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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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Oseyse Dl (als caz 4 jliels ACC il adsi 5k
(Upadhyay et al., 2009) azs” colo> L3l
Slasd 0uisS Joloro sPGPR Galizee lallas jo g8
Nautiyal et al., 2000; Aarab et al., ) b Lyls o
Malboobi et al., 2009; ) (s,g& a5 bulys 55 5 (2015

Nautiyal et al., 2000; Johri et al., 1999; Xiang et al.,
Nautiyal et al., 2000; Johri et al., 1999; ) s (2011

Nautiyal ) calsee slopH o 55 4 (Yadav et al., 2015
sl st JS o 5l et al., 2000; Johri et al., 1999
ol Oldllae (pl Wloads gilulaz HlalS awgpnl) 10 0e>g0
Slawd gladslxe 4 08 s iShsnl, 5l (S n aS wlosls
o8 silize Sldlhe (aizasd aitad cilise Llyb 58 Jolowal
oLl o Ses (55, 21y Clad oaisS Jo slas xShgpl, 53U
Afzal et ) ailools lias oass 5 Jloy calizes Lylys o ely;
.@l., 2005; Young et al., 2003

9 Vb slales (598 Joo (plogiss olnl o aSenl o &
550 co 1y olyy GlS o Slee a4 S aal 3
39 akie g poley Jds 4 (Bib sl g el ools )3
S SGS sl 4 Jomite HlalS adgi g S
i o5 sl oy plalS 4 S8 g logds (e
bt sl b s xSbonl, 5l oolitul « o5 Ll o
lind 0asS Jslxe PGPR (slas iSL adllas ol jo .ol
o] gyt 5 @ilohr Gl o Ll 0 olpl oon
shoslanl b5 bl o (Sods £aid 58 9 ol olulil
28,5 )18 sy 0,90 RAPD S5l

L gy 9 9lg0
buxo 31 PGPR sl yish oges Juy 5 @ilwlax
ol (5 yhwg )

oaiiS Jolowo slas iSLonl, Juy 9 ilulanr jolane @
Gregilo Vo JI0 Bas 5l S glaaiges «Jsloel Slas
slaglbsl jo wdly calizee lalS sy ) (6 hwgnl) b 5l g
Lalyd o Sl 0)50 S wiged (¥ Jguz) od 4y alise
S5 oS 05 JlS s ar e Gole abewy 4 by !
P 3l ool b Vo= VT o) ags lp ol oS

do o

@ oblS sy e paie (36 )sr0 S gy 5l an
=y OlalS o Slae 5 i) wilgs o ()] 090eS 45 09, 0 et
i b L,aus (Perez et al., 2007) vas pals wols « |,
SE slapeslh b sty &b 5l g S Od w4 ol
i B o pedS 5 psiedll ool ohs w
sk 4 olpl o 65,kes sless (Harris et al., 2006)
ooy BB jaud ol polie o YU PH Gl ks o Sal e
o2 yawd 355 (Alikhani et al., 2007) s oLS !y
RODSON ) uiS sgaze 1y olS o Slos 5 o, o 4y 2ilg5 o0
0 yid sloogS 5l g0l polie s e 4 (et al., 1981
FlaS Wl o wlol S o4y olS b, il jelate 4
Syersetal., ) 5,138 oo olamdl 5.5 5 Cansy bams y ogllasls
sSE o S olls Sogll Lol s 5 (2008
McLaughlin et al., 1996; Bolan et al., ) cwl 5;,5las
Slmil 5 I ol Ly Jolxl clivs (2003
$3SE slapssl )l e 5 GlalS Lawgs oad wdgs jblans
33 i Jsloma b 4 ilgi o ) Sl uma o Sl
(Sahu & Jana, 2000)

5 oot Gl 5 (S Gane Slad il S5l
<! (PGPR) Plant Growth Promoting Rhizobacteria
Ald Bgyre Dlawd oaisS o sleeilE lg e 4y a5
Sille, &b 5l LPGPR ;I s L .(Perez et al., 2007)
slolaws gle Joloe a4 0B oS M JT slao
VESSEY ) s Canny banma (sl Jlas (o (o9 4 Jolonal
(et al., 2004

S g St plas il o 5 LS o Shes
Munns 2002; Benlloch-Gonzalez et ) s oo o5 =5
loe 535l 5l (29,5 basiSlgnl, Sk 5l @l 2005
Tripathi et al., ) wlos 5 lows 6,55k Ll opl b &S st
Jea) S5 Sy 535 il ok 3l e sl Lyl
L g (edgyum 00isS adg 5 Slawd ousS Jo> slas 2SL

403/F ¥


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://system.khu.ac.ir/nbr/article-1-2756-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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)

Automated Microplate Reader/ELX808 ol%ws lawgs
SAS 5 ST 138l 05 e 5 oo Culooly besls .o ausles
38,5 13 oS g 40525 990
g gl Jolorol wliwd g5lw Jolmo Coild (o)
PH g Los «(g )9 (i Ll 53 5y (2l 5L

sbles jsax ;o0 cland gilodslxe 2l ueed sl
whlizee GPH 5 alize lacsyd (3 al> o j0 0ud 53
9 WD i e ladgn bwgd (SwsSy el L
Cosd dg o S5 bylyd o bl gile Jslne (aSLs upes
Sl

16S o5 b g 3 oolanwl b (Suisjold Julowi g 4 3205
rDNA

WS gl Gedm gy Gk e95 DNA
16S 5 .(Ausubel et al., 2002; Galledari et al., 2015)

ooliiwl b Jgloel ol oarsS Joloes gas (o yigs TDNA
5-AGA GTT TGA TCC TGG CTC ) 8F e oslys 5!
5'-AAG GAG GTG ATC CAG ) 1541R 4 (AG-3'
Galledari et al., 2015; ) auil ,.:55 (CCG CA-3’

Slopi; (iiSly Jgame mww (Ozhand et al., 2016
5 om0, Jlyl Forward aibl 5l ob Jls sl el
BLAST) ol auyssl (g ool Cewwy
S8 e ¢ (https://blast.ncbi.nlm.nih.gov/Blast.cgi)
Sz s3len 5 Jy ol 5 435 sl MEGA 4.1
Jee plxl b oaws, 5 4 ol (Multiple alignment)
Sl ]y cals g o5 625t gy BLAST
el esliiwl b e 9 00305 2l Senl ansils Hlai 540

ohgy ol eslaul L Sasels oo ,0 Megadl el
Galledari et al., 2015; ) 45,5 ~w, Neighbors Joining

(Ozhand et al., 2016

RAPD (oloxs g a1 5205
G5y b 2 (V J992) RAPD ol (b adlllas 5o
€55 oy &l (Williams et al., 1990) |, Ko 5 ollsg
Bad a8 55 4y olind eanS > 655k ayge YO S5
Slid 0asS o s e 255 DNA 10+ ng/pl
ST M Jols PCR 25Ty .8, IS a0 5801 olsie oy Jybonels
Voo duo ¥ oo oyl PCR 8L 51 pl ¥ SI DNA
Tag wpl U s pl Y el Yo Lo +/-Y dANTP

Sy il See Yo Sl ,a o> .55 DNA polymerase
AF adgl saisS 0,505 sl 5y Syg0 pl 4 PCR aaly

SS90 4z > YO L aS oy dado O Soe 4 o5 il a0

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

JOR RO P IS AR GUNE IPRUURICI SN C AP VRPN NEOE
2iS Lasre 0B 08,58 g aili (gdie 8T it Lo (59,

ools J1)8 el YY Gae a4 g ol 5 il a0 Ve sleos (o
S O)ge 4 i Sl Sl da SelS 5l I e as
S Jedos 9 4525 sl g Wad ojlgs S g el (S5lS
Galledari ) wias 5,lagS ol 5 il a0 F sles )5 (g0
(etal., 2015; Ouzhand et al., 2016
by Jboy ulpd jo Olawd saiis > slag st gjluwlo
SewgsSay solais ! cuis s 3 ool

oo 5l Slad ousS Joloo sloargn ilulaz sl
Pikovskaya, ) oo ,5 solaiwl ( SwsgSn olais] cus
V2) 559 lS Lol oS agsmo ol ooims LSis olge (1948
(el )5 0) CaHPOs (2 52 05V 0) BT (5 2 05
Gd o5 V) e Slilses (G 2 205 1) el 1S
5 G2 5 o 10) e 05 (R )5 ) pedie ojlae
BSOS SN { [ I [ GUOU JVIPSK SV R V- RGP PO
Ot 5y 9 4B, Sy (99,0 998 05 (SwgeSn Jolowe
25 008 b sladyg 5l idg S O ¢ polais] coas b
3y Slalais O g0 4y g adlyy ol MlS Llyh 55 g 598
s Lecady wad ool ccnS wlad polais! cuiS oo
Ao 4SSl celw FA Gos a4 ol 5 il ax 0 Ve sleo
I8 ey 9 Bt adla S L Sl e lS s
o=>Ls (Nguyen et al., 1992; Nautiyal, 1999) a_5 5
Nguyen et ) ael s ay 25 Jse 3 Gosb 5l 5l Jsle
«@l., 1992; Nautiyal, 1999
Sl Jsbe a3 Ls = (alla Jab + gl L) sls L
PSh clas

Sloslinul b 5 s3lodslne (asli (ol 2 5 amy al>pe 5o
o b obyiSt slaayse SAS 9.4 4 Excel sbs il a5
SV Cale i b glaayges Al el 5o i dulie
Jolome bl 5 5 08, Glime Ao sl g wad Sl
85 1R sy 9)90 (oA AliSe Laylyh s Sland (g5l
(g oo lulpl 50 iy b SL Gagw wly (o)
pPH g Lo

Sy @lo <aS Lazws 5l S p g 0l (w2 sl
Colig Ss 4 6L b oo i Lagme s 0B onlil
YO 510 O slks o alflas job 4 culg e 0 5 adlal
AV ) Ysodoo sy alide slacs o ol S (ilo a0
Ag? slpH g (VY7 AYY DY XA X0 AYP ALY OA

o] (6,5 wd Gl s o 5SSl Cel Y S @

404/%+ ¥


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://system.khu.ac.ir/nbr/article-1-2756-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ 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

sles jo ol plais] g5 a1y ad, (p5eS Wah2 aygu g
9 PP oy 4 Wah2 g War agw of 5 ile a0 Y0
Aidgy ooly plaisl g a1y ol o S0S

slebes jo wlawd gile Jobowe pls 51 Jol> mls
ol F sl az )0 VO 4 F leo yo a5 ol las el
Lol il |y Sl SuisS o arklB latygu 5| plaSen
Jo ekl g ales S F il axps To sles
oolitl b Loy Silie dulio donsts izls |, lind  Saiss
(Duncan's multiple range test) -,Ssls asels iz 9051 5!
YL CKel aygus o5 il a0 Yo gloo o a8 ol ylis
(V JS8) canl ooy plaizl sgz 0 |y (g5lw Joloxe azlis
5 Wha Wah2) aqsw 4w of 5 ls ax,0 YO sl o
5 ol |, Jsbeeb lind SunS > bl (Aked
Jsle sladssms (nyge Ake3 5 Ckel WKh laasss
(Y JSi) Wiogs oo el o Jglomals ol oS
Gl agw A 50 laws gilw Jolxo (o ll 9wy (o)
NACl Kod cilieo el y Cosiue

cilizes slaclile )3 Jp g 1 ad) (e al>pe Gl o
Sleasgw ol ol a ols flas bl .l eduoin (5,98
9 VY lacdale & cons sy Lio clale o WKh 4 Hke6
o 5 4 AKE3 5 CKel agu Lol sl aisls zol38l oo jo V/A
- U b0y o Sale 4 Coid do 0 VY g VA slacdale o
dw yo 30 bayguw ady (V) JS8) wlasls 1) o) ol cp
(Y ) wislas lzs 1y (s lobine gl (5,98 pelans

3 S e A5l Mg O LS aS ol glas olisk;)
|, olid SoiS > bl asye VA 5 VY slacbale
Sz ool sy 4 oeSile amlie I Jol> gl sl
Slawd 00uS Jolomo dsgu oy o a5 ol olas STl aials
Gl CKEL wygus cuoys VA g VY clale g0 ,o ,0 Jolals
(F s
Gk agw A 50 Olinsd gilw Jolxo (ol 9wy o)y
Glize gpH Ho ceie

8 addlae oy5e iy aige A ad; Gliee Blie glapH o
ot WKe s Hked War slaasgw A g7 F pH o .85
O JSs) aisls las 03 51Ty oy Gliwe (o 5pS AKES dy5u g
FOPH o leasgw 5l plaS gn a5 ols ylis dl> e ol Sliolej]
& PH o ol 1) bl oland Sous Jobro culils
SoSJslre Coll ase oz A PH 5 5 wge cia
o oy Silee el 5| Jols gl azisls | Jolomals cilind
Ake3 ;.5 3 Ckel slaasgm A 55 PH g0 ;2 0 a5 ols lis

sl a0 Y oli uly gles a3 > YO (pl jo 8l sl
@ ol )F il az 0 YV Jlasl sles @adds V Sae 4 ol S
@ ol cole a0 VY i gled g ddds ) e 4 o
V 5,81 U5 Gy 2 PCR Jgame (w040 aids ¥ S
23,5 el S5,y wley pgras! 5l eolitul b g (6,138,L a0
(Galledari et al., 2015; Naghavi et al., 2010)
RAPD ,Silis 31 Jeols slrosls Judoxi g as x5

oyos Wb a4 (JSiaiz glasl (ab patie 5w
el £909 b slanil L5 a5 Conl S5 a4 p3Y 005 slm]
)l oolarwl b 0wl Sy SO 9 yo UM:J.:LA AL (R0 pos
Ch (S AldS GeedS glp 0Bl alis oy e
Seslainl b pl Sg 00 ol jo e, L[5 @ b xSyl
Unweighted Pair Group Method ) UPGMA o 53!
NTSYSPC 2.02 1331 ¢ 5 4 (With Arithmetic Averages
(Galledari et al., 2015; Rohlf 1997) &5,5 euw 5

oo Gilwlax

Shbl S 5l dgw cutn g Joz Slows a> e cpl yo
Geed g QL) 9 Gl 5 slaglial @1l puiS 4y
hasS g aldS (S paxeS el S WSy Sl
a5 NSl g ilalar By 5 Loy slag b
Sl (S5 o bl 5 oty g (5,500

S laore (g9, oad gilwlr wgw TV ocwnS L
Iy Slawd 0,5 Jo obly a5 Glagw YO (Olawd  oolas!
ol ol wis )5 bl Glas sladlle sg5 Llbl g sl
A8 Pt I g g YO (nl G 1Y J9u2)
ol Ll 5l CKel ayguw aivg gileJelxe ol 4 dla
S ol U5 s s e sl sl
(Y Jgaz) o aslis olaws
SAL g 4 50 Oliud gilw]glxe (a3l g wb)y (o)
Gl grbos jo couiiw

a0 V0 g VO F glod aw 10 5w Vol d> o ol o
aS ols lad b () JS8) <88 18 e 0590 o8 Ol
oeolS ol 4y ol )3 il a0 F les jo leaygus soled 0,
Sl plas 0g3 5y a5 s WKN g Los o jo .28l
Slod 4 T (550 Ay by g o T 8l 4z 0 V0 sles o
Ay oy e WA 49 Lo (ol jo auzils ol §5 ol a0 F

405/%+0


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://system.khu.ac.ir/nbr/article-1-2756-en.html

Nova Biologica Reperta 6(4): 402-414 (2020) OYAA) FY-FVEoF ol & alo o jpole ;o Cpoi sloaisly

RAPD (sla yosl 2 JIgs 5 6L =) Jgur
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

Jslml.\ Slawd oS J> GL‘“‘t‘.ﬁ"“ Slaseie =Y de’
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.
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Table 4. The number of amplified bands using RAPD primers.
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