Sl g 9 S Ca ke a ol
yray AJ5| b)w qcﬂ{% ..\b
http://ejsms.gau.ac.ir %{.{;},@,iﬁkﬁ,

SR SSL H3a0 13 (K ) 42 55 ol Lawsi oaodlS g o g DA (IS0l (i y
¥ oSwg T 53 3950 Z,6 g PGPR

"l yao¥lase” 5 Aand wiaa
Aals o825l (Sbr e 05 8 Slsbial caals olSisls (Sbe e a8 (5 getils)
WAY/ETY 5l )b WV o/ il s 2

e
Clor 2 PGPR (slas SL 5 3Vl 50558 208 by aa b fass o
oAb B s GlelS (sl s sk pla i planil (S555 ax 58 oS Jan 5 p5endlS 5 o
gl Dl 03 ey agse Jold bajles s 8 L Dz Sy pons 5SS a3 olas Slals
(Pbo, Pbzso, Pbsan and Pbiogn) i 54 ¢ 5:s38S 5 s dane g 5 BoFo, B1Fo, BoF1 and ByFy)
5 pse 5 s See Gloles oS sls 0L mls s (Cdo, Cdeo, Celioo and Cdlno)
BIENETV I PR PP APRS | Lol JUsl 5 4y, « olse Pl L3 jolis pl Chle e sesls
B p-fgw‘ Voo clm 2° f}r‘ﬂs L @)B Sbegd e ey by ff:"ls whle o iy A3l
el & a5l pseeslS JUSl LS 5 alsmelll s ppesls Clile oS Gl Sa i p S kS
Al s (il pe) ol Lo ) Of clale o V8700 50/ Cja sled cpl Jo olse
s ol chle S MY S Sle [ sba 4y, o e BLE ez 534S 5l 0L S e
oobe anslie Sl ool sy =W ol sy ¥/ 4 05038 (sl Sl cpl LSl o olsm ol
oS Sbasles pld 53 paeesls il o8 33 0L s Koo slasles ol SIS 4 b e
S U s, slasles &5 el Sl pal il 2 (Rl pde) dals e 4 o

Lz oS 4 S o Jl

S xS pgedlS (o PGPR Y ST (65255500 2,0 sl (sloo s

Bostani@shahed.ac.ir :«3Ke J e’

AR


mailto:Bostani@shahed.ac.ir

IFAY (1) o lowd ((£) Wl Hlaul Mgl g S Cu e 4y uii

Aodko
OBl e e SOMGL 5 0SS 00 sege SAE Ghuse Ol o Olpea S
5 kb ales Osd mlo xS 5 s Lele (I RIB1 0T el ey 5 Sl
el el S s 55| Jsles 05,55 ) Loes ;;jﬂ o e 3 las sl
3 o3 4 O8USS mbio 5148 At o 5 05003l 03T Ghlis 3 Ko SIS 0 5 ke
() Lslm Db a e Sla bt 5 b e oy e el 4 g 5o s elS 6 Sy
SlaaY 53 odes sba 5 iy b (ST G )3 oS Gl e paie S paeslS (Yoo
p5edlS O S5y i Jelge s 4 3505 Ll (V440) (o5l il o wass o
Sla S8 5 il WS S <=j:.A.>L§ Vo 5 e PH s ol LSt il 5 pH S s
33 300305 S 25 o kiS U3 o graslS lid 5 3003lS ST O gemn Jasl 5 ol 3 asiis LB
Y eseaslS Gl Sbe il b b VIV s s s PH 5l dls s sl 4 il e S
S s e ol IS Sl S 55 01 €8 > &8 Gl o umie S e 355 0 ol
ol S L e ola ol (Y00 bt 5 SSal) 5 p e i) S e 3 5 Sl
o5 LS s 5 i Gl pSleS L s s Al s e S b &Y 5 5
G5 okd oS bawy Jawy S 3 O (0880 (D) Wil o I o o IS LS S
25 edkd Ol e slaady; b sdes jsba W5 e bl il e et LB Sole
Ol olS Lu g O S Sl (VA Oes 5 o8 g8) L ] A slad sl o)l g
e M it 538 o Do sl Sl LS olss lacand @ U1 bl ol
Solie pled 5 (Sapd glaias (VoY (s 5 el —BLES) Al e 4ty 3
Sl auss pesdhe Lol (el & Whds o3 S84 K I3« o3yl sl 2V
L g GRS 1) s A5 Sl B 60 5 ebd plend 5 (S Sl g A o
sl balis 55 el glasls 2L g Silae o i, 3l eslizad duy 0w
i 3 ool Ayl aS das e LS Sladllae il 4l ol enay |y (5 S shhe s La b,
Szl e Oldlas (Y001 ¢Sl S3L 5 68) 54l e LAES s jen Slae ka5
I3 4 o3 a3 1y 0T Al sa OALS (slaaly; OAs o32lS 5 LY Sa sl (6505550

oz b lags Sl cul sd 218 Vet Waasl 5 58) Klesls 218 K

YY-



Sl ol g (loxi dwoss

o SLSE g B slad s 4 S a3 T a1 e S Line Y ST (55555
O 5 G Ssls) Wyl K Sl Sl 4 cad gz Caslis 5 (6 Jes sl
oS iy, o Sl3ls 035 JT s VSl 5 S Sz B 4 da e L mle (144Y
o glada s O Gl sdas 5 olS Glaain) 3 e b JSE OIS e L 503 S5
W b VSl nusSe ol (T s SulssSiL 5 a8 S e SeS LS
'Sl g QLS 035 Sy I o S5 L s 035 5 e slac e
S i 5030 Ol 5 e T SlasSl Aol 3 et 1 o S olse s 2 b I
S e 8L gl (YoA) OKen 5 obt (Yoo O 5 Clls — D) S o Wl Lol
oS iy S e slag SU oS dxils Sl 5 2158 K Sl wes Il glasSs s 1, olS s,
lags 8L cpl S o Jods hast oS 5 et IS 4 1 Lol (b bt Sl gl b
Do (F Jodr 5l cnilon (1 a5l oot sl S35 4 o1 Ll 55 Ly (s
P Gl (7 sy b 3058 & aily slaodydy G2 b 51 3 il ol Tl
T 3 s Glalas 53 s et (Vi (Vb S (08 s IS8 (8
L et slaallan 53 (V488 () K pp 0 S0 1 0 pedlitngss 5 O gedlein (A 57 ke
B et 5 b b IS 4 L) ps S e 5 Ly IS Pseudomonas maltophilio « 5.
50 (VoA Ol 5 0b) sl Bt a0 15 e p3onnlS oo ool Sl by 5038
LoScall psm K Olgsa g Jo2 sl mil 8 Ll Ol (YorA) OLKes
=131 cel Flavobacterium Sp., Rhodococcus Sp., Varivorax paradoxus sls s ;su
Szl ollen S Ad psedlS @ ea T Sl (BVL WAL ens 3 5 adyy Job A3,
S S5 e T GlacS VL s ol s S e slags S s Y S sl 555

1- Hyper Accumulator

2- Exclusion

3- Extrusion

4- Accommadation

5- Bio-transformation

6- Biosorption

7- Precipitation

8- Bioacumulation

9- Methylation and Demethylation

Y



IFAY (1) o lowd ((£) Wl Hlaul Mgl g S Cu e 4y uii

cenlan, YooV e 5 ebssly Yot OLea 5 LT AV (gD el s, U
5 (Glomus mosseae) [N S sl (55550 7,6 B (erh) Oes 5 el (0487
3l 3 g e al oS g S ol a1, (Bacillus UPMB10) (s sL
dals OlalS b awslis 55 slsn rl.,\jlj‘t.,i.i) 0 a0 5 Shas ‘amc:ib Olals s aS sls oL @Lﬁ
555 Szl el 5 Sllur Sl s Ga b addllae ol L I (5l e sbay
LS Ai, , (Pseudomonas Sp) LS i, S e slagSL s (Glomus spp) Y Sl
Coge oS 5 e @ o3 LSl s (Lycopersicon esculentum) S sax S

W s9, 9 S0
55 S S oS by pselS 5 o S 2 6L s B ST e sl
Jols bajles s Sl 1SS aw sl St CJl’ B s JosSE ) o e u':'iL"jT
crjfjlcf 33 @fui.w (Pb1ooo 5 Pbsoo Pbasy Pbo) e Dl Lo Pb(NO3), e O
52 ¢S ke (Clp 5 Cdaoo Cdso Clo) hawe Jlez 5> CA(NO3)2.4H0 wie 51 g 50008
«Bacillus Pseudomonas) (s st (s pae) dals glasles Jald wlosly aws Sl 5 rﬁ,&s
Y70 (Glas gas lllS CoiS plonil g 2 206 L (681 S i il 5 (Glomus sp) 6
ol BSOS a5 s ke £ SIS Bl Hae ol b S e Sl
Jlesl 31 g a6l Sty gy d 53 S g3l il G5 an oS 5 B pae  ole
b)) e sSal Bl s ele SO Seay b gl (ol J e shien oS DL Lo
e il 6580 5 26 ley Jlesl Cgr 55 LS 13455 (51 8 Bl a3 YO sl 5 FC
5ok agd) 6,56 sy f; 0 slade 5 =50 g Sl ¢J§v~ wsls y S YL Y 5l S
s kils S 5 OIS @ sl azils o Y Sbt o)lss 5 Blol LOlS 4 (a8 Ol 5 St d g
bl Wl glasdy 1 B slaws (S sar S olS cuis | ghaeay (Vo)) OLIKes 5 o505) s
5 akEs Y /0 5 ey A1 Sl S s b Vi) 0 i) Sstsds fes Sl e s
Ak ciS olS s (U sined Jhie Of b cglg 3 5 Hsab sty T e IS s
RS g il il o b 5 5 gk ol 5 L ) elhs DLl eled Al 655 sk 5o

Yy



Sl ol g (loxi dwoss

g Aald oS8l (655188 0aSCiils w5 3 (o Bl +=T) LS o S 45l pizmen 3 S
Jols O pleasd 5 (S5 Sloyast F e ahe ¥ S 51 g0 5 04 S8 1ga 5l e
St 3l CVAAY) 3355 s 4 0T 53 PH 5 (Sl ulits fnd 5 gLl o lae a8 Ll Ao
Sl S QAT Gl 5 0pdd) 5 RSt iy 4 T sl 08T (S 5l) essden Es) b
2 e Sl gy 4 S8 Bl S 5 (VAAY O5nd) (olE endS By 4 oS
Sl 53 5 sy esn 3l ey WY Sl 1 ey Al (6,83l (VA0Y OLSes 5 ,50) pPH=A/Y
chle (it ean sy a sSelas s ileesbl Sy el S5k e Sl OWLS (215 00
(Analytic Jena, Contera AA300) Jue o3l Codr oas b 150 ol 5 ata;y 3 paedlS 5 o
51 (Translocation Factor) Jus! eSSt acls gl (V440 O 5eds 5 O gudle) A (g, Sl
(Y f O 5 Jerole) dos S eslial iy 3 jaie Chle 4 olse ol jaie Clle s

A3 S Pl EXCEl Lawr 5 15 505 oy s MSTATC i3l 5 L (65l Slilome 4dS

GL’I; RGO IR W d..:b\ “gz’ JJJ&- 55 eslawl Sy Sk &.“:L:A.:.J 9 ;5{’)?’9 CJWW C»Lb

Ao 25 peedlS 5 e SIS S s YO S IS o e S 53 OLES 5003 5 e LT

.L&LL;a oK d’w

SIS iS5 ealiiul 350 S ol 5 S5 Olaseie =) ol

. CEC Sand  Silt Clay CCE" OC Ec _PH s es
(Cmol, kg™) (4o ) (dsm™)
e VE/EA Y4 Yo Y1 VV/Eo /08 Y/¢o A/ Loam
Joles s Sl S

jCﬂJLSC,.IQLC«JJ ke éu)wjj‘ wtﬂ)‘j @,fdj\ ool Cwdds @L‘QV}T dud;»
52 S 680k s o OLE 1) olemelh 4 ady; 51 sl 586 5 olesell iy 3 o e

f)f-yﬁ)jcﬂsls&@j\ J\) g_)l.&a G’b .JJ‘J )ﬁ-} L;.’.‘j'“(’\'l'.")“‘:"i))" rﬂbls‘jgﬂ

Yy



IFAY (1) o lowd ((£) Wl Hlaul Mgl g S Cu e 4y uii

Al e alo ) g bad e gl Sl I

(S S oS plgrel il 5 ady) 55 paealS Sl il glajles S bty 4 S - Jpur

wio,; ) Cd sl ,es 5 Cd ke 5 Cd bl

' ' ‘ . ©3l31 am s Sk molis
s 1l sy e lspell
VEA R VeoraFAT AARAA\ v e
a8 YT/ IRVAN Y 257 3452
o AVo/o ™ Yee/ov q 25050 % poeedlS
Y 0/a¢ A% Yy U

é ¢ NP . T
rjs}l:sj;r;g?ﬂwj;um ..L.ZL!JA)\)‘;LMJ:PnS‘})‘JW'/'O}‘/'\ cﬁ.ﬂ))wj.m..u B

(a8 oS algmpll Ay 5o e e e lajles ST bty 48 s Y Jo

4 alyy 5iph Jlst s »Pbchle el s Pb ckle

, ol31 am s Ol ks GL‘.a
¥ R A (RS YaVS Y g
R BAYV/ PV vi/eq0™* Y By )
A EA0Y/NQ* vi/van™ 4 S B
/eeq YEE/YY YA Yy Lot

ek

z Z e ) . . .
r;)lgsfr;gfw}juuhlﬁ A3l ol g 08NS g ls sae t/00 50/ CX""'JJ‘.”‘:’J"M. K

o) 3 OT%ﬂ’ﬁf‘jwﬁg’x"E ool S Sls alis 51 ol el S

ol B Sl bl ST das o 0L ) algmelll a4 a1 e seesls Jlal L Sb 5 ol sl
f)fLA:AY.. j\" )LA.::‘)J Ubw‘um‘dd\bﬁb°3}”kkjjui‘ g;.«luapr_&ﬁ
Lled o Sl S S5 5 paeslS i Sl Sl ol la sl Jlesl b 5l elS

\A%3



Sl ol g (loxi dwoss

Sl gl Ol JAul58l Loast isls oLis (144Y) oL ool (YeeY O
by rxSle amlis 5l Jol ol S oo Iy SRl 331 (S5 ez S olS 3 pseeslS o 50
G Cd g9, sbasles VLQJ 33 Mms Ol a8 sl OlES oy S slasles Lol Ol Y
2 Ay S e slags Lt (T ) 0L 5 il ol 2l (Rl pde) ala Sl
lagl B Ll S s 2ose 153k s Ja e (oS IS5 sl S g e 3 6 Sl
s Ol s fzman Asls L1580 S 5l IS e (gols e sba laglus oS sl oL
d_ib,hr‘.h\ BE C}:AJ[S oLl 456‘4.’); ol G)G )L;..:.? 4 .Joj.:j« CJ:AJ[S sl U'ij':“:""" S
j Q)j..é.ﬁ.wj MLJL;G (c:l.?,u (:Js..@) ML:A )Lq.:.: )J QT C,.]al;« f‘f Y/Y’q C)B L: n.l.: c,”ili QLALS
NSl GrosSe Z8 S TeV) Oea 5 oadsl, aas hll olS el
oals )‘J.; s Or S0 b ATAL: 0L3§ .]a..wj; gﬁi.uw Q\Jlﬁ uJ}-J;PGPR 6/,:5‘.1) (M}A‘)g)
€0 ga ijv&h;ﬂ))kb céjlsbjﬁ‘)jgfﬂ C)GL@M L}.))Aitﬁ QLALS)JAS)\J QL:..: GL\J

.Jﬁ Lhaxa)"uiﬁel.;f @)}@lﬁflﬁ\)sw

YYo



IFAY (1) o lowd ((£) Wl Hlaul Mgl g S Cu e 4y uii

aha) gl il 53 pgealS CBLE 5 09 S lasles 5 pameslS # sk Jeol I ol alis Y IS
(S p S kS 53 p S e Yoo 50t 00 b pplS slajle . alspplil 4 ady) 5l pgeeslS SIS
PGPR (s 55b) BiF1 5 (152,55 z,8) BoF1 (PGPR 5 i51) BiFg (aals) BoFo 15 Ses s )less g sl

(5880 7,56 5

C,..w\ ol ol QL:..: i J‘jv\-} L &\ﬁr\uf\-" 4 4..:..3‘) )‘ r}:ﬁbts JLE;;( )jlsbj 4"‘:‘%) cd\‘}ﬁr\.\;‘ L

1 a
A- %
i
| [T B
o} : .
L 5.
, IR
hy &
< A f.
< o
3 ;}\ ¥
/—1\3 o T.
N o
R 2 .
& & i
é 3 il g o Il 5x =
EERR2288 EEER3238
S = O o= o= M Emeamcosd
Mo om oM o 8 8 oo
poeodlS g o955 slola paeedls g ;50 sl Lo
3
e}
a
.
he
3
a
&
Y
[ R e R i s L T R v i
| I T e T A B B
M oM oM oM & =53
poools 5 o955 slojlas

AN




Sl ol g (loxi dwoss

@ oady, Sl pseesls Jl LIS el Ll o rxp;lfd,.&l.&« S S W Ve pf_,.l..s
Sl ppeelS oSS e S e You mlan 53 ppeslS L B flie S ol J s 0l Al
5 55aS Ll i s Ol Ods 5 Ji;L:; c;k;; P Lol Asl o 28l C;Lu wf.w
j&) AERE3 4&‘)&&.&}&)@. Yoof 4&‘)&@)&%) -\Ml&@wb“]&)) u.\? J».Als

(\‘\‘\O sg’)b& 9 d)}.@.«.w_} Yeeva 40‘)&@

oS e gla i )5 paeslS SISy 29 Soe Ssles 5 paeslS g gha ilie S 5T Sile el £ J g

il el 4 ez 5ICd Jlasl p86 aiyy 53 Cd ckle | plse ol 55 Cd e ales
oo 0/® +/00° BoFo
L/ YARRE §/v0? ./ B;Fo
AV Y/VR NS BoF, Cdo
Y it /e B,F,
P £Y/VYP o g™ BoFo
VAR go/vo VA B.Fo
/ot Yo VAL BoF: Cso
Y £Y/1YP o/ve® B,F,
s Vvl AN BoFo
e WveS AY/AVC B,F,
ARV A\ IV BoF; Cloo
Y ve/a° Y/ A° B.F;
Ak VTV Yo/AV® BoFo
o yegbed AV ve/ve® B,F,
/00 W YA/00% BF, Cloo
Y gyl va/ov¢ B,F,

s gme DMl 8L o ys 0 Jlazsl mhan 3 clies S ie G s il S LSl Oyt o
PAAS 2 e S e e e lle il

Yy



IFAY (1) o lowd ((£) Wl Hlaul Mgl g S Cu e 4y uii

ey 53 O CBle gz sans 5 o ool S S0le wlie 5l Jols s Y S
Chle o5 sl Ol s das e DL 1) alsmeldil 4wty e JUES) L sSB 5 olsaell
Sl Lay ol Al alpmelll 55 o CBlE y WWAY ge s ibay aly L3 o
Sole ol S5 e S5 50 Dsles duy e Slaias (1704) Ws S dalie (6 S DAL L e easlS
ol oS (Glodidy ot S ol 5 DL WSS e 3K, S S flad s pr Jod Sl
oo 5 Shle eSOl e s (Y)Y (OLISen 5 31 Y4 O 5 L)
5ol YN OLan 5 miVT e ) Sl iy Jasee 53 OF Clale 21580 Ly 55 O e
cble Jlpl L obls w5 e S &S 351 e Sl (1AV0) ey 5 (V44T OIS
S ¢S S5l ol oS ol 3mb les pll 4 OF JUl 5wl il Al Jaseas s O
2 ekd ol o ool G (1AVA) OLSGa 5 s ST Gl as e LIS | olS o
Ay ol amD a5 el oyl 5o GO sbul o ge 03 S s aday slad e o)l 50
Lay pSkS oS ke 000 Sl b aS 3l Ol bt pomen LS o Sl aly; Job
&ﬁéj\;&mg_é‘jté-\Sélﬁﬁg.ﬁq}ﬂ,\j))atoij\mb\ wlsl O Ol (65 g0
230 O s S edalin o SHLST 0 S ke Vere 5 00 Sleg 53 G e 2R
om0 5 A oS 6 SB Sl J) Gl GBS slasles g sels S
(P</00) sls OLzs (gols sme Sl asles ol UBIFL jlas s oy ,Soe slales

YYA



Sl ol g (loxi dwoss

LT L
. i
o i1 B Y
zj iva 3
11 it 13
¥ J R
o VYA £
> 3
1 = ¥
L 7 4
of) I‘J
[
Mg Eon |
o by
2t LA
o o] b P B B B A
=]
= oD - - o2 D
e T S N = =)
S oH D A Ry O
A MmAaf AR =
=

s e aleles

a
i BRI PY
h
:)'
1 -7
S
).
Ty
0
T
3
Q [
ii; v | 5
) S oM -HoO0 Q9
T T . R
o - o - M B o =t
RmEam 223
o
s e aleles

5 aky olampll 5o e CBU gy S sl 5 e sk ol DS S0l dlie Y S
T (S p S S 53 p S ke Verr 5000 YOu v gl el gaplil 4 iy ) o JEST g6
PGPR (5 751) BIF1 5 (55,55 ¢,8) BOFL (PGPR (s 551 BIFO (asls) BOFO @ g5 Sr slasles

(550 g8 5

AR



IFAY (1) o lowd ((£) Wl Hlaul Mgl g S Cu e 4y uii

I (65 2o
Clor 2 PGPR (slas 8L 5 3Vl 50558 208 8l yr Baa b rags o
5 gl SR L S Ol S S il (S a8 el b psedlS 5 e
Ly ol 25 Wy SR Gols s ssbe iy 5 alpaelbl 53 s g3 e Chls ol
s 0L gl A anlS Gl ot IVl bl 53 S SIS S o bt Dy
lsr pll 5 OF Clale ply Y/ 5 IANAY wtyy s ppedlS 5 s Sl buge sba
el sty 2B L el il OLaLS 4 by e olS By paeslS ol o it dL

BE QTCAM&JJ\J.: o/aY v_:‘j.h{x‘.)u‘)b rﬂbgw&ccﬁ}lﬁsﬁr;w\" CE.NJJASLS‘A.;;
2 U s Gl opeeslS Gy sls DL il s (il pe) dals Lo
Rl UBIFL L s s oo slasles w03 45 (5058 4 s olS 0 S 31 o e Jlas]

2l Ol gols pme M s jles

&l

1.Abou-Shanab, R., Ghanem, N., Ghahanem, K., and al-Kolaibe, A. 2000.
Phytoremediation potential of crop and wild plants for multi-metal
contaminated soils. Res. J. Agric. and soil. Sci., 3(5): 370-376.

2.Achiba, V.B., Gabteni, et al. 2009. Effects of 5-year application of municipal solid
waste compost on the distribution and mobility of heavy metals in a Tunisian
calcareous soil. Agriculture, Ecosystems and Environmen. 130: 156-163.

3.Alloway, B., 1990. Heavy metals in soils. Blakie and Sons Ltd. London. Pp: 1-53.

4.Azcon, R., 1987. Germination and hyphal growth of Glomus mosseae in vitro.
Effect of rhizosphere bacteriaand cell-free culturemedia. Soil biology and
Biochmistery. 19: 417-419.

5.Andarade, S.A.L., Abreu, C.A., de Abreu, M.F., and Silveira, A.P.D. 2004.
Influence of lead addition on arbuscular mycorrhiza and Rhizobium symbioses
under soybean plants. Applied Soil Ecol., 26: 123-31.

6.Bower, C.A., Reitemeier, R.F., and Fireman, M. 1952. Exchangeable cation
analysis of saline and alkali soils. Soil Sci. 73: 251-261.

7.Bowyoucos, G.J. 1962. Hydrometer method improved for making particle size
analysis of soils. Agron. J. 56: 464-465.

8.Chen, B.D., Shen, H., Feng, X. Li, G., and Christie, P. 2004. Effects of EDTA
application and arbuscular mycorrhizal colonization on growth and zinc uptake
by maize (Zea mays L.) in soil experimentally contaminated with zinc. Plant
Soil 261: 219-229.

vy



Sl ol g (loxi dwoss

9.Christie, P., X. Li., and Chen, B.D. 2004. Arbuscular mycorrhiza can depress
translocation of zinc to shoots of host plants in soils moderately polluted with
zinc. Plant Soil. 261: 209-217.

10.Dushenkov, S., Kapulnik, Y., Vlaylock, M., Sorochisky, B., Raskin, I., and
Ensley, B. 1997. Phytoremediation: A Novel approach to an old problem. In:
Global Environmental Technology. D.L. Wise (ed.) Elsevier Science, B.V.,
Pp: 563-572.

11.Foy, C.D., Chaney, R.L., and White, M.C. 1978. The physiology of metal
toxicity Annul. Rev. Physiol. 29, 511.

12.Gaur, A., and Adholeya, A. 2004. Prospects of arbuscular mycorrhizal fungi in
phytoremediation of heavy metal contaminated soils. Current Sci. 86: 528-534.

13.Glick B.R. 2003. Phytoremediation: Synergistic use of plants and bacteria to
clean up the environment. Biotechnology Advances, 21: 383-393.

14.Gohre, V., and Paszkowski, U. 2006. Contribution of the arbuscular mycorrhizal
symbiosis to heavy metal phytoremediation. Planta, 223: 1115-1122.

15.Henry, J.R., 2000. An overview of the phytoremediation of lead and mercury.
U.S. Environmental Protection Agency, Office of Salid Waste and Emergency
Response, Technology Innovation Office, Washington, D.C: 1-51.

16.Hughes, M.K., Lepp, N.W., and Phlipps, D.A. 1980. Aerial heavy metal
pollution and terrestrial ecosystems. Adv Ecol Res. 11: 217-327.

17.Iskandar, 1.K., and Khirkham, M.B. 2001. Trace element in soil. Bioavailability,
flux and transfer. Lewis Pub, CRC Press, Florida. 287p.

18.Kabata-Pendias, A., and Mukherjee, A.B. 2007. Trace Elements from Soil to
Human. Speringer. 561 p.

19.Kashem, A., Singh, R., et al. 2011. Fractionation and mobility of cadmium lead
and zinc in some contaminated and none-contaminated soils of Japan. Soil
Science and Environmental Management 3(9): 241-249.

20.Khan, M.S., Zaidi, A., Wani, P.A., and Oves. M. 2008. Role of plant growth
promoting rhizobacteria in the remediation of metal contaminated soils. Environ
Chem. Lett. 7(1) 1-19.

21.Marchiol, L., Assolari, S., Sacco, P., and Zerbi, G. 2004. Phytoextraction of
heavy metals by canola and radish grown on multicontaminated soil. Environ.
Pollut. 132: 21-27.

22.Marry, R.H., Tiller, K.G., and Alston, A.M. 1996. The effects of contamination of
soil withco pper, lead, and arsenic on the growth and composition of plants. Effects
of season, genotype, soil temperature and fertilizers. Plant Soil, 91: 115- 128.

23.Moral, R.A., Cortes, I., Gomez, and Mataix, J. 2002. Assessing changes in Cd
phytoavailability to tomato in amended calcareous soils. Bioresource
Technology. 1: 63-68.

24.Munson, R.D., and Nelson, W.L. 1990. Principle and practice in plant analysis.
Pp: 359-387. In: R.L. Westerman (ed.). Soil testing and plant analysis. 3" ed.
SSSA. Madison, WI.

AR


http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DHughes,%2520M.K.%26authorID%3D36489343400%26md5%3Dcc5c57a80a15327772ffab565237ef2a&_acct=C000055255&_version=1&_userid=1900600&md5=fbbd675f7a071dfc7875adce1adc31fe
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DLepp,%2520N.W.%26authorID%3D36489884800%26md5%3Dcbcec0be2ca16b4fb0561f15462d4299&_acct=C000055255&_version=1&_userid=1900600&md5=817e30d3b304bf38d261da30cd92e2de
http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http%3A%2F%2Fwww.scopus.com%2Fscopus%2Finward%2Fauthor.url%3FpartnerID%3D10%26rel%3D3.0.0%26sortField%3Dcited%26sortOrder%3Dasc%26author%3DPhipps,%2520D.A.%26authorID%3D36490273200%26md5%3Dfe88190ab323aad48c78380d09af536e&_acct=C000055255&_version=1&_userid=1900600&md5=3a28c84643a949c5595e4abc567715cf
http://www.sciencedirect.com/science/bookseries/00652504
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%2318040%231980%23999889999%23689646%23FLP%23&_cdi=18040&_pubType=BS&view=c&_auth=y&_acct=C000055255&_version=1&_urlVersion=0&_userid=1900600&md5=45d925a53ec36092664cf9334469d562

IFAY (1) o lowd ((£) Wl Hlaul Mgl g S Cu e 4y uii

25.Nelson, R.E. 1982. Carbonat and gdypsum. p. 181-196. In: A.L. Page et al. (ed.).
Methods of soil analysis, part 2, 2" ed. ASA, SSSA, Madison, WI.

26.Nelson, D.W., and Sommers, L.E. 1982. Total carbon, organic carbon, and
organic matter. Pp: 539-579. In: A.L. Page et al. (ed.). Methods of soil analysis,
part 2, 2" ed. ASA, SSSA, Madison, WI.

27.Niess, D.H. 1999. Microbial heavy-metal resistance. Applied Microbial
Biotech. 51: 730-750.

28.0zeres, H.M., Hanlon Bryan, E.H., and Schaffer, B. 1997. Cadmium, Copper,
Lead, Nickel and Zinc concentrations in tomato and squash grown in MSW
compost amended calcareous soil. Compost Science and Utilization. 5(4): 40-45.

29.Rahimi Alashtyl, Bahmanyar, S.M.A., and Ghajar Sepanlou, M. 2011. The
effects of sewage sludge application on pH, EC, O.C, Pb and Cd in soil and
lettuce and radish plants J. of Water and Soil Conservation. 18(3). (Translated
in Persian).

30.Rashid Shomalil, A., Khodaverdiloo, H., and Samadi, A. 2012. Accumulation
and tolerance of soil cadmium contamination by Millet (Pennisetum glaucum),
Lambsquarter (Chenopodium album), Flix weed (Descurainia Sophi) and
purslane (Portulaca oleracea. J. of Soil Management and Sustainable
Production, 2(1). (Translated in Persian).

31.Rhoades J.D. 1996. Electrical conductivity and total dissolved solids. P. 417-436.
In Sparks, D.L. et al., Method of soil analysis. Published by: Soil Science Society
of America, Inc. American Society of Agronomy, Inc.Madison, sconsin, USA.

32.Rhoades, J.D. 1982. Soluble salts. P.167-179. In: A.L. page(ed.). Method of soil
analysis. part2. Chemical and microbiological Properties. Agronomy
monograph no. 9. 2nd ed. SSSA and ASA, Madison, WI.

33.Vivas, A., Vo’ro”s, 1., Biro, Barea, J. M., Ruiz-Lozano, J.M., and Azcon, R.
2003b. Beneficial effects of indigenous Cd-tolerant and Cdsensitive Glomus
mosseae associated with a Cd-adapted strain of Brevibacillus brevis in improving
plant tolerance to Cd contamination. Applid Soil Ecology., 24: 177-186.

34.Wang, F.Y., Lin, X.G., and R., Yin. 2007a. Effect of arbuscular mycorrhizal
fungal inoculation on heavy metal accumulation of maize grown in a naturally
contaminated soil. Intl. J. Phytorem. 9(4): 345-353.

35.Weissenhorn, 1., Leyval, C., Belgy, G., and Berthelin, J. 1995. Arbuscular
mycorrhizal contribution to heavy metal uptake by maize (Zea mays L.) in pot
culture with contaminated soil. Mycorrhiza, 5: 245-252

36.Zarei, M., Saleh-Rastin, N., and Savaghebi, Gh. 2011. Effectiveness of
Arbuscular Mycorrhizal Fungi in Phytoremediation of Zinc Polluted Soils
Using Maize (Zea mays L.). JWSS-Isfahan University of Technology. 15(55):
151-168. (Translated in Persian).

37.Zimdahl, R.L. 1975. Entry and movement in vegetation of lead derived from air
and soil sources, paper presented at 68th Annu. Meeting of air pollution control
association. Boston, M.A., June, 5, 2.

AR



J. of Soil Management and Sustainable
Production, Vol. 4(1), 2014
http://ejsms.gau.ac.ir

Gorgan University of Agricultural
Sciences ai latu es

Assessment of lead and cadmium uptake by tomato plant in the
presence of PGPR and arbuscular Mycorrhizal fungi

H. Nemati® and *A.A. Bostani?
!M.Sc. Student, Dept. of Soil Science, Shahed University,
?Assistant Prof., Dept. of Soil Science, Shahed University
Received: 12/24/2012 ; Accepted: 07/22/2013

Abstract

This study was conducted to investigate the effect of arbuscular mycorrhizal
fungi and PGPR on lead and cadmium uptake by tomato plant. For this, a
greenhouse experiment in a complete randomized block design (CRBD) with three
replications was conducted. The treatments were microbial treatments in four level
(BoFo, BiFo, BoFiand BF;) and four levels of lead and cadmium (Pbg, Pbysy,
Pbsgo and Pbigng), (Cdo, Cdsg, Cdigo and Cdagg). The results showed that effect of
microbial, lead and cadmium treatments on the concentration of these elements in
shoot, root and their transferring from root to shoot was significant (p<0.01). The
highest concentration of cadmium was related to interaction of fungi with cadmium
(100 mg Kg?) treatment, so that the cadmium concentration in shoot and
Translocation Factor in this treatment was 5.62 and 14.05 times of its concentration
in control (no inoculation) respectively. Lead concentration in the root was in
average 18.92 times its concentration in shoot. This amount for cadmium was 3.09.
The results of mean comparisons related to main effects of microbial treatments
showed that cadmium uptake in all of microbial treatments are higher than control
(no inoculation) while, microbial treatments didn't have such an effect on lead
transfer from soil to plant.
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