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ABSTRACT - The selection of microorganisms capable of solubilizing phosphorus (P) from rock phosphates (RP) may

contribute to reduce the dependence of imported fertilizers in grain crops, reducing the costs of agricultural production,
and also the environmental impacts. This study tested 59 microorganisms (46 bacteria and 13 fungi) isolated from
maize rhizosphere for solubilization of two RP, Araxa and Itafos phosphate in vitro (PA and PI, respectively). Among
the 59 microorganisms solubilizing PA, 51% of the bacteria and 8% of fungi were classified as efficient. For PI, among
18 isolates, 50% of the bacteria and no fungi were efficient. There were significant differences in the availability of P
among strains for both phosphates and most isolates evaluated for both types of rocks released more soluble P from PI
than PA. Bacterial isolates CMSB58, CMSB32, CMSB20 and CMSB46 solubilized almost 20% of the P total in the
PA and CMSB58, CMSB82, CMSB91 and CMSB48 solubilized more than 25% of the PI. The solubilizing activity
of both phosphates was associated with a reduction of pH which suggests that the acidification of the culture medium
can be one of the mechanisms involved in the solubilization of P. There was a dominance of the genera Burkholderia
and Bacillus in the group of the most efficient bacteria and Talaromyces and Penicillium in the fungi group. The
contribution of these strains to increasing the phosphorus nutrition of grain crops should be investigated further by in
vivo experiments.
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MICRORGANISMOS SOLUBILIZADORES DE FOSFATO
DE ROCHA ISOLADOS DA RIZOSFERA DE MILHO

RESUMO - A selecdo de microrganismos capazes de solubilizarem fosforo (P) a partir de fosfatos de rocha (FR) pode
contribuir para reduzir a dependéncia de fertilizantes importados em culturas de graos, reduzindo os custos da produgao
agricola e também os impactos ambientais. Este estudo avaliou 59 microrganismos (46 bactérias e 13 fungos), isolados
da rizosfera de milho, quanto a solubilizagdo de dois FR, Araxa e Itafos in vitro (FA e FI, respectivamente). Entre os
59 microrganismos solubilizadores de PA, 51% das bactérias e 8% dos fungos foram classificados como eficientes.
Para FI, entre 18 isolados, 50% das bactérias e nenhum fungo foram eficientes. Houve diferenga significativa na
disponibilidade de P entre as cepas em ambos os fosfatos ¢ a maioria dos isolados avaliados em ambos os tipos de
rocha liberaram mais P soluvel de FI em comparacdo com FA. As bactérias CMSB58, CMSB32, CMSB20 e CMSB46
solubilizaram quase 20% do P total em FA e CMSB58, CMSB82, CMSB91 e CMSB48 solubilizaram mais que
25% de FI. A atividade de solubilizag@o para ambos os fosfatos foi associada com a redugdo de pH, sugerindo que a
acidificagdo do meio de cultura pode ser um dos mecanismos envolvidos na solubilizagdo de P. Houve predominancia
dos géneros Burkholderia e Bacillus no grupo de bactérias mais eficientes e Talaromyces e Penicillium no grupo dos
fungos. A contribuicdo destes isolados na melhoria da nutri¢do de P em milho precisa ser investigada futuramente em
experimentos in vivo.

Palavras-chave: Biossolubilizacdo; Fosforo; Zea mays; fosfato de Araxa; fosfato de Itafos.
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One of the limiting factors in tropical
agriculture soils such as the Oxisol of the Brazilian
acid savannas (Cerrado), is the low pH and the high
phosphorus (P) fixation capacity of the soil, resulting
in low availability of this nutrient to plants (Novais
& Smyth, 1999). Phosphorus is one of the most
limiting macronutrients for agricultural production
in many soils of the world as the overall efficiency
of applied fertilizer can be less than 10% (Baligar
et al., 2001). P deficiency is generally alleviated
through application of P fertilizers. However only a
small portion of these is used by plants and the most
P fertilizer readily form insoluble complexes with
the constituents of the soil, becoming unavailable
to plants, which leads to the need for frequent
applications of this nutrient (Novais & Smyth,
1999). Furthermore, the production of chemical
fertilizers requires fossil energy for processing,
transportation and distribution, which increases the
production costs and environmental risks (Schroder
et al., 2010).

In this context, the use of natural rock
phosphate (RP) as P source for crops has been
evaluated. The application of RP as fertilizer in
tropical environments has numerous advantages,
especially in the rate of dissolution of these rocks,
and the reaction between mineral surfaces and soil
solution, which are intensified with temperature and
humidity present in these soils (Van Straaten, 2000).
However, depending on the properties of the RP, the
soil, climatic conditions, crop and on management
practices (Sale & Mokwunye, 1993), it could take
up to 4 yr of annual application before RP treatments
become as effective as super-phosphate (Ghani et
al., 1994). The direct use of natural sources of P as
fertilizer, mainly for annual crops is not economically

viable, particularly in soils with high adsorption and

low ion exchange capacity (Simpson et al., 1997), as
the Brazilian Cerrado soils.
For these reasons, various strategies have sought
the use of microorganisms with potential for RP
solubilization (Rajapaksha et al., 2011) to increase
the availability of this nutrient from different types
of phosphates of low solubility (Oliveira et al.,
2009; Singh & Reddy, 2011), reducing the cost and
energy loss for the agronomic use of these sources
of P (Mohammadi, 2012). The great advantage of
this combined use, in addition to the exploration of
alternative sources for P fertilization (Khan et al.,
2007), is the use of rocks that have low levels of
P, which are inadequate for the fertilizer industry
because they contain a high degree of impurities,
such as marginal rocks and wastes from industry.
The key mechanism associated with solubilization
of mineral phosphates is the reduction of the pH
of the medium by the release of low molecular
weight organic acids by microorganisms (Chung
et al. 2005; Barroso & Nahas, 2008; Gulati et al.
2010). These organic acids act removing inorganic P
from soil particles of clay either by direct exchange
as chelation of metal ions in complex P-cations
(Rodriguez & Fraga, 1999). The release of anions
also results in the rhizosphere acidification, directly
increasing the solubility of inorganic precipitated
salts of P. However, the soil microorganisms show
wide variation in their ability to secrete organic acids
and thus solubilize mineral phosphate (Richardson
et al., 2009).
The

inoculants able to solubilize P depends on the type

recommendation of strains as
of RP. Oliveira et al. (2009) isolated microorganisms
capable of solubilizing organic and inorganic
insoluble sources of P from the rhizosphere of maize

genotypes efficient in the use of P. However, in that
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work, the focus was the solubilization of inorganic
synthetic phosphate, such as tricalcium phosphate
and aluminum phosphate, and the solubilizing
potential of different natural RP from Brazilian
natural mines by these microorganisms has not been
evaluated.

In this paper, the main goal is to evaluate,
among the microorganisms assessed by Oliveira et
al. (2009), those isolates with potential to solubilize
Brazilian natural RP to use as a source of P for grain

crops.
Materials and Methods

Isolates of bacteria and fungi, belonging to
the collection of multifunctional microorganisms of
Embrapa Maize and Sorghum, were evaluated for
their ability to solubilize two natural phosphates,
named Araxa (PA) and Itafos (PI), extracted from
RP mines in Brazil. Most microbial isolates were
obtained from samples of rhizosphere soil of
maize genotypes contrasting for P use efficiency
under different soil management systems in the
Brazilian Cerrado soil (Oliveira et al., 2009). The
microorganisms were conserved in mineral oil and
reactivated growing on PDA plates (200 g 1! of
potato, 20 g I'' of dextrose and 15 g 1! of agar), using
the method of streaking for obtaining pure colonies.

In order to evaluate the potential of P
solubilization by the selected microorganisms, the
NBRIP liquid culture medium was used (10 g I'!
glucose, 0.15 g I'! of (NH,), SO,, 0.2 g I'' of KCI, 5
gl of MgCL,. 6 H O and 0.25 g I'' of MgSO,.7H,0)
(Nautiyal, 1999) plus 5 g 1! PA or PI, both containing
approximately 24% of P, O..

Theexperimenttoevaluatethebioavailability

of P from PA in vitro was a completely randomized

design with three replications. Each plot consisted
of a 250 ml Erlenmeyer flask containing 50 ml of
culture medium plus RP. The treatments were 59
microorganisms individually inoculated into the
culture medium (46 bacteria and 13 fungi). Also,
one control containing only the culture medium
and the other one with the culture medium and PA
were included. In order to assess the potential of PI
solubilization, 18 microorganisms were randomly
selected using the same experimental model.

The

separately, using 5x107 cells per ml of the bacterial

microorganisms were inoculated
suspension or five disks of 8§ mm of the mycelium
of fungi and actinobacteria. The cultures were
submitted to incubation for 10 days with constant
shaking of 120 rpm and a temperature of 28 °C
(Oliveira et al., 2009 modified).

After 10 days of incubation, the cultures
were centrifuged at 5000 x g for 10 min, the
supernatant was filtered using paper Whatman
n® 42 and the concentration of soluble P was
determined by the Murphy & Riley (1962)
methodology. Additionally, the pH of the filtrate
from all samples, including the controls, was
determined.

In order to determine the relative efficiency
of P solubilization of the isolates we determined
the following expression: (N -N,) / N, x 100, in
which N is the concentration of P (mg I'') in the
presence of microorganism, N, is the concentration
of P (mg I'") in the absence of microorganism and
N, is the total P concentration (mg I"") contained in
the RP. Then the microorganisms were classified
into three groups according to the isolates that
showed the best performance in P solubilization:
efficient (67-100%), moderately efficient (35.5-
67%) and inefficient (0-35.5%).
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Bacterial genomic DNA was extracted
from cultures incubated in LB medium at 37 °C for
24 h, by the phenol/chloroform method (Ausubel
et al., 1987) and amplified using the 16S rDNA
primers F968 and R1401 (Nubel et al., 1996).
Fungi ITS (internal transcribed sequences) rDNA
fragments were amplified by the primers ITSI
and ITS4 (White et al., 1990) from genomic DNA
extracted according to the method of Raeder &
Broda (1985). PCR reaction was performed in a
final volume of 50 ul containing 20 ng DNA, 10
mM Tris-HCI pH 8.3, 50 mM KCl, 2.5 mM MgCl,
0.125 mM dNTPs, 0.4 uM primers, 1.5 U of Taq
DNA polymerase (Invitrogen, Carlsbad, CA, USA)
and 1% (v/v) formamide for analysis of bacteria
or 0.2% (v/v) DMSO for fungi. Amplification was
performed using the following conditions: 94 °C
for 2 min, 30 cycles of 94 °C for 1 min, 55 °C for
1 min, 72 °C for 2 min, and a final extension of
72 °C for 10 min for bacteria. The amplification
for the fungi was performed using the following
conditions: 40 cycles of 94 °C for 1 min, 50 °C for 1
min, 72 °C for 90 sec, and a final extension of 72 °C
for 7 min. The reaction products were analyzed by
electrophoresis on 1.2% (w/v) agarose gel stained
with ethidium bromide (1pg ml') and displayed in
the equipment Gel Logic 200 (KODAK Company,
Rochester, NY).

The amplification products were removed
from the gel, purified with the kit QIAquick
Gel Extraction (Qiagen, Hilden, Germany) and
sequenced using the kit Big Dye Terminator (Applied
Biosystems, Foster City, CA) according to the
recommendations of manufactures. Samples were
analyzed in the automated sequencer ABI PRISM
3100 Genetic Analyzer (Applied Biosystems,

Foster City, CA) and the sequences were compared

with the GenBank (http://www.ncbi.nlm.nih.gov/)
using the program Blast N (Altschul et al., 1997).
The data obtained for phosphate solubilizing
activity and pH of microorganisms were subjected
to ANOVA and means were compared by the Scott
Knott test using the software SISVAR (Ferreira,
2008). The linear correlation (r) between solubilized
phosphate in liquid media and pH was performed
using Excel 2007 (Microsoft Corporation,
Redmond, WA). The differences obtained at the

level of P < 0.05 were considered significant.

Results and Discussion

Among the 59 microorganisms solubilizing
PA, 51% of the bacteria were classified as efficient,
13% classified as moderately efficient and 54%
classified as inefficient. Related to fungi, 8%
were efficient, 23% were moderately efficient
and 69% were inefficient (Figure 1). For PI, 50%
of the bacteria obtained were efficient, 8% were
moderately efficient and 42% were inefficient. In
the group of fungi were observed only 33% of the
strains classified as moderately efficient and 67% as
inefficient (Figure 1).

A significant difference (p < 0.05) among
the values of PA solubilized that ranged from 0.94
to 100.70 mg P I'' was shown in Table 1. Among the
bacteria, CMSBS58 (Burkholderia) and CMSB32
(Bacillus) were the most efficient, providing 100.70
and 94.98 mg P I'!, respectively. Among the fungi,
the isolates that showed higher solubilizing capacity
of PA were CMSF14 (Penicillium), CMSF102 and
CMSF105 (Talaromyces) that solubilized 75.54,
55.70 and 54.83 mg P I'!, respectively.

Similarly, the solubilization of PI showed

significant variation (p < 0.05) among the 18
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strains examined, including fungi and bacteria. The
highest solubilization of PI were observed in strains
of the Burkholderia genus CMSB58, CMSB48
and CMSBS&2 resulting in the release of 153.11,
135.58 and 132.88 mg P I'! (Table 1), respectively.
Regarding the solubilization capacity of fungi in
PI, the best isolates were CMSF14 (Penicillium),
CMSF105 (Talaromyces) CMSF102
(Talaromyces), releasing 71.36, 66.55 and 45.24 mg
P 1, respectively (Table 1).

RP

results are common. Xiao et al. (2008) investigated

and

solubilization values similar to our

the RP solubilizing by Candida krissii, Penicillium
expansum and Mucor ramosissimus isolated from
phosphate mines and observed that the maximum
content of soluble P was 109.3 mg 1! released by
C. krissii, followed by P. expansum (104.5 mg 1)
and M. ramosissimus 99.9 mg I''. Rajapaksha et al.
(2011) also studied six strains of bacteria isolates
from rice rhizosphere and observed that the P
solubilization varied from 50 to 150 mg P 1.

The genus Burkholderia has been reported in
other studies as a plant growth-promoting rhizobacteria
and as efficient in solubilizing P from different sources
(Anandham et al., 2007; Marra et al., 2011; Peix et
al., 2011; Azziz et al., 2012). It has been observed
that this genus is associated in large numbers with
the rhizosphere of maize, ranging from 4 to 35% of
the total culturable bacteria present in the rhizosphere
of this crop (Hebbar et al., 1994; Balandreau et al.,
2001). Besides Burkholderia, the genera Bacillus and
Paenibacillus along with Aspergillus, Penicillium and
Talaromyces have been reported as P solubilizers, plant
growth promotion and used as commercial P inoculants
(Khan et al., 2008; Khan et al., 2010; Scervino et al.,
2010; Naraghi et al., 2012; Anand et al., 2013; Junges
et al., 2013; Murugappan et al., 2013).

All the strains that solubilized phosphate
in liquid media reduced the pH of the media
compared to the non-inoculated control, regardless
of the source of phosphate. There was a significant
and negative correlation between the amount of
soluble phosphorus and the final pH of culture
media (r = -0.89 for PI and r = -0.82 for PA; p <
0.01) (Table 1).

The comparison of results of both types
of phosphates showed that the solubilization of
PI and PA were significantly different (Figure 2).
The solubilization of PI was higher than PA by the
isolates CMSB58, CMSB48, CMSB82, CMSBI1,
CMSB119, CMSBS, CMSB2, CMSF105 and
CMSF80. Most of these isolates belong to
Burkholderia genus. On the other hand, CMSB70,
CMSB32, CMSB62, CMSF40, CMSB86 and
CMSB124 showed opposite results, being efficient
in the PA solubilization (between 18.62% and
13.97%), whereas they solubilized less than 3% of
PI(Table 1), indicating the effect of the type of rock
in this biological process (Figure 2). Interesting,
all of these PA efficient isolates are from Bacillus
and Arthrobacter genera and none of them belongs
to the Burkholderia (Table 1 and Figure 2). In both
PI and PA, the isolate CMSB58 presented the best
performance in the solubilization, around 153.11
mg P 1" and 100.70 mg P I'' (29.20 and 19.17%
of the P total content, respectively), demonstrating
potential of this isolate to be used to improve
the P availability of these minerals being a good
candidate for a biofertilizer to be used in maize
fields.

Another explanation for this difference
in the solubilization of both types of RP is
the different physicochemical characteristics,

depending on their source material and particle

Revista Brasileira de Milho e Sorgo, v.13, n.1, p. 69-81, 2014
Versdo impressa ISSN 1676-689X / Versao on line ISSN 1980-6477 - http://www.abms.org.br



http://dx.doi.org/10.18512/1980-6477/rbms.v13n1p69-81

Gomes et al.

74

qd¢6'¢ 4189 acose %66 — (8S£950ND) "ds 42120q0.411) eLIR)ORY LASIND

- - - Vi9¢ HE6'L aLy oy %6 — (ST1S8TAV) snpunjod | sngung Y6ASIND
- - - Vv 8EE 45T8 asocy %56 — (106THS[) SPUOUWOpnasy painjnouy) Loy S9ASIND
- - - Ve qHL68 asLsy %68 — (6T618Y[) pyydoyvus °g LRy YASIND
469¢  d69TI  dASS99  VIoE asLol D €8%S %56 — (ST1S8TAV) snpunjod ;| sngung SOTASIND
q.Lye H¢€9°8 TS vV 8S¢ azeol D0L'SS %56 — (0S6L6YNH) Snpunjot sadduio.v]nj sngun,{ TOTASIND
VLI'E  O8F0T DJ6€£L0I  VOTE asret JLTT19 %68 — Y1SE8YIA SHjugns g eLIR)ORY 611dSIND
- - - Vere aicel D679 %86 — (SLO0E6L) "ds vrLopjoyying eLIA)ORY SYASIND
- - - vViTe g€l 4720°0L %66 — (8201H9r1) snjiuind g eLIA)ORY 9TTASIND
VyTe  OvL81 D8T86 vVore q56°¢l qas11L %6 — (CIS1191d) Supupup D20JUDY eLjoRY TASIND
d9%'t 1000 1000 VLIE D L6E] q8C1L %L6 — ($79S89[) “ds 4a100g0.0111 Y elo)eg YCIaSIND
ascy 1000 1000 vore D66€1 qaLe1L %68 — (0L¥$860Q) "ds 12190q0.141.1 7 eLojORY 984 SIND
- - - vele D00¥1 qasyiL %96 — (£€8SHOWH) "ds vup.LIog LRy LTASIND
- - - Vv 80'€¢ J0L¥1 q00'sL %86 — (01165£0D) v1ovdas g eLI)0RY PPESIND
qa15¢  daIoel  d9IL  VELE DI8¥I1 qvSSL %S6 — (£8109¢NA) wnjrydourd winijjotuag sngung YIASIND
- - - V60'€ D051 d¥L9L %L6 — (SL00E6IA) “ds vLpjoyy.ing eLIO)ORYg [1dSIND
- - - VLOE 465761 g £e6L %96 — (6008904Y) vij1ydojpuu spuouoydo.joudls eLopRg €PASIND
- - - V80€¢ q£9°61 qLL6L %96 — (€1L08vAV) "ds vropjoyying eLIo)ORY LEASIND
- - - VOore q6191 v 79'C8 %68 — (1T1¥EPrd) “ds vLpjoyy.mg [aciblis | YEASIND
aost HLET H6I'L VIIE 47091 VIESS %86 — (L9680vAV) "ds 4a100q0.01.1y el T9dSIND
D80F DITE¢ D8Il vile q1691 V 87798 %68 — (F1SE8YI) Si7jugns g elo)peyg 0LASIND
VOTE  D1T0T 29601 VoI VObL V LL'S8 %86 — (86570944) v1ovdad g eLIRJORY SASIND
VSI'e  ds8ST  d8SSEl VITE VStLl V €0°68 %06 — (1 T1¥E€trd) “ds vrapjoyy.ing eLI910Rg 8FASIND
VyI'e  dL0vT  d1T9Tl  Vele VOLLI V 0906 %86 — (LSST094H) v1ordadouas g [acibl:is | 164SIND
VoIe  dvest  d88TEl Vel€ VE6'Ll VLY 16 %86 — (€1L08vdV) "ds vropjoyyng eLIORE 78ASIND
- - - V8I'E V8181 V8L'T6 %96 — (¢S6YH9rd) “ds vrapjoyy.ng eLIORY 9PASIND
- - - VSie V €81 V $H€6 %66 — (9ESLYINT) SHj1o0qIUIDG PasnIInouy) ele)eg 0ZASIND
acey DoOl'c  DTII vSIe V7981 V 8616 %66 — (820191 1) snjund snjjiovg eLIORY TEASIND
V$0€  VOT6T VIIEST  VSO€ V¥L6l  VOLO0O0I %68 — (LS660S AV) p1ovdad vlLiapjoyying Loy 8SASIND
EQ A.X.v d AL MEV d qEQ QQYov d fAL MEV d Xopur \OCEE&m NCQMESS mmooomv mo_oomm uoxeq], 9)eJOS]
dreydsoyd sojeif deydsoyd exery

*010ydSOZIyI 9ZIew oy} WOIJ SOJe[0SI SWSIUBTIOOIDIW JO AJIAT)OR uonezIjiqnios ajeydsoyd 1 A 1dVL

Revista Brasileira de Milho e Sorgo, v.13, n.1, p. 69-81, 2014
Versdo impressa ISSN 1676-689X / Versao on line ISSN 1980-6477 - http://www.abms.org.br



http://dx.doi.org/10.18512/1980-6477/rbms.v13n1p69-81

75

Rock phosphate solubilizing microorganisms isolated...

Do 8T 38 U013 J0 sAep (0 1o13e Hd, "(%) ASuaroyje uonezIfiqnjos J, *(,] Sw) snioydsoyd pazijiqnjos, SWsIuesIooom ayj Jo Uonedynuapr
IB[NOJ[OJA, "SUOIIRII[dor 291y} JO 9SRIOAR I SAN[BA "OIUIPYUOD %G6 18 (50"0<d) 20UaIyfIp JuedyIuSIS ou 9JedIpul (UWnjod) ($)10139] dwes 3y} Aq PIMO[[O) SanfeA,

D009

Ov0Y

d¢e5v

10€0

1160

DeLT

4169

1¥S°1

I18Ly

DoV

46T9¢

089
aLlsy
acos
asoy
avly
acLy
aosy
aisy
d€€°L
D8CY
aoLy
aoLy
aosy
J0v'y
D 8EY
I LYY
D9t
aotv's
aoLy
qgv0v
aces
avcy
avcy
q18°¢
qd00'v
q68°¢
d16'¢
Vese
g9
dLL¢

H0T0
H8I0
H¥€0
H9t'0
H 690
HSO'T
H80'I
Ho6l'l
HI¢T
Ho¢'1
H8¢'1
H'1
H Syl
HTS'1
H89'1
H06'1
H96'1
H?0C
H90C
Do
DEST
DLyE
DLYE
D8CE
DE9¢E
459
450°¢
d416°¢
46€9
4199

D701
D Y60
DTLT
DCET
DIse
DLES
D €SS
DC09
D0L9
DS6'9
DSOL
DYTL
DL
DELL
D LS8
D696
DI0°01
DTeol
Dorol
d1L°¢Cl
d¢6Cl
d69°LI
d0L°LT
4 6C8I1
41581
YL €T
H6L°ST
491°0¢
acyee
aoLce

%06 — (9ESLYINH) 1512424012 "
%96 — (T1190t () snoipioaqng g
%86 — (L9LTIYLA) sna.Lid) 'p
%L6 — (061L¥1NA) snjuund g
%6 — (9L109¢NH) “ds saoduordang
%16 — (SESYR1AV) Sisua.spunoouyds g
%¥6 — (6S018p[:A) ds snjjopqiuang pamynoun
%06 — (£90T66INV) “ds vLapjoyy.ng
%66 — (0€9TTYAY) $12.L12) “f/
%86 — (08769£AV) “ds saodu0ida.ig
%L6 — (€8L98sNA) snjnund g
%6 — (0TEr98NA) “ds snjjrong
%16 — (1LE98Y (1) Sisuao3ung saoduiojdaig
%66 — (EEET001V) Snaia] "y
%96 — (8201+9A) snjiuind g
%856 — (LILTOY[A) SnaLid) 'y
%06 — (ZS€¥880Q) s12.420 °g
%86 — (L9680YAV) snpunjo. |
%L6 — (89F1LS1) wnuriy1d o
%66 — (1€9TTRAY) Sna.L12) snjj13.12dsy
%86 — (Y061 TOINH) SPUOUOPNaS PAINNOU
%C6 — (91€€6E) wnioipSout g
%6 — (0S6L6vNA) Snpunjod |
%96 — (£2£€99¢4V) "ds soodwordo.yg
ﬁx.wo — Awmmchm—.mV w:u.QNUGQQNGU x&u&@&mﬁuv\
%68 — (0T€Y98NA) "ds snjjrong
%96 — (S¥61LTND) "ds vaouvg
%L6 — ($0LOLENH) Pavy spuouious
%E6 — (988 T AV) WnIdLUS WNIUOUI2ADY

pare[noour JoN

BLIOORY
BLIDIORY
sn3un,J
BLIOIORY
BLIO)ORY
BLIOIORY
eLIdjoRyg
BLIDIORY
sn3un,
BLIO)ORY
BLIO)ORY
BLIDORY
BLIDIORY
sn3un,|
BLIOIORY
sn3un,
BLIOORY
sn3un,|
sn3un,
sn3un,
BLIOIORY
BLIOORY
sn3un,|
BLIDIORY
BLIOIORY
BLIOIORY
BLIOORY
BLIIORY

sn3un,|

[onuo)
61VSIND
YVSIND
6LASIND
[€dSIND
E€8VSIND
89VSIND
61dSIND
CSASIND
0VASIND
YIVSIND
9TdSIND
8TASIND
08VSIND
6€ASIND
8ITASIND
0SASIND
YOTdSIND
96ASIND
S6ASIND
€6ASIND
[TIdSIND
[dSIND
084ASIND
COVSIND
9dSIND
cdSIND
9LASIND
SIdSIND
L8ASIND

Revista Brasileira de Milho e Sorgo, v.13, n.1, p. 69-81, 2014
Versdo impressa ISSN 1676-689X / Versao on line ISSN 1980-6477 - http://www.abms.org.br



http://dx.doi.org/10.18512/1980-6477/rbms.v13n1p69-81

76 Gomes et al.
80 -
B Bacteria Fungi
< 60 -
wn
s
<
E
‘s
> 40 -
Q
=
Q
2
=
D]
[0}
Z 20 -
=
[}
[
. B
Inefficient | Moderately Efficient Inefficient | Moderately Efficient
efficient efficient
Araxa phosphate Itaf6s phosphate

FIGURE 1. Relative efficiency of the isolates in the P solubilization (%) of the Araxa and Itafos phosphates.

size, that influence their rate of solubilization
(Loureiro et al., 2008). Mendes et al. (2013)
showed that fluoride limited the solubilization
of Araxa RP by 4. niger by negatively affecting
metabolic processes involved in phosphate
solubilization, such as decreasing fungal growth,
citric acid production and medium acidification.
In the case of phosphates of sedimentary origin,
such as PI, generally, there are higher contents of
available P in relation to the ones of igneous or
metamorphic origin, such as the PA that exhibits
high crystallization level and low solubility in
citric acid (Kliemann & Lima, 2001). Due to these
characteristics, there are significant differences
compared to the natural bioavailability of
nutrients, which can be altered in the presence of

microorganisms (Richardson & Simpson, 2011).

The differences observed in the present work
according both type of RP can contribute to the
process of selection of microorganisms to be used
with natural phosphates in tropical agriculture. It
can be suggested that for each type of rock to be
used, there are different microorganisms that have
potential for solubilizing P.

Other

solubilization

that

of microorganisms

authors also observed
capacity
depends on the type of phosphate assessed. Xiao
et al. (2008) observed that solubilization capacity
of three types of RP from China by the fungi
Candida krissii, Penicillium expansum and Mucor
ramosissimus was directly proportional to the P
content in the rock. In other words, it might be
concluded that the capability of RP solubilization

was positively correlated with the grade of RP.
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This

improvement

a considerable
of

microorganisms that have potential for use for

presents
the

paper
in characterization
the production of inoculants to maize, since
most microorganisms selected solubilize both
types of RP from Brazilian natural mines and
other inorganic sources, such as aluminum
phosphate. Other isolates also have the ability
to mineralize organic sources of P, such as soy
2009).

Together, these microorganisms should

lecithin and phytate (Oliveira et al.,

be evaluated in experiments in vivo in the
future, using different RP and vehicles aiming
the development of inoculants for P supply
in agriculture applied in seeds or directly on
soil to be offered to farmers as technological
products for reduction of fertilizer costs and

environmental impacts.
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Conclusions

There were significant differences in the
availability of P among strains and most isolates
released more soluble P from PI than PA. The
majority of the bacteria were efficient in the P
solubilization of both RP. There was a negative
correlation between the final pH of the culture
medium and the concentration of soluble phosphate
suggesting that the acidification of the culture
medium can be one of the mechanisms involved
in the solubilization of P by these microorganisms.
There was a dominance of the genera Burkholderia
and Bacillus in the group of the most efficient
microorganisms and the contribution of these
strains, isolated or in combination, to increase the
P nutrition of maize crops should be investigated

further, by in plant experiments in tropical soils.

Araxa

(S & F S
&@@@&@@§@
Isolates

FIGURE 2. Percentage of Araxa and Itafos phosphate solubilization of 18 isolates of fungi and bacteria.

Isolates identification is shown in Table 1.
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