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Abstract: Microorganisms have been obtained to improve the agronomic value of Rock Phosphates (RPs), but
the phosphorus solubilizing rate by these approaches is very slow. Tt is important to explore a high-efficient
phosphate-solubilizing approach with a kind of microorganisms. This study aimed to isolate a high-efficient
level of phosphate-solubilizing fungus from rhizosphere soil samples phosphate mines (Liuyang County, Hunan
province, China) and apply it in solubilization of RPs. The experiments were carried out by the conventional
methodology for morphological and biochemical fungus characterization and the analysis of 18 rRNA
sequence. Then the effects of time, temperature, initial pH, phosphorus (P) sources, RPs concentration, shaking
speed and silver 1on on the content of soluble P released by tlus 1solate were investigated. The results showed
this 1solate was 1dentified as Galactomyces geotrichum P14 (P14) m GeneBank and the maximum amount of
soluble P was 1252.13 mg 17" within 40 h in a medified phosphate growth agar’s medium (without agar) where
contained tricalcium phosphate (TCP) as sole phosphate source. At the same time, it could release phosphate
and solubilize various rock phosphates. The 1solated fungus can convert RPs from msoluble form mto plant
available form and therefore it hold great potential for biofertilizers to enhance soil fertility and promote plant
growth.

Key words: Galactomyces geotrichum, phosphate-solubilizing, ligh-efficient level, fungus, rhuzosphere soil,

rock phosphates
INTRODUCTION isolated for the purpose (Kucey, 1987; Kumar et al., 2001;
Ahuja et al., 2007; Achala et al., 2007; Coutinho et al.,
Phosphorus (P} 13 one of the major  2011; Gupta et al., 2012; Lu et al., 2012). These phosphate
macronutrients of plants for ther growth and  solubilizers can be used directly as biofertilizers i the soil

development (Vassilev and Vassileva,. 2003; Mittal et al.,
2008). Although, soils of the China cropland are often
high in total P, only limited quantities are available to crop
plants (Zapata and Zaharah, 2002). Thus, it is necessary
to develop phosphatic fertilizer with high performance in
the soil for optimum crop yield (Sharpley, 1995). Generally,
phosphatic fertilizer 1s produced globally by the mining
and chemical processing of Rock Phosphates (RPs), a
non-renewable natural resource. Currently, the complete
dissolution of the ore by chemical processing usually
results in the release of undesirable contaminants with
environmental pollution.

Microorganisms play a critical role in natural
phosphorus cycle (Biswas and Narayanasamy, 2006,
Vassilev er al, 2006) and recently, microbally-based
approach can improve the agronomic value of RPs to a
certain extent. Microbial solubilization of RPs is gaining
great attentions in agriculture. Some organisms have been

or bioreactors for the bio-processing of RPs. This
approach not only compensates for higher cost of
manufacturing, phosphate fertilizer in industry but also
reduces environment pollution caused by traditional
chemical process.

Under the situation, many phosphate-solubilizing
microorganisms have been isolated from different
enviromments and phosphorus availability to plants
(Yu et al, 2012) through the inocculation of
phosphate-solubilizing microorganisms has been widely
studied under pot and field conditions (Duponnois ef af.,
2005, Valverde ef al., 2006). However, in fact, these
microorganisms are only a small percentage of the total
microbial population and few of them present a high
potential to solubilize RPs under natural conditions
which seriously restramns the application of this
microbially-based technique. Moreover, a main problem,
indeed, is that how to remain a high destiny and activity
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of the introduced microorganisms (Van Veen et al.,
1997). Normally, many present  high
phosphate-solubilizing capability in growth medium, but
when they are inoculated to natural environment, they are
often in a form characterized by non-growth and/or low
phosphate-solubilizing capability (3{ao et al., 2008).
Therefore, it 1s significant and necessary to isolate new
and potential phosphate-solubilizing microorganisms.

Here, the experiments were carried out by isolating
and characterizing phosphate-solubilizing fungus from
rhizosphere soil samples around phosphate mmes in
Lwyang County and the effects of time, temperature,
mnitial pH, P sources, RPs concentration, shaking speed
and silver ion on the content of soluble P released by this
1solate were investigated.

isolates

MATERIALS AND METHODS

Isolation and identification of phosphate-solubilizing
fungus: The fungus stramn was 1solated from rhizosphere
soil samples collected from the various agricultural fields
located around phosphate mines in Liuyang County.
Various serial dilutions of soil samples with 100 pL
aliquots were plated on a Modified Phosphate Growth
Agar’s (MPGA) medium (glucose, 10 g; (NH,),50,, 0.15 g;
K, 0.2 g; MgCle6H,0, 0.5 g; MgSO#7H,0, 0.25 g; agar,
20 g; distilled water, 1000 mL) supplemented with
ampicillin (50 pg mL™") and streptemyecin (30 pg mL ") and
containing tricalcium phosphate (TCP, Cay(PO,),,
10.0 mg mI.~"). Here TCP was chosen as sole P source for
selectively screening strains which have the capability to
solubilize unsoluble-P and release soluble P from TCP.
After incubation for 3 days at 28°C, the strain developed
clear zones around colonies. Colonies with clear zones
were further purified by replanting on MPGA’s medium.
The screened phosphate-solubilizing fungus was selected
and stored for further work. The isolate was identified on
the basis of morphological, physiological and biochemical
characterization and sequence of 183 rRNA gene.

Morphological characterization, 188 rRNA gene
sequencing and phylogenetic analysis of the isolated
fungus: In order to identify the isolated fungus strain for
a correct species, the morphology characteristics of the
isolate were evaluated according to the methods
described by Wei (1979). Physiological and biochemical
characteristics were performed as per standard procedures
by plate assays.

Primers for the 18S rRNA were used to amplify a
DNA sequence (primers NS1 [5°- GTAGTCATATGCT
TGTCTC-3]and NS2 [5°- TGCTGGCACCAGACTTG -37])
by Polymerase Chain Reaction (PCR) (Whte ef af., 1990).

Primers were synthesized by GenScript Corporation Ttd.
(NanJing, China). PCR amplifications were carried out in
50 pL reaction volumes with a PCR reactor (Eppendorf)
with following program: imitial denaturation at 94°C for
3 min followed by 30 cycles of denaturation at 94°C for
1 min, annealing at 55°C for 1 min and extension at 72°C
for 2 min followed by a final extension phase at 72°C for
10 min. The purified PCR product was sequenced in both
the directions. The sequences of 185 rRNA genes were
first analyzed using the BLAST searching program at the
National Center for Biotechnology Information (NCBI)
website: http: /www.nebi.nlm.mh. gov/BLAST/. Sequence
alignments were performed using MEGA-5 software. The
183 rRNA sequence of the isolate was aligned with
reference sequences and other close relatives from
GenBark. A maximum likelihcod phylogenetic tree was
constructed using MEGA version 5.0. To estimate the
confidence of the phylogenetic tree, bootstrapping was
performed (Tamura et af., 2007).

Culture medium and  solubilizing conditions:
P solubilization experiments were carried out in flasks
with 100 mL (in 3500 mL conical flask) of MPGA’s
medium (without agar) and 5.0 g TCP as sole P source
(Mittal et al., 2008). Cells suspensions of the isolate were
counted by a haemocytometer to adjust the count to
approximately 107 cells mL™". Each flask was inoculated
with the cell suspensions at 10% (v/v). Flasks were
shaken under 160 rpm at 28°C for 2 days. The pH of the
culture medium was measured by pH electrode and
periodically adjusted and maintained at 7.0 by adding
sterile 2% H,SO, or NaOH solution. All experiments were
performed supplemented with triplicate.

Experimental design

Optimization of time, temperature and initial pH: The
effects of the reaction time, temperature and initial pH on
P solubilization by the isolate were investigated. Cell
suspensions of the 1solate were noculated mto 100 mL
MPGA’s medium supplemented with 5.0 g TCP. The
isolates were incubated at different time (0, 8, 16, 24, 32,
40, 48, 60, 72 and 96 h), temperatures (20, 23, 25, 28, 30, 32,
34 and 37°C) and different imitial pH (5.0, 5.5, 6.0, 6.5, 7.0,
7.5 and 8.0) for 2 days. The imtial pH of the culture
medium was periodically adjusted and maintained by
adding sterile 2% (v/v) H,S0, or NaOH solution.

P sources: Different P sources for RPs solubilization by
the isolate were investigated. TCP was replaced with
alumimium phosphate (A1PQ,), different RPs from Liuyang,
Shimen and Yuanling phosphate mines (Hunan Province).
The main chemical compositions of Liuyang RP sample
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are 8.29% P, 23.67% Ca, 9.47%, S1, 10.12% Mg, 1.31% Na,
0.87% Al and 0.47% Fe. Shimen RP sample containg 7.82%
P, 24.14% Ca, 10.51% 51, 6.75% Mg, 1.64% Na, 0.47% Al
and 1.59% Fe. Yuanling RP sample contains 6.67% P,
25.07% Ca, 13.92% 51, 6.74% Mg, 0.64% Na, 0.99% Aland
1.83% Fe. The sample was comminuted to a particle size of
almost 300 meshes (0.05 mm).

RPs concentration: The effect of changing concentration
of RPs on its solubilization by the isolate was studied.
RPs concentration in the medium was 2.0, 3.0, 4.0, 5.0, 6.0,
7.0and 8.0 g L', respectively.

Shaking speed: The shaking speed on Liuyang RP,
Shimen RP and Yuanling RP solubilization by the 1solate
was optunized. Flasks were shaken under 80, 100,120, 140,
160, 180 and 200 rpm, respectively for 2 days.

Silver jon: Heavy metals impose ligh toxicity to
microorgamsms. The interaction between heavy metals
and microorganisms has perhaps attracted great interest
to researchers due to its application in metallurgy and
decontarmination of the environment (White et al., 1990).
Here, silver ion (Ag™) was selected as a representative of
heavy metals to study the influence of heavy metals on
RPs solubilization by the isolate. Different concentrations
(0, 50, 100, 150, 200, 250 and 300 mg L, respectively) of
AgNO, were added to the culture medium to study the
influence of Ag” on RPs solubilization by the isolate.

Analytical methods: After shaking for 2 days, a certain
volume of fresh MPGA’s medium was added to each flask
and the culture medium was fixed to 100 ml by a
volumetric flask. The 100 mL culture medium was
centrifuged at 9000 rpm for 20 min and the supernatant
was collected. The content of soluble P n a form of TCP
remaining in the supernatant was determined by
phosphomolybdate method (Xiao et al., 2008) with a
UV-VI3 8500 spectrophotometer at 420 nm.

Statistical analysis: Capability of RPs solubilization was
determined by the content of soluble P in the supernatant
ligmd. Values are given as means=SD. for triplicate
samples. Data were analyzed by analysis of variance
(ANOVA) and the means were compared with Duncan’s
Multiple Range Test (DMRT) at p<<0.05 level.

RESULTS AND DISCUSSION
Most of natural RPs is low-grade in China. Thus they

do not be directly utilized efficiently and are usually
thrown away. However, they have been recognized as a

valuable alternative for phosphate fertilizer. In view of
environmental concerns and current developments in
sustainability, researcher’s efforts concentrating on
elaboration of techmques that mvolve the use of less
expensive and bio-available sources such as natural RPs
has attracted widespread attentions (Whitelaw, 2000). The
advantage of usmng natural phosphate mines soil to
1solate over the genetically mampulation is its easier
adaptation and succession when inoculated into the
medium containing RPs.

Identification of the isolates and phylogenetic tree
analysis: The phosphate-solubilizing fingus was white
cylindrical fungus. The isolate was firstly identified based
on morphological characteristics (Fig. 1). The full results
of morphology, physiological and biochemical
characteristics were summarized (Table 1). On MPGA’s
medium the color of the colony was always white. Reverse
of the colony was lhght yellow. Comdiophores and
Phualides were observed. Comdiophores were wlute,
smooth walled with verticillate branches. Phialides were
hyaline, cylindrical and were arranged in line.

Then, the 1835 rRNA gene sequences of the
1solate was determined and a phylogenetic tree was
constructed (Fig. 2). The 914 bp nucleotide sequence of
the strain has been deposited in the GenBank nuclectide
sequence data library wnder the following accession
number JX110709. The 183 rRNA gene sequences
comparison revealed that the strain had 83% similarity
with Galactomyces geotrichum. Based on their 185 rRNA
gene sequences and phylogenetic positions, the isolate
was designated as Galactomyces geotrichum P14.

Optimum time, temperature and initial pH for P
solubilization: The effect of incubation time, temperature

Fig. 1. Morphology of the Galactomyces geotrichum

P14
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Table 1: Morphological, physiological and biochemical characteristics of the isolate

Test items Pl4 Test items P14
Origin Rhizosphere soil Tndole production -
Samples around Lysine decarboxylase +
Phosphate mines Catalase +
(Liuyang county) Oxidase -
Colony morphology White, circular Hydrolysis of Gelatin -
Starch +
Cell shape Cylindrical H,8 production -
Aerial spore mass White Citrate utilization +
Spore morphology Single conidia Lipase production -
Motility Carbon source utilization
Gram staining Glucose +
Aerobic growth - Maltose +
Anaerobic growth + Mannose -
Optimum pH Lactose
Methy] red test - Sucrose -
Nitrate reduction 6.0-7.0 Fructose +
Voges-Proskauer - Galactose +
Optimum temperature + Starch -
+ +
+
28-30°C

+: Means positive result, — Means negative result

83

100

gblIX110709| Galactomyces geotrichum P14

911 gblGUS561987.1| Galactomyces geotrichum strain SK15

dbj|ABO00652.1| Geotrichum candidun:

DA gb[FJ393429| uncultured Galactomyces clone 5-41
dbjlAB000664.1| Galactomyces cliri-aurantit DNA

dbj|AB000640.1| Dipodascus macrosporus DNA

£biDQ519029.1| Lipomyces oligophaga strain NRRL Y-17247

%5 —

dbj|ABO13573.1| Candida fragi

00l 1Q008874.1| Scheffersomyces stipitis strain BGO90818.10.1.1.3.35

 —
0.0

Fig. 2: 18S tRNA-based phylogenetic relationship between the 1solate and representatives of other related taxa (GenBank
accession numbers in parentheses). The numbers at the nodes indicate the levels of bootstrap support based on
data for 1,000 replicates; values inferred greater than 50% are only presented. The scale bar indicates 0.01

substitutions per nucleotide position

and 1mtial pH on P solubilization was mvestigated
based on the method described in experimental design.
Above-mentioned factors had sigmficant influence on P
solubilization. The isolate demonstrated high efficiency of
phosphate-solubilizing  capability within 40 hours, the
maximum amount of soluble P was 1252.13 mg .~ (Fig. 3)
released by Galactomyces geotrichum P14, the effect of
powerful and efficient phosphate-solubilizing capability
was not reported previously (Keyes, 1990, Gleddie et al.,
1993; Achala et al, 2007, Collavino et al., 2010,
Coutinho et al., 2011, Gupta ef al., 2012; Lu et al., 2012).
Longer or less than the optimal time, the amount of
soluble P decreased. Otherwise, the maximum amount of
soluble P was recorded at 30°C which was 1047.34 mg L™
(Fig. 4). Then, initial pH 1s concerned. The maximum

amount of scluble P was recorded at 1034.64 mg L™
(Fig. 5) released by the P14 at initial pH 7.0. Higher or
lower than the optimal temperature and mitial pH, the
amount of soluble P decreased correspondingly.
Generally, it might be due to the mereasing of the
production of organic acid metabolites by different
phosphate-solubilizing  microorgamsms and  these
metabolites can convert the insoluble RP into soluble P
(Tributsch, 2001; Ilimer and Schirmer, 1995; Rashid et af.,
2004; Kim et al, 2005). However, the solubilizing
mechanism by the P14 should be further studies.

Solubilization of different P sources: The 1solate was
capable of solubilizing five kinds of RPs, however, the
solubilization capability of the RPs varied with different P
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Fig. 3: Evolution of the amount of soluble P along with
time
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Fig. 4: Effect of temperature on the P solubilization
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Fig. 5: Effect of mitial pH on the P solubilization

sources (Fig. 6). The results revealed that the maximum
amount of soluble P released by the isolate averaged
1003.57 mg L™ in presence of TCP, follewed by aluminium

1200 1

1000 1 =

800 1 =

600

404

Soluble P (mg L™)

204 -1

0 L] T T L] L] 1
TCP AP Liuyang Shimen Yuanling

P sources

Fig. 6: Effect of P sources on P solubilization. (Note: TCP,
tricalcium phosphate; AP, aluminium phosphate;
Liuyang, Liuyang rock phosphate; Shimen,
Shimen rock phosphate; Yuanling, Yuanling rock
phosphate)
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Fig. 7: Effect of RP concentration on content of soluble P

phosphate (average 771.65 mg 1.7, Liuyang RP (average
511.43 mg L"), Shimen RP (average 441.74 mg I.™") and
Yuanling RP (average 406.02 mg L™, respectively.
Interestingly, the total P content of RPs was also similar
in order. Tt might be concluded that the capability of RPs
solubilization was positively correlated with the grade of
RPs. The higher the grade of RPs, the higher the content
of soluble P released.

Optimum of RP concentration for RPs solubilization:
The optimum RP concentration for RPs solubilization was
investigated based on the method described in
experimental design. The isolate presented different
soluble P releasing ability in the medium with various RPs
concentrations (Fig. 7). The maximum amount of soluble
P was recorded at 485.83mg L' whenadded 5.0g L™
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Fig. 8: Effect of shaking speed on content of soluble P

Liuyang RP was added in the medium inoculated with the
P14, followed by Shimen RP (385.34 mg 1.7") and Yuanling
RP (351.86 mg L™"). It was also observed that as the
concentration of added RPs decreased from 5-2 g L™,
there was a slight increase in RPs solubilization capability
as the content of soluble P increased But as the
concentration of added RPs increased from 5-8 g L™,
there was no mcrease but a visible decrease in the content
of soluble P.

Effect of shaking speed on RPs solubilization: The
amount of soluble P was released by the P14 at different
shaking speeds ranging from 80-200 rpm (Fig. 8). The
amount of soluble P increased with the increase of
shaking speed from 80-160 rpm. However, the amount of
soluble P was decreased, when the shaking speed
increased from 160-200 rpm. The reason was the growth of
the isolate was often weakened by the shear stress
resulting from the strong stirring (Xiao ef al., 2008). The
maxmmum content of soluble P released by the P14 was
recorded at 488.43 mg . ! (Liuyang RP) when shaking was
done at 160 rpm, followed by Shimen RP (401.74 mg L.™")
and Yuanling RP (344.02 mg L™"). However, further
studies are required to determine their efficiency in
solubilizing RPs under natural conditions (Reyes et al.,
1999).

Effect of silver ion on RPs solubilization: Toxic effects of
heavy metals include blocking of functional groups
biologically and denaturation of enzymes. The effects of
different concentrations of silver ion (Ag™) on the content
of soluble P released by the isolate are shown m Fig. 9.
The concentrations used in these experiments were
considered to be toxic to this fungus. The isolate was
shown to have sensitivity and mtolerance with mcreasing
concentration of Ag® which was consistent with that

500 -
450 -
400 +
350 -
300 ~
250 ~
200 ~
150 1
100 1

50

—e—Liuyang
—o— Shimen
-+ Yuanling

Soluble P (mg L™)

1 L} T L} L]
] 50 100 150 200 250 300
Ag" concentration (mg L ™)

Fig. 9: Effect of concentration of Ag™ on content of
soluble P

reported m previous studies (Xiao et al., 2008). With the
increasing of Ag’ concentration, the content of soluble P
decreased sharply. Among all the RPs, the maximal
decrease of 44.26% content of soluble P was Liuyang RP
and followed by Shimen RP (decreased 39.05%) and
Yuanling RP (decreased 37.97%). Moreover, the additive
sliver 1on could form a small quantity of white flocculent
precipitation in the culture medium.

CONCLUSION

A high-efficient level of phosphate-solubilizing
fungus was 1solated from rluzosphere soil samples
phosphate mines, identified as Galactomyces geotrichum
P14 m GeneBank. The study also demonstrated the
capability of solubilizing of RPs obviously varies from the
resource of RPs. In addition, the P14 is the powerful RPs
solubilizer in MPGA’s medium, suggesting a high soluble
P releasing ability and good adaptation. The optimum
conditions for the pl4 releasing soluble P from RPs were
at temperature, 30°C; mitial pH, 7.0, shaking speed,
160 rpm; RPs concentration, 5.0 g L™, respectively and
approximately close to the growth conditions of this
fungus. The maximal content of soluble P can be achieved
when TCP as the sole P source n the medium moculated
with the pl4. Moreover, the isolate showed intolerance
with increasing concentration of silver ion (Ag").

The action of microorgamsms leading to
solubilization of minerals is recognized as direct and
indirect action, however, the solubilizing mechanism by
the pl4 should be further studies.
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