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ABSTRACT

The growth of earthworms in substrates enriched with rock (gneiss and steatite) powder, and the poten-
tial of vermicomposting in increasing solubilisation of minerals present in rock powder and in promoting
plant growth were evaluated. Cattle manure (400 g), was enriched with 0, 5 and 20% of gneiss or steatite
powder. Each pot with this mixture received nine earthworms (Eisenia andrei), at a density of 1000
indiv.m~3. After 60 d, earthworms were collected, counted and weighed (fresh and dry). Maize was
cultivated in a greenhouse in pots with an Oxisol that was fertilised with the vermicompost obtained
above. Treatments with Oxisol fertilised with gneiss or steatite only and unfertilised soil were used as
controls. Shoot length was measured weekly from the soil surface to the tips of the leaves. After 73 d, the
plants were harvested, the roots washed from the soil and shoots and roots dried and weighed. Plants
fertilised with vermicompost enriched with rock powder were taller and heavier than plants fertilised
with non-enriched vermicompost. Plants grown on soil fertilised with rock powder but not with vermi-
compost were larger than plants grown on unfertilised soil. Vermicompost enriched with steatite powder
resulted in a larger effect on plant growth than the mere sum of applying vermicompost of non-enriched
manure and steatite alone to the soil. A similar, but non-significant effect was also observed for gneiss.
The different effects between gneiss and steatite may be associated with the lower resistance to chemical
weathering of steatite minerals compared to gneiss minerals, as well as the former being softer than the
latter. The effect of vermicompost on the optimisation of nutrient release from silicate rocks seems to

depend on the rock type.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

The use of earthworms in vermicomposting is designed mainly
to recycle organic residues and produce stabilized organic fertil-
izer (Aquino and Nogueira, 2001). Earthworms have the capacity to
increase availability of nutrients present in the material they ingest
(Bartz et al., 2010), which includes organic matter and the mineral
components of soil. This occurs because these materials are crushed
by the earthworms and subjected to digestive enzymes present in
their intestines, including amylases, cellulases, proteases, lipases
and chitinases (Michel and Devillez, 1978; Edwards and Fletcher,
1988). In addition, earthworms excrete excess mineralized calcium
in the form of CaCO3 through calciferous glands, thus increasing the
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pH of the gut contents (Barois and Lavelle, 1986) and of the vermi-
compost, making it more basic than organic compost (Longo, 1995)
and contributing to changing the solubility of some nutrients.

In addition to increasing the availability of nutrients, vermicom-
posting allows for greater stabilization of organic residues, because
these residues are converted to humic substances when sub-
jected to enzymatic action (mainly microbial, but also-earthworm
derived) in the earthworm gut and castings (Hartenstein and
Hartenstein, 1981; Aira and Dominguez, 2010). Furthermore, ver-
micompost has a high microbial load many of them plant growth
promoters that increase soil quality (Dominguez et al., 2010a).
Therefore, earthworm castings not only provide nutrients and sta-
bilize organic compounds but also favour soil microbes and their
activity.

Inorganic residues such as rock powders also have the potential
to increase soil nutrient reserves, but for this to occur the solubility
of their minerals must be increased, in order to release nutrients
(Melamed et al., 2007). The addition of rock powder in agricul-
ture also favours plant resistance to biotic and abiotic stresses
by improving their nutritional status (Melamed et al.,, 2007).
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Nevertheless, the use of powdered rock residue should priori-
tise material that is found in the region and is easily accessible
to farmers. These may be quarry wastes from gravel production
and residues from local marble quarries. Rock powder may also
be obtained from rocky material found on or near the farmer’s
property, though the rock must be ground. In addition to allowing
residues to be put to use, another advantage of using rock powder
is that nutrient release occurs gradually, reducing leaching losses
and favouring long-term action of the added materials (Leonardos
et al., 2000).

Vermicomposting may accelerate the solubilisation of the inor-
ganic residues such as rock powder, added to organic residues
because the minerals undergo chemical (Carpenter et al., 2007) and
physical (Suzuki et al., 2003) weathering, due to enzymatic action
and grinding of the materials as they pass through the earthworm’s
intestine.

The search for low-cost and easy-to-manage techniques that
increase mineral solubilisation and improve the fertilisation of
agroecosystems, such as vermicomposting, could transform the use
of inorganic residues such as rock powder into environmentally
and economically sound alternatives for farmers. Therefore, fertil-
isation with rock powder could become an environmentally and
economically viable option to fertilise tropical soils that are gener-
ally highly leached and poor in plant-available nutrients (Leonardos
et al., 2000).

Therefore, the objectives of this study were to evaluate the
growth of earthworms in substrates enriched with gneiss and
steatite powder, and the potential of vermicompost in increas-
ing the solubilisation of minerals present in rock powder and in
promoting plant growth.

2. Materials and methods

The work was done in the Zona da Mata of Minas Gerais
(20°45'S and 42°52'W) in the Atlantic Rainforest Biome of Brazil.
The region has a tropical highland climate with an average tem-
perature of 18°C, average annual precipitation of 1500 mm, and
2-4 dry months yr—1. The area is hilly, with slopes ranging from
20 to 45% and altitudes from 200 to 1800 m (Golfari, 1975). Oxisols
are the main soil type; they are deep and well-drained, but acidic
and poor in available nutrients. The main type of rock is gneiss.
However, the Zona da Mata borders the Iron Square region, where
steatite is a common rock used for handcraft.

2.1. Rock powders

The gneiss and steatite powders used were obtained from
quarries (gneiss from the Zona da Mata region) or from handcraft
production (steatite from the Iron Square region). The materi-
als were standardised as to particle size distribution in order to
minimise possible effects of different surface areas. This standard-
isation consisted of only using the fractions that passed through
a 0.150-mm mesh sieve and were retained on a 0.053-mm mesh
sieve. The materials were oven-dried at 65 °C for 72 h. Bulk samples
of each rock underwent qualitative mineralogical characterisation
through X-ray diffraction (Whittig and Allardice, 1986). Macro-
elements present in the rock powders were analysed with X-ray
fluorescence spectrometry. Micro-elements were quantified by
inductively-coupled plasma atomic emission spectroscopy (ICP-
AES) after multi-acid digestion (EPA 3052, 1996).

2.2. Growth of earthworms in substrates enriched with rock
powder

The substrate for the preparation of the vermicompost was cat-
tle manure. It was homogenised and moisture and granulometry

were standardised after which it was used in the experimental
units. These consisted of cylindrical plastic pots with a 2 dm? capac-
ity. Each experimental unit received 400¢g cattle manure either
enriched with rock powder or not.

The experiment was performed in a completely randomised
design with 5 treatments: two rock powders, gneiss (G) and steatite
(S), two doses (5% and 20%), and a treatment with manure without
rock powder, each with 5 replicates.

The earthworms (Eisenia andrei Bouché, 1972) used were incu-
bated in a mixture of manure and rock powder for a week prior
to the experiment so that the remaining substrate from their place
of origin was flushed from their intestines. Each pot then received
nine individuals (Aquino and Assis, 2005) of E. andrei, at a density of
¢. 1000 indiv. m~3 (600 g m~3). The pots were kept at room temper-
ature in the dark, under constant moisture (40%; controlled weekly
by adding an amount of water similar to the weight loss of each
pot), for a period of 60 d. At the end of this period, the earthworms
were collected and counted, and fresh and dry weights determined.
The vermicompost obtained in each treatment was homogenised
and characterised in terms of organic C content (data not shown)
to set up the agronomic trial.

2.3. Agronomic trial-plant growth

With the vermicompost obtained above, an agronomic trial was
conducted to assess the abilities of these compounds to promote
plant growth. The maize variety UFV M100 (non-transgenic) was
cultivated for 73 d in a greenhouse in pots (5dm?3) containing 3 kg
of an Oxisol collected in Vigosa, MG, Brazil (Table 1) and fertilised
with the products obtained in the pot trial. These consisted of
non-enriched vermicompost (Vc), vermicompost processed either
with 5 or 20% of gneiss (Gs and Gyq) or steatite (S5 and Syg). We
also included treatments with soil fertilized only with gneiss and
steatite without vermicompost (G and S, respectively), and a control
(C) consisting of manure without vermicompost and rock powder.
Hence, there were eight treatments in total: VcGs, VcGyg, VcSs,
VcSy0, Ve, G, S and C. The doses of vermicompost applied to the pots
were set based on those recommended by Ribeiro et al. (1999), and
corresponded to 12.6 tha~! of total organic carbon (TOC). For this,
the average TOC of each treatment (ranging from 35.5 dagkg~! to
28.4dagkg=1) was used to calculate the amount of vermicompost
added to each pot.

To ensure that the rock powder for the gneiss (G) and steatite (S)
treatments were exposed to moisture for the same amount of time
as was the vermicompost, they were simultaneously incubated in
the test vessels for 60 d under the same moisture, temperature
and light conditions. In the treatments with only rock powder,
the dose of gneiss was 13.4g, equivalent to the treatment VcGyg
and the dose of steatite was 14.74 g, equivalent to the treatment
VcSyo.

The experimental units, each of which consisted of a pot with
two plants in it, were placed in a greenhouse, under a completely
randomised design with four replicates. Soil moisture was con-
trolled and maintained at 70% of field capacity. The experiment
was conducted at the Federal University of Vicosa from March to
May 2010.

The sum of shoot sizes, consisting of the sum of the sizes of
all leaves of the maize plant, was measured weekly during 73 days.
The measurement was taken from the base (soil) to the apex of each
leaf (Cardoso et al., 2004; Janssen, 1990). For each measurement,
the average of the sum of shoot sizes of the two plants per pot
was calculated. The sum of the shoot sizes was used as a growth
parameter because this allows for the monitoring of plant growth in
a non-destructive manner. For grasses, there is a linear correlation
between the sum of the lengths of shoots and the production of dry
matter (Janssen, 1990).
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Table 1
Selected chemical characteristics of the Oxisol used to evaluate the effects of vermicomposting with gneiss and steatite rock powder on plant growth.
pH (H,0) P K Ca?* Mg?* AP* SB? CECP BS¢ ASd ome
mgdm—3 cmolcdm—3 % dagkg!
5.0 14 4 0.1 0.0 04 0.11 3.58 3 78 14
2 Sum of bases.
b Cation exchange capacity.
¢ Base saturation.
4 Aluminium saturation.
¢ Organic matter.
Table 2 . L . . . ~ 40 O Dry weight O Fresh weight B Earthworm number 120
Bulk chemical characterisation of rock powders used in the experiment evaluating & 100 B
effects of vermicomposting with rock powder on plant growth. %0 30 —g
k) a 80 =
Rock powder  Macro-elements (%) 2 a ;
g 20 b b 60 &
Si0, ALO; Fe,03 Ca0 MgO K0 P;05 MnO E b a a a0 2
Gneiss 54.67 14.78 1228 6.14 238 254 112 0.16 ::3 10 b b b a b 20 ,53’
Steatite 47.16 4.24 944 219 2761 0.01 001 0.12 0 0
. VeS; VeS,, VG VG, Ve
Micro-elements (mgkg—')
Ba Co Cr Cu Ni 7n Fig.1. Mean ands.e. (n=>5) fresh and dry weights (g) and numbers of earthworms at
- the end of the vermicomposting process. Manure was either enriched with 5 or 20%
GHEIS'S 1532 16 13 1 <3 148 steatite (VcSs, VcSyo) or gneiss (VcGs, VcGag) powder or not enriched (Vc). Means
Steatite 6 87 869 39 1513 84 with the same letters within the same treatment are not significantly different at

At the end of the experiment, the two plants of each pot were
collected, the roots isolated from the soil (with water) and the
whole plant (shoots and roots)dried in an oven (60 °C) and weighed.
For each pot, the average dry weight of the two plants was assessed.

3. Statistical analyses

Statistical analyses were carried out using SAEG program, ver-
sion 9.1 (FUNARBE, 2006). Analyses of variance (ANOVA), followed
by Tukey test (p <0.05) were used to test differences between treat-
ments. To assess effects of the vermicomposting process on nutrient
release from rock powders, contrasts were established. To assess if
the effect of the combined VcRockyg treatment was greater than
the sum of the effects of the Vc and Rock treatments, the following
contrasts were used:

Cy = (average VcG,o — average C) — ((average Vc — average C)
+ (average G — average C))

and

C; = (average VcS,y — average C) — ((average Vc — average C)

+ (average S — average C))

In the comparisons, VcG,g and VcS;o were used because the
doses of rocks used in these treatments corresponded to those used
in the treatments with only rock powders (G or S). The contrast
estimates were tested by the Scheffé test (p <0.05).

4. Results

The gneiss used consisted primarily of quartz, orthoclase, ande-
sine, rutile, and apatite, whereas the steatite was composed mainly
of talc and dolomite. Macro and micro-elements present in the
rocks are shown in Table 2. Gneiss had higher contents of Si, Al Fe,
Ca, K, P, Mn, Ba and Zn than steatite. Steatite had higher contents
of Mg, Co, Cr, Cu and Ni.

The numbers of earthworms recovered at the end of the ver-
micomposting process did not differ among treatments (p <0.05),

the 0.05 level.

but fresh and dry biomass in the treatment with 20% gneiss were
higher than in the other treatments (p < 0.05) (Fig. 1).

Differences in maize growth among the treatments were evi-
dent starting at Day 20 (Fig. 2). At the end of the experiment (73
d), plants fertilised with vermicompost enriched with rock powder
(VcSs, VcSyq, VeGs, VcGyg) were taller (p<0.05) than plants in all
other treatments, including those fertilised with non-enriched ver-
micompost (Vc). Plants grown on soil fertilised with rock powder
without vermicompost (S or G) were smaller than those in Vc, but
taller (p <0.05) than plants grown in unfertilised soil (C). Therefore,
maize cultivated in vermicompost with rock powder grew on aver-
age 53% more than the control plants, 39% more than the plants
fertilised only with steatite, 35% more than those fertilised only
with gneiss and 21.5% more than those fertilised with non-enriched
vermicompost.

Dry matter production was larger (p <0.05) for treatments fer-
tilised with vermicomposts enriched with rock powders (VcSs,
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Fig. 2. Mean and s.e. (n=4) of sum of shoot sizes (cm) per week of maize grown in
unfertilized soil (Control, C), and soil fertilized with gneiss (G) or steatite (S) powder,
vermicompost (Vc) and vermicompost enriched with 5 and 20% of steatite (VcS5 and
VcS20) or gneiss (VcG5 and VcG20) during the process of vermicomposting. Means
with the same letters were not significantly different at the 0.05 level at the end of
the experiment (day 73).
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Fig.3. Mean and s.e. (n=4) of dry weights (g) of maize plants (shoots + roots) grown
in soil fertilized with vermicompost enriched with 5 and 20% of Steatite (VcSs and
VcSy0) or gneiss (VcGs and VcGyo ) during the process of vermicomposting, fertilized
only with vermicompost (Vc), with gneiss (G) or with steatite (S) powder and in

unfertilized soil (Control, C). Means with the same letters were not significantly
different at the 0.05 level.

VcS,0, VcGs, VeGyg) compared to treatments with non-enriched
vermicomposts (Vc), with rock powders only (S or G) and without
fertilisation (C; Fig. 3). On average, maize biomass in treatments
fertilised with vermicompost enriched with rock powder was 12%
larger than in the other treatments.

Contrasts C; (using gneiss powder) and C, (using steatite
powder) revealed the effects of the vermicomposting process on
nutrient release from rock powders: total average lengths of shoots
at the end of the experiment were not significant for C; (30.9) but
were significant for C; (67.1, p<0.05).

5. Discussion

The addition of silicate rock powders to the vermicomposting
process did not negatively affect earthworm growth and reproduc-
tion (Fig. 1), and the addition of 20% gneiss powder increased E.
andrei fresh mass. Thus, the addition of these materials did not
impair the speed of production or the quality of the vermicom-
posts produced despite the presence of elements potentially toxic
to earthworms (Table 2; Karaca et al., 2010).

The results for plant growth (Figs. 2 and 3) show that both gneiss
and steatite powders promoted plant growth when compared to
plants grown in non-treated soil (control), especially when the
rock powders were previously incorporated to the vermicompos-
ting process. To the best of our knowledge, this is the first report
of such effects with silicate rocks in vermicomposts. The addi-
tion of rock powder to the vermicomposting process, however,
has been reported for limestone and natural phosphates. Alvarez
etal.(2004), for example, added Araxa rock phosphate and gypsum
to vermicompost, and the addition of phosphate-enriched vermi-
composts contributed to an increase in dry matter production and
accumulation of P by maize plants.

Improved plant growth is a result of better plant nutrition with
the addition of rock powders, of vermicomposts or of both. Ver-
micompost stimulates plant growth because it increases nutrient
availability and the efficiency of nutrient uptake (Vaughan and
Malcolm, 1985). It also contributes to microbial activity with direct
and indirect effects on plant health and nutrition (Dominguez
etal., 2010a,b). Ingested material undergoes transformations in the
digestive tract of earthworms, including the partial decomposition
of organic matter and the release of nutrients for plants by the
actions of digestive enzymes and microbes (Brown et al., 2000).
Benitez et al. (2005) reported the presence of several hydrolytic
enzymes in vermicompost, observing that the activity of phos-
phatase, for example, increased when compared with compost,
suggesting that earthworms and microbes involved in the pro-
cess had consumed the main substrates containing metabolisable
P. Clearly, both earthworms and microbes contribute to the phys-
ical, chemical and mineralogical properties of the vermicompost,

but it is very difficult to experimentally isolate and determine the
contribution each of them (microbes vs. earthworms) to mineral
weathering and nutrient release (Liu et al., 2011), partly because
earthworms depend on gut microbes for their survival and fitness
(Edwards and Bohlen, 1996).

Ground silicate rocks also have the potential to release nutri-
ents for plants (Escosteguy and Klamt, 1998; Leonardos et al., 2000;
Melamed et al., 2007) and increase plant growth (Hinsinger et al.,
1996) although there are no studies that are specific for steatite. In
the present study, the addition of only rock powders (gneiss and
steatite) to soil resulted in taller plants compared to non-treated
soil (Fig. 2), confirming their potential as fertilizers to increase
nutrient availability in cultivated soils and soil nutrient reserves
(Melamed et al., 2007).

Differences observed between the control, fertilisation only
with rocks, fertilisation with vermicompost and fertilisation with
enriched vermicompost treatments are likely linked to plant nutri-
tion, given that treatments involving vermicompost received more
total nutrients (from manure and rock powder). The low levels of
most nutrients in the steatite treatment (Table 2) could explain the
differences found between G and S treatments, where plant height
was significantly lower with 5% steatite (Fig. 2), resulting in slightly
(but not significantly) lower biomass (Fig. 3) than treatments with
gneiss or higher dose of steatite (20%).

Plant growth responses, however, indicated that the vermicom-
posting process acted differently on the two rocks in terms of
nutrient availability. Although plants fertilised only with gneiss
or steatite showed similar growth, the contrasts of the effect of
vermicomposting with steatite (C, ) showed that vermicomposting
contributed to the mineral dissolution of steatite, resulting in a
larger effect on plant growth than the mere sum of applying non-
enriched vermicompost and applying only steatite to the soil. On
the other hand, results with gneiss were similar, but non-significant
(contrast C1).

The difference between gneiss and steatite may be associated
with the lower hardness and lower resistance to chemical weather-
ing of steatite minerals compared to gneiss minerals (Van Breemen
and Buurman, 2002). Although this lower resistance did not result
in increased biomass for the treatment with steatite compared to
that with gneiss (Fig. 3), the effect of earthworms on physical and
chemical weathering (Suzuki et al., 2003; Carpenter et al., 2007; Liu
et al.,, 2011) of steatite rock may have been more efficient than for
gneiss. Therefore, vermicomposting may amplify the differences
resulting from variable susceptibility of rocks to mineral weath-
ering. Further research, including different primary minerals and
particle sizes, should clarify this.

When combining vermicomposting and rock powders, special
attention must be given to the elements with potential phyto-
toxity (Al, Ba, Cr and Ni) and to the availability of the macro and
micro-nutrients (Si, Fe, Ca, Mg, K, P, Mn, Zn, Co and Cu) present
in the rock powders (Table 2). When considering a hypothetically
high dissolution of rocks, with the rock powder and vermicompost
doses applied, only Al could result in a phytotoxic effect in the soil
with the rock powders used here (Alleoni et al., 2005; Karaca et al.,
2010).

Like most grasses, maize responds positively to fertilisation with
Si, especially in Oxisols (Epstein, 1999). The Si available in the soil, in
turn, may also favour phosphate nutrition (Carvalho et al., 2001).
Consequently, silicate minerals from steatite could have released
more Si than those from gneiss during vermicomposting, and this
did not occur in the absence of earthworms. Associated with the
lower Al and higher Mg contents of steatite, this resulted in a larger
effect of the V¢S, treatment than of VcGyg. The effect of higher
Ca, K and P contents of gneiss thus did not outweigh the effect of
higher Si and Mg release induced by earthworms in the steatite
treatments.
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6. Conclusions

Fertilisation with vermicomposts obtained from substrates
enriched with rock powders may result in benefits to plants greater
than those derived from the isolated use of vermicomposts or rock
powders. Based on our results, we suggest that at least 20% of
gneiss and steatite powders (which increased the growth of maize
and did not negatively affect the growth of earthworms) could be
added to manure to be vermicomposted. Our results furthermore
suggest that the effect of the vermicomposting process on the opti-
misation of the release of nutrients from silicate rocks depends
on the rock type. Therefore, further medium- and long-term stud-
ies under field conditions are needed to obtain more reliable
results on the agronomic effectiveness of this apparently promis-
ing technology. The improvement of this technology may expand
the horizon for greater viability for use of ground silicate rocks in
agriculture.
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