
Pesq. agropec. bras., Brasília, v.56, e01454, 2021
DOI: 10.1590/S1678-3921.pab2021.v56.01454

This is an open-access article distributed under the 
Creative Commons Attribution 4.0 International License

ISSN 1678-3921
Journal homepage: www.embrapa.br/pab

For manuscript submission and journal contents, 
access: www.scielo.br/pab

Cintia Carla Niva(1 ) , 
Julia Cora Segat(2) , 
Dilmar Baretta(2) , 
Carolina Riviera Duarte Maluche 
Baretta(3) , 
Maria Inês Lopes de Oliveira(1) , 
Arlini Rodrigues Fialho(1) , 
Giuliano Marchi(1)  and 
Éder de Souza Martins(1) 

(1) Embrapa Cerrados, BR-020, Km 18, 
Caixa Postal 08223, CEP 73310-970 
Planaltina, DF, Brazil.  
E-mail: cintia.niva@embrapa.br,  
minesoliveira2@gmail.com, 
arlinirodrigues@hotmail.com, 
giuliano.marchi@embrapa.br, 
edersmartins2018@gmail.com

(2) Centro de Educação Superior do 
Oeste, Direção Geral, Rua Beloni 
Trombeta Zanin, 680E, Santo Antônio, 
CEP 89815-630 Chapecó, SC, Brazil. 
E-mail: juliasegat@yahoo.com.br, 
dilmar.baretta@udesc.br

(3) Universidade Comunitária da Região 
de Chapecó, Programa de Pós-
Graduação em Ciências Ambientais, 
Rua Servidão Anjo da Guarda, no 295-
D, Efapi, CEP 89809-900 Chapecó, 
SC, Brazil. E-mail:  
carolmaluche@unochapeco.edu.br

 Corresponding author

Received
April 29, 2019

Accepted
March 08, 2021

How to cite
NIVA, C.C.; SEGAT, J.C.; BARETTA, D.; 
BARETTA, C.R.D.M.; OLIVEIRA, M.I.L. de; 
FIALHO, A.R.; MARCHI, G.; MARTINS, É. de 
S.. Ecotoxicological assessment of silicate rock 
fertilizers using soil invertebrates. Pesquisa 
Agropecuária Brasileira, v.56, e01454, 2021. 
DOI: https://doi.org/10.1590/S1678-3921.
pab2021.v56.01454.
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Ecotoxicological assessment 
of silicate rock fertilizers 
using soil invertebrates
Abstract – The objective of this work was to evaluate the possible adverse effects 
of rock dusts on the avoidance behavior of earthworms and collembolans, as 
well as on the survival and reproduction of enchytraeids, in ecotoxicological 
tests using artificial and natural soils. The tests were performed following 
international guidelines (ISO 17512-2/2011, ISO 11267/1999, and NBR ISO 
16387/2012), with some adaptations, in order to evaluate the effect of dusts 
from two silicate rocks, biotite schist and phonolite, at the concentrations of 0, 
0.1, 1.0, 10, and 100%, in artificial and natural (Arenosol and Ferralsol) soils. 
The avoidance behavior of the earthworm Eisenia andrei and the collembolan 
Folsomia candida was evaluated, as well as the survival and reproduction 
of the enchytraeid Enchytraeus sp. Biotite schist and phonolite affected 
negatively earthworms when applied to the soil at concentrations equal 
to or higher than 1.0%. The observed effect was associated to the greater 
presence of salts, especially in the phonolite, and to changes in soil texture 
when higher concentrations were used. Negative effects on collembolans and 
enchytraeids were verified at concentrations of 10% or using pure rock dusts. 
Agronomic rates smaller than 1.0% (approximately 20 Mg ha-1) rock dusts do 
not cause avoidance behavior or reduction in the survival and reproduction of 
invertebrates in the soil. 

Index terms: agrominerals, collembolans, earthworms, ecotoxicology, 
enchytraeids, soil fauna. 

Avaliação ecotoxicológica de 
fertilizantes de rocha de silicato com 
uso de invertebrados de solo
Resumo – O objetivo deste trabalho foi avaliar os efeitos adversos potenciais 
de agrominerais sobre o comportamento de fuga de minhocas e colêmbolos, 
bem como a sobrevivência e a reprodução de enquitreídeos, em testes 
ecotoxicológicos com solos artificial e natural. Os testes foram realizados 
seguindo normas internacionais (ISO 17512-2/2011, ISO 11267/1999 e NBR 
ISO 16387/2012), com algumas adaptações, para avaliar o efeito de pós 
de duas rochas silicáticas, biotita xisto e fonolito, nas concentrações de 0, 
0,1, 1,0, 10 e 100%, em solos artificial e naturais (Neossolo e Latossolo). 
Foram avaliados o comportamento de fuga da minhoca Eisenia andrei e 
do colêmbola Folsomia candida, além da sobrevivência e da reprodução do 
enquitreídeo Enchytraeus sp. Biotita xisto e fonolito afetaram negativamente 
o comportamento das minhocas quando aplicados no solo, em concentrações 
iguais ou superiores a 1,0%. O efeito observado foi associado à maior presença 
de sais, principalmente no fonolito, e a mudanças na textura do solo quando 
concentrações maiores foram usadas. Efeitos negativos em colêmbolos e 
enquitreídeos foram verificados em concentrações de 10% ou com pós de 
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rocha puros. Doses agronômicas com concentrações 
menores que 1,0% de pós de rocha (aproximadamente  
20 Mg ha-1) não causam comportamento de fuga ou redução 
na sobrevivência e na reprodução de invertebrados no solo.

Termos para indexação: agrominerais, colêmbolos, 
minhocas, ecotoxicologia, enquitreídeos, fauna do solo.

Introduction

Silicate agrominerals are rock dusts used to enhance 
agriculture production by slowly releasing their 
nutrients, which improves soil aeration and increases 
soil pH (Van Straaten, 2006). They are products and 
by-products of silicate rock mining, which can be 
applied to improve soil fertility and health as part of 
an environmental sustainability strategy (Martins et 
al., 2010; Blaskowski et al., 2019). 

Because Brazil is dependent on external sources of 
potassium (Guareschi et al., 2019), silicate agrominerals 
as sources of K are an interesting local alternative 
to help in the restoration of poorly fertilized soils 
(Martins et al., 2010). Pyroclastic rock, biotite schist, 
and ultramafic alkaline rocks release K and cause a 
residual effect on subsequent crops (Martins et al., 
2010). Biotite and feldspathoid, for example, release 
K more easily to soils and plants than other minerals 
(Resende et al., 2006).

However, although the use of rock dusts in 
agricultural soils can be considered as a low impact 
and eco-friendly strategy, since the materials produced 
in mining or industrial sites are reused, caution is still 
necessary. Some of these materials may be potentially 
toxic to plants, animals and microorganisms, depending 
on the amount applied, the dissolution kinetics of the 
elements present in them (e.g., heavy metals, salts, and 
radionuclides), their interactions with the environment, 
and the inherent sensitivity of the organism exposed to 
them (Djurišić et al., 2015). 

In Brazil, the use of silicate agrominerals is 
currently regulated by the Ministry of Agriculture, 
Livestock and Food Supply and by the Ministry of 
Mines and Energy (Brasil, 2016). Those kinds of 
products undergo a series of chemical, physical, and 
mineralogical analysis for their characterization, and, 
if the imposed limits are passed, they are subjected to 
plant growth tests before they can be registered as a 
soil remineralizer (Brasil, 2016). To be registered, the 
rocks need to be classified according to their quality as 

agrominerals and to the risks presented to human and 
animal health, as well as to the environment, but no 
specific rate is recommended.

Even though many tests are performed to register 
an agromineral, it is also important to evaluate 
possible side effects of their application, in order 
to better understand and foresee their impact on the 
soil environment. This procedure, however, is not 
required by Brazilian legislation. Despite the potential 
benefits attributed to the use of agrominerals, such as 
the reduction of carbon emissions while improving 
productivity, Edwards et al. (2017) pointed, as a pitfall, 
the lack of information on biodiversity impacts on 
agricultural and natural areas.

Obtaining this information is fundamental, since 
soil supports most of the worldwide biodiversity. 
Hundreds of thousands of species of soil invertebrates 
contribute to organic matter decomposition, nutrient 
cycling, soil structure, and other important functions 
that provide ecosystem services (Brown et al., 
2015). However, these functions can be impaired by 
different agricultural practices and soil management 
systems that can modify the habitat of soil biota and, 
consequently, cause adverse effects and impacts on the 
sustainability of a production system (Baretta et al., 
2014). 

In this context, some international protocols have 
been developed to investigate if a specific material can 
potentially affect soil biota. For pesticide registration, 
for example, several internationally standardized tests 
are required to determine the potential adverse effects 
on different aquatic and terrestrial nontarget organisms, 
including plants, animals, and microorganisms. 
These standardized methods with materials rich in 
salts can affect nontarget soil organisms, depending 
on the concentration of salts, the combination with 
other substances in the soil, and the sensitivity of the 
organisms (Owojori & Reinecke, 2014; Alves et al., 
2015; Machado et al., 2018). Among soil organisms, 
earthworms are the most commonly tested; however, 
enchytraeids, collembolans, mites, isopods, and other 
invertebrates are also used worldwide to assess the 
potential risk of certain materials or to evaluate how 
much the soil of a contaminated area is harmful to soil 
biota (Niva & Brown, 2019). 

Therefore, it is important to assess the potential 
risks to soil invertebrates due to agrominerals, such as 
biotite schist and phonolite, used as sources of K for 
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agricultural purposes in Brazil. The hypothesis is that 
agrominerals do not cause adverse effects on different 
invertebrates.

The objective of this work was to evaluate the 
possible adverse effects of rock dusts on the avoidance 
behavior of earthworms and collembolans, as well as 
on the survival and reproduction of enchytraeids, in 
ecotoxicological tests with artificial and natural soils.

Materials and Methods

For the experiment, three soils types were used. The 
first was a tropical artificial soil (TAS) made up of 75% 
fine sand (quartz, SiO2), 20% kaolin (with at least 30% 
kaolinite), and 5% ground coconut shell fiber (ABNT, 
2012; Niva & Brown, 2019). Soil pH was corrected to 
6.0±0.5 by adding CaCO3 when needed. The other two 
soils were natural. For the tests with enchytraeids, a 
Latossolo Vermelho-Amarelo (Santos et al., 2018), i.e., 
a Ferralsol (IUSS Working Group WRB, 2015), was 
collected at 0–20 cm depth at the experimental field 
of Embrapa Cerrados, located in Planaltina, in Distrito 
Federal, Brazil (15o36'40"S, 47o45'0.36"W). For the 
tests with collembolans and earthworms, a Neossolo 
Quartzarênico (Santos et al., 2018), i.e., an Arenosol 
(IUSS Working Group WRB, 2015), was collected in 
the municipality of Ararangua, in the state of Santa 
Catarina, also Brazil (29°00'20"S, 49°31'03"W), at the 
same depth as the Ferralsol, air dried, defaunated by 
freeze-thaw cycles, and sieved using a 2 mm mesh, 
following standard NBR ISO 16387, as recommended 
by Associação Brasileira de Normas Técnicas (ABNT, 
2012; Niva & Brown, 2019). Both soils were from 
uncontaminated areas. The results of the soil chemical 
and texture analyses are shown in Table 1.

The water holding capacity of the soils or rock 
dust substrates was adjusted to 50% for the tests 
with enchytraeids, according to NBR ISO 16387 
(ABNT, 2012; Niva & Brown, 2019), and to 55% for 
the earthworm and collembolan tests, following ISO 
11267 (ISO, 1999).

The test soils were prepared with the TAS or natural 
soil mixed with different concentrations (v/v) of rock 
dust: 0.1, 1.0, 10, 100% dry-mixed ground rock; the 
control consisted of 0% rock (TAS or natural soil 
only). Test soil batches for each concentration were 
prepared 20 days before the tests. The soils were 
moistened in the recommended range; however, 10% 

of the water were added a week before for the chemical 
stabilization of the material. The evaluated soil was 
distributed in vials according to the recommendations 
for each studied species, as follows.

The assessed silicate agrominerals, biotite schist and 
phonolite, were obtained from mines in the Brazilian 
states of Goiás and Minas Gerais, respectively. Rocks 
were ground and sieved, resulting in a dust with 
particles smaller than 0.3 mm for biotite and than 
0.15 mm for phonolite, being subjected to a chemical 
analysis afterwards (Table 2). 

The evaluated invertebrates were: the earthworm 
Eisenia andrei Bouché 1972, the collembolan 
(springtail) Folsomia candida Willem 1902, and an 
enchytraeid (potworm) of the Enchytraeus sp.

The earthworms of the species E. andrei were mass 
reared in a laboratory in a dried and sieved substrate 
composed of horse manure, powdered coconut shell 
fiber, and fine sand, at a ratio of 2:1:0.15 dry weight, 
respectively. The worms were fed with oat flakes 
moistened with deionized water and were kept in a 
room under 20±2°C and 12 hours light:12 hours dark, 
as described in Segat et al. (2015).

Collembolans of the species F. candida were 
mass reared in plastic boxes containing a mixture of 

Table 1. Chemical and texture characteristics of the soils 
used as test substrates, as well as electrical conductivity 
(CE) and total dissolved solids (TDS).

Characteristic(1) Ferralsol Arenosol TAS(2)

Organic matter (%) 2.1 1.1 4.9

Cation exchange capacity (cmolc dm-3) 5.1 3.84 70.5

K (cmolc dm-3) 0.03 0.02 0.06

Ca (cmolc dm-3) 0.07 0.7 14

Mg (cmolc dm-3) 0.05 0.2 9

pH (water) 4.7 4.8 6.2

H + Al (cmolc dm-3) 5 2.8 22

CE (µS cm-2) 54 - 90

TDS (mg L-1) 25 - 43

Clay (g kg-1) 153 80 200(3)

Sand (g kg-1) 843 370 750

Silt (g kg-1)    4 550   0

(1)The analysis followed the protocols described in Claessen (1997). (2)

Tropical artificial soil, composed of 75% fine sand (quartz), 20% kaolin 
(with at least 30% kaolinite), and 5% ground coconut shell fiber. (3)Kaolin.
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activated charcoal (dust), water, and plaster of Paris at 
a ratio of 1:7:11 (w/w/w), being kept in a room under 
20±2°C and 12 hours light:12 hours dark. They were 
fed with dried baker’s yeast.

The culture of the enchytraeids of the species 
Enchytraeus sp. was established in 2008 from a single 
worm sampled in the municipality of Piraquara, in 
the state of Paraná, Brazil, and its offspring. Several 
individuals of the culture were analyzed by Rüdiger 
Maria Schmelz, a taxonomist of Universidade da 
Coruña, who confirmed it was an undescribed species 
of the genus. The culture was kept in 0.8–1.0% agar 
plates prepared with mineral water and covered with 
a thin layer of the TAS under 20±2°C, being fed with 
fine oatmeal. The duration of the life cycle of the 
enchytraeids was 20 days. Ten days before the test, the 
culture was transferred to 25±2°C for an adaptation 
period to the test temperature. 

The avoidance test was performed as described in 
ISO 17512-2 (ISO, 2011; Niva & Brown, 2019), but in 
four replicates because there was a limited amount 
of uncontaminated natural soil. Twenty collembolans 
with 10–12 days of age were placed in plastic circular 
containers (9 cm diameter and 6 cm height), divided 
in two sections and filled with 30 g of the control soil 
(not treated) on one side and the treated soil or rock 
dust substrate on the other. These test containers were 
kept in a temperature-controlled room at 20±2°C, and 
no food was added to them. After 48 hours, the treated 
and untreated soils in each container were separated 
again by vertically inserting a spacer. Water with some 
drops of black ink was added to the vials to promote 
the flotation of the collembolans and allow counting 
the individuals in each section.

The avoidance test assumes that the individuals 
should be evenly distributed between the two sections 
of the container when filled with the same soil on both 
sides (dual test). Therefore, a dual test was performed 
for each untreated soil as previously described. The 
test is considered valid only when the distribution 
remains between 40–60% of the individuals in each 
side, as recommended by ISO 17512-2 (ISO, 2011).

For the avoidance test with earthworms, plastic 
rectangular containers (23.3x16.7 cm2 area and 7.7 cm 
height) were divided in two sections filled with 500 
g (dry weight) of the control soil (not treated) on one 
side and 500 g of the test soil (treated) on the other 
according to NBR ISO 17512-1 (ABNT, 2011; Niva 
& Brown, 2019). Subsequently, ten clitellate adult 
earthworms with a body weight of 250–600 mg were 
placed on the substrate in each container, right on the 
line in between the two sections. These containers 
were kept in a temperature-controlled room at 20±2°C, 
and no food was added. After 48 hours, the treated and 
untreated soils in each container were separated again 
by vertically inserting a spacer. The soil of each section 
was removed to another recipient, and the earthworms 
were counted. Similar to the test with collembolans, 
the number of replicates used was reduced to four 
because there was a limited amount of substrate with 
the required quality. Dual control and the validation 
test were performed as described before.

The lethality and reproduction tests with 
enchytraeids followed the procedures recommended 
by NBR ISO 16387 (ABNT, 2012; Niva & Brown, 
2019), with some adaptations. The experimental unit 

Table 2. Chemical composition, pH, electrical conductivity 
(EC), and total dissolved solids (TDS) of the silicate 
agrominerals used in the experiments.

Oxide(1) (%) Biotite schist Phonolite

SiO2 57.8 54.0

Al2O3 17.1 20.7

Fe2O3 9.0 4.0

K2O 3.2 8.4

Na2O 2.3 7.5

CaO 1.8 1.5

MgO 4.8 0.2

P2O5 0.2 0.1

MnO 0.1 0.3

TiO(2) 0.9 0.6

LOI(2) 2.5 2.5

Total (%) 99.7 99.8

pH (water)(3) 8.2 9.4

EC (uS cm-1)(3) 91 255

TDS (mg L-1)(3) 43 122

(1)The analyses were performed by the SGS-Geosol laboratory 
(Vespasiano, MG, Brazil) using wavelength dispersive X-ray fluorescence 
spectroscopy, on fused glass discs, with 40 mm diameter, prepared from 
0.8 g sample dust, mixed with 4.5 g lithium tetraborate flux, and fused 
in Pt-5% Au crucibles at 1,120°C. (2)TiO, titanium oxide; and LOI, loss of 
ignition. (3)The analysis was carried out by Embrapa Cerrados, following 
the protocols described in Claessen (1997).
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for both tests consisted of ten adult enchytraeids in 20 
g (dry weight) of the test soil in a glass vial (8.0x4.0 
cm diameter). The lethality and reproduction tests 
were performed with five replicates, in a randomized 
design, independently. Only clitellate adults, 6.0–8.0 
mm long, were used for the tests. Feeding consisted 
of 0.3 g fine oatmeal in each vial at the beginning of 
the test. At the end of the tests (a period of 7 days for 
lethality and of 21 for reproduction), 96% ethanol was 
added to each vial with a few drops of 0.1% Bengal 
rose for fixation and coloring of the enchytraeids, in 
order to facilitate counting of survivors and juveniles 
under a stereomicroscope according to Associação 
Brasileira de Normas Técnicas (ABNT, 2012).

The statistical analysis was carried out following 
Associação Brasileira de Normas Técnicas (ABNT, 
2011, 2012), and Niva & Brown (2019). The avoidance 
(A) behavior was expressed in percentage of the 
avoidance response of each combination, being 
calculated by the formula: A (%) = ((C-T)/N)x100, 
where C is the number of individuals observed in the 
untreated (control) soil, T is the number of individuals 
observed in the treated soil, and N is the total number of 
individuals per replicate. The avoidance response was 
analyzed with Fisher’s exact test using a one-tailed test, 
whereas, the dual tests were carried out using a two-
tailed test (Zar, 1999) to determine no observed effect 
concentration (NOEC) and lowest observed effect 
concentration (LOEC). The null hypothesis assumes 
there is an equal distribution of the individuals in both 
sides, rejected when p ≤0.05.

The effect on lethality was determined by the number 
of survivors or dead enchytraeids after 7 days, and, on 
reproduction, by the number of juvenile enchytraeids 
produced after 21 days. The data of enchytraeids were 
scanned for normality and homogeneity of variances by 
Levene’s test. Posteriorly, each dataset was tested with 
the one-way analysis of variance, followed by Tukey’s 
test for a pair-wise comparison between treatments 
and the control, at 5% probability. A significant 
reduction in the survival of adult enchytraeids or 
reproduction measured by the number of juveniles 
indicates a harmful effect of a given concentration 
and will determine the NOEC and LOEC among the 
concentrations tested when compared with the control. 
The SAS software (SAS Inc., Cary, NC, USA) was 
used for the calculations. 

Results and Discussion
The dual tests for earthworms and collembolans 

showed no difference in the distribution of individuals 
on both sides of the test container (p>0.6 for E. andrei 
and p>0.15 for F. candida) (Figures 1 and 2). At 
the end of the avoidance test, a survival of 100 and 
99% of the exposed individuals, respectively, was 
observed. Therefore, both tests were considered valid 
by  ISO 17512-2 (ISO, 2011). The lethality test with 
enchytraeids showed a survival of 90 and 98% of the 
adults in the control group in the TAS and Ferralsol, 
respectively, meaning that the test was valid according 
to the recommended criteria of ≥ 80% survival. The 
reproduction test was also considered valid, since the 
control group presented, on average, more than 360 
juveniles (minimum of 50 required), with a coefficient 
of variation lower than 26% (less than 50% required), 
following NBR ISO 16387 (ABNT, 2012; Niva & 
Brown, 2019).

The tests with earthworms showed that higher 
concentrations of biotite schist and phonolite tended to 
cause increasing avoidance; however, a rate-response 
relationship was not clear in the range of lower 
concentrations (Figure 1). Earthworms avoided biotite 
schist when rock dust concentrations were 10% or above 
(p<0.0001) in the TAS and 1.0% or above in the Arenosol 
(p=0.004), and phonolite caused avoidance behavior 
at 1.0% or above in both soils (p≤0.02) (Figure 1). 
Therefore, the derived NOEC value was 1.0 and 0.1%, 
respectively, for the TAS and Arenosol amended with 
biotite schist for earthworms, but 0.1% for both soils 
with phonolite. It should be noted that these are the 
maximum concentrations of rock dusts the earthworms 
are not expected to avoid, whereas the LOEC of biotite 
is the lowest tested concentration of rock fertilizers 
the earthworms are expected to avoid. For the TAS 
and Arenosol amended with biotite schist, the derived 
LOEC was 10 and 1.0%, respectively, whereas, for 
both soils treated with phonolite, it was 1.0%. These 
results show the avoidance behavior of earthworms was 
stronger towards phonolite than biotite schist. At the 
concentrations of 1.0 and 10% biotite schist, a higher 
variability was observed when compared with the other 
treatments. Perhaps, the worms presented a less clear 
reaction towards biotite schist at these concentrations 
and moved more in and out of the amended soil causing 
a higher variability in the number of worms found in the 
control side of the container.
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Collembolans were less sensitive to the tested 
silicate agrominerals than earthworms, avoiding only 
the substrate of pure phonolite and TAS amended with 
10% biotite (Figure 2). The NOEC was 1.0 and 10%, 
respectively, for the TAS and Arenosol amended with 
biotite schist, and was 10% for both soils treated with 
phonolite. The LOEC was 10 and 100%, respectively, 
for the TAS and Arenosol with biotite schist, and was 
100% for all substrates with phonolite. Differently to 
the observed for earthworms, collembolans were more 
sensitive to biotite schist mixed with the TAS than 
with the Arenosol.

No significant lethality of enchytraeids was 
verified after 7 days at any of the concentrations of 
biotite schist mixed with the TAS or Ferralsol, even 
when the species was exposed to 100% of both 
rock dusts (Figure 2). However, the effect of biotite 
schist on enchytraeid reproduction was significant 
after exposure to 100% biotite schist for 21 days. In 
addition, there was a reduction of 55% in the offspring 
(Figure 3). The average number of offspring obtained 
in all other treatments with the TAS or Ferralsol did 
not differ from the control, and the NOEC for both 
agrominerals treated with biotite schist was 10%, 

Figure 1. Percentage of Eisenia andrei (average ± standard deviation) earthworms on the control side of avoidance tests in a 
tropical artificial soil (TAS) (A and B) and in an Arenosol (C and D) after 48 hours in the presence of different concentrations 
of biotite schist (A and C) and phonolite (B and D) dusts. *Concentrations of rock where worms significantly avoided treated 
soils by Fisher’s exact test, at 5% probability.
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whereas the LOEC was 100%. The data did not show 
the rate-response curve (Figures 2 and 3) required to 
calculate the median effect concentration. 

Phonolite caused a significant lethality after 7 days 
only when the enchytraeids were exposed to 100% of 
each agromineral. A significant reduction in offspring 
was also observed only in this treatment (Figure 3). 
Phonolite also did not show a rate-response curve for 
lethality and reproduction at the tested concentrations. 
However, the effect of phonolite was higher when it 
was mixed with the Ferralsol rather than with the TAS, 
suggesting a possible influence of soil type on the rock 
dust effect. 

A comparison of the soils revealed that the Ferralsol 
had 5% less clay and less organic matter than the TAS, 
while the Arenosol had even less clay and organic 
matter (Table 1). The differences in clay were not so 
contrasting and the results comparing the TAS and 
both soils did not show a consistent pattern. Among the 
three evaluated soils, the TAS presented the highest pH, 
a condition that reduces rock dust dissolution, as stated 
by Bolland & Baker (2000). This condition combined 
with a higher amount of organic matter could result 
in a possible smaller effect in the TAS, which could 
explain the results observed for earthworm avoidance 
behavior toward biotite (Figure 1) but not the stronger 

Figure 2. Percentage of Folsomia candida (average ± standard deviation) collembolans on the control side of avoidance 
tests in a tropical artificial soil (TAS) (A and B) and in an Arenosol (C and D) after 48 hours in the presence of different 
concentrations of biotite schist (A and C) and phonolite (B and D) dusts. *Concentrations of rock where worms significantly 
avoided treated soils by Fisher’s exact test, at 5% probability.
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effect on collembolan behavior in the same soil 
(Figure 2). Therefore, soil type seems to influence, at 
least to some degree, the effect of rock dusts on the 
behavior of invertebrates; however, more studies are 
necessary to understand this interaction. 

No report on the effect of agrominerals on soil fauna 
behavior was found in the literature. However, rock 
dust could interfere with the condition of the habitat 
for invertebrates by changing the physical quality of 

the soil. Singhal et al. (2020), for example, found that 
fine particles of stone waste dust and sandstone were 
able to increase the density and reduce the porosity 
and hydraulic conductivity of the soil, changing water 
dynamics. In the present study, the avoidance behavior 
was more marked at higher concentrations and for 
phonolite, whose particles are finer (< 0.15 mm) than 
those of biotite (< 0.3 mm). Rock particles smaller 
than 0.4 mm were also reported to cause a reduction 

Figure 3. Number of juveniles (x ± standard deviation) and of surviving adults of Enchytraeus sp. (x ± standard deviation) 
after 21 (open bars) and 7 (continuous line) days, respectively, of exposition to different concentrations of biotite schist 
(A and C) and phonolite (B and D) dusts, mixed with a tropical artificial soil (TAS) (A and B) and a Ferralsol (C and D). 
Equal uppercase letters indicate no statistical difference in the number of juveniles and equal lowercase letters indicate no 
difference between the number of survivors by the analysis of variance and Tukey’s test (alpha = 0.05). The lethality and 
reproduction tests were performed independently.
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in soil porosity, with a consequent compaction when 
300 Mg ha-1 basalt dust rock was used to amend the 
soil (Knapik & Angelo, 2007). This condition was 
considered less favorable to plants and, therefore, 
might also affect earthworms. Furthermore, Erktan 
et al. (2020) concluded that physical attributes 
could influence trophic interactions by limiting the 
connectivity and mobility of organisms through 
the pores in the soil. Therefore, changes in behavior 
caused by increased rock dust concentrations might be 
harmful to ecosystem functioning. In field conditions, 
rock amendments could hinder the colonization by 
earthworms and other sensitive organisms, causing a 
consequent temporary loss or reduction in ecosystem 
services.

The addition of agrominerals to the substrates 
caused an increase in pH, electrical conductivity, and 
salt content at the higher concentrations, mainly when 
phonolite was mixed with the Ferralsol. The observed 
pH was higher than that of control, being 4.8 to 5.8 
at the concentration of 1.0% phonolite mixed with the 
Ferralsol and 5.7 to 6.3 at the concentration of 10% 
mixed with the TAS, reaching pH 9.6 at 100% rock. 
Phonolite increased electrical conductivity from 54 to 
89 µS cm-1 (25 and 42 mg L-1 total dissolved solids), 
when mixed with the Ferralsol at 1.0%, and from 90 
to 97 µS cm-1 (43 and 46 mg L-1 total dissolved solids), 
when mixed with the TAS at the same concentration; 
in pure rock dust, the electrical conductivity and salt 
concentration were almost five times higher than in the 
Ferralsol (Tables 1 and 2). However, pure biotite schist 
showed much lower values of 91 µS cm-1 and 43 mg L-1, 
respectively. Therefore, when the agrominerals were 
mixed with the soils, these parameters did not increase 
as much for phonolite. At the concentration of 10% 
biotite in the TAS, for example, salt and conductivity 
were increased in only 22% (43 to 53 mg L-1 and 90 
to 110 µS cm-1, respectively). When biotite was mixed 
with the Ferralsol, the changes in these two parameters 
were not clear, with conductivity ranging from 48 to 
54 µS cm-1. 

In most cases, the two tested silicate agrominerals 
caused a significant negative effect on the behavior 
or reproduction of soil invertebrates, specially using 
concentrations equal to 10% or pure rock dusts, 
except for earthworms, which avoided soils with 
rock fertilizers starting at 1.0% (Figures 1, 2, and 3). 
The increase in electrical conductivity, salt content, 

and pH at higher rates may explain the potentially 
stronger negative effects of these concentrations 
on soil invertebrates. In particular for oligochaetes, 
which are soft-bodied animals breathing through a wet 
epidermis, a soil with increased amounts of salts may 
be deleterious or cause some kind of discomfort due 
to changes in osmotic conditions. This could explain, 
in part, the observed effects at higher concentrations 
and the sensitivity of earthworms to the agrominerals, 
mainly to phonolite, which is richer in soluble salts, 
particularly sodium (Table 1). The availability of 
phonolite sodium tends to be high (von Wilpert & 
Lukes, 2003) and can be a limiting factor at high rates 
in the soil. The effect of phonolite on oligochaetes was 
stronger than that of biotite schist apparently because 
of substrate texture changes and a higher salt content 
at higher concentrations, but more tests are required to 
confirm this.

Therefore, soil salinization has been reported to 
affect earthworms and other organisms. Combinations 
of salts with different ionic properties in the soil 
were shown to have effects on earthworm lethality 
and growth (Owojori & Heinecke, 2014). Earthworm 
avoidance behavior was also found to be negatively 
affected by drilling waste from oil wells, at a 
concentration of 234 Mg ha-1 (Machado et al., 2018). 
Although the studied material was rich in barium and 
sodium, the authors found the latter salt to be more 
restrictive to earthworms than the former. Alves et al. 
(2015) tested the ecotoxicological effect of sugarcane 
vinasse – a waste of ethanol production used as 
an alternative fertilizer in agricultural soils – on 
earthworms, enchytraeids, mites, and collembolans. 
The authors concluded that two types of vinasses 
reduced the reproduction of the three first organisms 
at the highest concentrations (120 to 294 mL kg-1 dry 
weight), probably because of the higher salt content, 
especially of potassium (3,350 to 9,200 mg dm-1 for 
pure vinasses).

It should be noted that the use of agrominerals 
does not cause soil salinization because only low 
concentrations are generally applied; however, it 
is important to consider the possible effects of the 
presence of different salts and be careful with repeated 
applications or combinations with other materials. The 
results obtained in the present study suggest that the 
presence of salt contributed to the higher sensitivity of 
earthworms to agrominerals at higher concentrations 
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(Figures 1 and 2). Oligochaetes may be more exposed 
and, consequently, more susceptible to a contaminated 
soil than collembolans because they ingest soil and 
move by crawling on its surface or burrowing litter and 
soil, whereas collembolans (small arthropods) live on 
plant litter, fragmenting organic matter, and feeding 
on microorganisms (Jänsch et al., 2005). However, the 
salts in the soil may not be deleterious in all situations. 
Silva et al. (2015) showed that a saline soil with 15% 
sodium stimulated the reproduction of the enchytraeid 
Enchytraeus albidus Henle 1837, although it decreased 
its survival. Similarly, in the present study, a higher 
number of juvenile enchytraeids could be observed 
at concentrations of 1.0 or 10% rock, when compared 
with the control (Figure 3). It is not uncommon for 
low concentrations of substances to stimulate the 
reproduction of enchytraeids (Segat et al., 2015; Silva 
et al., 2015). However, an increased population of a 
species might not always be considered a positive 
effect if it causes disturbances in the ecosystem. 
Therefore, more tests with other concentration ranges 
are desirable for clarification.

The ideal rates of potassium silicate rock dust for 
soil amendment depend on the amount of potassium 
recommended for a specific culture and rock 
concentration of K2O. Mancuso et al. (2014), for example, 
found that coffee (Coffea arabica L.) yields improved 
with the application of 150 kg ha-1 K2O phonolite (8.0% 
K2O), but that 300 kg ha-1 proved to be excessive for 
this crop. Since the biotite schist and phonolite used 
in the present study contain 3.0–8.0% K2O (Table 2), 
the application rates of agrominerals to achieve 300 kg 
ha-1 K2O would be roughly 10.0–4.0 tons of rock dust, 
which would be equivalent to approximately 0.2–0.5% 
rock dust per hectare respectively, considering 2.0 Mg 
soil in 1.0 ha. Furthermore, a life cycle assessment 
for basalt rock revealed that a conceivable rock dust 
rate would be roughly 1.8 Mg ha-1 (approximately 
0.09% rock dust), considering the transportation 
costs of extraction, delivery, and application, as well 
as carbon sequestration potential, within the state of 
São Paulo, Brazil, where farmers generally use 5.5 Mg 
ha-1 (approximately 0.27% rock dust) (Lefebvre et al., 
2019). Therefore, according to these numbers, it can 
be inferred that the rates of biotite schist and phonolite 
used for soil amendment are lower than the NOEC 
values for the soil invertebrate tests. However, the 
significant avoidance effect observed for earthworms 

at agromineral concentrations equal to 1.0% requires 
attention. If a safety factor of 10 is applied to the NOEC 
for earthworms in order to obtain safe levels to protect 
the ecosystem (van Gestel, 2012), a concentration of 
0.1% rock would be in a range of caution. Therefore, 
there is a chance that the recommended rates may 
impact soil invertebrates that are more sensitive, such 
as earthworms.

The use of biotite schist and phonolite for soil 
amendment presented a low risk for the three soil 
invertebrates evaluated, refuting the initial hypothesis. 
However, caution is needed when defining the rates 
of silicate agrominerals for soil amendment due to the 
risk of higher concentrations affecting the function of 
the soil as a habitat for invertebrates. Depending on 
their salt content and granulometry, soils amended with 
higher rates of agrominerals might prevent or reduce 
their colonization or re-colonization by invertebrates. 
The interaction with soil properties is also important 
to be considered when determining safe agromineral 
rates. Therefore, tests should be repeated with other 
types of rocks, organisms and natural soils, as well as in 
the field, to confirm to what extent agrominerals could 
affect soil biota and, consequently, the environmental 
sustainability of this kind of agricultural practice. 
This information would be useful in predicting rates 
of agrominerals capable of sustaining/impairing the 
function of the soil as a habitat.

Conclusions

1. The agrominerals biotite schist and phonolite 
are not expected to negatively affect earthworms, 
collembolans, and enchytraeids when applied to the 
soil at concentrations lower than 1.0% (approximately 
20 Mg ha-1) rock dust.

2. The effect of soils amended with phonolite dust 
on earthworm behavior is greater than that of soils 
mixed with biotite schist, but the risk to the quality 
of the soil as a habitat is low when the agromineral is 
applied at the agronomically recommended rates.

3. Earthworm and collembolan avoidance behavior 
and enchytraeid reproduction are affected by pure 
biotite schist and phonolite dusts.

4. Agrominerals can change soil properties, such as 
granulometry and pH, modifying the soil condition as 
a habitat and consequently affecting the behavior of 
the tested organisms. 
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