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Keywords Abstract: The present study aimed to isolate potential plant growth rhizobacteria (PGPR) from
PGPR, various crops in agricultural areas in Agri-Turkey and their characterization. For this goal,
Nitrogen rhizospheric soil samples of wheat, barley and trefoil were collected from 12 different locations in
fixation, Agr1 province. Bacteria isolation studies were carried out with these rhizospheric samples. Then, to
Phosphate- determine the PGPR properties of each isolate; nitrogen fixation, phosphate dissolution,
solubilization, siderophore, ammonia and HCN production tests were performed. Molecular identification of
Siderophore active isolates determined as suitable for development of biofertilizers, biostimulants and/or
production, bioprotectants was done by PCR and sequencing applications performed with universal 16S rRNA
16S rRNA primers. According to the results, 29 potential PGPR isolates were determined and their molecular

characterization was done. These isolates were distributed in Arthrobacter, Bacillus,
Brevibacterium, Enterobacter, Pantoea, Pseudomonas, Microbacterium and Stenotrophomonas
according to their 16S rRNA sequence similarities.

Agn llinde Yetistirilen Bugday, Arpa ve Yoncamin Rhizosferik PGPR Suslar

Anahtar Oz: Mevcut calismanuzda; Agn ili ve cevresinde yer alan tarim alanlarinda yetismekte olan
Kelimeler bugday, arpa ve yonca gibi zirai mahsullerden potansiyel bitki biiylimesini tesvik eden
PGPR, rizobakterilerin (PGPR) izolasyonu ve karakterizasyonu amaglanmistir. Bu amagla, Agr1 ilinin 12
Azot farkli noktasindan bugday, arpa ve yonca rizosferik toprak oOrnekleri toplanmistir. Bakteri
fiksasyonu, izolasyonu ¢alismalari bu rizosferik orneklerle gergeklestirilmistir. Daha sonra her bir izolatin
Fosfat PGPR ozelliklerini belirlemeye yonelik; azot baglama, fosfat ¢6zme, siderofor, amonyak ve HCN
¢Oziinmesi, tretimi testleri yapilmigtir. Biyogiibre, biyostimiilan ve/veya biyo-koruyucularin gelistirilmesine
Siderofor uygun oldugu belirlenen aktif izolatlarin molekiiler tanimlamasi, evrensel 16S rRNA primerlerinin
iretimi, kullanildigt PCR ve dizileme uygulamalar1 ile yapilmistir. Elde edilen Sonuglara gore 29
16S rRNA potansiyel PGPR izolat1 tanilanmis ve molekiiler karakterizasyonu yapilmistir. Bu izolatlar, 16S

rRNA sekans benzerliklerine gore Arthrobacter, Bacillus, Brevibacterium, Enterobacter, Pantoea,
Pseudomonas, Microbacterium ve Stenotrophomonas cinsleri igerisinde dagilim gostermistir.

1. INTRODUCTION human life. This situation has revealed the necessity of
determining various alternative strategies to feed the
The world population is increasing rapidly in recent growing population [1, 2]. With the start of the green

years and the food is one of the basic demands for revolution, there has been a significant increase in the

182



http://www.dergipark.gov.tr/tdfd

Tr. Doga ve Fen Derg. Cilt 10, Say1 2, Sayfa 182-190, 2021

use of pesticides and chemical fertilizers in the strategies
developed in this field and an alternative solution has
been produced to meet the demands in the short term [3,
4]. However, the production costs of these chemical
fertilizers have increased and their improper use have
caused both economic and environmental destruction
such as; high costs, decreasing of microbial diversity and
soil productivity, arising of phytopathogens and insect
resistance and pollution of environment and agricultural
lands [3-5]. As an alternative solution to chemical
fertilizers, microbial fertilizers are widely utilized all
over the world recently. Among microbial fertilizers,
bacteria based fertilizers play crucial role in plant growth
and health under different climate conditions [6].
Beneficial effects of soil bacteria have been discovered
in crop production for decades.

Many soil bacteria colonize the roots of plants or free-
living organisms that have profitable effects on the
growth and health of the plant are called plant growth
promoting rhizobacteria (PGPR) [7-11]. It has been
reported plenty of rizospheric bacteria genera which
have beneficial roles for enhancing crop productivity
from  various  agricultural  products  [12-15].
Agrobacterium, Arthrobacter, Azotobacter,
Azospirillum, Bacillus, Burkholderia, Chromobacterium,
Enterobacter, Erwinia, Klebsiella, Micrococcus,
Pantoea, Pseudomonas and Serratia are a group of
PGPR microorganisms, with the ability to stimulate and
plant growth via different mechanisms [16-18].

These mechanisms are divided into three groups as
biofertilizers, biostimulants and bioprotectants. For
instance; enhancing to nitrogen fixation and phosphate-
solubilization which help to nutrients proper to plants
can be good example of PGPR’s biofertilizer properties
[19]. It is also known that their biostimulant effects on
plant via production of phytohormones such as indole-3-
acetic acid (IAA) [16]. Furthermore, antibiotics,
siderophores and lytic enzyme production have caused
suppression of soil borne pathogens as bioprotectant
[17].

In the current study, we aimed to isolate and characterize
of potential PGPR strains from agricultural areas of Agr
Province-Turkey. It is the promising step for
identification of novel local potential PGPR strains gain
to improve usage of new microbial based fertilizers in
agricultural areas. Hence, 29 potential PGPR strains
were characterized from 12 different locations from the
agricultural regions in order to assessment of their
potential ability to promote plant growth.

2. MATERIALS AND METHODS
2.1. Soil Sampling

Rhizospheric soil samples were collected in May 2019
from agricultural areas in Agri-Turkey. Sampling was
taken from 12 different sites, at depts of 0-7 cm in the
region of directly surrounding the roots of various
agricultural crops such as wheat, barley and trefoil. Each
soil samples were labeled with codes according to their
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localities. Then, the samples were brought to the Central
Research and Application Laboratory, Agri lIbrahim
Cecen University aseptically.

2.2. Isolation of bacterial isolates

The serial dilution method was utilized to isolate
bacterial isolates. According to this method, soil samples
were transferred into 10 ml of sterile isotonic saline
water, and homogenized. Then, dilution series were
prepared between 10™ and 10°. These dilutions were
spread on nutrient agar (NA) plates, incubated for 2 days
at 28 °C. After the incubation period, distinct bacterial
colonies were streaked on NA media to obtain pure
single colonies.

2.3. Plant growth promoting activity tests
2.3.1. N, Fixation Assay

Nitrogen fixation assay was performed to determine the
nitrogen fixation ability of bacterial strains. The assay
was used according to the Jensen’s modified method
[20] into Nitrogen free medium (NFM). Isolates were
inoculated onto this medium, incubated, and those that
could grow there were considered positive for nitrogen
fixation.

2.3.2. Phosphate-Solubilization Assay

Phosphate solubilization potential of the bacterial strains
was determined by using modified Pikovskaya’s (PKV)
agar medium. Isolates were inoculated onto this medium.
Plates were incubated at 28+1 °C for 2-7 days and
phosphate solubilization was observed for halo zones
around the colonies [21].

2.3.3. Siderophore Production Assay

The siderophore production assay of the bacterial strains
performed to Louden et al. procedure [22]. According to
this procedure; all glassware wash with 6M HCI to
detract from any trace elements and it should rinse with
ddH,O. After Chrome azurol S (CAS) agar need to
prepare respectively as three following main solution as;
blue dye solution, mixture solution and CAS agar
solution. After inoculation of bacterial cultures on CAS
agar plates, the plates were incubated at 28 °C for 2-7
days. Siderophore-producing bacteria demonstrated an
alteration in color, from blue to orange around the
colonies. The bacteria with orange halo around itself was
determined as siderophore-producing bacteria.

2.3.4. Determination of Ammonia Potential Assay

The ammonia production property was determined by
using Marques et al. procedure [23]. The bacterial strains
were transferred to peptone water (Peptone 20.0 g/L and
NaCl 30.0 g/L) with constant shaking at 140 rpm for 5
days at 30 °C. After incubation, 0.2 mL of the culture
supernatant was mixed with 1 mL Nessler’s reagent. The
OD of the mixture was measured at 450 nm using a
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spectrophotometer, and an end point of a brown to
yellow color was evaluated as ammonia production.

2.3.5. HCN Production Assay

HCN production assay was performed by modified
method of Bakker and Schippers’s method [24].
Bacterial strains were streaked on solid agar plates added
with or without 4.4 g glycine 1", Then, filter paper
soaked in 0.5% picric acid in 1% Na,COs in the plates.
The plates were covered with parafilm and incubated at
28+ 1 oC. At the final stage; from yellow to light brown,
moderate brown or strong brown was determined as
HCN production.

2.4. Identification of Bacterial Strains

2.4.1. Biochemical, Morphological and Physiological
Characterization of Bacterial Strains

Staining procedures, microscopic examinations and
biochemical tests were carried out to the Harley and
Prescott method (Cell morphologies, Gram property,
catalase and oxidase activities etc.) [25].

2.4.2. Molecular Characterization of Bacterial Strains

DNA extraction studies of the potential PGPR bacterial
strains were utilized with the method described by Sezen
[26]. Extracted DNA samples of the potential PGPR
strains were used as a template for 16S rRNA gene
analysis. The 16S rRNA genes were amplified with PCR
using the following forward and reverse primers: 27F
(5-AGAGTTTGATCMTGGCTCAG-3") and 1492R (5-
CGGTTACCTTGTTACGACTT-3'). Each reaction was
carried out in a 30 pl reaction mixture containing; 3 pl
10 x PCR buffer, 0.6 pul dNTP, 3 ul primer 16SF, 3 pl
primer 16SR, 1.2 ul DMSO, 0.6 ul MgCl, (50 uM), 0.3
uM / ml Taqg DNA polymerase, 15.3 pl sdH,0 and 3 pl
DNA. PCR program was as follows; 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 ul of the PCR products was mixed with 3 ul 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 (Tris-Borate-
EDTA) buffer at 90 V for 120 min. 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 assigned to
GenBank”.
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3. RESULTS

Twelve sites were selected from different regions in Agr1
province. Location information and sampling data of the
regions are given in the Table 1. According to the field
studies, 32 rhizospheric soil samples from 12 sites were
brought to the laboratory for bacterial isolations.
Totally, isolation of 178 bacteria has been done by
considering colony characteristics of bacterial strains.
Single colonies were chosen for further studies and
colony morphology different strains were distinguished.

Among these 178 bacteria were prepared for the
detection of PGPR properties. Then, nitrogen fixation,
phosphate-solubilization,  siderophore, HCN, and
ammonia production assays were done respectively.
According to the results the best capability of plant
growth properties of bacterial strains was chosen for
potential local PGPR strains. Inside of these bacterial
strains; 6 of the bacterial strains were nitrogen-fixing, 11
phosphate-solubilization, 21 siderophore production, 22
bacteria ammonia production. 5 of the bacterial strains
were showed to phosphate-solubilization, siderophore
and ammonia production. Also, 2 of the bacteria both
phosphate and nitrogen-fixing. The detailed information
about PGPR properties were given in Table 2. All the
potential PGPR strains were selected for the molecular
identification studies.

Twenty-nine species of potential PGPR isolated and
identified by using 16S rRNA gene analysis. Data of the
16S rRNA gene sequencing showed that the active
strains  grouped in  Arthrobacter, Bacillus,
Brevibacterium Enterobacter, Pantoea, Pseudomonas,
Microbacterium  and  Stenotrophomonas  genera.
According to the results, 1 isolate was assigned to
Brevibacterium frigoritolerans, 1 isolate to Bacillus
safensis, 1 isolate to Bacilllus simplex, 1 isolate to
Bacillus thuringiensis, 3 isolates to Bacillus sp., 4
isolates to Bacillus pumilus, 1 isolate to Microbacterium
hydrocarbonoxydans, 2 isolates to Microbacterium sp., 3
isolate to Pseudomonas sp., 1 isolate to Pseudomonas
brassicacearum, 1 isolate to Pseudomonas kilonensis, 1
isolate to Pseudarthrobacter oxydans, 3 isolate to
Arthrobacter sp., 2 isolates to Enterobacter ludwigii, 2
isolates to Pantoea sp., 1 isolate to Stenotrophomonas
sp., and 1 isolate to Brevibacterium frigoritolerans. The
strains were on 100% identical to the closest relatives
registered in GenBank. The length of the identified
nucleotides sequences of 16S rRNA genes of the strains
recognized as adequate for reliable identification based
on 16S rRNA genes analysis using BLAST tool. The
accession number was obtained from the NCBI-
GenBank® and detailed information about these strains
were given in Table 3. The phylogenetic tree was
constructed from the partial 16S rRNA region
sequencing data via the neighbor-joining method using
the software package MEGA 4.0 [27] and demonstrated
in Figure 1.

184




Tr. Doga ve Fen Derg. Cilt 10, Say1 2, Sayfa 182-190, 2021

Tr. J. Nature Sci. Volume 10, Issue 2, Page 182-190, 2021

Table 1. Bacterial strains isolation locations and sampling data informations from agricultural areas in Agr1

No Sampling regions Locations Sampling number Isolation source
1 Dogubeyazit Road 12. Km/Yoncali village - Agr1 349;:}72,5491,%\1 3 Agricultural areas
- . - 39°41'30"N .

2 Dogubeyazit Road - Kazli village - Agr1 43°12'49"F 3 Trefoil
- . < 39°41'30"N
3 Dogubeyazit Road Kazli village - Agr1 43°12' S1"E 3 Barley
< 39°39'13"N
4 Taglicay-Agr 43°21' 16"E 2 Wheat
- 39°3928"N .
5 Tashcay-Agri 43920' 0"E 4 Agricultural areas
6 Dogubeyazit Road Murat Bucag village - Agr1 41?10 3312?41,:']? 2 Agricultural areas
< . . < 39°37'27.2893"N .
7 Hamur-Yogun hisar village — Agri 43°0' 12.204"F 3 Agricultural areas
< 39°36'25.6464"N -
8 Hamur—Agr 42958 21 414"E 2 Agricultural areas
e 39°48'18.5256 N .
9 Eleskirt-Miiftiiselim District/Agr1 42°47' 52 5490 3 Trefoil
. . 39°48'49.4352” N
10 Sadakl village - Eleskirt/Agr1 42°45' 54.126"E 2 Wheat
. - 39°48'53.0424"N
11 Eleskirt/Agr1 42°45' 53 802"E 3 Barley
. - 39°48'53.0424"N :
12 Eleskirt/Agr1 42°45' 53 802"E 2 Trefoil
Table 2. Investigation of PGPR properties of bacterial strains using conventional methods
N S . . Ammonia -
Codes | NCBI codes | Nfixation | Phosphate solubilization | Siderophore production production HCN production
BP9 Agri-1 - + + + -
BP11 | Agri-2 - + + + -
BP14 | Agri-3 - + + + -
BP15 | Agri-4 - - + + -
BP18 | Agri-5 - - + + -
BP48 | Agri-6 + - + + -
BP51 | Agri-7 + - + slight -
BP52 | Agri-8 - + - + -
BP69 | Agri-9 - - + + -
BP90 | Agri-10 - + - + -
BP2 Agri-11 - - + + -
BP4 Agri-12 - - + slight -
BP5 Agri-13 + + - + -
BP7 Agri-14 - - + + -
BP8 Agri-15 - + + + -
BP10 | Agri-16 - - + + -
BP26 | Agri-17 + - - slight -
BP27 | Agri-18 - - + slight -
BP29 | Agri-19 - - + + -
BP31 | Agri-20 - - + + -
BP33 | Agri-21 - - + + -
BP45 | Agri-22 - + - slight -
BP46 | Agri-23 - + + + -
BP55 | Agri-24 + + - + -
BP64 | Agri-25 - - + slight -
BP74 | Agri-26 - + - + -
BP83 | Agri-27 + - - + -
BP85 | Agri-28 - - + + -
BP98 | Agri-29 - - + + -
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Table 3. Taxonomic affiliation of the bacterial isolates and their GenBank® accession numbers

Strain NCBI Strain Name Length (bp) | Accession number | Percentage identity
Code Code

BP9 Agri-1 Bacillus safensis 1424 MN900701 100
BP11 Agri-2 Pseudomonas sp. 1400 MN900702 100
BP14 Agri-3 Bacillus pumilus 1416 MN900703 100
BP15 Agri-4 Bacillus sp. 1416 MN900704 100
BP18 Agri-5 Microbacterium sp. 1397 MN900705 100
BP48 Agri-6 Stenotrophomonas sp. 1414 MN900706 100
BP51 Agri-7 Bacillus sp. 1429 MN900707 100
BP52 Agri-8 Pseudomonasbrassicacearum 1410 MN900708 100
BP69 Agri-9 Microbacterium sp. 1377 MN900709 100
BP90 Agri-10 Pseudomonas sp. 1410 MN900710 100
BP2 Agri-11 Glutamicibacter sp. 1394 MT102719 100
BP4 Agri-12 Bacillus simplex 1423 MT102720 100
BP5 Agri-13 Bacillus pumilus 1407 MT102721 100
BP7 Agri-14 Bacillus pumilus 1420 MT102722 100
BP8 Agri-15 Bacillus pumilus 1415 MT102723 100
BP10 Agri-16 Microbacterium hydrocarbonoxydans 1373 MT102724 100
BP26 Agri-17 Bacillus sp. 1429 MT102725 100 186
BP27 Agri-18 Pseudarthrobacter oxydans 1360 MT102726 100
BP29 Agri-19 Pantoea agglomerans 1071 MT102727 100
BP31 Agri-20 Pantoea sp. 1046 MT102728 100
BP33 Agri-21 Arthrobacter sp. 1359 MT102729 100
BP45 Agri-22 Arthrobacter sp. 1102 MT102730 100
BP46 Agri-23 Enterobacter ludwigii 913 MT102731 100
BP55 Agri-24 Pseudomonas kilonensis 1399 MT102732 100
BP64 Agri-25 Brevibacterium frigoritolerans 1422 MT102733 100
BP74 Agri-26 Pseudomonas sp. 1054 MT102734 100
BP83 Agri-27 Enterobacter ludwigii 1384 MT102735 100
BP85 Agri-28 Arthrobacter sp. 1108 MT102736 100
BP98 Agri-29 Bacillus thuringiensis 1416 MT102737 100
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Figure 1. Neighbor joining phylogenetic tree on the basis of 16S rRNA gene sequence data of potential PGPR strains from agricultural areas Agr1 in

Turkey. The scale bar represented 2% divergence.
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4. DISCUSSION

Recent researches showed that the detrimental effects of
various chemical fertilizers utilized in agricultural areas
have caused to researchers to find alternative solutions
and methods [4]. PGPR is the one of the most promising
alternative application in agricultural areas since past
decades because of their beneficial effects on agricultural
lands, product vyield, soil and plant health [18].
Furthermore, PGPR can support plant growth and
development with various mechanisms. Among these
mechanisms, nitrogen fixation, phosphate-solubilization,
siderophores producing, ammonium production, HCN
production etc. are the well-studied PGPR mechanisms
according to the literature [15, 16, 28]. Each of these
mechanisms have critical role in not only plant growth
and health but also soil health. For instance, Nitrogen-
fixation is played crucial role in conversion of
atmospheric dinitrogen to ammonia. Because nitrogen
(Ny) is a unique element for all living organism and
plants cannot utilize it straightly. Therefore, nitrogen-
fixation have significant role in plant growth and
development [4]. The other nitrogen source for plants is
ammonia because of its fruitful nitrogen containing
molecules [29]. After the N, phosphorus (P) is a
fundamental and pivotal macronutrient for plant
development and growth.

Therefore, phosphate solubilization is one of the most
crucial properties of PGPR [2, 30-31]. Also, siderophore
production is well-known PGPR mechanism which have
pivotal role in improve the bioavailability of iron and
synthesis auxins, cytokinins, gibberellins etc. These
phytohormones have key roles in different stage of plant
growth processes [29].

In the current study; we isolated 29 potential PGPR
strain from agricultural areas in Agri-Turkey. Profiling
of isolates showed that these contained 29 strains
belonging to (10) Bacillus species as [B. safensis (Agri-
1), B. pumilus (Agri-3), Bacillus sp. (Agri-4), Bacillus
sp. (Agri-7), B. simplex (Agri-12), B. pumilus (Agri-13),
B. pumilus (Agri-14), B. pumilus (Agri-15), Bacillus sp.
(Agri-17), B. thuringiensis (Agri-29)] and (5)
Pseudomonas species as; [Pseudomonas sp. (Agri-2),
Pseudomonas brassicacearum (Agri-8), Pseudomonas
sp. (Agri-10), Pseudomonas Kkilonensis (Agri-24),
Pseudomonas sp. (Agri-26)] and (4) Arthobacter species
as; Pseudarthrobacter oxydans (Agri-18), Arthrobacter
sp. (Agri-21), Arthrobacter sp. (Agri-22), Arthrobacter
sp. (Agri-28),] and (3) Microbacterium species as;
[Microbacterium sp. (Agri-5), Microbacterium sp. (Agri-
9), Microbacterium hydrocarbonoxydans (Agri-16)] and
(2) Enterobacter species as ; [Enterobacter ludwigii
(Agri-23), Enterobacter ludwigii (Agri-27)] and (2)
Pantoea species as; [Pantoea agglomerans (Agri-19),
Pantoea sp. (Agri-20). Also (1) Stenotrophomonas sp.
and Brevibacterium frigoritolerans were identified. As it
cited previous studies showed that Arthrobacter,
Bacillus, Brevibacterium, Enterobacter, Pseudomonas,
Microbacterium, Pantoea, and Stenotrophomonas are
known as isolated potential PGPR strains from soil
rhizosphere. Among these genera, Bacillus and
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Pseudomonas play a critical role in host root
colonization at very high productivity. Therefore, these
potential PGPR strains are contributed to production of
growth metabolites for enhanced to strategic crops yield
[32].

According to a report by Banerjee et al. [12]
Arthrobacter sp. and Bacillus sp. isolated tomato
rhizosphere from Kalyani, West Bengal in India showed
phosphate solubilization. Kumar et al. [13] reported that
isolation and characterization of rhizobacteria associated
with coastal agricultural ecosystem of rhizosphere soils
of cultivated vegetable crops which have capability of
siderophore production, inorganic phosphate
solubilization and 1AA production and these strains and
their planth growth properties (PGP) were reported as
respectively; belonging to [Bacillus subtilis, Bacillus
licheniformis, Pseudomonas synxantha (siderophore
production)], [Staphylococcus sciuri  sp.  sciuri,
Staphylococcus  intermedius, Bacillus ~ pumilus
(phosphate solubilization)] and [Alcaligenes faecalis sp.
faecalis, Enterobacter cloacae sp. dissolvens (IAA
production). Kumar et al. [33] reported that Bacillus
isolates identified from rhizosphere of common bean
growing at Uttarakhand Himalaya in India demonstrated
PGP activities such as IAA, HCN and siderophore
production and phosphate-solubilization potentials. In
other study, P. agglomerans Ima2 demonstrated
significantly most of the plant growth properties [34].
Kesaulya et al. [35] isolated numerous potential PGPR
strains from potato plant rhizosphere which have
capability of siderophore production, inorganic
phosphate solubilization and (IAA) production. A study
by Tara and Saharan [36] revealed that Brevibacterium
frigrotolerans SMAZ23 isolated from Aloe vera
rhizosphere have multiple plant growth promotion
properties such as phosphate solubilization, 1AA
production and siderophore production. A study by
Wang et al. [37] revealed that Stenotrophomonas
maltophilia W-6 have nitrogen-fixing capability. In the
study by Habibi et al. [15] were found to strains of
Enterobacter ludwigii have IAA production, phosphate
solubilizing and siderophore production capabilities.
Microbacterium maritypicum strain DSM 12512 was
found to have IAA and siderophore production by
Nadiéline et al. [38]. The result obtained in the present
paper revealed that the most of the bacterial isolates
studied had at least one of the PGP properties among the
nitrogen fixation, phosphate-solubilization, siderophore,
ammonia and HCN production. The PGP parameters of
the 29 bacterial strains were identified. Moreover, the
results of the present study indicated that predominantly
of the isolated bacterial strains have substantial PGP
parameters thought to play a pivotal role in control
several soil borne diseases and ameliorate the health of
soil and agricultural crops according to the previous
literature knowledge. To the best of our knowledge, this
is the first study investigating of potential PGPR strains
from agricultural areas in Agri-Turkey. Our findings
showed that soil rhizosphere has high potential of
cultivable bacteria exhibiting multiple PGP activities.
Because it is well known that PGPR having PGP
activities can increase plant growth, soil fertility and
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crop productivity. In this context; these 29 strains are
potential bacterial strains with promise in crop growth
and soil fertility in agricultural fields in Agr1 province.

Moreover, these potential PGPR strains can be utilized
in similar agricultural products, climate and soil
conditions. The strains isolated in this study, containing
diverse species were found to beneficial effects on
various crops such as; wheat, barley and trefoil etc.

5. CONCLUSION

The effective usage of potential PGPR strains can be
used for reduce the hazardous effects of chemical
fertilizers on the environment for sustainable agriculture.
Therefore, local strains in this study can be used
agricultural areas in Agri-Turkey for sustainable crop
production as a local biofertilizers, biostimulants and
bioprotectants.
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