Sl g 9 SB S e 25l
yyay 09 b)lo.\:: (@ g .\1>
http://ejsms.gau.ac.ir %&,Jp,ﬁfﬁ%

S59890 00 ST g B g Ny 32w 41 0390T S S (95800 Hibo il
(Centaurea cyanus) pas J5 tawgi 595 9 (BT oo gw JEI g 0> g

"t S St 5 SlBao ot gy s y30 < gl glad caan”
s ) oK (St pske 0 S | ol )18 ant sl 31T cae gl o305 (St ke 05,5 skl
WNVYY 5y B ¢ QYA 12l s s

oS
5 A il s (PGPR) oS di) S e slas St 5 (AMP) NSl sl slaaiy 26
ol b Stasn ol 5s e Sl L S (Ss T dles Sl Jame sla 55 4 0LS s
s G. mosseae (G. intraradices |sL: Glomus sba S 51 .S 5) AMF sl g =5
P. fluorescens P. putida sl Pseudomonas sla« S 31 .5 5) PGPR ; (G. fasciculatum
Sl Sy A r oo Shee $lil sy s oAl ode e JUsl 5 wde s (P aeruginosa
35 Sash ol A s o 4 a3l S s (Centaurea cyanus) r,mfﬁ S5 8 b
¥ 0) 255 sled s (e £ 50) e Bl 86 s L L) sSh sen IS Ll S
TO io Scble LSt s el LSS Y s 5 alal LelS saSHl aly &b B s (e
2 45 5ub PGPR LAME L 5 L sul e 5 0340 0SS 1y p S hia Veve 500
aalie wolsla s s s ol ke ol wd, S s e clle 1Bl LS sl ol
oS 3 o chle 5 s lie 5 1Al S Ol ol Gl 5 LSS o b LIS
A e JUEH 5 Gl olS aiy (P<e/00) Jls pme il bl o ge s Soe sale 23l sl
a3 Sy s, S0 5,3 Sl 5 olS da s O (OIS 5 odr g 5 S s
WY 5Y 5 e e 56 PGPR 5 AMF lajles s oplesls i osle ke 1 olS
oRIA 5 LS s e 23S Giale S 55 (St Ulgs s ald wlis sl

Dy e Cmans 4 0L (5Ls

Lwﬁjjﬁ‘):ﬁ 6LQJ4>LJ: (e Cmaen «oL:f CJL” «ok.;f J.....T:‘) SJM L;LQLSJ:SL d.l:l.{ dlﬂajb

h.khodaverdiloo@urmia.ac.ir :45\e J ses *

Yo



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

dodio

g e S 5l cilises (glaoly 3l 45 dites Sy o Lol VT e 1 Ko 5l
5 S il 3l S 3 GVob ey e 5 o3 pdlie s (S e sk ol
G e Ll o3 QLS Wi ediSa st folse 5l St s S s (Yo) e (a3
o341 bla s Ry g5 o5l Ll lacdl s 5 solis OV game &S 5 WS jals
QLS Law 55 3535 ool b olS 50l 5 iy Sl (o0 Srae yw (Y000 O) 53 8
2 OsR I ) 53 S e U3 0Tk ST Game s S i el s asde
S 3 3 S e wdiS oL nl 51 S plagls 5 0Ll A e oS 3t 4 S el
O OLer 5 (S8) 16,8 o 413 o 4 S

Sllllas gl 5 5 oo OALS (S350 55 s 53 IV 3ol 5 olST s g g0
ol ol SRl 0salr o e 2 s OS5 e ST 55 oS enls OLES
Oes 5 S s S Wy 2als G 2alS S, 04 055,18 s 53 5 ol ke
slacdle  2als 044V ulb 5 158,58 by IS canl wlS 5 Sae  2als (Yo
Sl 3 ol Clad s I bl imes 5 GlE ole Ol RS (g0
A5 olls s o s J{}!: S (T UL 5 oY) "’J§d° oS s TP
o el o 55 s e S ) 3l o ylnST 55 sl 5 (ROS) (581 b (slass S
(Yer0 Ld{ﬁ;JL.,,L.:)»ﬁ&am6uwoﬂlwlﬁ&ﬂju@\@s}‘uﬁu

Jlize s fon & daes Sb de slannil 15 S 5HAMP) Y S0 T slaaty 2 6
Ans o ) e Dl3lE g es T lacSlr s 5 Lagelll s Lol s 5t 53 QLS L Lao
Wiy y ode Cla“ ol 5 e 1S (Glagy aSKd ils s AME (Y1 O 5 o)
(1880 clgaly 5 i)ty 3l e 1) i Aile S oinS ole o3sa glde ole 5 Ol Ll
Sl 5 S o (ST Al LS Ay S e (slalpas 58 W5 LB ool sla Sy s
(Yt O 5 553D il Bolan Jolse s 53 OLLS adyy Cladlee 55 5 Aol
u\Jb L5LAL;;J 4 ol Sl () olxe TR 3 g awgas I el.3§ J:,‘.';Lﬂ 4 Ls, AMF

dtﬂ LS\J" (V'\\ cQ\)K&A} J"{js Yoof (.Q‘)&a.h}))l;; _Jj\fjf) .,\M:.;L:L;d S 4 u,:i...«

1- Reactive Oxygen Species

\a'



Oy 9 960,98 o

A3 b o a el s 5 WL ol 5 Shee Sador Jhl53 (T4 0LSea 5 KI5
3,8 5058 G mosseae aiy ;= 6 L Sl

b e S e SlaeslEl5 S 51 (603 05,8 PGPR) ol i) sl 53l (slas S
weal sladenl ol C‘y" W5 alex Sl als gla,lSel, b OLS jiwgs) o e SL
3,8 5 A3, Gleals ACC 3l WIs oomed 5 Lasiosden A5 (LS Gl s
& PGPR 055331 esls OLis Cilises gla fin s @L:j YN OLea 5 L) wuldl s |y Olals
3,80es 5 ddy a s esls Al 1y i S gasde U LlS e S Sl a3 T las
Oen 5 555565 Jie gl (Yero Ol Yoy (SIS) uS SaS S ol s olals
Sk Js = oS (5bs il 53l s SiNOrhizobium sp. s SU Jsale L5 8 5158 (Yee)
D yh p e b e:;ﬂ s s

e 3 0kS ol w5y (e jole Sl s I sba) e OLALS 3 o e
RlBl 0 S il U il Sldlas 53 0586 apde LS S5
SLSis 5 S imbe GU ey s S 53l sas bl (Ko Sl i
el o el gl Sldlas S S5 w o3l Sl s WS S5 b
wlosly 5l S5 ole) AMF lacss oo Siale 86 s p Siass ol 51 Gds cpl b
JoL2) PGPR  (G. fasciculatum ; G. mosseae (G. intraradices . s ;S leaiy )zl
,> (P. aeruginosa , P. fluorescens P. putida U e 500 slas SU wlesly 51 S 3
P AS IS S5 G Shs s 2 Shes gl (ss) 5 ol Sl o Jil 5 il
3o weagdl St S s (Centaurea cyanus)

9, 9 Sl
53 fls Fine, mixed, mesic Typic Halaquepts Inceptisols s ,.. ;I 5L 5,5 Sb=

3 S el iy 53 a4 O S =l Sl ey Sl S (513t ed 220 )3T Ol
Sylkl glaiay 4 St Sland 5 (S b S & e Y31 5SS i s
Calisee LSLACJG.LO L: LSJ:AL;L‘A 0 )\ JSS)JJ L)’:"U (V"/\ L@)ﬁé}i 9 JJ)lS) A szge)\.l.:\

A esgdl oSS e S b Ve 5000 YOu i el o

\A4



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

3V 5 el (S eSS Y 038 03yl (5l POINOR) e ol p3Y e
ok 63333 035, AT Cwsay (Ken losbe s U s S bdses 0 L SlS (S a4y 05533
A s alies slajlasd 4oyl ol avslee slae 055581 L i O 10 Sad b g S
Hsoshi) i Sldllas b s S byt S esg b JolS jsbar e 051 ele iy ol
VA St 5 0 Kas 5 5 Glacsls o ,me 5 ole 0 Sidews 0301 St (Y)Y O,
5 Sl ;;jﬂ Ll b a S s O L Ca S s el bl s Ko ole
Gles 3 Cug 55 53 ISl 3 35,5 Sl w0k 03 St gladged 353 S5 b
UL 55 oIS bl rel &S glaansS 515 5 5L 10 lad 5 sl 8 Sl ax s \Y)
P I i 7 o= G- A P K1 Ly A R PN P e e SO e
w gl O oa wlesl; f«'f Yo Jlads baydy 53 s oS 5l s AMF L dlesl sl
Glomus i slaaiy yz B wlosly 51 o8 5 AMF s ol 6ol e le ¥ o 5 Cslies
wlosly B sla,gnl IS slass .5y (fasciculatum , mosseae .dntraradices (slaasS)
gl ois b 5l 2 de V0 PGPR [l Jlesl (gl 5 55 alesl; Df 0v & 5 el Yoo
SheS s ble LSt sl s S Sl OIS 4 lag sL Jels Nutrient Broth
(P. aeruginosa , P. fluorescens [P. putida slea S) oy ol s 50 slas SL
Nutrient b CiS Jae 53 ;5L SOl 3 ol S il am 3 YA les 55 Colu (A Slews oS 5 s
5 B sbeasS s XN CRUMIT) 550m a8t cnl oo s g 035 43, Broth
ol RS w538 O 5 St Sliied anfo (SI Sslam Lo S SOL ) (s,
S 5 (o b 53) o e 58U 53 L byl (BT Oy SIS Ll 2 s tag
A 6[;;}\)\J_§?Y’)>)Jé>haj H8 slas sl lea B s (C]a.d").s) e
oS L WA OIS e ol C b bolS cugb Ol 5 bsles dlesl Bl
Slds ol 035 Sl 5l L3S SIS sy OIS s i folg L opaS IS
S OMIS 58 035 o5 bk do B OIS (ol 51 ey LS (136K S8 5 el
Ll 53 LolS 58 oS4 by 25 €58 e Sl e le o b as cslasl of
T oo OLL 3 s Sl :\ﬁ&:.}u - Yr Sl 5 V0 Pl gl b FHENLY

o QL&L; LSLAe)LM.;-LJ LS °"Llj" Sl 49 )‘ QLAttf Lﬁ'ib'h u,:,.>u 9 szge)\.l.:\ QLALS CLL?)‘

YA



OlySed 9 95,9l o

Lds i sl S Sl am s Ve gles 55 051 s el VY Sodews e O L iz
Sl il s dlaiome b 32 Sl b 055 K2 03l > Shas 5 5l 503 ¢
edd 4 355 ol LIS 4) Sty s b s (5 ,Sesbas Oy B edd Sl (slad god i
3 Ske nPGPR ;AMF sl 5 Sk v Sodl i L5l gl s (g1 (W

1 dalous Vol Sl eslizad b 5o OF o jlestls Sast osle oo 5 Shas olS St osle

Y.
RY = L \
Y M)

ole 3 Shes Y. 5 sl a3 oS S esle 5 Sas Y wlS Ll 5 Sles RY Ol 53 e
el (s Son b G3mle 05u) Aaldsles 53 5 o O Tl 13 53 olS S

oS SIS Gas 5 Al e aSeslas Gl S OaeldeSt ias Sl SRash ol 03
S o35Sl il Sl oBaas by 5 ol wo ShlE 5 (Tre ) A eslind
AU e 5 olS 5 e 55 3 e s see s (6,56 51u0 (ShimadzuB300 AA)
S8l gl A 5, Selul S5 s sl S5y solis wwy ool ;3 PGPR 5 AMF
Sl s 0V8A0) Oy 5 Jboad (2as 51 (USs8155 5 o5 aolS) s 55,8 5 el IS slas
HRWC (5 So3ll s cpor o b sslizad (VAVE) O108an 5 550 sy 31 ol S esl
RWC s s sl ¥ a5l elinad b 5 48 oolimad (Y+o¥) 0San 5 slosl i,
S eslazal

_ FW -DW

RWC =
TW - DW

X\ M

RWC 5 Lileiys 3l e S 035 TW S S 055 DW S 5 055 FW Ol 3 S
Al A3 e S Ol 8l e

5 SAS (Ul l5dle 3 5l eslinal b Stags cpl 5l el sty slaasls (Ol o 5 4

plmil Lo 3 0 Jlaml mhawe 53 5 (STl lasalsir Oa3l 31 eslizal b 5 Laesls ke anlis

A

va



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

|y anllas 5550 Sbt pland 5 S5 sl S5y &0 ) Jodr 1S gl 5 (S3d s S5

5 et 3 oS Sal (S o35 53 OTPH o sz 5L (lils St -l s e OLES

.:ﬁwﬁwa\}b@egﬂﬁé (1440 ¢ 2 ,8) GLL::): ol S s 35l w4z 5 L

andlas 5,00 SB pland 058 b Sy (F ) dou

Sl dl S
ARVAR o
Yy o oL
YV/§ o
Y4 JT S go
o5 Sl sl WS
Y/ cmolckg™) $sS dols e b
v/e (o 2 et 3 ) S el oslas (S S gl
' (ds ) B e
Y/0 slas ol iy 5
YAl pH
\/Y sl ol
v Jsloms
YY/A Jslome o
v . Joms ol
" (3 p S k) o ::;
o Jslous Sl S
Yo/ e S
¥/A Jome Ay
YV/EY o JS
VY o3l IS
Yao/0 (¢ SAS 2 p 8o ool Js
1Y a5 S
VENY e L}S

A+



OlySed 9 95,9l o

b @ sls iy s pslis St s O clale [l Liadsg,ls 5 b fd k8 alis
Sleckle sl s (2als ol PGPR 5 als slajlag oo (Y Jsds) il 2alS S
b sa slais S slis [2als AMF Jls s bl sy (PSe/00) Jls pme S 3 o
el 03 a5 IS sl 355 (P=/00) Jls pme o 0SS o S b o0 ke
Wali Sl ) St PS/00) ls we 55be PGPR 5 AMF slajlog 3 o 5l
)l il S s e bl 550 L Ll aea s 0 LS 555,08 slie 3
AMF lajlog 53 Ll sy s ime S s i sl olod 53 dals Sl s [2alS
St 0SS i oS ke Vel s L LSS i sl PGPR
PGPR 5 AMF lajles 55 oy clachls Loled oo Ludsms,lS olie g s ies
i o558 Hllie falS oy St (P</00) (ol pme jsba dald [l b aglis o
0999 (Il 5 slal) s e G S s Lol bl 3L 5 Mse Yl
(Yero (s s Lyls
Mis i Gl 4 g 3pd esie Gedile JB0)S b il s Al o
S5 Sl s s esls 0L Sldlae el (Te 00 (s 5 Lyls) das 2alS 1) s LIS
5ol sasie s W Gt wl Jd508 A el iy 8 LS S
SAMF Glalas s b s)lS 5 b by JS Gop 5 0 S0 Ok 31 .(0288 (U5
W5 s st 0 jie gl pole Gl il Wse Yot wals g & <os PGPR
SEEeR 3 Ry 53 55 el Olpear jaed O3 e pal S S 53 5 A ehise [ S
s @l ol boalie s (Yot pe) WL el s e ol R
sl WS S (Y1) 0Les 5 Leby Jle gl ool b L5158 018 Jiass
sike OLLS la Lis IS jlade (ol pl cow ooy 4 o3l St 45 G mosseae aty 7

Sl

M



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

AMF 5PGPR sl slalad 33 S 53 o s g gans 53 ol (K590 518 S s b aali Y gt

PGPR AMF Ll Sb 4 edd o338l e IS
FW e S ne S le)a Jis XS (S <
VAT R VAV & 0% YR (;ﬁsf S
VD e TR ERVA L VML e Yo
LETRL VN NERE ore
JAY & o/ ©R AT g VAR 4 ferEC Yous
FW o8 o Sk b Jiy)s
VA0 £ /AP VAY £ /AR Ve E P .
VA AR VAL AR VANERVN o Yo.
Ve a2 W PR 2ot /o ARD ous
OVE /e YPR /00 £ v/ 0%? VIAE VR Voo
(FW ¢ 3 5 e S ke) IS s lS
VAY £ ey Y/ VR VW @D .
VAY & /o yPR VA £ +/0aPR 1/6) & o/ APP You
VAZEV0 TtV V/EY £ /PP ors
VEAE v/v0R VYA <ot V/YE /0P Yous
FW o 3 5 08 o) 555,18
CVAE YRR SVE g0 T 2R .
DVEE g VY E g NEERIR Yo
Ve g2 At 02 NITIE VA ons
NAVE VAL ATV L T Veor
(4,5 RWC
Ve yerte VE/AV £ VAR WYY £ vree®? .
VO/AY £ g/v. 2 VYAV £ v /YA £ T/AFDP Yor
VY/YA £ §/+%8 WA £ arde oo £ ¥ TAP ors
VATV £ /A7 W £ gy 0r/ov £ Y/YAPP Veos
DW ¢ 3 Js05,50) idsn
AV E Y SIATE AR D E-RVE .
Y/r0k 1/ea? ALERA A A Yo
£/8 £ +/vF0 ACE Taand YAAE 1Y ors

0/0A £ +/1 092

§/01 % +/000P

WY o)y 9C

Yore

A3l e Ot a5 sy a ys (PSh/00) bl M sl S S J-r\.@;ﬁé})ﬁ¢}}jdj‘ S fpE pye
A (PS40 0) (g 5ls pmn D] STl (glaalsiar [)}.aﬂ el S rie Gy > glls L;LAJQL»
s o 0L 1 ST 53 Weesls jlae Gl sl Laesls lae slael

AY



OlySed 9 95,9l o

e Sb s o chile 1B L ipdy s 5 (RWE) S O (o slgms pas L
Wls les o L SalS opl & e e (Y Judr) S3L falS Lol wes 5> RWC
s AMF (lals 53 olS RWC Sliie 5 basles Obe amslie 53 3 (P<0/00) Sls e
Ol Ot &S Il 3 g 5t (P<e/00) (ools sme sba dali e 4 o PGPR
S L Ll e olS 3 e (Y six) 355 (PSe/00) Gl pme sl Siale glajles
el oS oo el 5 S Ol Jlsl als s, 0l slad s 3laas 5 6311
o3 oblald Olasd San s S G, e e > Pl e s Jsle o)l
2l (T ObKes 5 (K das 2alS | S RWC el slad b el
Sy e dxm 55 5 Gl lie 288 L Al 5 e PGPR 5 AMF &S asls lis colallas
S5 dul3ily o 4 o351 SlaS 53 1 olS la s O (513e&S b b 5 O e ol
Yy O
ssbe ol a3 puS IS oS o s i S s e chle Rl
ccilive lasles 3 s sldde Ole Gl (Y Jsds) S il bl (P<e/v0) (g )ls ome
VL laclale s s sltie ol Jbs 3 cpl s (PS0/00) (o)ls pme i Chile s
ol gme 55ba PGPR 5 AMF (claslas 3 (8 4hS v o8 o Voo 5000 Y00) o
Slas 02 s SMRe e skl s e o (PS/00) g el LS 51 S5
e Ly JSosba sy S (PSeh0) ool e ssba PGPR L ¢ s AMF
Aals SPGPRSAMF 55 (35 pl & o sk olod s baslad 53 sy eslis
A3b e s M Rl S Sl 15w ST 5 OS5t el (Y Js)
o o3 G s elS s O Jlade (hl5l 5 deol Sl 518 51 s A5 S
LI P PN COW I SRL I FCOU PR TR H) ICIW  W B FL S R K S PP PR P
Wald Sl 4 G PGPR 5 AMF el )l 53 s Sote g (Y0 e OLSas 5

Ssessn nl 1 ctnl a8l Koo cpl Jane 55 dsl Sl 030558 5 s Yoz

1- Relative Water Content

AY



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

o) i e g 1 G L 5l 5 e g G s es s anel sladnd A5
Dlesd Gl bros S Lol S3ale lasles 0o s 05 5 ke (Y0 Y O
SAMF U sale S5 v i 4 olS o5k Lalsl ediasolis Kl e dals

L:L PGPR
o3be o 3,80es 5 3 Shas gLyl S s e clile (1L wlE 5 Sles gl
A AME sl glales s andl (7 Jadr) 3l als Ll aen 53 olS ol s S
Sb 0SS e oS ke YO Gl s Lpasls ol 2els PGPR Ly s
AMF L 3 olS o)l ls 53 o 5t chile Wsa Yhas | opl o5 (P</00) s ime
lesls St wle i 3, Skoe 5 3,8k glisl 2n AMF 5 ls Glajlg & S
(P</+0) s s sms 55ba PGPR 5 AMF JLs 53 oSt 53 oo s ol 53 28 IS
olesls st asle oo 3,80 5 3, Khes gl ppalia IS 5bay oy Aald Sl 5l 5t
5:50ks amglie sl SPGPREAMF 135 i ol & Sbs 53 o il =5l 3 oS
Sbe 53 o SBlE RIS sl Ol Al S el 3 Ses 4 B laesls
ol pals (P</v0) (oyls e ssbay oplesli 5,Shae dilen 55 ade; 5,Shes slia
ol e S s e i sl g3l U ol e 5 Shes 5 Shes (Vi)
Sl § s o 355 s gme bayled Ol OVl andl aals <PGPR<AMF 5y 5 5
56 5 OBLS (S5s3Il bl dad sl Cy 55 L 5 Sl OLS (52 o
(o3 s bold) WS e bl 5 Sl 5 Al (ol Lole 2 s ol Gl ials
o e S S 5 S S Gl bl el L 0lLS s e (Yrv0
Bl L Bl 4 (V00 (s 5 Lyld) spd o Jsbe (5 5 s el
Sist osle 3 Shas 5 Ay oS o )ltls s o clle 25l of Jlise 5 S 3 o e
oS sl i gladohe Ads 5 et oo Slad sl o 3 5L SRS olS oL L
iy Jhe ol iyl Sl e e e e a8 ) ObLS iy s Slas 5 e S

Sepl Js (Y e O an 5 (S9) 558 00 OALS alo; Al JhalS Comge 5 ool 2als |

A



OlySed 9 95,9l o

AMF &S col opl s 5ohe 2als Sl & G PGPR 5 AMF lajlos s oS 5 Slas
il LRl b e g el glaSE s 1) OlalS 5 Sl 5 A, aly e PGPR
5 olss) liily ady; Slbed 5 b s elS wa sanl Bl Gl Wy liE ole

N I COwN
O Bl 31 Lol el o ga, o ool ChlE 1o g gl (g, ol
5 ool Chle (F Juux) il als (P<e/v0) ols pme Lsba bajles aen 53 S s
als SAMF<PGPR 5 5 opl @ caliies oyl s <=.,\;§J§ oolls s gy
o e ST S ek Ol e chle (131G s, 5 ol e als
edd 1S 5 OIS hassy Fn s S ABk e olS bus ole (nl JUESI S s
53 (7 Jsas) olS 5 Sae 5 A, O35 Sbe 3 L (V000 (ams 5 Loli) ol
03 e Bl Gl ml 4 s e it £k 53 AMF 5 PGPR lajles
Sl oS o lls s g, 5 ol clale (dilution effect) w3, s> 5 aals L
s ol ol Il s pege sl (283 AMF 5 PGPR sas o 0L ol (pl o5 .25l
Aol WSS g w1 il SLS 5 W5 L aslg s PGPR Lwjls oS opl bwys (g,
Las Gl oy s Al el e 5 SN bk siat (eS| 5 Al s da
s pUls Glls s ol o ealinal 5)5e sla SL (Y0 0L 5 g2 -0L)
Slaals ACC 5T i oa 5 Jskomal ol IMwil ¢S Dgay 58 w5 ) 5550k
o3 S en oS il Wsa 55 AME (YU Ok 5 Slids Jau)) L
Forle) das Il olS b o 5 ol el Cla a3 s el S

(1440 gl

Ao



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

C}k—d 5 wlS ol XS] U’“" Chle 5 olsls g ady,; o 3 Ses g 3 Shes gt‘.fﬁﬂ u.:gal?a ds i =¥ Jgd>
AMF 5 PGPR wals b jled 5 (S 55 O ikt
PGPR AMF Al

(p S kS oS o) S wodi 03555
e iF g PSS e S 333 e IS

YU 0 YA £ P VA/Y &+ /0v3C .
VX £ PR Yo £ PP Vort £ »/xPe Yo
YY¥ £ 2 joxR VY AP AAERAt ons
Yon et VY8 £ janP APE 0% Ve
@Pot™) o lustls Kt osle 5 Shas
s £/0) £ /P YL Y .
ey £ PR v/40 /1420 Y AR Yo
Vv oyPR FALE /P (ACE NI ons
YV A% ArERVALL VARV Voo
@Pot™) oylstls Sist osle s 3 Shes
V/AY & 08?2 VYT £ /0 VRP Ve £ aeBe .
Vo & v/t VoA E /0 g2P /AN a0 Yo
VYA £ 2 0PR VAV E P e R o
VYO /e 0®R NITE R YA E /4P Voo
@pot™) ai,, Kix osle 3 Shes
VYA £ xR V/YY £ AR VR .
VYT E 02 Vel aea®R NV ER i Yo
VIoA £ R AT £ 4 YR ET o
NYEST SV eaPR W E YR Voos
@pot) azy, Kist ool o 3 Sas
VYRR e VA .
VAAE )02 YT A E PR Yo
VY R AV E YR IR S o
VAL £ 4 /eqbR VY £ 4 /eqbR S E YR Vous
(fﬁ%ﬁfﬁk)wuu&aic.ﬁl}
WA/ g £ 0/8070 y84/07 & ¥/vY R TS .
VWY 078100 VYUVA £ 1/35P2 av/on# v/8PC Yo
A4/ £ VTSP Vev/atE v o VYA # Y/A0CE o
18/4) £ 1008 AQYA £ §/v0%2 ov/+ £ AP Vous
(b SAS oS ko) oyl (g5, ke
SA/r E YNAND or/0q £ £ /AR SV £ /NP .
£V/TA £ 0/2 VA £6/va | vreP2 *Y/40 £ Y00 Yo
¥ AA £ Y00 vA/M0 £ 078152 Yo/N\ £ 1/aA%P '
I e R Vatled YA §/105R VUAY £ v Vous

ALl e Ot A g D) A (P<e/+0) (glol Gl siasgplis G s de A Sy g (j)jdjl o e pye
LI (PSe/00) (g5ls e INastl STl (glaaladior Opn3T lal p S e Gy = ghils sla (Sl
s e OLES ) ST s Waesls jlae Gl il aesls e slael

A



OlySed 9 95,9l o

ssba bolesd den o puS IS ojleles > e B WS s e B G150
Sl caw PGPR 5 AMF wlesls 5l eslizal L(8 Jsdr) <ol alhl (P<e/00) (g)ls ns
PTG R WA T R W s Wfﬁﬁ oS oslels 53 oy e (P</00) Sls jxs
S P<e/00) (gols pme ks (S 53 G sk den 2 PGPR L 53 olS ol ls o
als SAMFSPGPR 35 655 ol ol oletli 53 oo e Ol s 5 55 AMF Lo
Golsgme osba Loyl aen 53 S s e bl (RI5I L 58 ol i) s o clile
03 oS ado 3 e e Ol OVl S s o i chlE sl i1l (P<e/vo)
oo p Sk Ve 5 00 YO VU lachle s Ll g (PSe/00) s ae ajles
(P<1/40) ol sime 5 sba PGPR 5 AMF (slajlass 53 cady; 53 e il (S 4 S LS
Dy ol il Glasles 52 p S S ady; o e CBLE s le Sl Sl SR
Jals <PGPR<AMF
SUoless 53 p kS 8 lS 55 e SIS D3 S 2 b oS 5 0L ey onl
Foie 0 dsde) Ble Jlas @ cond bl )l 3 55 ol 5 Sas (8 Jsa) PGPR 5 AMF
Gl e s 4 oS Ja i l5 0 PGPR 5 AMF iy o i ol ol o5
Wil oS by a0 oME ole ohe ol Vel gase nl BYs 5 S s
o o3yl G 53 OLlS 5 Shs Eals LY 51 SO s (YT L 5 o)
glaaic, ¢ Cod AMF laces) ol OLLS L (o580 o8 ol Gl 2alS
32l Dl s bty (528 ol s s (5 508 Sl i DI (55l 3 LS
5 ) s e il K Sl W e I gl s 1 0alS 5 Ses 5 A (e ol
5Ll Jle sl cl s 158 018 2% 5l (ol b 35 pilie s 0044V I
OlS 5 Sles 5 A, il cww G. mosseae b sl LS Sl S (T Oles
sk el L (T ) Ol S5 porar Ssd om0l GlaS s il
aooal glasls 3 Bk olS 5 Shee [ Saiz Jlsl o Glomus ozl Siule Ll s
Sleals ACC 5l ad s 5 (AA) deol Szl Jsiy) 030558 A58 L 55 PGPR 355 0 5
S35 28 ol Clo bacpeln s 5 olS ) ol 51 sl ge)5m ¢l 5l A5 55 sdem W5
OLan 5 L) das o il K sl @ I glasSl s 1) OlalS 5 Shes ams 3 5

AY



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

AL Sl &S L3S EE (YorA) ohles 5 Ko (TooA Ohls 5 K oY)

53 LS s Shee (At 25 Sl 2S5 lsls ACC 53T W s« P fluorescence

sobe Gl (0l LPGPR 5 AMF C5 5 ol o das e il 5l Oy w0 o3l clasS=

.M:L;au,mlsdvl;-U\)gﬂwﬂjaotﬁf:w&@lsuﬁ\ﬁ

GUsles 3 (S s e e sk 53 wlS LSl 5wy 3 o chl Rl amglie —¢ Jgd
AMF 5 PGPR (isls

PGPR AMF aals St 4okt 0333 e S
((SAS 5o S ko) slusls o jor s (¢ S58 eSS

YYY £ 4o A0 YAY £ 4 ynde Yot £ 2 ALP .

YTV £ /1veP YVAY £ 1/0A%? WAY £ \/1eee Yoo
YV £ PP AALE YO/rA £ 1/aA%C o
VA & VAP 04/+) % A4 0™2 Yorve & o/eg®P Voos

(S o8 ) iy o 2l

A DD grov £ %2 gA 02 .

YYVY £ v/8452 YE/TY £ 7P Ve/ee 2 YTASS You
0/ VA % 8/ 8P2 va/1e & v/AaPP YV/AA £ o /AADE 0rs
ViNe £ qn®? 0E/FA £ 1/8ARP g0V £ \APYC Yoo

-“Q@ij‘ﬁ}Q@)ﬁ)i(PS'/"’)é)u&—éw?;\e“ww%j&h\‘ﬁé})ﬁ(’JJJJ)‘J»;;NQJ),’-
L (P<e/00) (gyls me BVl Sls (glaalsir O g05T bl o S 2ie G (slils b Slee
cas e OLES 1 51 STY 53 Laesls jlae Bl il Laesls Sl slael

4 el 5lenST (25 sl 5 ROS 0 OalS S5 o o Y3 (o e 51 SO

36 goss ST sl Sl elS s S| ST slag Bl el Ll sl s s s
OLer 5 KI5 Yoo (ows 5 Lld) Wb e Rl sl 5 (CAT) Yl (SOD)
L sl 51 lilons 5 QLS 3 55T (25 Ol 2 51 (58 sl s a1l (Y0
DL s cnl @l (T0) s Ll 5 KU15) s o adenST s slacaa il 53 LS
Slaie (sl 0llS s K ol i ials s PGPR 5y AMF gl Sl 51 (SO sl

A



OlySed 9 95,9l o

5 Joisee Syl 5l b o OLLS 53 o G (Y dads) el s
ol 5 dobe PH s 05380 s (T WL 5 KUY 558 0 Jske bl
b R L S S S e e Sl Ll s OLS s Lapetis
Jb s S 5l 30 Slacgul (2815 o 36 sags LSy s ala 51 eS| 5T a5
YV O 5 KI5 YooY IS 558 00 O 5amS]
AMFL_;e.x.zv_})'ql,a)uﬁjﬁdl}):gﬂcjla“w).sﬁjetzfd..i)&i;'-o:b:ﬂu«
Wiy 30 e chle Sl J sl (Y Jsdr) s dals s PGPR lajlus 51 5 a
R4S dms e 0L S (pl sy dals sPGPR lajles 51 5t AMF Lot Jjale OlalS
ol OF s ils 0L aiyy 53 OF a5l 5 oo absicaam 33 20 Sl LUl bz b
5 Seer OLLS slaain) 55 e S0 4 oS Sl 2500 L AMF s el
Sl @ el gl s Lol 5 Shee 21531 5 0LLS (oll 4 glads o, SLap sekocs
el e3ls Ol s gla s S (Yert OLISen 5 55l =15 58) s SaS K
o il (ol ole Ol Bl Lo w0 el gbse s AMF Jsabe oS
L Ol w55 o Cnams 0l S5 (s S 2 iz er 5 ROS oSy s LSL’*;H}j
BB (YA O 5 558l 25l OLlS 5 Sas [l Coaw a3 5 el ,ialS
S W3S 8 (Vv A) Ll Jle (sl ol ol (20158 018 Jrags & kw30 elie
S8ks 5 Ady Al o O o341 sl s Glomus sp. ot alesls Sl eslinal
L sl Oge5m St s K Sl 55 w0 (5S35 0llS s5d e e szST olS slaads
Al A5 Ll 5 e PGPR Lyl o pl 55 sz o (2alS | 0lalS aly)y Ay & A8 e A5

VN L 5 L) doas il il | OlS aiuy Ad; (bl a5 ol il aals 5 5ksls ACC

S 5 4
2olie ol o e chle LIBIL S e e o Ol Resh ) Sk
Ll el 2als RWC 5 lads 355008 5 (g5t g sbaalsSsy Juld olS S350 sba S s

A



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

G o 4 ol Joo kil w55 5 olS SST sl el (sas 5 ol ol
S o uf:jﬂdw" Lyl s sy oS 5 Slee PGPR s AMF i 5 cpl a4 . lsls il 5l
23 &5 2US PGPR & Cucd AMF a5 cpl ol a5 b o33l (oS i 5 5ba

2,03 p S JS LS 53 o e Sl 2 (S5 5 58 Glacanl hals

S ol b
Q.:_}l:u o) 9> JLA Q.:Lo..?-j w},,a_? b &S sl VA S/A o)Ls..z lea )\ CJ}\'_:M Jlas u.»\

Ls)\;w[cnﬂ M})\ oK..i.;‘J L;uﬂ gL.;Lq}- )‘ QKM‘}: ! e.l.iéj§ b.?-\ 4:..&))1 cm‘b LS“:'A)J“'-{

&l

1.Andrade, S.A.L., Gratao, P.L., Schiavinato, M.A., Silveira, A.P.D., Azevedo,
R.A., and Mazzafera, P. 2009. Zn uptake, physiological response and stress
attenuation in mycorrhizal jack bean growing in soil with increasing Zn
concentrations. Chemosphere, 75: 1363-1370.

2.Awotoye, 0.0., Adewole, M.B., Salami, A.O., and Ohiembor, M.O. 2009.
Arbuscular mycorrhiza contribution to the growth performance and heavy metal
uptake of Helianthusannuus LINN in pot culture. Afr. J. Environ. Sci. Technol.
3:157-163.

3.Bafeel, S.0. 2008. Contribution of mycorrhizae in phytoremediation of lead
contaminated soils by Eucalyptus rostrata plants. Sci. J. 5: 490-498.

4.Bates, L.S., Waldern, R.P., and Teare, I.D. 1973. Rapid determination of free
proline for water stress studies. Plant Soil. 39: 205-207.

5.Cariny, T. 1995. The reuse of contaminated land. John Wiley and Sons Ltd
Publisher. 219p.

6.Cenkci, S., Cioerci, I.H., Yildiz, M., Oezay, C., Bozdao, A., and Terzi, H. 2010.
Lead contamination reduces chlorophyll biosynthesis and genomic template
stability in Brassica rapa L. Environ. Exp. Bot. 67: 467-473.

7.Chen, Y., Zhu, G., and Smith, F.A. 2006. Effects of arbuscular mycorrhizal
inoculation on uranium and arsenic accumulation by Chinese brake fern (Pteris
vittata L.) from a uranium mining-impacted soil. Chemosphere. 62: 1464-1473.

8.Carter, M.R., and Gregorich, E.G. 2008. Soil sampling and methods of analysis
(2nd ed). CRC Press. Boca Raton. FL. 1204p.

9.Demir, S. 2004. Influence of arbuscular mycorrhiza on some physiological
growth parameters of pepper. Turk. J. Biol. 28: 85-90.

q.



OlySed 9 95,9l o

10.Georgieva, V., and Tasev, C. 1997. Growth ,yield, lead, zinc end cadmium
content of radish, pea, and pepper plants as influenced by level of single and
multiple contamination of soil. Bulg. J. Plant Physiol. 23: 12-23.

11.Glick, B.R. 2003. Phytoremediation: Synergistic use of plants and bacteria to
clean up the environment. Biotechnol. Adv. 21: 383-393.

12.Gonzalez-Chavez, M.C., Carrillo-Gonzalez, R., Wright, S. F., and Nichols, K.
2004. The role of glomalin, a protein produced by arbuscular mycorrhizal fungi,
in sequestering potentially toxic elements. Environ. Pollut. 130: 317-323.

13.Gregorio, S.D., Barbafieri, M., Lampis, S., Sanangelantoni, A.M., Tassi, E., and
Vallini, G. 2006. Combined application of Triton X-100 and Sinorhizobium sp.
Pb002 inoculum for the improvement of lead phytoextraction by Brassica
juncea in EDTA amended soil. Chemosphere. 63: 293-299.

14.Gupta, R.K. 2000. Soil, plant, water and fertilizer analysis. Agrobios, New
Delhi India. 438p.

15.Joner, E.J., and Leyval, C. 1997. Uptake of Cd by roots and hyphae of a Glomus
mosseae/trifolium subterraneum mycorrhiza from soil amended with high and
low concentrations of cadmium. New Phytol. 135: 353-360.

16.Karami, A., and Zulkifli, H.S.H. 2010. Phytoremediation of heavy metals with
several efficiency enhancer methods. Afr. J. Biotechnol. 9: 3689-3698.

17.Karimi, A., Khodaverdiloo, H., Sepehri, M., and Rasouli Sadaghiani. M.H.
2011. Arbuscular mycorrhizal fungi and heavy metal contaminated soils. Afr. J.
Microbiol. Res. 5: 1571-1576.

18.Khodaverdiloo, H., Rahmanian, M., Rezapour, S., Ghorbani Dashtaki, Sh., Hadi,
H., and Han, F.X. 2012. Effect of wetting-drying cycles on redistribution of lead
in some semi-arid zone soils spiked with a lead salt. Pedosphere. 22: 304-313.

19.Khan, A.G. 2005. Role of soil microbes in the rhizospheres of plants growing
on trace element contaminated soils in phytoremediation. J. Trace Elem. Med.
Biol. 18: 355-364.

20.Larbi, A., Morales, F., and Abadia, A. 2003. Effects of Cd and Pb in sugar beat
plants grown in nutrient solution: induced fed efficiency and growth inhibition.
Functional Plant Biol. 20: 1453-1464.

21.Lichtenthaler, H.K., and Wellburn, A.R. 1985. Determination of total
carotenoids and chlorophyll a and b of leaf in different solvents. Biol. Soc.
Trans. 11: 591-592.

22.Ma, Y., Prasad, M.N.V., Rajkumar, M., and Freitas, H. 2011. Plant growth
promoting rhizobacteria and endophytes accelerate phytoremediation of
metalliferous soils. Biotechnol. Adv. 29: 248-258.

23.Marquez, A.P.G.C., Oliveira, R.S., Samardjieva, K.A., Pissarra, J., Rangel,
A.0.S.S.,, and Castro, P.M.L. 2008. EDDS and EDTA-enhanced zinc
accumulation by Solanum nigrum inoculated with arbuscular mycorrhizal fungi
grown in contaminated soil. Chemosphere. 70: 1002-1014.

9



IFAY (V) 2 )lond dY) s sy adgi 9 S8 a4y pul

24.Marschner, H., and Romheld, V. 1995. Strategies of plants for acquisition of
iron. Plant Soil. 165: 262-274.

25.Munns, R., Husain, S., Rivelli, A.R., James, R.A., Condon, A.G., Lindsay,
M.P., Lagudah, E.S., Schachtman, D.P., and Hare, R.A. 2002. Avenues for
increasing salt tolerance of crops, and the role of physiologically based selection
traits. Plant Soil. 247:93-105.

26.Prasad, M., and Strazalka, K. 1999. Impact of heavy metals on photosynthesis.
J. Exp. Bot. 41: 314-320.

27.Punamiya, P., Datta, R., Sarkar, D., Barber, S., Patel, M., and Da, P. 2010.
Symbiotic role of Glomus mosseae in phytoextraction of lead in vetiver grass
[Chrysopogon zizanioides (L.)]. J. Hazard. Mater. 177: 465-474.

28.Rasouli Sadaghiani, MH., Kavazi, K., Rahimian, H., Malakouti, M.J., and
Asadi, H. 2006. An evaluation of the potentials of indigenous fluorescent
pseudomonads of wheat rhizosphere for producing siderophore. J. Soil Water
Sci. 20: 133-143.

29.Schaller, H. 2003. The role of sterolsin plant growth and development. Progrss
in Lipid Res. Planta, 42: 63-175.

30.Sharma, P., and Dubey, R.S. 2005. Lead toxicity in plants. Plant Physiol.
17: 35-52.

31.Sheng, X.F., Xia, JJ., Jiang, C.Y., He, L.Y., and Qian, M. 2008.
Characterization of heavy metal-resistant endophytic bacteria from rape
(Brassica napus) roots and their potential in promoting the growth and lead
accumulation of rape. Environ. Pollut. 156: 1164-1170.

32.Vivas, A., Azcon, R., Biro, B., Barea, J.M., and Ruiz-Lozano, J.M. 2003.
Influence of bacterial strains isolated from lead-polluted oil and their
interactions with arbuscular mycorrhizae on the growth of Trifolium pratense L.
under lead toxicity. Microbiol. 49: 577-88.

33.Yan-de, J., Zhenli, H., and Xiao, Y. 2007. Role of soil rhizobacteria in
phytoremediation of heavy metal contaminated soils. J. Zhejiang Univ. Sci.
8: 197-207.

34.Yano-melo, A.M., Sanggin, O.J.,, and Maia, L.C. 2003. Tolerance of
mycorrhized banana to saline stress. Agric. Ecosist. Environ. 95: 343-348.

35.Zhang, H.H., Tang, M., and Zheng, C. 2010. Effect of inoculation with AM
fungi on lead uptake, translocation and stress alleviation of Zea mays L.
seedlings planting in soil with increasing lead concentrations. Eur. J. Soil Biol.
46: 306-311.

ay



J. of Soil Management and Sustainable
Production, Vol. 3(2), 2013
http://ejsms.gau.ac.ir

Gorgan University of Agricultural
Sciences and Natural Resources

Influence of microbial inoculation of a Pb-contaminated soil on growth,
some physiological properties, and uptake and translocation of
Pb, Fe, and Zn by Centaurea (Centaurea cyanus)

*H. Khodaverdiloo®, M.H. Rasouli Sadaghiani® and A. Karimi?
' Assistant Prof., Dept. of Soil Science, Urmia University, Urmia,
M.Sc. Graduate, Dept. of Soil Science, Urmia University, Urmia
Received: 10/27/2012; Accepted: 02/11/2013

Abstract

Arbuscular mycorrhizal fungi (AMF) and plant growth promoting rhizobacteria
(PGPR) affect plant growth and tolerance under environmental stresses such as soil
contamination with metals. In this study the effect of inoculation with selected
strains of AMF (a mixture of Glomus species including G. intraradices,
G. mosseae and G. fasciculatum) and PGPR (a mixture of Pseudomonas species
includeing P. putida, P. fluorescens, and P. aeruginosa), on uptake and
translocation of Pb, Fe and Zn, height, yield and some physiological properties of
Centaurea (Centaurea cyanus) was evaluated in a Pb contaminated soil. This study
was carried out in greenhouse condition as a factorial experiment based on a
randomized complete block design with two factors including Pb concentration (in
four levels) and microbial treatment (in two levels) and in three replications. Soil
was contaminated with Pb concentrations of 0, 250, 500 and 1000 mg kg™ and was
then sterilized and inoculated with the AMF or PGPR. Results indicated that with
increasing soil Pb concentration, plant growth, shoot Fe and Zn concentration,
chlorophyll and carotenoeids contents and leaf relative water content decreased,
while proline content and the plant Pb concentration increased. The microbial
inoculation resulted in a significant increase (P<0.05) in plant growth, uptake and
translocation of Pb, Fe and Zn, an improvement of plant water uptake and
conservation and increase in contents of the plan photosynthetic pigments and
proline. Mean shoot dry biomass of AMF and PGPR inoculated treatments were,
respectively, 2 and 1.2 order of magnitude higher compared to the corresponding
blank treatments. It could be concluded that microbial inoculation results in
improved plant growth and increased tolerance against Pb toxicity.

Keywords: Plant growth promoting rhizobacteria, Plant response, Pb toxicity,
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