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Abstract. Phosphorus, the most essential nutrient for plants, becomes quickly unavailable for the plants in the soil.

Phosphate solubilizing bacteria (PSB) can play an important role in providing Phosphorus for plants. In this study, the
PSBs were screened from plant rhizosphere by Pikovskaya method. Then, the growth rate and phosphate solubilizing
ability of 9 superior strains were measured at different temperatures and levels of salinity and pH. The best strain was
identified by 16S rDNA gene sequence analysis. Finally, the genetic diversity of phosphate solubilizing strains were
examined by RAPD markers. Results showed that 25 strains were capable of solubilizing insoluble phosphates among
the 57 isolates studied. Of the nine superior strains, Ckel had the highest solubilizing index with the average growth rate
under all conditions and was introduced as the best PSB strain identified in the present study. 16S rDNA gene sequence
analysis showed that this strain belonged to the Enterobacter genus. The results of genetic variation showed that all stains
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were divided into six groups and three strains that had the lowest similarity with other strains were placed in three
separate groups. Given that Ckel strain has the ability of solubilizing the insoluble phosphate in different stresses, it can
be a good candidate for providing phosphorus at temperatures of 30 and 35 °C, 1.2% and 1.8% salinity levels and pH

levels of 6 and 8 for the crops.
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Table 1. The name and sequence of RAPD primers.

O A Joulp I ey (TM) gd gleo
OP C-08 5-TGGACCGGTG-3' 34
OP C-15 5'-GACGGATCAG-3' 32
OP C-19 5-GTTGCCAGCC-3' 34
OP A-02 5-TGCCGAGCTG-3' 34
OP A-13 5'-CAGCACCCAC-3' 34
S-24 5-AATCGGCTG-3' 32
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Table 2. Characteristics of insoluble phosphate solubilizing bacteria.
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Table 3. Solubilizing indices of nine superior strains under normal conditions.

Jloy bl )0 5 agw 1 g5le slxe pasls ¥ Jouz

Strains S a3 Al L

(PS')&)L»J,W u"L"

mm) (mm)
Ckel 3 7 3.33
Wke 15 4 3
War 25 5 3
Ake3 3 7 2.83
Hke6 3 5 2.66
Wkh 3 5 2.66
Aked 3 55 2.33
Wha 3 4 2.33
Wah2 3 4 2.3
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Fig. 1. The growth rate of nine selected strains at 4°C, 15°C and 35°C.

m30 W35

3.5

3

2 25
z

o 2
[_.

g 15
=

g 1
=
o

“ 05

0 —
Ckel \.\'ke Hke6 \’u'k.h Wah2 Ake3 Wha

RHIZOBACTERIAL STRAINS

Sl slaials siz cygesl 5l oolaiwl b calises slales o aidl o, Glodrgu il Jolme arls nuSles dnalio —Y S5
Fig. 2. Mean comparison of the solubilizing indices of strains grown under different temperatures using Duncan's

multiple range test.

Hkeo Ckel Ake3 Aked ke
Rhizobacterial strains

0.6

0.4

0

oD

0

[§]

0.

—

B0 ®m1.20% m1.80%

il slacs,9h 50 (Sl agw A0l Glie =Y S
Fig. 3. The growth rate of nine selected strains under different salinity levels.

407/f+v


http://dx.doi.org/10.29252/nbr.6.4.402
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.2.3
https://ndea10.khu.ac.ir/nbr/article-1-2756-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.24236330.1398.6.4.2.3 ]

[ DOI: 10.29252/nbr.6.4.402 ]

Nova Biologica Reperta 6(4): 402-414 (2020)

QYA F-YFIF F o)l & ale  psle 18 g sloasily

m1.20%

25
E 2 A
g A
Z 15 s
E B
= 1
=
=
o 0.5
@

0

Ckel Hke6

W1.80%

Ake3 Wke Wah2

RIZOBACTERIAL STRAINS

Ol glaels i deﬂ 3l eolainl b calisre (gla g,y o 4zl o) slodygu (g5le Jolore (ol .Sk anglas —F J&N
Fig. 4. Mean comparison of the solubilizing indices of strains grown under different salinity levels using Duncan's

multiple range test.

1.4

1.2

[y

0

OD
(=]

0

(=)

0

E=N

0

()

Ckel War Aked

EpH 4

||H||||H|I”I||I

Hke6 Wha Wke Ake3 Wah2

Best strains

pH 6 mpH 8§

Fig. 5. The growth rate of nine selected strains at different pH levels.

o &S ol las ams .cd 5 plxl BLAST o g
Lol Lo CKel wgw L 1) calts o 5 2 Enterobacter
5 Vb cals L 16S IDNA sla Jlgs 8,5 lag slaie &
16S sl Jly cé5 &js0 gmiw> Sy BLAST sl
Sl oL U3l 5l weliyss Suop slaasss TDNA
fgw (Sejolsd abul; 09h atiie dgw (pl (egigSTE
L wgliugs slaaiss Lo L Enterobacter sp. strain Ckel
16S rDNA I neighbor joining s ¢ 4525 5l eolawl
ol 5,135 16S IDNA - g el onls jaseie ¥ S5 5o
Cud o5 Sb e KX505074 s jiws o)les b allie ol o

S 00

adlesls plaizl 0g> @ 1) (gilw Jalowo (azli ol o YL
@ 3 PH 7 55 55 55l Jobre 5L (508 US)
agw 4 e PH A o 3 War 3 Wke HKe6  slaaygu
alisee GlPH [0 a5 as ol oylad gls ol 0e Hke6 3 Wke
Ol OrppS a1y wd) Gl (ke & (gladge
s WSe g aidg Lo ], olawd JouS Jolxe co Ll
SauS J> obls (oee jo aile gl ala>Me LB o, a5
Olime b oy liae adlgyo aisls lid 0e5 5l (g ity Dlawsd
RESTURIRARICIIRE HUPRCIFICRE ACE gy
Seiioled Juloni g 1 3

050) 16S IDNA Jlg 5l cidu 0,5] caws @ 5l e
whlizes baylyd 50 Olind 0atiS Jglowe dagw (e Gl bz

408/f+A


http://dx.doi.org/10.29252/nbr.6.4.402
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.2.3
https://ndea10.khu.ac.ir/nbr/article-1-2756-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.24236330.1398.6.4.2.3 ]

[ DOI: 10.29252/nbr.6.4.402 ]

Daneshvar et al. Identifying Iranian native phosphate solubilizing bacteria = -l og Slaws coisS Jolno slas xSb ololis .ol ISKon ¢ jgiils

mpH 6 MpH 8
3
A A
é 23 A A A A A
z
z
=
E 15 B
B
; B g B
% 1
2
v 0.5
0 = = = =
Ckel Ake3 Wkh Wah2 Wha War Wke Hke6

RHIZOBACTERIAL STRAINS

oSl slasels aiz ygeyT 5l eoliiwl b calizes slaPH cow 4l os, sladsgu 5l Jolme (atls pSile duslio —F S
Fig. 6. Mean comparison of the solubilizing index of strains grown under different pH levels using Duncan's multiple
range test.

Enterobacter mori strain HE16
{ Enterobacter soli strain BS27
Enterobacter asburiae strain PGP MRC12
Enterobacter ludwigii strain XCG42

— Enterobacter sp. strain Cke1
L Enterobacter cloacae strain HNXY160623
Enterobacter sp. SP-2.0

Enterobacter xiangfangensis strain L6

Enterobacter cancerogenus strain L8
Enterobacter hormaechei strain S1

{ Enterobacter bugandensis

Enterobacter aerogenes strain NCTC10006T

{ Enterobacter kobei strain JCMB550
Enterobacter massiliensis strain JC163

Enterobacter sp. akl, ;ols oLz !, Neighbor-Joining Juss g 4556 3 16S IDNA 5 sl Jlg b » Sesjekd co e =¥ J5b

.Enterobacter _..> j laaisS ,,L L Strain Ckel
Fig. 7. Neighbor-Joining tree based on 16S rDNA gene sequences, showing the relationship of Enterobacter sp. strain
Ckel with closely related members of the Enterobacter genus.

0aiiS Jo gldygus (e (S Al asals a5 ol (ylas mlis SOL (bl g (i) o Sl g i 3l ol gl
ales uJ)JwS Ggw PN O Oy AN O Slaws RAPD G’SSJ}“
sldisw o Ckel O Jle Gleie 4 Clls sezg S Selansd ousS Jo (68U agw YO SiU5 g9 (o) 2 Sl
wles ol (505 Hke6 3 Wkh Wah2 Ake2 Wah3  J5 slaw ol eslatwl RAPD  Silas Jolas Skl o
Bogw 90 o o (Sui) AlES 5 s b edsline (S A JShaiz slaail S slaai 9 11 sal cvalie slaail
CKel wgw a5 conl S5 a a5 cuils 9929 WK g WE2 o5 5 a5 o0l JoSid ol olowd 0 5 i 9 (2 5pS o sae
S 550 culo WKE wgu b ) (Sety alis cp s ie L OPC-02 55T 5 wilh V& L OPA-08 ,55k1 oy by, e

Slo Beg S8 ol Glawsd cusS J> slodsgu olod 35 (F Jgoz) 090 LYY olows

409/%+4


http://dx.doi.org/10.29252/nbr.6.4.402
https://dor.isc.ac/dor/20.1001.1.24236330.1398.6.4.2.3
https://ndea10.khu.ac.ir/nbr/article-1-2756-en.html

[ Downloaded from ndeal0.khu.ac.ir on 2025-11-26 ]

[ DOR: 20.1001.1.24236330.1398.6.4.2.3 ]

[ DOI: 10.29252/nbr.6.4.402 ]

Nova Biologica Reperta 6(4): 402-414 (2020)

soolas T je g ool 2S5 slaaily slass —F Jgus

QYA F-YFIF F o)l & ale  psle 18 g sloasily

Table 4. The number of amplified bands using RAPD primers.
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