restrict
the speed of the reactions, the microbial activity and, thus,
the availability of the nutrients present.

On the one hand the low solubility of these materials is
pointed as the main limitation of these sources of nutrients.
On the other hand, the low solubility allows a gradual release
of the nutrients to the soil, allowing a single application of
all the fertilizer at the beginning of the crop (Carvalho et
al., 2018). This may contribute to the reduction of machine
traffic to application installment activities and reduce nutrient
leaching losses.

In addition to being essential sources of nutrients, silicate
rocks have elements that are beneficial to plant metabolism
and toxic elements. Among these, the silicon (Si) stands out
as the most abundant constituent in these rocks. The benefits
of this element are related to the induction of resistance
in plants, activating genes responsible for the synthesis of
secondary metabolites related to the defense mechanisms.
Fertilization with Si can also reduce the severity of plant
diseases (Wang et al., 2017). Silicate rocks also have varying
levels of essential elements beneficial to human and animal
nutrition. These elements are not considered in fertilization
because they are not essential to plants, such as Se, Co, V, La,
Li, I and others. Plants need only 14 essential elements, while
humans need more than 20 essential and beneficial elements
(Zoroddu et al., 2019).
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The magnitude of the effects associated with the
application of silicate rock powders depends on some factors
such as: soil chemical conditions, powder granulometry,
chemical and mineralogical composition of the rock, size and
quality of crystals, among others. In general, the elements
are available in the medium to long term and due to the
weathering of the material and can be accelerated by the
removal of the soluble products from the sources. Such
removal may be further enhanced by biological factors, such
as the extraction and absorption of these products by plants
and soil microbiota (Carvalho et al., 2018).

Volcanic igneous rocks of the Serra Geral formation are
generally known in Brazil as basalts, although they include
basalt-dacites, gabbro, basalt-andesites, amygdaloidal basalts,
among others. In general, they are basic rocks with higher
levels of iron-magnesian minerals, dark colors and aphanitic
texture. These characteristics are often associated with the
higher reactivity and richness in Ca, Mg and micronutrients
of these rocks in relation to the plutonic igneous rocks or to
the most common metamorphic rocks, although they are
also associated with the lower richness in K. It is important
to consider that many silicate rocks have relatively high
amounts of several essential nutrients, which is why they can
be understood as potential multi-nutrient fertilizers (Swoboda
etal.,, 2021).

An important amount of work in the literature points to
the benefits of using basalt powders in agriculture. Ramos
et al. (2020), for example, demonstrated increases in CEC,
availability of macronutrients (P, K and S) and micronutrients
(Cu, Mnand Zn). In addition, these and other authors observed
neutralization of exchangeable aluminum, availability of Si
and increase of pH in different types of soils (Shamshuddin
& Anda, 2012; Ramos et al., 2020). The effects of the use of
basalt powder are diverse, being reported in several works of
the literature. However, some studies have also shown no or
reduced effect of this rock (Gotz et al., 2019), which evidences
the need to understand the various conditions that control
the magnitude of desirable effects. However, no dacite or
gabbro agronomic work has been found in the international
literature to date.

Thus, in the present study we aimed to evaluate the ability
of a gabbro powder mixture with dacite powder to promote
plant growth, provide nutrients and alter soil chemical
characteristics.

Materials and Methods

General characterization

The works were conducted by the Universidade Federal
de Vigosa — Campus Rio Paranaiba, in partnership with
Ekosolos Company. Two experiments, under the same
experimental matrix, were conducted under field conditions
in the municipalities of Paula Freitas - PR, Brazil, and Porto
Vitéria - PR, Brazil, in the agricultural year of 2017-2018. The
experimental environments were agricultural areas under the
presence of a Latossolo Bruno (26° 08.269’ S, 50° 46.301’ O,
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792 m of altitude, Paula Freitas - PR, Brazil) and a Cambissolo
Haplico (26° 12.665’ S, 51° 14.943’ O, 885 m of altitude, Porto
Vitéria - PR, Brazil). These areas were chosen according to
the edaphic differences presented, being the first one under
a soil of sedimentary materials of the Pogo Preto formation
and the second under a soil formed from igneous materials
of the Serra Geral formation. A composite soil sample of the
areas, 0-20 cm layer, was collected with Dutch auger and its
characterization is described in Table 1.

The evaluated material was a mixture of the gabbro
and dacite rocks, whose chemical and mineralogical
characterization is presented in Table 2. The gabbro powder
was obtained from a quarry located in Paula Freitas - PR, Brazil
(26° 10’ 45” S; 50° 57’ 23” W) and the dacite powder was
obtained from a quarry located in Porto Unido - SC, Brazil (26°
23’ 31" S; 51° 15’ 12” W). Both materials were obtained only
by grinding and sieving processes in a mesh size of < 1 mm.
The final product was obtained by mixing 30% dacite powder
with 70% gabbro powder (bulk ratio).

Experimental design

The experiments consisted of five treatments
corresponding to the five doses of rock powder, equivalent to
0, 2, 4,7 and 10 t ha. The experiments were assembled in a
randomized block design (Experiment | - Porto Vitéria - PR,
Brazil) and in a completely randomized design (Experiment Il
- Paula Freitas - PR, Brazil), both with five replications of each
treatment. Each experimental unit consisted of a square plot
of 16 m2 The rock powder was applied at all doses, in total
area and incorporated at the time of planting. Each treatment
was reapplied in the sowing of the two cultures evaluated.

The test cultures were black oat (Avena strigosa L.)
(Embrapa 139 “Neblina”) and common bean (Phaseolus
vulgaris L.) (“Taquara” variety) grown in succession under the
same area, the first being sown in July 2017 and the second
in November 2017. Oats were sown at the usual dose of
80 kg ha* of seed. The bean was sown in line (line spacing of
0.50 m) and manual sieving to reach the stand corresponding
to 10 plants m? linear.

Approximately 20 days before planting oats, a basic
fertilization of triple superphosphate was carried out
according to the recommendations of SBCS-RS/SC (2004).
Other pest management practices were performed according
to the usual for the crop, homogeneously throughout the
experimental area in both experiments.

Variables analyzed and statistical analysis

Black oat and common bean crops were evaluated for
productivity and nutrient content Ca, Mg, P, K, Fe, Mn, Zn and
Cu in the shoot of the plants. At the early flowering stage, ten
bean plants were randomly collected in each experimental
unit. These plant materials were then milled in a Willey mill
equipped with a 1 mm sieve for further chemical analysis.
The grain yield of beans was estimated by harvesting 2 m
linear from the two central rows of each experimental unit.
The grains obtained after manual threshing were dried to a
humidity of 13% and had their mass determined.

The biomass production of black oat was evaluated by
harvesting the shoot of the plants, using a template of 0.8
m?, in the central portion of each experimental unit. The
plant material from oats was cut close to the ground at the
flowering stage and was taken to determine the dry matter

Table 1. Physical and chemical characterization of soils (0-20 cm) of experimental areas.

P, K and Micronutrients: extractor Mehlich-1. Ca?* and Mg?*: extractor KCl 1 mol L. BS: base sum. OM: organic matter.

Table 2. Chemical and mineralogical characterization of the material resulting from the mixture of dacite and gabbro powders.

! Nutrients to plants or beneficial to other organisms. 2 Toxic or potentially toxic elements. Lithochemical of the main elements obtained by X-ray Fluorescence and other elements by

ICP-EOS. Mineralogical analysis by X-ray diffraction and petrography.
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in a laboratory stove at 65 °C with forced air circulation for 72
hours. The dry biomass samples of the black oats were then
milled for further chemical analysis.

The nutrient contents in the dry matter of the plants
were evaluated according to the methodology described in
Malavolta et al. (1997), the material being digested in nitro-
perchloricdigestion. The contents of Ca, Mg and micronutrients
were determined in an atomic absorption spectrophotometer.
The levels of P were determined in a molecular absorption
spectrophotometer and the K values were determined in a
flame emission spectrophotometer (Malavolta et al., 1997).

the F-test in the ANOVAs of the regressions and the non-
significance of the lack of fit only for the linear, quadratic,
square root, Mitscherlich (exponential), simple exponential
and logarithmic models. In addition, the biomass production
of black oats and grains yield of beans were submitted to
the joint analysis considering the data of experiments | and
Il. The overall nutritional status of the soil was evaluated by
multivariate analysis using the Desirability index (Di). Cohen’s
“d” statistic was used as an estimate of effect size. Statistical
analyzes were performed using SPEED Stat software (Carvalho
et al., 2020).

At the end of the experiments, composed soil samples from
the 0-20 cm layer of each experimental unit were collected
(Dutch auger) to evaluate the chemical characteristics pH
(water), exchangeable acidity (Al**), potential acidity (H + Al),
potential CEC (pH 7.0) and availability of P, K, Ca, Mg, Fe, Mn,
Zn, Cu and Si.

Soil chemical characteristics were determined according
to the methodologies described in Teixeira et al. (2017) and
the availability of nutrients determined in atomic absorption
spectrophotometer, molecular absorption or flame
photometer after extraction in KCl 1 mol L (Ca?* and Mg?)
and Mehlich-1 extractor (soil: extractor ratio 1:10) for other
essential nutrients. Si available in the soil was extracted by the
0.5 mol L? acetic acid extracting solution and determined by
molecular absorption spectrometry using the blue method.

The data were submitted to the Levene (Med), Jarque-
Bera, Tukey for additivity and Chauvenet tests to evaluate the
conditions of homogeneity of variances, residue normality,
model additivity and the presence of outliers, respectively.
Then, the data were subjected to analysis of variance (ANOVA)
and the behavior of doses was evaluated by regression
analysis. We considered the significance of the models by

Results and Discussion

Productivity and soil parameters

The analysis of variance of the data revealed significant
differences between the treatments for some parameters
evaluated in both experiments. In the experiment | treatments
differed for the soil parameters CTC potential (T), available P,
available Cu and for the global multivariate nutritional index
(Table 3). In the experiment Il the treatments differed for the
parameters of potential CTC soil (T), available P, available Cu,
available Zn and for the global multivariate nutritional index
(Table 3).

The yield of oat biomass did not differ between treatments
in both experiments analyzed alone (Table 3). In addition, the
joint analysis of the experiments for oat yield data also did not
reveal statistically significant differences between the doses
of the applied remineralizer.

Bean vyield did not differ statistically between treatments,
considering the alpha level assumed, in both experiments
analyzed separately (Table 3). In the joint analysis, however,
which simultaneously considers the productivity obtained

Table 3. F values of the analyzes of variance and coefficients of variation (C.V.) of soil parameters, biomass production of black
oats (A. strigosa L.) and grain yield of bean (P. vulgaris L.) in the experiments | (Porto Vitdria — PR, Brazil) and Il (Paula Freitas -

PR, Brazil).

1 Bases sum. 2 Global Index Desirability (Di) for the nutrients P, K, Ca, Mg, Si, Cu, Fe, Mn and Zn (multivariate analysis). **, * and ¢ indicate significance at the 1 and 5% levels of error

probability, or non-significant, respectively.
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in both experiments, a statistically significant increase was
observed (Figure 1). The observed increase in the dose of 7 t ha?,
for example, corresponded to a 16% increase in productivity
compared to the control treatment, or 440 kg ha*. Considering
that the average grain yield of bean in the state of Parana (Brazil)
isonly 1511 kg ha (Deral-PR, 2018), this increase corresponded
to 25% of the average. This increase in productivity is probably
mainly caused by the release of nutrients into the soil by the
rocks and the consequent improvement in plant nutrition.
Other studies have also demonstrated the ability of basalts and
other volcanic rocks to promote plant growth (Shamshuddin &
Anda, 2012; Ramos et al., 2020). Borges (2017), for example,
observed gains in the order of 1300 kg ha! in bean yield due to
the application of 3 t ha™ of gabbro.

In the experiment |, the availability of P was linearly
increased, with the mean increase promoted by the
remineralizer doses of 28% (d Cohen = 1.08) in relation to
the control (Figure 2). This increase altered soil P availability
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Figure 1. Grain yield of beans (kg ha!) as a function of
increasing doses of the rock blend. Marginal means of the two
experiments evaluated in the joint analysis.
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Figure 2. Availability of P, Cu and Zn in soil (mg dm) and potential CEC at pH 7.0 as a function of increasing doses of the
remineralizer applied in experiments | and Il
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from “medium” to “high”, according to the criteria of SBCS-
RS/SC (2004). In experiment Il, the average increase in P
availability in soil promoted by the remineralizer doses was
17% (d Cohen = 0.85), but the pattern of this increment
was not linear (Figure 2). Increases in the availability of P
promoted by basalt powder and related rocks have already
been observed in other studies (Shamshuddin & Anda, 2012;
Silva et al., 2012), but not for gabbro and dacite. Possibly,
the increase in availability is associated with the presence of
P in the remineralizer, but this addition is of small amount
(18 kg ha™* of P.O, in the highest dose). Thus, the availability
of P may also have been influenced by the release of Si in
the form of silicates, which may compete for soil phosphate
adsorption sites (Tokura et al., 2011; Castro & Crusciol, 2013;
Oliva et al., 2020).

Considering the total Ca and Mg contents in the gabbro/
dacite blend (Table 2) and other studies on basalts and related
rocks in the literature, it was expected that the Ca* and Mg**
levels in the soil were also increased by the treatments.
Several studies have already demonstrated the ability of
basalts and other related igneous rocks to provide Ca in soil
or to plants (Shamshuddin & Anda, 2012; Melo et al., 2012).

in experiment Il was there significant statistical evidence of
change in soil Zn availability. The availability of Zn increased by
an average of 19.7% (d Cohen =0.98) in relation to the control
(Figure 2). Increases in the availability of micronutrients due
to the application of basalt powders and related rocks have
also been observed by Melo et al. (2012).

The CEC (T) of the soil was also increased exponentially
as a result of increasing doses of the applied remineralizer
(Figure 2). The mean increase, promoted by the doses of the
remineralizer, was 8.7% (d Cohen = 1.72) in relation to the
control (Figure 2). This effect, although less than 10%, can be
considered high by the size effect measure “d-Cohen” which
considers “d” values greater than 0.80 as “high”. Possibly, the
effect could be more significant if the soil of the experimental
area had an initially lower potential CEC. Obtaining the
derivative of the adjusted Mitscherlich model (Figure 2), it is
estimated that 95% of the maximum CEC obtained could be
reached with only 1.08 t ha™ of the remineralizer.

Although there was not enough statistical evidence that
other nutrients were influenced by treatments, multivariate
analysis revealed an overall pattern of improved soil fertility
(Figure 3). This pattern of improvement suggests that in

However, in this work, the adequate initial availability of Ca?*
and Mg?*in the soil (Table 1) possibly limited the remineralizer
response. After all, if there is good availability of a certain
element in the soil, plants will not trigger mechanisms to
increase access to this nutrient. Furthermore, the hydrolysis
reactions of mineral sources of Ca and Mg may have their
chemical equilibria unfavorably displaced due to the greater
activity of Ca** and Mg?* in the soil solution (Mello & Perez
2009).

The effect of treatments on the availability of Cu in soil was
more evident in experiment Il. In this, the availability of Cu
was increased exponentially, resulting in an average increase
of 16% (d Cohen = 1.76) in relation to the control (Figure 2).
This increase allowed the increase of Cu availability beyond
the adequate level of this nutrient in the soil according to
the values established by SBCS-RS/SC (2004). Similarly, only

Experiment 1

the long term, or under the residual effect of successive
applications, the remineralizer in question may generate even
more significant increases in nutrient availability.

Nutrition of plants

In the experiment I, the treatments differed statistically
from each other for Mn (bean) and, in experiment Il, for K
and Zn (oat) and Cu (bean) contents (Table 4). The increase
in Mn contents in the shoots of the bean plants promoted
by the different doses of the remineralizer tested was, on
average, 10.5% (d Cohen = 0.72) in relation to the control
treatment (0 t ha') (data not shown). This increase allowed a
luxury consumption of this nutrient by the bean plants, since
the content in the control treatment was already adequate
considering the ideal range defined for index leaves of this
species (Malavolta et al., 1997).

Experiment 2
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Figure 3. Global Desirability Index for the nutrients P, K, Ca**, Mg?, Si, Cu, Fe, Mn and Zn available in the soil at the end of

experiments | and Il.
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Table 4. F values of the analyzes of variance and coefficients of variation (C.V.) for nutrient contents in the shoot of black oats
(A. strigosa L.) and beans (P. vulgaris L.) in experiments | (Porto Vitdria - PR, Brazil) and Il (Paula Freitas - PR, Brazil).

! Transformed data for In(y + 1)* to satisfy parametric assumptions. **, * and s indicate significance at the 1 and 5% levels of error probability, or non-significant, respectively.

In experiment II, there were 22% increments in K contents
at the dose corresponding to 7 t ha in relation to the control
(Figure 4). The mean increase, however, was only 8.2 % due
to a possibly anomalous effect in treatment 3, an effect also
observed for the Zn contents in the plants of the black oats
(Figure 4).

The increase in Cu contents in the shoots of the bean
plants promoted by the different doses of the remineralizer
tested was, on average, 13% (d Cohen = 1.27) in relation
to the control treatment (Figure 4). The maximum value
estimated by the model was 11.96 mg dm?, reached at the
dose corresponding to 6.2 t ha* of remineralizer. This increase

Black Oat

0] t

K (dag kg™)

In(Zn) (mg kg™!)

suggests that the remineralizer may have also influenced
the availability of soil reserves, probably by stimulating the
mineralization of organic matter.

The ability to increase the availability of micronutrients
in the soil promoted by the addition of powders of silicate
rocks has already been evidenced in other studies (Silva et
al., 2014), but in a still very limited set of evidences and not
for gabbro and dacite. Silicate rocks are mostly slow-release
multi-nutrient sources, but it is necessary to distinguish
which ones have higher levels of nutrients and which have
a minimum reactivity for the effects to be perceptible in the
short term. In this context, one of the great challenges of
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Figure 4. Nutrient contents in the shoot of the oat plants (K and Zn) and beans (Cu and P) as a function of increasing doses of
the rocks powder applied in experiment Il (Paula Freitas - PR, Brazil).
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rock powder use is the screening of the enormous diversity
of rocks available, in order to identify those with the best
potential. This work shows, for the first time, the agronomic
viability of the gabbro-dacite blend and opens up a range of
possibilities for rethinking strategies to improve the utilization
of these resources.

Evidently, this work is limited by elucidating only the effect
of gabbro-dacite blend on plant growth and some soil chemical
attributes. There is much to discover and understand about
the effect of these materials on soil structure and the soil
microbial community. As natural materials with a low saline
effect, the potential for negative impact of stonemeal on the
physical and biological quality of the soil is low (Beerling et
al., 2018; Carvalho et al., 2018). In addition, there is evidence
that some microorganisms can enhance the solubilization of
these materials (Sindhu et al., 2016), which reinforces the
importance of evaluating biochemical and microbiological
attributes in future work on this topic.

Conclusions

Application of the rock blend results in increased grain
yield of beans and overall improvement of nutritional status
of the soil, although this improvement has been more evident
only for phosphorus, copper and zinc.

The application of the remineralizer results in an increase
in the leaf contents of the potassium, zinc, copper and
manganese.

The material obtained by the gabbro-dacite blend, in
the ratio of tested mixture, is a multi-nutrient source with
agronomic viability.
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