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Abstract

Purpose Silicate rock powders have been appointed as possible nutrient alternative sources which might enhance the agri-
cultural sector sustainability. However, the application of those materials directly in soil presents as main limitations the low
content and solubility of the mineral nutrient sources. In this perspective, the aim of the present study was to evaluate, in a
bioweathering perspective, the conjunct application potential of phonolite with organic composts over the nutrients release
in soil, as well as the production and nutrition of brachiaria grass (Urochloa decumbens). In addition, it was sought to assess
the composting process effectiveness in improving the nutrient release from this rock.

Method An experiment was conducted with five treatments (control; enriched compost with powder rock at 10%; mixed
compost with powder rock at 10%; solely powder rock; solely compost) and four repetitions.

Results The alternative sources positively influenced the productivity, as well as the K and Si contents at the aerial part of
the brachiaria grass and the nutrient release in soil. However, the conjunct applications of powder phonolite with organic
composts were the source which the best promoted the total nutrient biorelease to soil.

Conclusion Nevertheless, there was no evidence that the composting process promotes the phonolite bioweathering. On the
other hand, the conjunct application of powder phonolite with organic composts, either as an initial component to the com-
posting pile or additive to the stabilized composts, is a strategy which enhances the nutrient biorelease of the mineral source.

Keywords Rock powders - Composting - Potassium alternative sources - Phonolite

Introduction

Pastures represent the main food source to bovines in Bra-
zil. According to the Brazilian agricultural census of 2006
(IBGE 2007), it is estimated that approximately 172 million
hectares are explored as pastures. The use of large areas for
pastures is a global reality, since approximately 26% of all
planet area is designated to the cattle grazing (FAO 2006).
Although the importance of pastures to the Brazilian cat-
tle rising, the country has about 30 million hectares of pas-
tures in some level of degradation (MAPA 2016). Among
the factor related to the pastures degradation, stands out the
soil use with high susceptibility to erosion, the excessive
grazing, and the inadequate management of soil fertility
(Peron and Evangelista 2004; Li et al. 2013; Sattari et al.
Federal University of Vigosa, Rio Paranaiba Campus. 2016). In pastures areas, the fertility management is usually
MG-230 Highway — Km 7, Rio Paranaiba, Minas Gerais, done with low nutrient intake, as well as in systems with one
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to optimize the nutrient cycling (Alves Filho et al. 2003;
Calil et al. 2016).

The low nutrient intake in these systems are directly
linked to the reuse difficulties of animal manures in a prop-
erty level (Cordell et al. 2009; Elser and Bennet 2011)
and to the crescent cost of conventional soluble fertilizer,
which represent frequently the main component of the pro-
duction costs. This scenario of fertilizer cost raising, and
consequently, the increase of the activity risk, is associated,
among other factors, to the high external Brazilian depend-
ence by these inputs. According to the Brazilian National
Association to Fertilizers Diffusion (ANDA 2014), Brazil is
the fourth largest fertilizer importer of the world, with more
than 90% of all potassium chloride consumed imported,
being susceptive to the international market prices and offers
oscillations.

Moreover, the crescent demand by inputs acceptable to
organic production systems has stimulated the search for
alternative sources of nutrients to soil fertilization. Despite
the strong food production rising in agroecological systems
in the world, the animal origin products represent a small
portion of the organic market (Willer et al. 2014). Brazil is
one of the few developing countries which is increasing the
production and exportation of organic bovine beef (Chander
et al. 2011). However, this participation is found far below
from the crescent demand by organic products of this sector.

Therefore, it is evident the need to seek alternatives to
the soil fertility management aiming at the agricultural sec-
tor sustainability. According to Srivastava et al. (2016), to
be more sustainable, agriculture should be highly resilient,
potentially effective, economically feasible, environmen-
tally correct, and socially just. Thus, among the options
to enhance the agricultural sustainability, there is nutrient
cycling optimization through the organic waste use (Elser
and Bennett 2011) and the use of less expansive and locally
available sources.

In this perspective, the composting process has a big
applicability potential in agriculture for being a low-cost
investment and for presenting high efficiency and speed at
the nutrient cycling process of several organic wastes (Lim
et al. 2016). It is estimated that in each year, a third of all
food produced in the world to human consumption is lost
or wasted before being consumed (FAO 2011). Besides
this, the agricultural sector produces high amounts of ani-
mal manures, and frequently does not reused. According to
Cordell et al. (2009), on the 2000s, more than 7 million tons
of phosphorus were released annually in the environment
through animal manures, likely to cause serious environ-
mental problems.

According to Guelfi-Silva et al. (2013), there is still the
possibility of using residues from other productive sectors,
such as the silicate powder rocks originated from mining
subproducts. Although there is no global estimative of the

* @ Springer

subproducts quantity generated by the mining industry, in
2014, only the European Union produced 2503 million
tons of mining wastes (Euro Stat 2017). In Brazil, it is
estimated that in 2030, about 684 million tons of waste,
originated from the mining sector, will be generated IPEA
2012).

Despite the benefits of silicate powder rock application
directly in soil, it presents as main limitation the low solu-
bility and reactivity of the mineral sources of nutrients. In
this way, the use of composting as means of bioweathering
might optimize the reuse either of organic wastes or inor-
ganic, resulting in an improvement at the final quality of
produced composts.

Phonolite is a type of silicate rock which presents in its
mineralogical composition the predominance of potassium
feldspars and feldspathoids. Although its utilization as a
fertilizer being appointed as promising, there is no evalua-
tion of this rock in a bioweathering perspective in Brazil up
to this moment. Thus, the aim of the present study was to
evaluate the conjunct application potential of phonolite with
organic composts, over the nutrient release in soil, as well as
the production and nutrition of brachiaria grass. In addition,
it was sought to assess the composting process effectiveness
in improving the nutrient release of this rock.

Materials and methods

An experiment was conducted under field conditions at the
experimental station of the Federal University of Vicosa
(UFV), Rio Paranaiba campus, and state of Minas Ger-
ais, located at the coordinates 19°12'35”S and 46°7'57"W
at 1.125 m of altitude. The local’s climate is classified as
Cwa, according to Koppen—Geiger, presenting an average
annual temperature of 20.4 °C and average annual rainfall of
1553 mm. The soil of the experimental area was classified as
a Typic Haplustox soil (Soil Survey Staff 2014).

Experimental matrix

The experiment was conducted in a randomized block design
with five treatments (control; enriched compost with powder
rock at 10%; mixed compost with powder rock at 10%; solely
powder rock; solely compost) with four repetitions. The test
crop used was a brachiaria grass (Urochloa decumbens), set-
tled in the area at approximately ten years, and managed
without irrigation, as well as fertilization, liming and use of
agrochemicals after its implementation. The experimental
units were constituted by 9 m? zones (3 m X 3 m). The com-
posts and powder rock were applied at the dose equivalent
to 33 and 5.4 t ha™!, respectively.
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Composts’ obtainment

The composts were prepared in a partnership with BIO-
MIX—Industry and Commerce of Organic Inputs Ltda.,
located at the city of Cotia, Sdo Paulo state—through the
mixture of sawdust, livestock manure and fruit pulp wastes,
according to the industry’s routine procedures. The enrich-
ment of the composting piles occurred at the initial moment
of the ingredient mixture, allowing the rock dust to pass
through the entire process. The addition of powder phono-
lite—which has a diversified chemical composition with
approximately 8% of K,0, 54% of SiO, and 6% of Na,O—
to the organic material followed a 10% (w/v) ratio.

The composting piles had a volume of 20 m* and were
kept in an open courtyard, under a semipermeable floor for
90 days, until the composts maturation. For the mixed com-
posts, the same procedure took place, but the addition of the
powder rock occurred after the composting process stabiliza-
tion, in other words, with the composts already maturated.

After the composts obtainment, those were led to the
experimental station at UFV, dried, sieved in a 0.5 mm
mesh sieve, and chemically characterized, according to Silva
(2009) (Table 1). For the application of enriched compost
and obtainment of the mixed compost, it was considered the
materials density, so that minimizing the organic fraction
dilution effect by the rock addition.

Assessments

The forage production was evaluated by cutting the aerial
part, at four successive growth cycles of approximately
21 days. For sampling the aerial part of the biomass, a
0.25 m? metal template was thrown four times in each useful
zone, with cutting height of about 10 cm. After the cutting of
each cycle, the zones were scrapped and rattled, to simulate
the exportation of forage by grazing.

The aerial part collected was dried in a forced air circula-
tion laboratory stove at 65 °C and sub-samples were grinded
in a Wiley mill equipped with a 1.0 mm sieve. Then, the
samples were submitted to nitroperchloric digestion accord-
ing to Silva (2009), and to peroxidic digestion in NaOH,
according to Elliott and Snyder (1991). The Si and K con-
tents were determined by molecular absorption spectroscopy
and atomic emission spectroscopy (Elliott and Snyder 1991;
Silva 2009). The nutrient content in the plant biomass was

calculated by the multiplication between the contents and
the dry matter of plants. At the end of the experiment, soil
samples were collected with the assistance of a probe-type
50 mm PVC auger, at the 0-20 cm soil layer, air-dried, and
sieved in a 2 mm sieve. The available Si in soil was extracted
by the 0.5 mol L™! acetic acid extractor and determined by
molecular absorption spectroscopy by the blue method
(Leite 1997). Na and K, extracted in a Melich 1 solution, at
the ratio soil:extractor of 1:10, were determined by atomic
emission spectroscopy, according to Donagema et al. (2011).
The total biorelease was determined through the somatory
of K and Si contents present in the forage dry matter and
the total content bioavailable in soil at the end of the experi-
ment. The total nutrient biorelease variable, for considering
simultaneously the previous variables, nutrient accumulation
in plants and the residual effect in soil, is of great interest
and sensibility, because, as an index, incorporates principles
from the multivariate statistics.

Statistical analysis

The data were submitted to the Hartley test, Jarque—Bera
(Jarque and Bera 1980) and ESD generalized (Rosner 1990)
to evaluation of variances homogeneity conditions, residual
normality, and presence of outliers, respectively. Then, the
data were submitted to variance analysis (ANOVA) and the
averages were compared among them by the Student—New-
man—Keuls (SNK) test at 5% of probability.

Results
Growth and nutrition availability to plants

The composts addition positively influenced the forage dry
matter of brachiaria grass, promoting an average increment
of 27% when compared to the control (Fig. 1). However, this
expressive gain on the forage productivity by the enriched
compost, mixed and pure, did not statistically differ among
each other. Moreover, the fertilization with in natura powder
phonolite did not result in a statistically significant increase
of the total forage dry matter production when compared to
the control.

The K content on the brachiaria grass forage was sig-
nificantly increased by the composts when compared to

Table 1 Compost chemical

T Composts C N C/N  K,O Mn Cu Na  Ashes pH CEC
characterization 1 _1
Dag kg (CaCl,) Mmol kg
Pure 1560 152 1026 095 36500 75.00 036 53.55 7.90 300.00
Enriched at 10% 1290 1.52 848 1.05 405.00 64.00 1.28 59.32 7.90 320.00
Mixed at 10% 1230 140 878 0.82 43500 68.00 1.00 64.00 7.90 350.00
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the use of powder phonolite in a conjunct form with organic
compost, either by enrichment beforehand to the compost-
ing process or by the mixture after the bio-stabilization of
the organic wastes, potentiated the K and Si releases of this
silicate rock, providing a significant increase of these ele-
ments of approximately 68 and 486%, respectively, when
compared to the pure compost.

Fertilization with in natura powder phonolite consid-
erably increased the K and Si releases in soil, promoting
expressive increments in relation with the control and pure
compost, respectively (Fig. 3a, b). Besides this, the phonolite
also influenced the Na availability in soil, which was even

more expressive when applied in a conjunct form with the
organic composts (Fig. 3c).

The total K and Si bioreleases were clearly influenced
by the treatments. The fertilization with organic compost
in conjunction to powder phonolite potentiated the capacity
of those fertilizers in releasing nutrients and promoting the
brachiaria grass growth (Fig. 4a, b).

The composts used in association with the powder pho-
nolite elevated the total K release in 38 and 169% when
compared to the pure compost and to the powder phono-
lite, respectively. Moreover, these sources also substan-
tially raised the Si releasement when compared to the effect
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promoted by the fertilizers application separately. However,
there was no statistical difference between the enriched and
mixed compost treatments.

Discussion
Brachiaria grass growth and nutrition

The compost application substantially influenced the signal
grass productivity when compared to the control (Fig. 1).
This result demonstrates that the organic waste exploitation,
either in a conjunct form with silicate sources or not, is an
interesting option to pastures fertilization. Thus, the use of
these organic materials might contribute both to the reduc-
tion of expansive soluble fertilizers dependence, largely
responsible for the rancher’s resistance in fertilizing graz-
ing areas (Boddey et al. 2004), and to attend the crescent
demand for fertilizers from the organic sector of production.

Dry matter content increments from the brachiaria grass
forage, resulting from the application of K sources, were
not significant if compared to the application of in natura
powder rocks (Fig. 1). This fact suggests that other growing
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factor contributed to the forage production limitation, since
that all composts expressively incremented the K content of
the brachiaria grass aerial part when compared to the powder
rock (Fig. 2a).

The K content rising at the brachiaria grass aerial part
promoted by the composts (Fig. 2a) is probably related to the
nutrient availability originated from the stabilized organic
wastes. In this way, the presence of organic compost pro-
moted, as expected, higher increments than the in natura
powder phonolite, of lower solubility. However, by the
increase observed at the treatment with only powder rock,
even at the short period of evaluation, there is an expec-
tation that in a medium-long term, better results could be
observed. This hypothesis is supported by the data presented
by Santos et al. (2016), which had responses to the verdete
rock application solely in a medium term.

The composts where received powder phonolite incre-
mented the K content in relation with the control treatment.
However, the magnitude of this increment did not result in
significant statistically differences when compared to the
pure compost (Fig. 2a, b). This effect might be possibly
linked to the K accumulation capacity by the crop, since
that the releasement of this nutrient in soil was significantly
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improved when the composts were applied in conjunction
with phonolite (Fig. 3a). In addition, this effect was veri-
fied by Orioli Junior and Coutinho (2009), which observed
that different sources improved the K availability in soil in
a distinct manner, but did not differ regarding the K content
at the Marandu grass aerial part.

Moreover, all composts and powder phonolite were capa-
ble in promoting the K content rising (data not shown) to
values above the sufficiency range, reported by Carvalho
et al. (1991). This result highlights the importance of resi-
dues exploitation in the nutrients management, contributing
to the challenge of integrating and improving the agricultural
and mining sectors sustainability. Besides this, regarding
the dependence on soluble potassium sources, the effects
promoted by the evaluated sources at the content of this ele-
ment, also reflect in a greater autonomy of small farmers,
considered the backbone’s global food security (Horlings
and Marsden 2011).

Si accumulation in tissues and cells is a prominent char-
acteristic of plants from the Poaceae family (Melo et al.
2010). Despite this element does not be considered essential
to plants development, there are several benefits of its appli-
cation in crops of this family, such as the Urochloa gender.
Sarto et al. (2016) verified that the brachiaria fertilization
with Si positively influenced the efficiency in the water use
and the CO, assimilation rate of the crop, highlighting the
relevance of the soil fertilization with this element.

At the present study, all evaluated potassium sources
showed to be efficient in increasing the Si content in the
brachiaria forage when compared to the control (Fig. 2b).
However, the fertilizers evaluated did not differ among each
other regarding the Si accumulation at the vegetable tissue.
Moreover, it was observed that the increment magnitude
of Si in the forage was small for a plant considered a sili-
con accumulator. According to Gunes et al. (2007), the Si
accumulation at the aerial part is more expressive when the
plants are susceptive to some kind of stress. This fact might
explain the no difference between the tested sources more
and less Si rich, since that the conditions were favorable to
the crop development during all the experimental period.

Nutrient release in soil and total biorelease

The K alternative sources studied, besides of promoting the
brachiaria grass growth, improved the K release in soil after
the four pasture cutting (Fig. 3a). However, only the organic
sources applied in a conjunct form with powder phonolite
improved the nutrient level to values above 100 mg kg~!,
which reaches the availability class considered “good”
according to Ribeiro et al. (1999).

Despite the pure compost and powder phonolite applica-
tion have result in significant K increments in soil, which
passed from 28 to 83 and 70 mg kg~!, respectively, the

observed increment is lower than the critic level of K in soil
for some species from the Urochloa gender (Orioli Jinior
and Coutinho 2009). Such fact demonstrates that the ferti-
lization in soil with powder phonolite concomitantly with
organic compost, either by an enrichment beforehand to
the composting process, or by the simple mixture after the
organic wastes stabilization, is capable of potentiating the
nutrient release, promoting a considerable residual effect of
K in soil (Fig. 3a).

The significant residual effect of K promoted, principally
by the bioweathering action of the conjunct application of
powder phonolite and organic compost, demonstrates that
the lower reactivity of silicate sources might cooperate for
the cation losses reduction, such as potassium, by the leach-
ing process (Duarte et al. 2013). Besides of the K release
takes place in a gradual form, the companion ion of low
content and solubility mineral sources is silicate anions,
known to be susceptive to specific adsorption by soil oxidic
minerals, which contributes to the lower vertical mobility of
potassium to depths beyond those occupied by roots. Fur-
thermore, this effect also reflects that the capacity of the sili-
cate powder rocks has in improving the soil cation-exchange
capacity (CEC), minimizing K losses and other cations via
leaching processes (Duarte et al. 2013).

The fertilization using Si sources has been more widely
widespread due to the benefits which this element promotes
in the development of several crops (Ma and Yamaji 2006).
According to Korndérfer et al. (2002), soils which present
Si concentration below 20 mg kg™! need to be fertilized with
this element. At the present study, the enriched or mixed
organic sources with powder phonolite considerably raised
the Si availability when compared to the other treatments.
However, the enriched compost was the only source capable
of increasing the Si availability above 20 mg kg™ after the
four pasture cuttings.

In natura application of powder phonolite also resulted
in a significant Si increment in soil, which passed from 2 to
15 mg kg~!, although much lower when applied in a con-
junct form with organic compost. Thus, it was observed
that the Si release in soil, promoted by powder phonolite,
followed a distinct tendency from the observed to the Si
content at the forage aerial part. Similar result was reported
by Orioli Jinior and Coutinho (2009), suggesting that the
Si accumulation in this forage is either not so expressive or
controlled not only by the availability in soil.

The bioweathering action stimulated by the conjunct
application of powder phonolite with organic compost also
favored the sodium releasement in relation with the other
treatments (Fig. 3c). This result clearly evidences that the
major presence of organic matter positively influences the
rock’s weathering, even with a probable different release
rate by each element. It should be emphasized, however,
that excessive quantities of soluble salts at the rizospheric
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region might reduce the K absorption, induce osmotic stress
and cause toxicity to the plant (Wakeel 2013).

In this way, the increase of sodium verified at the present
study suggests that the application of continue high doses
of phonolite, mainly under this bioweathering perspective,
might result in an undesirable accumulation of sodium in
soil. Although the importance of this concern, Machado
(2016) demonstrated that the Na accumulation in soil ferti-
lized with high doses of phonolite can be easily controlled
with the conjunct application of agricultural gypsum.

The total biorelease data are the parameter that best
reflects the synthesis of the previous results, because it con-
siders the magnitude of increments generated in the content
in plants and the content still available in soil at the end of
the experimental period. All the alternative sources evalu-
ated were efficient in releasing nutrients in relation with the
control. However, the K increment promoted by the organic
composts combined with powder phonolite, both enriched
and mixed, was substantially higher than the generated by
pure compost or powder phonolite (Fig. 4a, b). This result
corroborates with the data presented by Meena and Biswas
(2014a), which verified improvements at the phosphorus
supply capacity when organic sources were applied con-
comitantly with phosphorus powder rock.

Thus, it is verified that the management of low content
and solubility alternative K sources, such as the silicate pow-
der rock, can be significantly enhanced by conjunct applica-
tion with organic residues. Besides the best use of nutrients
retained in the mineral’s crystalline structure, the conjunct
application of powder phonolite with various organic wastes
promotes benefits to the soil-plant system.

The improvement of the final quality of the produced
composts with powder rock is possibly due to the abundant
presence of microorganisms in the organic residues, which
might support the nutrients solubilization present in miner-
als (Basak and Biswas 2009). Meena and Biswas (2014a),
studying the effects of organic compost enrichment with
phosphorus rocks, suggested that the significant increase of
available P in soil is related to the production of organic
acids by the microbial activity, such as citric acid, oxalic
acid, and tartaric acid.

Beyond the range of microorganisms present in the
organic compost itself, the fertilization is soil using rich
sources in organic matter stimulates the development and
the activity of microorganisms. For example, Bacillus muci-
laginosus is a common bacterium in soil, which presents
high capacity in bioweathering K hold at the complex crys-
talline structure of minerals, such as micas, feldspars, and
montmorillonite (Basak and Biswas 2009; Yang et al. 2016).

In this sense, the expressive increase of the K and Si
biorelease from the composts with powder phonolite can
be explained by the higher solubilization of minerals nutri-
ent sources, through pH changes, promoted either by the
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microbial activity present in the composts organic fraction,
as well as by the stimulation caused by the application of
these composts to the microbiota in soil. According to
Menna and Biswas (2014b), the fertilization of enriched
composts with phosphorus powder rock and mica wastes
improved the soil biological properties, such as microbial
respiration, dehydrogenase activity, acidic, and alkaline
phosphatase.

Soils with low CEC present high potential of K losses;
reducing by this reason, the agronomic efficiency of ferti-
lizers used (Hettiarachchi et al. 2014). Thus, the applica-
tion of silicate powder rocks directly in tropical soil can
promove potential increase of the soil CEC (Anda et al.
2009). In addition, the nature of composted materials,
as well as the types of mineral enrichment of composts,
might present an influence on humic substance generation
(Lima et al. 2010), possibly affecting the soil CEC and,
consequently, the nutrient dynamics. Therefore, besides
the active mechanisms of organic acids exudation con-
nected to the intense microbial activity, the highest total K
release, propitiated by the composts with powder phono-
lite, might be a reflex of the CEC increase of these sources
when compared to the pure compost. Such possibility is
supported by Nishanth and Biswas (2008) and Lima et al.
(2009), which observed expressive increase of the organic
composts CEC that received mica residues.

It is important to stand out that, although there are some
papers which aimed in evaluating the composting process
effect over the weathering of low content and solubility
mineral sources, those studies did not compare the enrich-
ment effect beforehand the organic residues degradation
with the simple mixture after the matured composts. At the
present paper, the no detection of significant differences
between enriched compost and mixed with powder phono-
lite suggests that the best capacity in promoting nutrients
from these sources is due a synergic effect from the inter-
action of these materials, and not from the composting
process itself.

Conclusion

There was no evidence that the composting process pro-
moted the phonolite bioweathering. However, the conjunct
application of powder phonolite with organic composts,
either as an initial mixture component or additive to the
stabilized composts, is a strategy that increases the nutri-
ent release of the mineral source. Thus, the conjunct appli-
cation of these subproducts is an alternative to the man-
agement of soil fertility, aiming the improvement of the
agricultural sector sustainability.
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