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Abstract: Magnesium is one of the essential elements for the plant growth. However,
when the supply of magnesium is required exclusively, few economically feasible
options are available. Serpentinite represents an alternative source of magnesium,
although little is known about its potential and efficiency under tropical soil conditions.
This work aimed to evaluate the use of serpentinite as a soil remineralizer, as well as
magnesium fertilizer. The study was conducted in a greenhouse, using a completely
randomized design, with seven treatments and four replications, as follows: three levels
of serpentinite, mix of serpentinite and phonolite, and the controls with dolomitic
limestone and without fertilization. Two plant species (Zea mays L. corn hybrid BRS -
1055 and Phaseolus vulgaris L. common bean variety BRS - Estilo) and two contrasting
soils (clayey and sandy texture), were used in pots. Results showed that serpentinite’s
free silica and toxic element contents fitted the legal requirements. No statistically
significant difference was observed for the plant dry matter weight production in the
serpentinite and dolomitic limestone control, as well as in the pure serpentinite and
the mix with phonolite treatments. The serpentinite was able to supply and to fullfil
magnesium requirements for growth and development of corn and bean plants.

Key words: magnesium fertilizers, mineral resources, silicate agromineral, Zea mays L.,
Phaseolus vulgaris L.

available, and the use of limestone may cause
calcium/magnesium disorders. Unbalanced

Magnesium is one of the essential elements
for the plant growth, with many functions in
metabolic processes (Hawkesford et al. 2012).
Its supply is necessary for the expression of
the genetic potential of plants, especially in
highly weathered soils, with low available
nutrient content. The most important source of
magnesium is dolomitic limestone, used for soil
acidity reduction and calcium and magnesium
supply. However, in specific soil conditions, the
supply of magnesium is required exclusively,
especially when pH correction is not necessary or
calcium content is adequate or in excess. In this
condition, few economically feasible options are

rates may be induced by the exportation of
nutrients by high yield crops, once magnesium
exportation is higher than calcium in plants
like corn, for instance. Recent studies showed
that high yield hybrids export 0,03 kg of Ca and
0,8 kg of Mg for tonne of grain, an exportation
ratio of Mg/Ca of 27, approximately (Silva 2009).
The most prominent alternative sources for the
magnesium supply are the ultramafic rocks,
formed by iron and magnesium minerals, and
their metamorphic equivalents. Among the
latter, the serpentinite group is a potential
source due to the high magnesium content of
the protolith (Bucher & Grapes 2011). The use of
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serpentinites in agriculture has been studied for
the past decades in temperate climate countries.
Chittenden et al. (1967) studied the performance
of serpentinites and of dunites as magnesium
sources in New Zealand. McNaught et al. (1968)
evaluated the effects of many magnesium
fertilizers, including serpentinite, in the forage
yield in New Zealand. Hanly et al. (2005) studied
the effect of the use of serpentinite and of its
products of acidification in pastures of New
Zealand. Btonska et al. (2016) studied the effect
of the use of serpentinite and of other nutrients
in a pine forest in Poland. Serpentinite based
commercial products are available abroad, e.g.
the fertilizer supplier in New Zealand: http://
www.fertco.co.nz/products/magnesium-
fertiliser-products/serpentinite. Some works
have already been done in Brazil, aiming to
evaluate the performance of the serpentinite as
a silicate agromineral and magnesium fertilizer.
Luz et al. (2010) analyzed the agricultural
potential of the serpentinites in Brazil, mostly
as a byproduct of mining activities. Carmignano
(2014) evaluated the performance of serpentinite
from Minas Gerais in soybean crops. Blaskowski
et al. (2016) evaluated the agricultural potential
of the materials on mining waste piles from
chromite mining in Bahia, which are mainly
composed of serpentinites and dunites. Alovisi
(2018) studied the response of forages to the
use of serpentinite as a source of silicon. The
measured reserves of the industrial serpentinite
rocks in Brazil are above 140 million t, and are
concentrated in the States of Minas Gerais, Goias
and Parana (DNPM 2010). In Minas Gerais, one
of the main occurrences of the serpentinites is
in the Corrego dos Boiadeiros Body (CBB), an
association of metaultramafic and subordinated
metamafic rocks, at the central area of the
Quadrilatero Ferrifero (QF). The CBB is a mafic-
ultramafic intrusive body in the Rio das Velhas
greenstone belt (Fernandes 2016). Laboratory

SERPENTINITE ROCK TEST AS A SOIL REMINERALIZER

analyses of samples from the Mostardas mine
showed that serpentinite is composed of
39.9% of Mg0O, mostly in the minerals lizardite
(Mg3Si205(0H)4) and talc (Mg3Si4010(0H)2),
with the secondary minerals: chromite (FeCr,0,
) and magnetite (Fe,0,) (Ferreira et al. 2019). This
work aimed to evaluate the use of serpentinite
as a soil remineralizer, as well as a magnesium
fertilizer.

MATERIALS AND METHODS

The experiment was carried out in a greenhouse
at Embrapa’s experimental farm in Sete Lagoas
- MG - Brazil (19° 28.5" S, 44° 11.7° W). The
experimental design was based on a completely
randomized scheme, with seven treatments, two
soils, two plant species and four replications
(112 experimental units). Two soils with
contrasting granulometry were selected: clayed
Ustox (Latossolo Vermelho Amarelo distrofico
- LVAd) and a Quartzipsamments (Neossolo
Quatzarénico ortico - RQo). Both presented
low exchangeable magnesium contents (Table
). The sandy soil is an almost pure quartzose
sand (developed from the Espinhaco group
quartzites), and the clayed soil is a highly
weathered Oxisol, presumably dominated
by gibbsite and kaolinite in the clay fraction
(based on similar soils of the region, e.g. De
Brito Galvao & Schulze 1996), from a metapelitic
parental rock of the Bambui group. Two plant
species were used: corn, hybrid BRS — 1055 and
common bean, variety BRS - Estilo. The mining
company Pedras Congonhas Ltda supplied the
serpentinite and the phonolite rock powders.
The serpentinite came from the “Mostarda” Mine
in Nova Lima - MG, located on the Rio das Velhas
greenstone belt. The main chemical elements
of this rock are silicon (SiO, 38.3%), magnesium
(MgO 39.9%), iron (Fe,0, 7.8%) and aluminum
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Table I. Soil Fertility and textural analyses of the soils used in the experiments’.

Soil pH H+Al P Mehlich-1 Al Ca Mg K SB CEC
cmol /dm® | mg/dm® cmol /dm’

RQo 53 1.0 0.3 om 0.30 0.08 0.03 0.41 1.37

LVAd 53 5.8 1.8 0.58 0.48 0.09 0.05 0.85 6.69

Granulometric analysis of the Fine Earth (g/kg)

Coarse Sand 2-0.2 (mm)
LVAd 70 30
RQo 20 680

Fine Sand 0.20-0.05(mm)

Silt 0.05-0.002 (mm) Clay < 0.002 (mm)
80 820
280 20

(*) analyses according to the official soil methods (Teixeira et al. 2017).

(AlO, 1.7%), and the dominant minerals are
lizardite and talc, with minor chromite and
magnetite (Ferreira et al. 2019). The phonolite
is from the Curimbaba mining company in the
Pocos de Caldas Alkaline Complex (Alves 2003).
Its chemical composition is SiO, (53.4%), ALO,
(22.6%), K,0 (6.9%), Na,0 (7.8%), Fe,0, (4.8%),
Ca0 (1.4%) and MgO (016%). The main minerals
are microcline, orthoclase, andalusite, nepheline
and andesine (Teixeira et al. 2012). The mix of the
phonolite to the serpentinite aimed to increase
the total K content in the final product, to fulfill
the remineralizer legislation demands (MAPA
2016). The calcitic and the dolomitic limestone
in powder and the fertilizers were commercial
grade products. The limestone doses were
equivalent to 5.0 Mg/ha for the LVAd soil, and
to 2.0 Mg/ha for the RQo soil, accordingly to
Minas Gerais State recommendations (Alvarez
& Ribeiro 1999). Before planting, fertilizers
were applied and mixed to the soils as follow:
LVAd soil - urea (40 kg N/ha), superphosphate
(240 kg P,0./ha), KCl (200 kg K,0/ha) plus the
micronutrients source (100 kg FTE-BR12/ha), and
RQo soil - urea (40 kg N/ha), superphosphate
(120 kg P,0./ha), KCL (100 kg K,0/ha) plus the
micronutrients source (100 kg FTE-BR12/ha).
After that, 5-liter pots were filled with the soils.
An additional urea dose was supplied 20 days
after the germination, equivalent to 100 kg of

N/ha. The treatments were: 1 - Control without
serpentinite, limestone or fertilizers (TEST); 2
- Control without serpentinite plus dolomitic
limestone and fertilizers (the doses were
accordingly to soil fertility analysis) (CALC_D);
3 - Control without serpentinite and with calcitic
limestone and fertilizers (CALC_C); 4 — Treatment
with serpentinite (dose 2) plus phonolite (3:1 in
dry weight), plus calcitic limestone and fertilizers
(SERP_F); 5 - Treatment with serpentinite
(dose 1) plus calcitic limestone and fertilizers
(SERP_D1); 6 — Treatment with serpentinite
(dose 2) plus calcitic limestone and fertilizers
(SERP_D2); 7 - Treatment with serpentinite
(dose 3) plus calcitic limestone and fertilizers
(SERP_D3). The doses applied are in the Table
Il. The serpentinite doses were equivalent to
the nominal MgO content (14%) in the reference
(CALC_D), so that the dose 1 is equivalent to
half the required dose of limestone, the dose
2 is equivalent to the full limestone dose, and
the dose 3 is equivalent to one and a half
the limestone dose. The pots were saturated
with deionized water before being sown and
kept close to the field capacity throughout
the experiment. Based on previous tests, the
amount of applied water was selected to be just
enough to keep the soil moisture constant and
to avoid leaching of excess water. Three seeds
were used for each pot, and the plantlets were
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SERPENTINITE ROCK TEST AS A SOIL REMINERALIZER

Table Il. Values of applied doses of the minerals for the pot essay.

Treatments . Dolomitic

soil limestone
Control LVAd 0.0
Dolomitic limestone LVAd 5.0
Calcitic limestone LVAd 0.0
Serpent. + Phonol. + Calc. Limest. LVAd 0.0
Serpentinite + Calc. limest. dose 01 | LVAd 0.0
Serpentinite + Calc. limest. dose 02 | LVAd 0.0
Serpentinite + Calc. limest. dose 03 | LVAd 0.0
Control RQo 0.0
Dolomitic limestone RQo 2.0
Calcitic limestone RQo 0.0
Serpent. + Phonol. + Calc. Limest RQo 0.0
Serpentinite + Calc. limest. dose 01 | RQo 0.0
Serpentinite + Calc. limest. dose 02 | RQo 0.0
Serpentinite + Calc. limest. dose 03 | RQo 0.0

kept until the harvest of the plants. After 40
days of growth, the whole plants (above ground)
were harvested and packed in paper bags, sent
to oven dry at 60 °C to measure the dry weight
and ground in a rotary mill for the chemical
analyses. The soil from each pot was sampled air
dried and sieved in a 2.0 mm sieve and sent for
the fertility analyses. The serpentinite and the
mixture serpentinite/phonolite were analyzed
according to the EPA 5032 reference method for
the semi-total element content of the oxides of
K, Ca, Mg, B, Zn, Cu, Fe, Mn, Mo, Co, Ni, Se, Cl, As,
Cd and Pb, according to the EPA 7074-A reference
method for the semi-total element content of
Hg. The reference methods referred at the IN-
SDA N°003/2015 MAPA (Cap | - B and Cap V)
were followed for the granulometric analysis
of the ground materials. A petrographic thin
section of the serpentinite rock was evaluated
by optical microscopy to measure the free silica
content. The test was performed to fulfill the
legal requirements. The legislation is vague
concerningthisissue (both the nature ofthe ‘free’
silica and the method to be used) and leaves to
the researcher the choice of the method. The

Equivalent dose (T/ha)

lircnael:::::rcle Serpentinite+Phonolite = Serpentinite
0.0 0.0 0.0
0.0 0.0 0.0
5.0 0.0 0.0
5.0 31 0.0
5.0 0.0 1.2
50 0.0 23
50 0.0 35
0.0 0.0 0.0
0.0 0.0 0.0
20 0.0 0.0
20 1.2 0.0
20 0.0 0.5
20 0.0 0.9
20 0.0 14

analysis was performed by point counting in
the thin section, which is presumably to count
basically the quartz grains. Nevertheless, this
type of rock is not supposed to bear quartz, as is
a metamorphosed peridotite. The soil samples
and the plant materials were analyzed by the
standard fertility methods and granulometric
analysis (Silva 2009). The pH was measured in a
soil/water proportion of 1:2.5. The exchangeable
cations (Ca, Mg and Al) were extracted with the 1
M KCl solution. The Mehlich 1 solution was used
for the extraction of P, K and the micronutrients.
The exchangeable acidity (H"+ Al’") was extracted
with the calcium acetate solution (0.5 M). The
plant analysis was done by the wet acid method
(hot concentrated solution of HNO, + HCLO, 311,
Silva 2009). The results were subjected to the
statistical analyses using the R system’s (R Core
Team 2018) packages “MASS” (Venables & Ripley
2002) and “agricolae” (Mendiburu 2017).
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RESULTS AND DISCUSSION

The petrographic analysis of the rock indicated
that the free silica content (as quartz) is less
than 5%, which is below the maximum value of
25%, by the legislation (MAPA 2016). Results of
the semi-total element content are presented in
the Table lll. The serpentinite powder had high
magnesium content (>38% Mg0), and low K and
Ca content, but the sum of the bases (Ca0, MgO,
K,0) was above 39%, higher than the minimum
requirement in the legislation (9%). Higher
potential as source of boron (0.7%) and cobalt
(68 mg/kg) was also evidenced. The potentially
toxic elements (As, Cd, Hg and Pb) were all below
the maximum levels established by the law
(MAPA 2016), and below the detection limits of
the method (Table I11). Thus, the material is safe
for use in agriculture as a silicate agromineral.
Also, other elements, such as Cu, Zn, Mn and Ni,
for which no limit is established, did not present
levelsthatindicate potential risks foragricultural
use. The mix of serpentinite and phonolite
produced a material with element contents very
similar to the pure serpentinite powder (Table
IV), but with higher K content (>2%) and lower
content of Mg and of the rest of the elements, by
dilution. The mix product’s K content was above
the minimum requirement of the law, 1% (MAPA
2016), and it was the only nutrient that had a
higher total content after the mixing. The mix
fitted the granulometric requirements of the law
to be used as a powder (Table Il). The pot soil
analyses indicated that the fertilization was
effective to raise the nutritional status and the
soil's pH. The exchangeable contents of the Ca, K
and sum of bases were higher than the control
(TEST) in both soils. The differences between the
soils are related to the initial contents,
granulometry and mineralogy. There was no
statistically significant effect on phonolite
application (treatment SERP_F) in the K

SERPENTINITE ROCK TEST AS A SOIL REMINERALIZER

exchangeable content, compared to the
treatments without phonolite (Tables V and VI).
This result is in accordance with the expected
low solubility of the K sources in the minerals of
this rock, regarding the short time of experiment
and despite the use of a strong acid extraction
solution for the analysis (Mehlich 1). The mix of
the phonolite reduced the total content of the
nutrients without any evident benefit to their
availability (Table IV). The treatments with the
same dose of serpentinite (treatment SERP_F
and treatment SERP_D2), with the sole difference
of the phonolite input in the former, statistically
did not differ overall, including the soil fertility
parameters and the total plant dry matter weight
production (Tables V, VI, VIl and VIII). These
results indicated that its use did not have any
practical effect in the short time range and the
mix only increases the costs of production and
freight per unit of the nutrients per tonne of
product. Potential long term benefits could not
be accessed by this experiment. The pH in water
and the exchangeable acidity results (Tables V
and VI) showed the effect of the liming on the
soils. The lower elevation of the pH in the LVAd
soil, compared to the RQo soil, is related to its
higher buffering capacity due to the greater clay
content (82%). There was statistically significant
effect of the treatments on the pH results,
without a clear pattern. The exchangeable Mg
content was not statistically different among
treatments with serpentinite, with calcitic
limestone and the control TEST, but they were
statistically different of the control CALC_D. This
result is expected as the rock powders are less
soluble than the limestone and the time span of
the experiment was not long enough to allow
the biochemical reactions that release the Mg of
the minerals (Crawford et al. 2000) to reach the
same level produced by the ready soluble
carbonate. This result is also coherent with the
Mg extraction by the plants. The doses of the
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Table lIl. Chemical analyses for semi-total element content and granulometric analysis of the serpentinite in
powder.

Parameter Result Unit Uncertainty Q.L? Reference’
pH 110 8.52 _ 0.26 17a13 NA
Potash - K,0 (HF) <1 % 1 _ 1 min.
Calcium Oxide (Ca0) - (HF) 0.95 % 0.03 0.5 NA
Magnesium Oxide (MgO) - (HF) 38.20 % 115 0.5 NA
Boron - B (HF) 0.7 % - 01 *
zinc - Zn (HF) <0.05 % - 0.05 *
Copper - Cu (HF) <0.05 % - 0.05 *
Iron - Fe (HF) 5.54 % 017 0.05 *
Manganse - Mn (HF) 0.09 % - 0.05 *
Molybdenum Total - Mo (HF) <0.2 % - 0.01 *
Cobalt - Co (HF) 66.82 mg/kg 2 0.01 *
Nickel - Ni (HF) 895 mg/kg 27 0.2 *
Selenium - Se (HF), <0.2 mg/ kg - 0.2 *
Chlorine - Cl <01 % - 0.1 *
Arsenic - As (HF) <0.2 mg/kg - 0.20 15 max.
Cadmium - Cd (HF) <0.2 mg/kg - 0.20 10 max.
Mercury - Hg (HF) <01 mg/kg - 0.1 0.1 max.
Lead - Pb (HF) <0.2 mg/kg - 0.20 200 max.
Parameter Result Unit Uncertainty Q. L.
% of the sample passing the sieve n.04 (4.75 mm) 100 % = 1
% of the sample passing the sieve n. 07 (2.80 mm) 100 % - 1
% of the sample passing the sieve n.10 (2.00 mm) 100 % 1 1
% of the sample passing the sieve n.20 (0.85 mm) 100 % - 1
% of the sample passing the sieve n.50 (0.300 mm) 93.39 % 1,24 1

1 According to Instrucdo Normativa N° 5 do MAPA de 10 de Margo de 2016. >Quantification limit.
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serpentinite were chosen to be equivalent to
the ones expected to be use in real agronomic
situations, and the reference methods for soil
analyses may be underestimating the availability
of the Mg from the lower solubility fertilizers,
which is indicated by the plant dry matter
production. The differences in exchangeable Mg
content did not relate to the plant dry matter,
which indicate that there was no limitation for
the plant production. The results of the nutrient
content in the plant dry matter of corn and
common bean clearly indicated the effect of
fertilizer use, compared to the control TEST
(Tables IX and X). The effect depends on the
nutrient and soil characteristics, and it should
be pointed that both soils have no previous
report of fertilization or liming, and both have
originally very low Mg content (Table 1). The
values of the corn dry matter weight were
statistically different for the controls CALC_D
and CALC_C and for the control TEST, for the
LVAd soil (Table VII). The control CALC_C did not
differ from the treatment SERP_D2, but differed
from the other treatments with serpentinite. For
RQo soil, there was no statistically significant
difference among treatments, except for the
control TEST, which was statistically different of
all but the control CALC_C. The values of the
common bean dry matter weight were not
statistically different, except for the control
without fertilizer, for the LVAd soil (Table VIII).
There were statistically significant differences
for the RQo soil. The treatments control CALC_D,
SERP_F and SERP_D1 did not differ, the four
treatments with serpentinite (SERP_F, SERP_DT,
SERP_D2 and SERP_D3) did not differ, the control
CALC_C and the SERP_D3 did not differ, and the
control TEST differed from the others treatments.
The regression equations fitted for the effect of
serpentinite dose in the dry matter weight
indicated a trend for the increment of the plant
weight with the applied dose, not significant at

SERPENTINITE ROCK TEST AS A SOIL REMINERALIZER

the probability of 5% (Tables XI to XIV). The K
content values in the corn dry matter weight
were in excess to the recommended levels for
the LVAd soil, except for the control TEST, which
is below the recommendations (Gott et al. 2014).
Only the control TEST was statistically different
from the other treatments (Table X). For the RQo
soil, the treatments were slightly below to
adequate to the recommended levels and were
not statistically different, but the absolute
values for the control TEST were well below the
recommended levels. The K content values in
the bean dry matter weight had a similar pattern
to the corn results in the LVAd soil, accordingly
to the recommendations (Rosolem &
Marubayashi 1994). There was no statistically
significant difference among the treatments
with fertilizers, and only the control TEST was
statistically different. In the RQo soil, the
treatment SERP_D2 and the control CALC_C had
low K values and the control TEST died before
the end of the experiment. There was no
statistically significant difference in the K
content in plant dry matter weight among the
treatments with pure serpentinite (SERP_DT,
SERP_D2 and SERP_D3) and serpentinite plus
phonolite (SERP_F). It indicates that, under the
experimental conditions, no practical result was
observed and its use is not justified. The Mg
content values in the corn dry matter weight
were above the adequate recommended levels
for all the treatments in the LVAd soil, except for
the control TEST, which was considered deficient
(Gott et al. 2014). Only the two extreme cases,
the control TEST and the control CALC_D were
statistically different from the rest of treatments
(Tables IX and X). For the RQo soil, the same
trend was observed, but only the control CALC_D
was statistically different from the rest of
treatments. The Mg content values in the
common bean dry matter weight were in the
medium level class for the serpentinite
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Table IV. Chemical analyses for semi-total element content of the mix serpentinite plus phonolite (3:1) in powder.

Parameter Result
pH 1110 8.52
Potash - K20 (HF) 2]
Calcium Oxide (Ca0) - (HF) 0.93
Magnesium Oxide (MgO) - (HF) 27.35
Boron - B (HF) 0.6
Zinc - Zn (HF) <0.05
Copper - Cu (HF) <0.05
Iron - Fe (HF) 6.77
Manganse - Mn (HF) 012
Molybdenum Total - Mo (HF) <02
Cobalt - Co (HF) 50.55
Nickel - Ni (HF) 857
Selenium (Se) - (HF) <0.2
Chlorine - Cl <01
Arsenic - As (HF) <0.2
Cadmium - Cd (HF) <0.2
Mercury - Hg (HF) <01
Lead - Pb (HF) <0.2

Unit Uncertainty Q.L? Reference’
0.26 1a13 NA

% _ 1 1 min.

% 0.03 0.5 NA

% 115 0.5 NA

% - 01 *

% - 0.05 *

% - 0.05 *

% 017 0.05 *

% - 0.05 *

% - 0.01 *
mg/kg 2 0.01 *
mg/kg 27 0.2 *
mg/kg - 0.2 *

% - 0. *
mg/kg - 0.20 15 max.
mg/kg - 0.20 10 max.
mg/kg - 0.1 0.1 max.
mg/kg - 0.20 200 max.

SERPENTINITE ROCK TEST AS A SOIL REMINERALIZER

1 According to Instrucao Normativa N2 5 do MAPA, de 10 de Margo de 2016. >Quantification limit.

treatments, they were in the low class for the
control CALC_C and the control TEST, and the
control CALC_D was above the adequate
recommended levels in the LVAd soil. The latter
was the only statistically different from all the
others. For the RQo soil, the control CALC_D was
above the adequate recommended levels, the
treatments SERP_D3 and SERP_F were in the
medium class and the rest were in the low class.
The control CALC_D was the only statistically
different from all the others. These results are
coherent with the soil exchangeable Mg results,
discussed above.

In their work, comparing the effect of Mg
fertilization in five common bean varieties,
Canizella et al. (2015) reported that the BRS

Estilo was included in the group of varieties
with the greatest content of Mg, regardless of
the rate applied. There was no effect of the type
of Mg source in the plant dry matter weight, and
this element was not the limiting factor. The
corn plant dry matter weight of the treatments
with serpentinite (SERP_F, SERP_D1 and SERP_D2
and SERP_D3) were not statistically different
from the control CALC_D. The higher Mg plant
content in the control CALC_D may be attributed
to the luxury consumption of this nutrient, as its
content is 3 times the content of the treatment
with serpentinite (Table I1X), and well above
the recommended content. Madhok & Walker
(1969) reported the luxury consumption of Mg
by common sunflower in nutrient solution, with
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Table V. Content of potassium and magnesium in soils cultivated with corn. (The means of four replicates followed
by the same letters in columns are not statistically different at a probability of 5%).

Parameter Treatments’ Soil LVAd Treatment’ Soil RQo
Serp_F 101.4 a Serp_F 15.1 a
Serp_D2 100.0 a Serp_D2 14.0 ab
Serp_D3 99.6 a Serp_D1 12.8 ab
K (mg/kg) Calc_C 87.4 a Calc_D 12.0 ab
Serp_D1 82.5 a Serp_D3 10.8 ab
Calc_D 76.0 a Calc_C 9.9 b
Test 499 a Test 9.8 b
Calc_D 1.65 a Calc_D 0.38 a
Serp_D1 0.20 b Calc_C 0.20 b
Serp_D2 0.20 b Serp_D1 0.20 b
Mg (cmol /dm’) Serp_D3 0.20 b Serp_D2 0.20 b
Test 0.20 b Serp_F 0.20 b
Calc_C 018 b Test 0.20 b
Serp_F 018 b Serp_D3 016 b

(") Test: Control, Calc_D: Dolomitic limestone, Calc_C: Calcitic limestone, Serp_F: Serpentinite + phonolite (3:1) + Calcitic limestone,
Serp_D1: Serpentinite + Calcitic limestone dose 01, Serp_D2: Serpentinite + Calcitic limestone dose 02, Serp_D3: Serpentinite +
Calcitic limestone dose 03.

Table VI. Content of potassium and magnesium in soils cultivated with common bean. The means of four replicates
followed by the same letters in columns are not statistically different at a probability of 5%.

Parameter Treatment’ Soil LVAd Treatment’ Soil RQo
Serp_F 177.5 a Serp_F 20.5 a
Serp_D2 167.3 a Serp_D3 20.2 a
Serp_D1 160.9 a Serp_D1 18.3 ab
K (mg/kg) Calc_C 1524 a Calc_C 18.2 ab
Serp_D3 137.5 a Serp_D2 15.2 abc
Calc_D 134.5 a Calc_D 12.6 bc
Test 251 b Test 1M1 C
Calc_D 145 a Calc_D 0.33 a
Serp_F 0.20 b Calc_C 016 b
Serp_D1 0.20 b Serp_D1 016 b
Mg (cmol /dm?) Serp_D3 0.20 b Serp_D2 016 b
Serp_D2 0.20 b Serp_D3 0.16 b
Test 0.20 b Serp_F 0.16 b
Calc_C 018 b Test 016 b

(") Test: Control, Calc_D: Dolomitic limestone, Calc_C: Calcitic limestone, Serp_F: Serpentinite + phonolite (3:1) + Calcitic limestone,
Serp_D1: Serpentinite + Calcitic limestone dose 01, Serp_D2: Serpentinite + Calcitic limestone dose 02, Serp_D3: Serpentinite +
Calcitic limestone dose 03.

the internal content of Mg only correlating to the internal Mg content per dry weight without
the yield up to 0.20 mM of Mg in solution. Above additional increase in dry mass yield.
that level, there was a continuous increase in
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Table VII. Weight dry matter of corn plants (g/pot). The means of four replicates followed by the same letters in
columns are not statistically different at a probability of 5%.

Treatment’ Soil LVAd Treatment’ Soil RQo

Calc_D 2.30 a Calc_D 1.68 a
Serp_D2 1.83 ab Serp_F 143 a
Serp_D1 1.70 ab Serp_D3 1.30 a
Serp_D3 1.58 ab Serp_D2 1.25 a
Serp_F 1.58 ab Calc_C 1.08 ab
Calc_C 145 b Serp_D1 1.08 ab
Test 0.48 C Test 0.28 b

(") Test: Control, Calc_D: Dolomitic limestone, Calc_C: Calcitic limestone, Serp_F: Serpentinite + phonolite (3:1) + Calcitic limestone,
Serp_D1: Serpentinite + Calcitic limestone dose 01, Serp_D2: Serpentinite + Calcitic limestone dose 02, Serp_D3: Serpentinite +
Calcitic limestone dose 03.

Table VIII. Weight dry matter of common bean plants (g/pot). (The means of four replicates followed by the same
letters in columns are not statistically different at a probability of 5%).

Treatment’ Soil LVAd Treatment’ Soil RQo
Serp_D2 0.98 a Calc_D 0.78 a
Serp_D1 0.93 a Serp_D1 0.68 ab

Calc_C 0.85 a Serp_F 0.68 ab
Calc_D 0.85 a Serp_D2 0.55 abc
Serp_D3 0.78 a Serp_D3 0.48 bc
Serp_F 0.78 a Calc_C 0.33 cd

Test 0.43 b Test 0.10 d

(*) Test: Control, Calc_D: Dolomitic limestone, Calc_C: Calcitic limestone, Serp_F: Serpentinite + phonolite (3:1) + Calcitic
limestone, Serp_D1: Serpentinite + Calcitic limestone dose 01, Serp_D2: Serpentinite + Calcitic limestone dose 02, Serp_D3:
Serpentinite + Calcitic limestone dose 03.

Table IX. Content of potassium and magnesium in dry matter of corn plants. The means of four replicates followed
by the same letters in columns are not statistically different at a probability of 5%.

Element Treatment’ Soil LVAd Treatment’ Soil RQo
Calc_D 17.54 a Calc_D 23.76 a
Serp_D3 5.70 b Serp_D3 5.94 b
Serp_D2 5.09 b Serp_F 4.54 b
Mg (g/kg) Serp_F 448 bc Serp_D2 440 b
Serp_D1 446 bc Serp_D1 3.52 b
Calc_C 2.67 cd Calc_C 2.89 b
Test 1.28 d Test 0.59 b
Calc_D 154.05 a Serp_D2 38.79 a
Serp_D3 139.25 ab Serp_D1 25.38 a
Serp_F 136.87 ab Calc_D 24.49 a
K (g/kg) Serp_D2 126.21 bc Serp_D3 2143 a
Serp_D1 121.73 bc Serp_F 20.71 a
Calc_C 103.46 C Calc_C 13.20 a
Test 11.94 d Test 146 a

(*) Test: Control, Calc_D: Dolomitic limestone, Calc_C: Calcitic limestone, Serp_F: Serpentinite + phonolite (3:1) + Calcitic
limestone, Serp_D1: Serpentinite + Calcitic limestone dose 01, Serp_D2: Serpentinite + Calcitic limestone dose 02, Serp_D3:
Serpentinite + Calcitic limestone dose 03.
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Table X. Content of potassium and magnesium in dry matter of common bean plants. The means of four replicates
followed by the same letters in columns are not statistically different at a probability of 5%.

Element Treatment’ Soil LVAd Treatment’ Soil RQo
Calc_D 798 a Calc_D 10.85 a
Serp_D2 2.62 b Serp_F 2.40 b
Serp_F 2.52 b Serp_D3 2.04 b
Mg (g/kg) Serp_D3 246 b Serp_D1 1.88 b
Serp_D1 2.06 bc Serp_D2 1.78 b
Calc_C 1.87 bc Calc_C 0.97 b
Test 118 C Test 0.00 b
Calc_C 59.89 a Serp_D1 2742 a
Serp_D1 59.31 a Calc_D 25.95 a
Serp_D2 59.27 a Serp_F 23.96 ab
K (g/kg) Serp_F 58.03 a Serp_D3 21.06 ab
Calc_D 57.01 a Serp_D2 16.30 abc
Serp_D3 5217 a Calc_C 12.39 bc
Test 9.94 b Test 0.00 C

(*) Test: Control, Calc_D: Dolomitic limestone, Calc_C: Calcitic limestone, Serp_F: Serpentinite + phonolite (3:1) + Calcitic
limestone, Serp_D1: Serpentinite + Calcitic limestone dose 01, Serp_D2: Serpentinite + Calcitic limestone dose 02, Serp_D3:
Serpentinite + Calcitic limestone dose 03.

Table XI. ANOVA and parameters of the regression equation for serpentinite doses per pot (g) and plant total dry
weight per pot (g) for corn pots in the soil LVAd.

Parameter Coeficient Standard error “t” value Probability (>[t]) (#)
Intercept 3.65734 0.38894 9.403 7.51E-10 el
Dose/pot 011403 0.06573 1.735 0.0946

Degrees of freedom Residual Standard error Multiple R? Fitted R’
26 1444 0.1037 0.06927

F statistics in Degrees of freedom p value
3.009 1and 26 0.0946

®significance: (***) 0.001 (.) 0.1.

Table XII. ANOVA and parameters of the regression equation for serpentinite dose per pot (g) and plant total dry
weight per pot (g) for corn pots in the soil RQo.

Parameter Coeficient Standard error “t” value Probability (>t]) (#)
Intercept 2.2935 0.4783 4.795 5.78E-05 il
Dose/pot 0.4008 0.2021 1.983 0.058

Degrees of freedom | Residual Standard error Multiple R? Fitted R
26 1.775 01314 0.098

F statistics in Degrees of freedom p value
3.933 1and 26 0.058

“significance: (***) 0.001 (.) 0.1.
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Table XIIl. ANOVA and parameters of the regression equation for serpentinite dose per pot (g) and plant total dry

weight per pot (g) for common bean pots in the soil LVAd.

Parameter Coeficient Standard error "t" value Probability (>]t]) (#)
Intercept 210629 0.15952 13.204 4.89E-13 il
Dose/pot 0.03594 0.02696 1.333 0194

Degrees of freedom | Residual Standard error Multiple R Fitted R?

26 0.5921 0.06399 0.02798

F statistics in Degrees of freedom p value
1.777 1and 26 0.194

(#)Significance: (***) 0.001.

Table XIV. ANOVA and parameters of the regression equation for serpentinite dose per pot (g) and plant total dry

weight per pot (g) for common bean pots in the soil RQo.

Parameter Coeficient Standard error "t" value Probability (>[t]) | (#)
Intercept 1.0795 0.2171 4.972 4.01E-05 rx
Dose/pot 0.6037 0.2968 2.034 0.0527

(Dose/pot)’ -0.1264 0.0727 -1.738 0.0945

Degrees of freedom Residual Standard error Multiple R? Fitted R?

25 0.7607 0.1565 0.08906

F statistics in Degrees of freedom p value
01565 1and 26 01191

(#)Significance: (***) 0.001(.) 0.1.

CONCLUSIONS

Chemical and mineralogical analyses showed
that the serpentinite presented high total MgO
contents. The free silica and the potentially
toxic elements (As, Cd, Hg and Pb) contents
are all below the legal requirements. Also,
other measured elements, for which no limit is
stipulated by law, presented no potential risks
regarding its use. No statistically significant
difference was reported from the plant dry
matter weight of the evaluated plant species
among the treatments with the use of the
serpentinite and the control CALC_D. Differences
among the treatments with the use of the
serpentinite and the control CALC_D, compared
to the control without fertilization, did occur.

On the other hand, the treatments with the use
of the pure serpentinite and the mix with the
phonolite presented similar behavior, as well as
considering the plant dry matter weight and Mg
content in the soil and plant dry matter weight.
No loss or benefit could be inferred from the
mix of the serpentinite with the phonolite,
other than the reduction of the total nutrient
content by dilution, with exception of the K.
The exchangeable Mg in the soil and the Mg in
the plant dry matter weight were statistically
different only for the control treatment with the
use of the dolomitic limestone, compared to all
the others. This difference was not related to
the plant dry weight, for common bean and for
corn. Itis inferred that the tested remineralizers
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(pure serpentinite and the mix with phonolite),
were able to supply the Mg and to fulfil the plant
requirements, and the higher plant Mg contentin
the control with use of the dolomitic limestone
was attributed to the luxury consumption of the
element.
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