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Abstract

Plantation of poor soils and naturally plant growth promotion studies have dominated recent scientific trends owing to loss of productivity
caused by increasing chemical pollution of soils closely associated with rising world population. In this context, Plant growth promoting bacteria
(PGPB) from extreme habitats remain a key concept to develop novel alternative technologies to solve these problems. The present study was
conducted to isolate potential plant growth-promoting bacteria from magnesite mining fields in Kiitahya-TURKEY and identify active strains
by molecular techniques. For this aim, rhizospheric soil samples for the isolation of the PGPB strains were collected from Turanocagi and
Ortaocak magnesite mining fields. PGP potentials of isolates were determined by using phosphate solubilization, IAA production, siderophore
production, ACC deaminase assay systems. According to the results, 10 active distinguished bacterial strains were determined as PGPBs. Data
of the 16S rDNA gene sequencing showed that the active strains grouped in Arthrobacter, Bacillus, Paenibacillus and Streptomyces genera.
The results of the present study suggest that different environments with stringent conditions have a valuable potential to identify new resistant
PGPB strains for remediationof extreme habitats.
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INTRODUCTION

Agriculture and various agricultural applications have
been one of the most important issues for the civilizations
since the beginning of the mankind. In the modern era, the
importance of agriculture has slightly increased with the
rising world population. Many types of chemical fertilizers
have been developed and widely used to meet the growing
demands in the last centaury. However, recent research efforts
have focused on development of alternative fertilization
technologies owing to pollution problems,closely related to
hazardous effects of overused chemical fertilizers in the last
decades [1,6].

Biofertilizers, considered as one of the best alternatives
for the synthetic chemical agents, are products containing
living cells of various microorganism types [1]. In these
microorganisms, plant growth-promoting bacteria (PGPB)
include the most promising groups for biofertilizer
technology [3,7,9].

PGPBs, initially described by Kloepper and Schroth
in 1978, are mainly defined as a heterogeneous group of
bacteria that promote growth of plants through affecting the
soil environment by direct or indirect mechanisms[3,10].
Recent studies showed that the direct mechanisms
involve improved uptake of nutrients such as nitrogen and
phosphorus, production of plant hormones such as indole
acetic acid (IAA), gibberellins and cytokinins. On the other
hand, indirect mechanisms mainly consist of production of
iron chelating agents, cyanides and siderophores. Besides,
production of various antimicrobial metabolites is also
grouped into the indirect mechanisms [3,8,11,13].

The beneficial effects of PGPBs are generally observed
by the occurrence of an increase in germination rates, root
growth, yield, leaf area, chlorophyll content, magnesium
content, nitrogen content, hydraulic activity tolerance to
drought, shoot and root dry weights, but a delay in leaf
senescence [1].These effects have been shown on various
plant species with agricultural importance such as rice,
wheat, sorghum, tomato and canola [14].

Due to these valuable properties of the PGPBs, isolation
of indigenous bacterial strains with plant growth promoting
potential from various environments remains a key concept
to develop novel biofertilization technologies that can be
replaced with hazardous synthetic chemicals. In this regard,
the present study was conducted to isolate potential plant
growth-promoting bacteria from magnesite mining fields in
Kiitahya-TURKEY, determine their phosphate solubilizing,
siderophore, IAA and 1-aminocyclopropane-1-carboxylate
(ACC) deaminase producing properties, and make the
molecular characterization of the active strains.

MATERIALS and METHODS

Collection of Soil Samples

Soil samples for the isolation of the bacteria were
collected from Turanocagi and Ortaocak magnesite mining
fields in Kiitahya-TURKEY. The samples were taken from
6 inches depth and transferredaseptically into the research
laboratory (Biology Department of Atatiirk University) to
perform further isolation steps [15].

Isolation of Bacterial Strains

The serial dilution methodwas used to isolate bacterial
strains. In this method, 1 g of soil samples was suspended
in 9 ml of distilled water. Then, dilution serieswere prepared
between 10" and 107. These dilutions were spread on Luria
Bertini (LB) agar plates, incubated for 48 h at 28 °C. After
the incubation period, distinct bacterial colonies were
streaked on LB agar plates to get single colonies [15].

Morphological, Physiological and Biochemical
Characterization of Bacterial Isolates

Morphological,  physiological —and  biochemical
characterization studies of bacterial isolates covered
observation of cell morphologies, size, motility, Gram
property, endospore formation, NaCl and pH tolerance,
gelatin hydrolysis, oxidase and amylase activities [16].
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Phosphate Solubilisation

Phosphate solubilizationpotentials of the isolates were
assessed using Pikovskaya medium contained 1': 10 g
glucose; 5 g Ca,(PO,),; 0.5 g (NH,),SO,; 0.2 g NaCl; 0.1
g MgSO,-7H,0; 0.2 g KCI; 0.5 g yeast extract; 0.002 g
MnSO,-H,0; 0.002 g FeSO,-7H,0 [13,17].

TAA Production

Indole-3-acetic acid (IAA) production capabilities of
the isolates were determined according to the procedure
previously described. In this procedure, the isolates were
inoculated in LB broth medium supplemented with 1%
tryptophan and incubated for 72h at 28 °C. After the
incubation period, cultures were centrifuged at 6000 g for
30 min. 2 ml of the supernatant was mixed with 2 drops of
ortho-phosphoric acid and 4 ml of the Salkowski reagent (50
ml of 35% of perchloric acid + 1 ml of 0.5 M FeCl, solution).
Finally, the calorimetric measurement of IAA was done at
530 nm[13].

SiderophoreProduction

Siderophore production capabilities of the isolates were
determined by using CAS-shuttle assay. In this procedure,
the isolates were inoculated in Fiss minimal medium
contained 1': 5.03 g KH,PO,; 5.03 g L-asparagine; 5 g
glucose; 40 mg MgSO,; 100 ug Mn SO,; 500 pg ZnCl, and
growth for 48 h at 28 °C. After incubation, 10 ml of samples
was collected and centrifuged at 2700 g for 15 min. 0.5
ml of the supernatant was mixed with 0.5 ml of the CAS
assay solution and allowed to stand for 20 min. Finally, the
calorimetric measurement of siderophore production was
done at 630 nm[3].

ACC Deaminase Assay

ACC deaminase assay was performed with the procedure
previously described. In this procedure, the isolates were
inoculated in LB broth medium and incubated at 28 °C. After
an overnight incubation period, the bacteria were collected
and transferred into nitrogen deficient Dworkin and Foster
minimal salts mediumsupplemented with ACC as the sole
nitrogen source (DF-ACC). Cultures were incubated at 28
°C and 160 rpm for 48 h. Non-inoculated DF-ACC medium
was the control for the experiment and blank sample for the
calorimetric measurement. Then, cultures were centrifuged
at 6000 g for 5 min. 100 pl of the supernatant was diluted
with 1 ml of DF medium. Then, 2 ml of ninhydrin reagent
(500 mg of ninhydrin and 15 mg of ascorbic acid dissolved
in 60 ml of ethylene glycol) was added. The solution was

mixed and placed in a boiling water bath for 30 min. After
boiling, the solution turned into a purple color. The sample
was kept at 30 °C for 10 min. Finallythe calorimetric
measurement was done at 570 nm[13].

Molecular Characterization of Active Strains with
Plant Growth Promoting Potential

DNA isolation studies of the active bacterial strains were
performed with the methoddescribed by Wilson in 1997. The
16S rDNA gene regions were amplified using polymerase
chain reaction for molecular identification of the isolates. In
this reaction, 27F (5’-AGAGTTTGATCMTGGCTCAG-3’)
and 1492R (5’-CGGTTACCTTGTTACGACTT-3") were
used as forward and reverse primers, respectively. The
reaction was carried out in a 30 pl reaction mixture containing
1.2 pl of dimethyl sulfoxide (DMSO), 1.5 mM MgCl,, 0.2
mM each dNTP, 25 pmoles of forward primer and reverse
primer, 50 ng DNA template and 5 U Taq DNA polymerase
along with reaction buffer. The reaction was performed with
an initial step at 95 °C for 2 min, and 36 cycles of 1 min at
94 °C, 1 min at 53 °C, 2 min at 72 °C, followed by a final 5
min extension step at 72 °C, then brought down to 4 °C.Then,
in the electrophoresis stage, 7 pl of the PCR products was
mixed with 3 pl of 6x gel loading buffer and loaded onto
an agarose gel (1.5% w/v) supplemented with ethidium
bromide. Electrophoresis was done in 0.5x TBE (Trise-
Borate-EDTA) buffer at 90 V for 120 min[18]. The DNA
product was detected by using the Bio Doc Image Analysis
System with Uvisoft analysis package (Cambridge, UK).
The amplified gene products were sequenced by Macrogen
Inc. (Netherlands). The nucleotide BLAST (Basic Local
Alignment Search Tool) search program of NCBI was used
to determine the nucleotide sequence homology. The gene
sequences were also submitted to GenBank® and accession
numbers were assigned [3].

RESULTS

According to the mentioned concept, soil samples were
taken from Turanocagi and Ortaocak magnesite mining fields
in Kiitahya-TURKEY. After the isolation steps, 25 different
bacterial strains depending on their colony morphologies
were isolated from the soil samples. These isolates were
examined for their morphological, physiological and
biochemical properties and related results including cell
morphologies, size, motility, Gram property, endospore
formation, NaCl and pH tolerance, gelatin hydrolysis,
oxidase and amylase activities were summarized in Table 1.
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Table 1. Morphological, physiological and biochemical characterization results for bacterial isolates.

Sample Cell Size Motility Gram Endosppre Toll\i;gtice pH Gelatin_ Oxi_da_se Amquse
Code Morphology  (um) property  Formation 0 Tolerance  Hydrolysis  Activity  Activity
NSH-1 Rod 1 + + + %10 5-7 - - -
NSH-2 Rod 3-4 + . + %5 5-7 - - -
NSH-3 Rod 4-5 + + + %5 7 - - -
NSH-4 Rod 1-2 - + + %5 5-7 - - -
NSH-5 Rod 3-4 - + - %5 7-9 - - -
NSH-6 Rod 1-2 + + + %35 7-9 - - -
NSH-7 Rod 3 + + + %S5 5-7 + - -
NSH-8 Rod 2-3 - + - %35 5-7 - - -
NSH-9 Rod 3-4 - + - %35 5-9 - - -
NSH-10 Rod 3-4 - + + %5 5-7 - - -
NSH-11 Rod 1-2 + + + %10 5-7 - - -
NSH-12 Rod 3-4 + - + %10 5-9 - - -
NSH-13 Rod 1-2 + + + %5 5-7 + + +
NSH-14 Rod 1-2 - - + %35 7-9 - - -
NSH-15 Rod 3-4 + + - %35 5-7 - - -
NSH-16 Rod 2-3 - + + %15 5-7 + - -
NSH-17 Rod 3-4 - + - %35 5-9 - - -
NSH-18 Rod 5-6 - + + %35 5-7 - - -
NSH-19 Rod 5-6 + + + %S5 5-7 - - -
NSH-20 Rod 5-6 - + + %S5 7-9 + + +
NSH-21 Rod 7-8 - + + %35 5-7 - - -
NSH-22 Spherical 1-2 + + + %15 5-7 + - -
NSH-23 Rod 2-3 - + + %5 5-7 - + +
NSH-24 Rod 3-4 - + + %35 5-7 + + +
NSH-25 Rod 4-5 + + + %35 5-7 - - -

Then, the plant growth promoting potentials of the
bacterial isolates were determined by using phosphate
solubilisation, IAA production, siderophore production and
ACC deaminase assays. The results were given in Table 2.

Data of the 16S rDNA gene sequencing showed that
the active strains grouped in Arthrobacter, Bacillus,
Paenibacillus and Streptomyces genera. According to the

results, 1 isolate was assigned to Arthrobactersp., 2 isolates
to Bacillus sp., 3 isolates to Bacillus atrophaeus, 1 isolate
to Bacillus simplex, 1 isolate to Bacillus thuringiensis, 1
isolate to Paenibacillussp., and 1 isolate to Streptomyces sp.
Detailed data about taxonomic affiliation of active strains
and GenBank accession numbers was given in Table 3.
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Table 2.Plant growth promoting characteristics of the bacterial isolates.

Sample

Code Phosphate Solubilization

IAA Production

Siderophore Production ACC Deaminase Capability

NSH-1 ++ ++
NSH-2 - ++
NSH-3 - -
NSH-4 ++ +4
NSH-5 - -
NSH-6 - -
NSH-7 - -
NSH-8 - -
NSH-9 - -
NSH-10 - -
NSH-11 - -
NSH-12 ++ +4
NSH-13 +++ -
NSH-14 - -
NSH-15 ++ e
NSH-16 - -
NSH-17 - -
NSH-18 - -
NSH-19 - ++
NSH-20 - -
NSH-21 ++ ++
NSH-22 - -
NSH-23 - -
NSH-24 ++ +4
NSH-25 - -

- +++
- ++

++ -

Table 3. Taxonomic affiliation of active strains and GenBank® accession numbers.

Sample Code Accession Number Closest relative species % Identity
NSH-1 KR010959 Arthrobactersp. 100
NSH-2 KR010960 Bacillus sp. 100
NSH-4 KR010961 Bacillus atrophaeus 99
NSH-10 KR010962 Paenibacillussp. 100
NSH-12 KR010963 Bacillus thuringiensis 100

NSH-13 KR010964 Bacillus atrophaeus 100
NSH-15 KR010965 Bacillus sp. 100
NSH-19 KRO010966 Streptomyces sp. 100
NSH-21 KR010967 Bacillus simplex 100
NSH-24 KR010968 Bacillus atrophaeus 100

DISCUSSION and CONCLUSION

In the modern world, a huge number of soils have been
determined infertile because of the rise in pollution from the
over use of chemical fertilizers. Furthermore, the increase
in human population is pushing scientific societies to find
eco-friendly and sustainable alternative solutions[4]. In this
regard, plant growth-promoting bacteria are considered as
promising candidates to remedy chemically affected soils
and meet agricultural demands of the world population in
the near future [6,19].

During the last few decades, many studies focused on
the isolation and characterization of diverse bacterial strains
with plant growth promoting potential, and these types of
microorganisms were classified as “Plant Growth Promoting
Rhizobacteria (PGPR)” due to their widespread presence in
the rhizosphere of plant species [1,2,5,8,11,13,14,20,21].

On the other hand, recent studies have expanded the
term PGPR to plant growth promoting bacteria (PGPB)
by including various bacteria strains from a diverse range
of sources, as well as rhizosphere [3]. Marine or coastal

habitats, heavy metal polluted, saline or drought soils,
and mining areas are thought of as prominent sources for
isolation of indigenous bacteria with higher plant growth
promoting potential with remedy capabilities from these
extreme conditions [3,10,22,23].

Phosphate-solubilizing capability is one of the major
mechanisms utilized by PGPBs acting as general biofertilizers
that increase the availability and uptake of mineral nutrients
for plants by biological conversion processes [1,7]. Moreover
several members of Arthrobacterand Bacillus genera are
known as important PGPBs with phosphate-solubilizing
activity [24]. Similarly, 7 phosphate-solubilizing bacteria
were detected and identified as Arthrobactersp. (NSH-
1), Bacillus atrophaeus(NSH-4, NSH-13, and NSH-24),
Bacillus thuringiensis (NSH-12), Bacillus sp. (NSH-15) and
Bacillus simplex (NSH-21) in the present study.

Another important property for biofertilizer PGPBs is
IAA-producing capability. Manyrhizobacteria strains have
been previously reported as IAA producers and they cause
phytostimulation and enhancement of plant growth by this
way. Microbial synthesis and secretion of IAA significantly
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increase the plant growth by the increased N, P, K, Ca and
Mg uptake, and play important roles in the germination
events of various plant species [11]. According to the [AA
production assay results, 8 active strains were detected and
assigned to Arthrobactersp. (NSH-1), Bacillus sp. (NSH-
2 and NSH-15), Bacillus atrophaecus(NSH-4 and NSH-
24), Bacillus thuringiensis (NSH-12), Streptomyces sp.
(NSH-19) and Bacillus simplex (NSH-21). In the scientific
community, recent papers have noticed the potential of
Arthrobacter, Bacillus and Streptomyces genera for IAA
production [25,27].

Siderophore production capabilities of the isolates are
also accepted as an important property for the determination
of plant growth promoting potential. Microbial siderophores
enhance the level of suitable iron forms that can be utilized by
plants, and aid the combat against soil pathogens [11]. In the
present study, 7 siderephore producing bacteria were isolated
and identified as Bacillus atrophaeus(NSH-4 and NSH-13),
Paenibacillussp. (NSH-10), Bacillus thuringiensis (NSH-
12), Bacillus sp. (NSH-15), Streptomyces sp. (NSH-19) and
Bacillus simplex (NSH-21). These results correspond with
previously described findings in the former studies [28,29].

As the last parameter of the study, ACC deaminase
production potentials of soil bacteria with plant growth
enhancing activities play crucial roles on higher plants by
hydrolyzing ACC, a critical precursor of ethylene synthesis,
and suppressing ethylene production that cause a tolerance
against environmental stress factors such as drought, salinity,
and flooding [30]. 6 active strains were determined for ACC
deaminase production and assigned to Arthrobactersp.
(NSH-1), Bacillus sp. (NSH-2 and NSH-15), Bacillus
thuringiensis (NSH-12), Bacillus simplex (NSH-21) and
Bacillus atrophaeus(NSH-24). These results were also
covered previous findings in the literature [27].

Consequently,a total of 10 bacterial strains with valuable
plant growth promoting characteristics were isolated from
magnesite mining fields in Kiitahya-TURKEY. These
findings of the present study show that different environments
with stringent conditions have a valuable potential to identify
new resistant PGPB strains and remedy extreme habitats for
plantation by natural and environmentally-friendly ways.
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