Solubilization of diabase and phonolite dust by filamentous fungds

Juliana Andréia VYba Brandad, Maria Leonor Ribeio Casimio Lopes-Assad
Sandra Regina Ceccato-Antorfini

http://dx.doi.org/10.1590/0034-737X201461050018

ABSTRACT

The objective of this study was to evaluate theafof the funguispegillus niger strain CCT4355 in the
release of nutrients contained in two types of rock powder (diabase and phonolite) by nreaitoafolubilization
trials. The experimental design was completely randomized in a 5 x 4 factorial design with three replications. It was
evaluated five treatments (phonolite dust + culture medium; phonolite dust + fungus + culture medium; diabase
powder + culture medium; diabase powder + fungus + culture medium and fungus + culture medium) and four
sampling dates (0, 10, 20 and 30 days). Rock dust (0.4% w/v) was added to 125 mL Erlenmeyer flasks containing 50
mL of liquid culture medium adapted £o niger. The flasks were incubated at 30°C for 30 days, and analysis of pH
(in water), titratable acidityand concentrations of soluble potassium, calcium, magnesium, zinc, iron and manganese
were made. The fungus. nigerwas able to produce organic acids that solubilized ions. This result indicates its
potential to alter minerals contained in rock dust, with the ability to interactferetit ways with the nutrients.
significant increase in the amount of K was found in the treatment with phonolite dust in the presence of the fungus.
The strain CCT4355 oA. nigercan solubilize minerals contained in these rocks dust.
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RESUMO

Solubilizacao de pos de diabasio e de fonolito por fungo filamentoso

Este trabalho objetivou avaliar o efeito do fudgpenillus niger linhagem CCT4355, na liberacdo de nutrien-
tes contidos em pds de dois tipos de rocha (fonolito e diab&sio), por meio de ensaios de solubiNiBga®
delineamento experimental foi o inteiramente casualizado, em esquema fatorial 5x4, com trés repeticdes. Foram
avaliados cinco tratamentos (p6 de fonolito + meio; p6 de fonolito + fungo + meio, p6 de diabasio + meio, pé de
diabasio + fungo + meio e fungo + meio) e quatro épocas de amostragens (0, 10, 20 e/Afid@s)u-se pod de
rocha (0,4% m/v) a Erlenmeyers de 125 mL, com 50dalmeio de cultura liquido adaptado pAraniger Os
frascos foram incubados a 30 °C, por 30 dias, e foram feitas analises de pH em agua, acidez titulavel e teores de
potassio, célcio, magnésio, zinco, ferro e manganés sollvAisni@erfoi capaz de produzir acidos organicos que
solubilizaram fons. Este resultado indica o potencigh.deiger para alterar minerais contidos em pés de rocha,
com capacidade de interagir de diferentes formas com os nutrientes. Houve aumento significativo da quantidade de
K soluvel, no tratamento com pd de fonolito, em presenca do fungo. Conclui-se que a linhagem CCP4355 de
niger pode solubilizar minerais contidos nesses p0ds de rochas.
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INTRODUCTION promoting the solubilization of rock dust, accelerating
chemical modification processes of silicate contained
in the dust (Sheng, 2005; Sugumaran & Janarthanam,
?OO?; Hamdaliet al, 2008; Lianet al, 2008; Xiaoet
al., 2008).

Saprophytic filamentous fungi present, as part of their
metabolic activity a potent secretory system of acids

Brazil has tropicalails formed from different origin
matter often highly weathered, with accelerated remov
of nutrients, which eventually promote high acidity an
aluminum toxicity besides the high capacity of
phosphorus fixation (Lopes & Guilherme 2007).
However their low n.atural fertiity can be mOdlfled by and enzymes able to solubilize materials and make
means of appropriate management techniques for

. . . . . . rfutrients available (Grimrat al, 2005; Guebel & Dari-
conservation of their physical, chemical and b|olog|caas 2001)Among the ascomycetes filamentous fungi
characteristics. Noteworthy are the reduction of the g y gl

intensity of tillage. crop rotation. intercropoin spepgillus niger has been extensively used in studies
cuItivatioﬁl Iantingoh contpour lines u’se of mulcf?p regeOf rock powder solubilization (Lopes-Assetial, 2006;
» pranting ’ 9 opes-Assacet al, 2010). The biossolubilization

manure and fertilizer to supply the nutrients demande . ; . -
promoted byAspegillus niger occurs in an indirect
for the proper development of plants.

: o . .. _._mannerby the action of reducing acids (citric and oxalic
According to theAssociagdo Nacional para Difusdo roy 9 (

) . ids), which i
de Adubos —ANDA (National Association for the acids), which are produced by the metabolism of the

fungus (Mehtaet al.,, 2010) and released into the
Promotion of Fertilizers) (2014), Brazil imported more g_ ( . N ) . .
.- solution. It is found in leaf litter in the nature and its
than 21.5 million tons of products to manufacture Lo o
. . o rowth occurs in wide ranges of temperature (0 to 47°C)
fertilizers in 2013. Because such fertilizer uses foss
chusteret al, 2002).

fuel for its pr: ing and transportation, its market val L .
.ue .0 splocess g and transportation, its ? etvalle The objective of this study was to evaluate the effect
is directly influenced by currency fluctuations and

. . . _ f the f ill iger, i T4355, h
fluctuations in the price of a barrel of oil. Moreo,\/er0 the fungushspegillus niger, strain CCT4355, on the

. . elease of nutrients contained in phonolite and diabase
because they are highly soluble, these fertilizers can

e o .
. T . ust by meas ofin vitro trials.
easily leached, both in rainfed agricultural systems as in y

irrigated §ystems. Furthermore, soluple fertilizers arle/IATERIAL AND METHODS
not permitted under the current technical standards for
organic agriculture, since soil biological activity and The experiment wacarried out in the Laboratory of
water quality must be maintained and incremented in tidggricultural and Molecular Microbiology (LAMAM)
type of agriculture (Brasil, 1999A©, 2007). and nutrient analysis was performed at the Soil and Plant
Studies have been made in Brazil to alternativ€EhemicalAnalysis Laboratoryat the Center for
sources of nutrients, using organic matter or minerafsgriculture Sciences of Universidade Federal de S&o
that have not been commercially exploited due to th@arlos,Araras Campus in thet@e of S&o Paulo.
lack of knowledge on the potential use, lack of product The phonolite dust was provided by a mining company
positioning in the market or lack of interest by thdrom Pocos de Caldas, State of Minas Gerais, and diabase
fertilizer industry (Benite®t al, 2010).Among these dust was supplied by a quarry frékraras, $ate of Sdo
studies, the use af naturarock powder directly in the Paulo. Both presented median amounts of silica §SiO
soil has been considered of strategic importance for tgable 1).
country since it contributes to the reduction of negative In the solubilization tests, it was used the fungus
impacts on the Brazilian trade balance, caused by tAspegillus niger, strain CC¥4355, isolated from su-
import of fertilizers (Martinset al, 2008; Nascimento gar cane vinasse (Ceccato, 1989), of the LAMAM
& Loureiro, 2009). microorganism bank. Until the beginning of the tests,
However the processes of chemical decompositiothe fungus remained stored in the refrigerator (6-8°C)
of minerals and the release of nutrients from the rodk test tubes, in MYPG inclined culture medium.
dust to the soil solution, in appropriate way form an®egarding production of inoculum, MYPG medium (3 g
amount for plant absorption, are relatively sléworder L of meat extract, 3g-Lyeast extract, 8 g-Lpeptone,
to solve this issue, rock dust with finer grain size i40 g L* glucose and 20 glagar) was used in culture in
searched because the stability of the minerals thie test tube in inclined medium; the tubes were incubated
compose rocks depends on its structure, its solupilitygt 30°C for 5 daysA volume of 4 mLTween 80 (0.1%)
and its specific surface area among other factors (Kampfis added to each culture tube and the spores were
et al, 2009). Promising results have been obtained sctraped with a platinum loop for their releage.
experiments with different micro-organismssuspension from 1.0 to 1.8 x 16pores mt* was
(filamentous fungi, bacteria and yeasts) capable obtained, after countingh a Neubauer chambeffor
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setting up the experiment, it was used 50 mL of the liquisbtainedin phonolite + medium + fungus treatment
culture medium adapted fér. niger(2.85 g L* sodium (AMF), which had a high release of the soluble K into
citrate, 1 g ! ammonium phosphate, 0.5 g inagnesium the medium, demonstrating the solubilizing potential of
sulfate, 0.132 g £ calcium chloride and 10 g'iglucose the fungus.
and pH adjusted to 7.0), according to Cerezahel Potassium present in feldspars is not readily available
(1988). This means that in 50 mL of culture mediumbecause it is strongly bound to oxygen molecules of
there was 2.35 mg calcium, 38 mg sodium, 239.5 mg tdétrahedrons of SiDandAlO, (Curi et al, 2005).
carbon, 6.08 mg nitrogen, 13.48 mg phosphorus, 5 nftherefore, the release of kons requires the dissolution
magnesium, 6.65 mg sulfur and 4.2 mg chlorine. Thef feldspars, by the action of*Hons from the acids
cultivation was performed in 125-mL Erlenmeyer flasksproduced byA. niger. The reaction can be expressed in a
with addition or not of 0.2 g of rock dust (0.4% w/v),simplified way as KAISLO, + H" = HAISI,O, + K.
with particle size smaller than 0.053 mm (270 mesh) Contents of Ca were higher in treatments with rock
and inoculation or not of 0.5 mL of the spore suspensiopowdet without the presence of fungus, with no
according to the treatment. difference between the two types of dusal{ie 2),
The in vitro experiment was carried out in aindicating a likely intake by the fungus. This is because
completely randomized design in a 5 x 4 factorial designa silicates and aluminosilicates are sufficiently solube
with three replications. The treatments were as followss low pH, but the concentration of soluble Ca decreases
A. niger + medium (MA); phonolite dust + medium as pH increases (Mello & Perez, 2009). The small
(FM); phonolite dust +A. niger + medium (FMA); amounts of Ca found in the treatment with phonolite rock
diabase dust + medium (DM) and diabase dustriiger  dust, which showed no calcium oxide in its composition
+ medium (DMA). The flasks were incubated at 30°C¢Table 1), can be explained by the addition of calcium
160 rpm, for 30 days, with four sampling times (0, 10ghloride in the culture medium.
20 and 30 days). The contents of the flasks were filtered The fungusA. nigerhad no effect on the solubilization
under vacuum, using no.\Whatman filter papefThe  of Mg, Zn, Fe and Mn in the treatments with both studied
following were analyzed in the filtrate: water pH anciock dust (Rble 2), and the amount of solubilized Fe was
titratable acidity by samples titration up to pH 7, usingjigher in diabase rock dust treatment. Phonolite is an
NaOH 0.05 mol E were analysed in the filtrate. Contentsy|kaline leucocratic rock whereas the evaluated diabase
of potassium (K) were determined by flame emissiofyeologically classified as a lati-andesite) is a basic
photometry and contents of soluble calcium (Ca), zingesocratic rock (Machadet al 2005), a reflex of the
(Zn), manganese (Mn) and iron (Fe) by atomic absorptiqafic mineral contents that have dark color since they
spectrophotometry contain iron, magnesium , titanium, manganese, and so
The results oin vitro tests were submitted to analysisyn, The iron content of the diabase rock was higher than
of variance (F test) and means were comparetuBgy  that of the phonolite rock éble 1) Therefore, the amount
test at 5% probability or by regression depending on thg that ion in the medium was higher in the diabase +
origin of the data, quantitative or qualitative, using thé,adium +A. niger(DMA) treatment than in the phonolite
statistical software Statistica 6.0 (2001). + medium +A. niger (FMA) treatment.

Significant results at 5% of probability were found

RESULTSAND DISCUSSION in the time and treatment interaction, for all attributes,

The phonolite rock dust in the presence of the fungescept for pH and titratable aciditwhich showed high
provided greater amount of solubilized Kafle 2); variance. Data regarding treatments with diabage +
however the action ofA. nigeron the diabase rock niger+ medium (DMA) and phonolite dustA. niger+
powder did not provide significant difference in themedium (FMA) are discussed in this paper
amount of solubilized K. The amount of K from the The levels of soluble C@rigure 1A) decreased until
phonolite rock dust is ten times greater than that efie twentieth day of the trial; after this period, the
diabase rock dust éble 1), which explains the resultconcentration of Ca increased, but this increase was not

Table 1.Chemical characterization of phonolite and diabase dust usedti solubilization trial

Sio Fe O K. O Al O Na O MgO CaO TiO MnO
Rock dust 2 273 2 273 % g 2
%
Phonolité 54.8 3.29 8.46 21.3 6.07 - - - -
Diabasé 50.31 12.62 0.84 13.94 2.24 6.91 10.16 1.02 0.19

1Supplied by minning company Curimbaba LttBupplied byAcmeAnalytical LaboratoriesTD.
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due to the action AA. niger(Table 2).This behavior is FungusA. nigerreleases reducing acids (citric and
in part due to the consumption of this element by thexalic acids), which convert the insoluble forms Fe (lll)
microrganism, in part due to the presence of organamd MnQ into soluble forms Fe (Il) and Mn (Il) (Mehta
acids produced bw. niger, especially citric acid et al, 2010). Some factors have an influence in the
(CH,O,), which presents a chelating activity by*€Ca submerged fermentation of citric acid (type and
(Carvalhoet al, 2005).

The content of potassium showed an increase, ov 03 -

time, not reaching its maximum value (Figure 1B) bein A
much more expressive in phonolite dust, richer JOK 025 1
than diabase dust#ble 1).After 30 days, it was found & .
that the amount of K, solubilized by. niger, in the S 02 1%
treatment with phonolite dust + medium + fungus (FMAE \ Foun= 0,224-0,0201x+0,00052
has not reached its maximum degree (Figure 1BZ % 1 \ RO=I0id8
Because each flask with phonolite dust contained 70 \ Yema = 0,233 - 0,0222x+ 0,0005x*
mmol_dm? K, the content of soluble K, after 30 days o8 01 N, K=o
mcubatlon, was 1.21 mmotim? in the phonolite + \‘.7\
medium + fungus treatment. This corresponds to  ** | :\3{\
solubilization rate of 16.8% whereas this rate remaine \ . e
at 7.2% in the medium + phonolite treatment. Using th ~ ° 3 e - = B
same strain ofA. niger, Lopes-Assackt al. (2006) TP Days
obtained solubilization rates of 54.7% for the alkalins 8
ultramafic rock dust, containing 3.32% of® and 1.2 i
33.26% SiQ, and 1..8% for phlogopitite dust, containing _ | /"/"
5.13% of KO, and 47.12% SiO2 at 21 days of incubatior £ = o
These results suggest that the rate of solublllzatlco '0,8 A e
obtained withA. nigeris probably related to the amountsE - /{‘/./' Vewn = ‘;35(7);;’ 10272
of Si0, and KO, present in rocks and their mlneraloglcaa 7 L
characterlstlcs. *§ 0.4 '/"/“ oma = 0,285 - 0,006x + 0,00022

The behavior of ion Mg (Figure 2A) in the treatment:® L . R=026 . o
with diabase dust was similar to the behavior present.  %? 1 "
by Ca, with a decrease in the content until day 2( " . . .
probably due to consumption by the microorganism, ar 0 10 20 30
a subsequent increase in which it was not possible Dags
state that the maximum solubilization was reached at t s DMA i1 FMA

end of the trial. The behavior of the ions Zn, Fe and M ure 1. Variation in the concentration of calcium (A) and

in the treatments with diabase rock dust was similar Ovﬁftassium (B) over 30 days of solubilization trials of diabase dust
the 30 days of the trial (Figures 2b, c and d), with great@smA) and phonolite dust (FMA) usingspegillus nigerin liquid
release between the tenth and twentieth day of the triallture medium.

Table 2.Chemical characteristics determined at 30 days\ofro trials of solubilization of phonolite and diabase dust by the fungus
Aspedqillus nigerstrain CCT4355

Treatments

Characteristics

DM DMA FM FMA MA
pH 6.64 b 7.15a 6.71b 5.95¢ 3.53d
Titratable acidity (mmaldn?) 2.76 bc 1.00c 2.00c 8.16 b 52.00 a
Potassium (mmgotinT®) 0.36 ¢ 0.26 ¢ 0.50 b 0.77 a 0.30 ¢
Calcium (mmaldm?) 0.29 a 0.08b 0.26 a 0.08 b 0.06 b
Magnesium (mmgldnT3) 0.39 a 0.33a 0.38 a 0.35a 0.38a
Zinc (mg drrf) 0.19 a 0.21a 0.13 bc 0.16 ab 0.09¢
Iron (mg dn¥) 64.40 a 64.47 a 12.25bc 16.77b 9.37c
Manganese (mg df) 287 a 2.21ab 2.58 ab 241b 0.12 ¢

DM = diabase dust in liquid culture medium; DMA = diabase dusfandjerin liquid culture medium; FM = phonolite dust in liquid culture medium;
FMA = phonolite dust and. nigerin liquid culture medium; MA A. nigerin liquid culture medium. Means on the lines, followed by an equal letter
at least, do not differ by Tukey test at 5% probability
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Figure 2.Variation in the contents of magnesium (A), zinc (B), iron (C) and manganese (D) over 30 days of solubilization trials of
diabase (DMA) dust and phonolite dust (FMA) usfapegillus nigerin liquid culture medium.

concentration of the C source, N and phosphatEONCLUSIONS
limitation, pH, aeration, concentration of trace elements . .
: The fungusAspeqgillus niger promoted the

and morphology of the producerganism).Among the o : .

. . solubilization of the elements contained in the dust of
metals that need to be in a limit amount are Zn, Mn, F ab nd phonolite rock
Cu, alkali metals and heavy metals (Papagianni, 200 abase and phonote rocks.
In the solubilization of silicates contained in rock dust, The dust of the evaluated phonolite released soluble
the concentrations of Fe and Mn in the medium decreagetassium in the culture medium in a significant way after
at first, possibly due to the formation of oxides an®0 days of incubation.

hydroxides of Fe and Mn with low solubility (Oliveira Over the 30 days of trial, there were no significant

Junioret al, 2000; Mello & Perez, 2009). variations in pH and exchangeable acidity in the

Plant ashes are two sources of potassium Commorﬂgrformed treatments: howeyénere was ééct on the
used in organic agriculture, with about 10% of K, an?evels of the soluble ions studied

the decomposed cattle manure, with about 5% of K

(Souza &Alcantara, 2008)Thus, phonolite dust, with AKNOWLEDGMENTS

about 8% of K, may be an alternative to organic

fertilization. The biotechnology pathway by incubation To the CNPq, for the scholarship granted to the
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