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L AT BHIF AT, b EARL R 2B R HE AR5 e E R AN, K 3001915
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A B GRS T & Al
M, Tl “ =57 MR s RS Ea w2y
A RE 9 R (R X AR S R B i L T TS
( Rodriguez et al., 2008; Gomez-Sagasti et al,
2012),2014 4F 4 J] FRSF AR AP A A - B PR 4 A
T A G YR N, T LR
2 E A SRR 16.1%, HUESE
HREW TR ., PIEESETGREA
5018 R VN N N P UK SN s B % SN )
Feml, HAEBERRE, 03 AS & S,
A5+ e i 43 R 0 75 s B [ N AN AR A
SUFIME R o R AR T YL O R AR S PR
BRub & . AR A . NIRMER AR 2 & J iy &
HIREAF A2 (Mclaughlin et al., 1999; &%
KM, 2011)

BEBIGRMER LT TR WA L)
Bk A EIIEE SR St R, Bk
REARBABEKRY, BRERT S, BBr7E

FEWNTT . WA IE R, BENAR, ZTH
ARG, s LA S R % a5 iom (Bia
S, 2013 ), MWIMBEHORER THSET . &6,
WEEALF, HAGIAZ RG0S B AT
. ARMEEREDARE . P/, MESE
AEEENE . R S SIS E ORI &
& CRIT|ATEE, 2010 ), ARPR T3P A7 7E 5 Bt A
R AN AR (5w L h e
4000~10 000 FlJFRZ A, AL 2x10°4), &
TSR R LA S A BRI T oA, 248
B - s i F 2 A A= ) R 2R (Schloss et al., 2006 ).
WSS AL, —S85r Bl AR Y 11, XMZfE 4
Ja HAT B Rt A2 1 AR AR PR A A= TR e (e ifF E 4
@5 BB A A, B AEY) R YA, B
FAEPE AR, WA - E VIR S8 R o &
GlEim AR RN — (FHRSE,
2010; Rajkumaretal., 2012; Longetal., 2013) ,

(AR AR AR (A A

EEWE: PORGA R ERITB I AR 55 2 LI 4 (AOVERAF LR RITHE I ) 5 FE ARREEEETH (410011915 41473115) 5

RHETT HARENEFL AT E (12JCYBIC14900 )

fEEEI: SR (1980 4F2F ) , BB, Wb 5, W+, FENFHELSETGYEY-HAEAEE V5. E-mail: frankerry@163.com

iR EEA: 2015-03-24
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TEVIE S mWIL . iz, FBEICRIEY T &0 E4
J& SRS G R AR HGE ( Dary etal., 2010;
Sarwar et al., 2010; Schue et al., 2011; De Souza et
al., 2012; Wuetal., 2012; F37%, 2014 ), Ahmad
etal. (2014) RHMELEIGYFMT, ZAHDHE
Brfe B Klebsiella sp. CIK-502 BEREIEIIN/NAZ il &
KAEYyHE, (R L E R E S R Cd i,
Guo et al. (2014 ) FEF 4 @ AL P AR PR 25 7
( Bradyrhizobium sp. YL-6) REW[R]R (X Cd 155
TR T H AR S EERS> Cd S, ASSCiEE
R WA AR PR AR TR Y R, B
st R, AT R E 4R 5 Y
YRR PR AR AL A YA BAE AL, 25 6 TR B M E
SIEIGYRHIE, S RTE Yk e e 51
B E T S 5 PR
1 IRESEYRREER

HPr (rhizosphere ) J&F8 4= 9y Fn B AZ 2]
TR . R HGEMRAY 1-3 DXC4s ( Hiltner,
1904 ), HRPBRIEAE ) -t HE-f0AE W 1a) AH B A FH Y B 22
FUAT, FEX UM BN, A Y S+
BRI . Rei 51 B acH, R AR
IEF AR A RS BRI EE, Bl
T -1 38 R G P B TR R 43 o TR A V5 ek
t, ARFRELREY IR it A, R HESE
TUER I AEY W -Fy iz - BRI A B B
RIEC TR, 2008 ), FHIARPRAEA: 7 ( Plant growth
promoting rhizobacteria, PGPR ) J&4§ LAEFH s H
K 18 7 AR TR TR AR PR ) — 2R Al R K. BT
Phad &oF 7= A M A K 3R moml b 4R
(Indole-3-acetic acid, IAA ). #R%ZE ( Gibberellins
acid, GA ). Mi7%H2 ( Abscisic acid, ABA ) i 4ilfis
43%1% (Cytokinins, CTK) %, 43 1-ZILIRH
Fi-1-3R108 (ACC) R . AYEA . BRIl
FRER | FEBUHE YRR R AR G R A A K
( Kloepper et al., 1978 ),
2 BEEfRETHITEEYRRMEERSFMNE

Burr et al. (1978 ) B 5 1 MIRkXS AL
HIRAMER PGPR LK E NS ZBUET 20 4
J& AR B B HA W TR e AR T, 7 L e
BRI & Burkholderia ) . M & & ( Azotobacter ).
LEAUATF IR ( Bacillus ) . ¥ PR TH & ( Xanthomonas ) |
IR % il i J& ( Pseudomonas ) . 13 FF W @
( Arthrobacter ) | [WRMREE ( Azospirillum ) . WiFT
)@ (Enterobacter ). iR E ( Klebsiella ).
AT E R (Flavobacterium ) F11% 4= RYAR I & &
( Bradyrhizobium ) %5 ( De Souza et al., 2015) .
PR UEZE (2009 ) M Cu it 52 I A8 1) 15 90 75 75
( Elsholtzia splendens ) MFrsr#5%] 27 #RH ACC it

FARFEME . e LR . i gkEik H A A
B Cu Mz MMM AR PR AR AT, i —2 0028
SRR, XEEEMRTE T 7 AR, Hh R
ACC Jii 2z W 05 TE Wtk 0 B T 2 8 W 1]
( Proteobacteria ), Y- JE i 24 ( Gammaproteobacteria )
R ¥ H ( Pseudomonadales ), % 47 [K & £}
( Moraxellaceae ) AaiHF#J& ( Acinetobacter ) il p-
IE# 2N ( Betaproteobacteria ), 1H v 22 /R 18 [ H
( Burkholderiales ), r=##f &%} ( Alcaligenaceae ) ;=
& (Alcaligenes ). Z5HF (2012) WF5E KB Cu
PHE T, WINERE (E. splendens) RIEH 1 cm X
BN Z R, BERSS I RE R R
HIEIX IR L1 Co AEYA RS THERPRIX S,
X AR B R AR B 79 b - G A= ) 22 SR FH A
BEIR L ik ( PCR-DGGE ) MIZG i it PCR( RT-PCR )
FRIE M4 R W], 2SR ] ( Proteobacteria ) il
LT ( Actinobacteria ) eV 755 MR BRI 4l
PEAPHE , SR 1ML 4 Jm Wi 75 3 BE TR | 1( Firmicutes )
@ ZE AP R ( Bacillus ) FPREHBIAE Cu 755
H M AR RPR . Luo et al. (2011) M Cd 1
ZHYIREARLL (R, 22, ) ol
3| 30 MR AR AE R, IR R
SEJE T ( Actinobacteria ) 5 43%, I
["]( Proteobacteria ) i 23%, $IFT 1] ( Bacteroidetes )
i 27%FERER ] (Firmicutes ) 1 7%, id /4L
FROCHGER, 75 A E AR TS Y T YRR e 4
AR ARRE, FRAOTAIR : & DAY PR e A b
B T YRR, ( Bacteria ), JEBER[ ] ( Firmicutes ),
EHIFFE (Bacilli ). Z2IE T ] ( Proteobacteria ), a-
AR JE B 4W ( Alphaproteobacteria ) . B- 2% 1 B 4
(  Betaproteobacteria ) fl y- A& B EH 2
( Gammaproteobacteria ), JiZE#i] ( Actinobacteria ),
TR #ZN ( Actinobacteria ) PAM ELAZ38, ( Eukarya ),
BR#EE ] ( Glomeromycota ), W$ 1 iR, XfTH
SIEMNEAMT, MR PME AR E B IR A
B FIATHE— 20 R 4w e S A YR PR A=
TR AR S AR, A ) 4 S TR TR
PRI B8 M FL 2% fiff 15 T A Y0 TR 42 @ W38 LI F 5T 1
Bk 5 R2GLEFES.
3 HEYRRREERBRLESRESTLLTIEE
miEs
31 FEEMEKIZRSEEEVEYE

FE )RR B A1 A TR R A% 1o B3 B i ) A= K
HERELEY T (A2 (Indole acetic acid,
TIAA ), JiiV&MR ( Abscisic acid, ABA ), 4l
( Cytokinin, CTK ) FIZr# % ( Gibberellin, GA )
&) R EASIRSER NG, R YERKE
Ho Guo 5§ (2011) NEEJEE G155 13 B i
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Table I The most frequently studied PGPR and their phylogenetic classification
£l H s & M} 52 2 42 )i 1 XY 275 3k
Bacilli Bacillales Bacillaceae Bacillus Cd ERJEIF3% ( Brassica juncea) Jeongetal., 2012
WZER (Lolium multiflorum
Lam. ) JRFEH( Medi sativa ., ..
Rhizobiales Rhizobiaceae Rhizobium Cu Lar)“*:]%&sg' (( C"fot’szlgr‘;;“ "%, 2014
Aloh bacters mucronats Desv. ) %5
phaproteobacteria Rhodospirillales ~ Rhodospirillaceae Azospirillum Cd KZ ( Hordeum vulgare L.)  Belimov et al., 2000
Rhizobiales Bradyrhizobiaceae  Bradyrhizobium Cd K5 ( Glycine max (L) Merr.) Guoetal., 2014
Madhai t al.,
Rhizobiales Methylobacteriaceae Methylobacterium Cd, Ni e (Solanum lycopersicum L. ) N 0?)7 atyan et a
Burkholderiales ~ Burkholderiaceae Burkholderia Pb, Cd, Cu, Zn ZFi5K (Sedum alfredii)  Guoetal., 2011
Betaproteobacteri E235) .
claproteobactetia Burkholderiales Comamonadaceae Comamonas Cd (Vignara diata?L.) R, Wilezek ) Salujaetal., 2014
Pb, Cd, Cu, , .. . . Andrades-Moreno
Pseudomonadales Pseudomonadaceae  Pseudomonas Zn. Co. As K¥L ( Spartina densiflora Brogn )et al.. 2014
. Enterobacteriales  Enterobacteriaceae Enterobacter . .
Gammaproteobacteria . . . Cd i ( Solanum lycopersicum L. ) Chenetal., 2010
Enterobacteriales  Enterobacteriaceae Serratia
Enterobacteriales  Enterobacteriaceae Klebsiella cd N (Triticum L) Ahmad etal., 2014
Xanthomonadales Xanthomonadaceae Stenotrophomonas
Actinobacteria Actinomycetales Micrococcaceae Arthrobacter Pb 218k ( Hibiscus cannabinus L.)  BFEIEESE, 2013
Glomeromycetes Glomerales Glomeraceae Glomus Pb FK (Zeamays L.) Zhang etal., 2010

P —PRAESTH % ZFh 4 E (Pb800 mg L', Cd
1500 mg-L', Cul50 mg-L”', Zn2500 mgL"), H
HAAEMYERME (1AA), sk ik
( Siderophores ) Fl ACC i 2 [ (1111 v [G & D54
( Burkholderia sp. D54 ), T4 JEE A 159+ H
RIRAE KR, HFASCIRE D54 BERE T
Cd/Zn R EMEW AR 5K ( Sedum alfredii Hance )
AYE NE S TR RE . (THORESE (2011) R
WA EYEFR A X AR Cd B A R e %% ( Solanum
nigrum L. ) W FIAR SR B 43853 B i v 21 5 MRAE
o= EmINE R (1AA) AR H A A Cd btk
AR (Bacillus ), HPTEPE AR1, AY1, BG4
RENS 0 B IR ( Oilseed rape ) %R EHE .
WA v5E (2014) 58 R IR Cu AHPIHRPR{EA:
P Rhizobium sp.W33 REMS I 35 (i i JAAZ FOAR 2 X
Cu WM, MR Ccu R E, St
Rhizobium sp.W33 BEREHE R Cu B2 RERFFS
A, AR LA Cu Sa3ghn. P
(2012) M4 Jm 53¢ LI By i e 3 —4k Pb I
Cd T PEE#R ( Ochrobactrum sp. 13 ), ZA%iR 645
=W, FEFhEERR 13 IEFHEL ( Vetiveria zizanioides )
AEYERAINE R 2.1 45, HH EHsM . S
A HEAINER) 2.8 F1 6.0 £%. P50, Hbrt
SEANTE R RY) 80%HAT 7R TAA B ARV T4
JETG YR, AR BRAE A R VT fg i A - A )
ARKEE, FIEAEYRRA R, SR R,
MR A AR R A Jm R R, B R A
R RHE (5%%, 2013 ),
3.2 #ik ACC iR EEMRIES BN ELEIME
CIRIE BRI RGN E S T2 —. &

&R SR i R R R P S vk B 2R
A E R AR A B TGS, AN aa vl g
XA TS R A9 . Sheng et al. (2008 ) M4
JE& 15 G AR OISR AR R AL 2 b o B B W R X B
SIREARORIZYE, HHE ACC Bz B
W Pseudomonas fluorescens G10 Fl Microbacterium
sp.Gl16, TEEWTY MR, HEME G10
1 G16 25 TIl=E ( Brassica napus ) ")l
L EE . Luo et al. (2011 ) M Cd #EFEMY) e
PR EAS3) 18 BREA ACC i & B S 1
YRR, Hrh bk e 255 ieis 22 i Cd XF
16 FAEYI RS, B JE e S8t N AT E s T
55%~143%, H#b EERIFTEHGAN T 64%~100%; b
T Cd B BREIINT 66%~135%, b L&k
Cd B ZRERIN T 22%~64%., ACC AWM
AR YI R, B ACC B BHEME IR
Pr {2 A4 B RE 9% 08 i 4> i ACC A a- T R
(a-ketobutyrate ) FIZ 53+, MIMFEAESIAR P 206
G, S ESRENEE YR ER AT
PISEIR , GG S AG Y 4 T it 32 7%
3.3 HEMRFELEESEEVENMS

T IEE ST R e SR E Wi o 3R
T 1 ACH . 285 B P B - JETTE S5 2 O
PEBERRERULIE (1RE4E, 2012), WFFE AR B, —ib
AR B 12 A= A1 R 0 38 3k 0 WA IR - et AT LR R
R pH AE S WA LA M IR Tl 4 7 X i
BEXMERSPETOILIEIRER o SR, BT R BRI A
HzZAEEWMELSEE I, WirEE4)R
B A RS R A R TR AR R e R T
B 5512 . Jeong et al. (2012) 7£ Cd V5% 145
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KT, MEABEPEENN—KRE RFRTRE
( Bacillus megaterium ) P EJFEIT 3% ( Brassica
Juncea ) FNRJFR ( Abutilon theophrasti ), #5F3%H .
R B ORZF A T (A5 A 1A AR B 4 48 ] 58 46
A& Cd Fra BRI, RS SEAHRREE T Cd
SRR IR T 39%M1 68%. L7, Prapagdee et
al. (2013) 50K B, HFPT Cd MY BRI A B
Micrococcus sp. MU1 Fll Klebsiella sp. BAM1 figfii#
WA e KR (TAA) fedbm oA K, 1
IHECH T &R S EERAE Y R . A, R Cd HE
YRR PR 4 1 Micrococcus sp. MU1 Fll Klebsiella sp.
BAMI REFEIGINARPR 1K Cd WA (13K
RZS Cd WREE I T 2.65 F1 2.68 £ ), &m0
HEEMREXTT Cd e, ImtmEamis gt
BB E AR Jiang et al. (2008 ) M4 5 Y
T B0 B AT B — MR LA S AR AR AR AR B4R
S ECH ( Burkholderia sp. 162 ) , 753 5%1F N R £
KT, ZERERZHEABER T EESE (Pb
M Cd) iEALRE ST, Bt 3 P S AL AR PR oK
FNFE Al - HE ] 242 Po Al Cd &, HALAE KA
FA Pb. Cd & &5 AR BATAH L0 T 1
38%~192%F1 5%~191%. 734k, HeRhi 4R HEY)
WRIREAEE (W3 JET Pseudomonas, Proteus,
Bacillus, Enterobacter ) REMEH 1 16 ALAR bR 119 &
G, WEIRPRE SR AEYARE, (et Cd R
SR e (S nigrum L. ) Cd 2R (3, 2011;
XFEE, 2013 ),
4 HEYRRMEEENEMESERIE. i
HIHDHI1E A
TEE B EWEMEE T, T HEYE R R
ARk, (fHSE R T Ik pL ]
SR et @K ikt 2, AR R SR PR
Prisfe s B 2 A A EAER DGR, SRR 4%
FhAZ 2 A=) SAEAE W IE o BRI B 4 J8 A9
PR AE R RE U A R s A Y, s — 48
By E SRR E, 5 T ESEIGREY
BERF HRTERNE, TR LR,
TR Y AR PR AL TR RS TE 2 A ) T 4 B 7
(1) [ s B AR AR i 4 B R AR . A EoE R,
TR BRI 2E T 32 28 o LR LA 7 AR
Ham| 2 E,
41 BEHHEEESHMSENSHESES FRHM
THCEE ) A A 40 LB A 2 20 U3 A7 £ A%
VREPE , 20 RERE | S ) T T 5 A e
BF, BT aci MBS ESE T A ST S ES R R
T4iG, BIRE RS L EP e
Ah, TR WA Z2 S T ( Exopolysaccharides,
EPS ) JFRIIESE BB W AR PRl 2 A5 4 i 15 1

W DARPR - b A R AR A . FEE TR
R ZR ()R P R s 2 A TR 30 3 T A &4 e B R S 22
VEIRY) O T 2 S 48 & 1 W B AE A Bl
TR A RS ES RS FIRE, RMESEX
P EEE, WP R X T4 8 51 1k
5, Schue et al. (2011 ) BFFEEI, —HE5ES FIn)
H 2% ( Helianthus annuus ) & Fr 00 A2 58 5 1 bR
( Rhizobium alamii MSAGT ) il i /WA 24, 7E
16 FAHEYAR RIE K — 2RI, BHAE R bR 2 8
CA*' B THE AR R4, Dary etal. (2010) #F
TR LW Bradyrhizobium sp. 750,
Pseudomonas sp.Fl Ochrobactrumcytisi B 2% it
SIEXTEPIE S (Lupinus luteus ) FFEIEH, &
ERINECP R SR, I H W R R 4
ZE4)E (Cd. Pb, Zn Fl Cu) & & SHEYH EET
srE4E)E (CA M Pb) . Guo et al. (2014) fif
SERIL, HEA Cd AL T ( Bradyrhizobium sp.
YL-6 ) e RImTFRARAE KAE Cd 5 LR G
BB S EER Ay Cd .
42 FEEVRSGNE (ISR )BREEVELEESE
FE Y AR B A A= TR e A5 1o 15 A RS b
(Induced systemic resistance, ISR ), 1k i i
FHOCHER ZRIE , T A A 5 R 45 Oy KRR AE )
H4E ¥ (Gopalakrishnan et al., 2014 ), fH#)ZH
A T 4R S IEE b K 72 AR i A
BT [ fi 3t O 3l i S Ak 7 {L Al ( Superoxide
dismutase, SOD ) Z5470 4 fb il 4 AL A FH 9t 7% fh Bl
H,0, fl Oy, TifEiLA LS ( Catalase, CAT) Fl
ALY ( Peroxidase, POD) Z&EHITT H0, B
HE— DA HoO, M TS /D3 A S % A0 A4 M
i . PEiGE, HMPIERLE 67% Mt A LR & H
Z5E4EME LR (Ovetka et al., 2014), &
A AF (2005 ) WF5R LB, HEMIBEAIR BT
( Rhodopseudomonas palustris )ReW i 15 ¥4 MFEY)
IEPTE A B TE PR RIS e TR, Mt Cd Xt
TN W e, RIER/NEY R BE s
(2008 ) B¢ A BRFEE Cd AbFRAR BEFNHT B Ay 35,
INZEIE R PUEA LS SOD Fil CAT TG LK . $2RhER
LA 40 ( Rhodobacter sphaeroides ) 15 P4
1Ll SOD 1 CAT ifitk, Z&fift Cd X/NE4h i #EH
YEH . De Souza et al. (2012) ¥ Pb V54t 3%
i VA EAH, EREELET] ( Glomeromycota ) 4R EE
% ( Glomusetunicatum ) fE W & # £ & &
( Calopogonium Desv ) XFFE5rWIc,  MITHE N6 &
AR, (EXEE G FE Pb WA B E
M, A= PRAEACIFR R, Mo EsRER RES IR
AR B AR N, SR EASIREE . TAL%
(2014) WFFE R, Cd 15955 TP B AR B
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I ( Arbuscularmycorrhizal fungi, AMF ) FEVGEREE
% ( Glomusmosseae ) H1 R N BR % %
( Glomusintraradice ) ¥ 1% /K #& M F N — &
( Malondialdehyde, MDA ) i @ # 4K, SOD i
PEFT Pro (FHZRR ) W& Eitm. SRR
KRR Cd B EREGFE 28, KT Cd
[ b &Rz (A a3 LA, Gururani et al.( 2013 )
WA, HPRPRIEAETE (Bacillus pumilus  str.
DH-11 Fl Bacillus firmusstr. 40 ) B0 FRAEMEY)
AR NPT ML ( ROS-scavenging enzymes,
SOD, Fl Ascorbateperoxidase, APX ) F&EI%% 577K
-, I E AL B T = RENS A SR AR
AT A E T E R
43 HHENESHNHETESELREEFESRIEH
W FrERESR TR (FEHAE 4400
AT HbBR & AL 1 i b 5E kT R BB LIANRE
Ve E AN PSR AeAE, H A3 Fe’ Hf
H T L EEORL K 4 JE W 3R DR B0 N R AR TE
&, AFTRAERCRIA (5, 2011) o B8
FEW Y RIS, HIEMUEY RS T D
BR# M4 ( Siderophores ) 77 ARG AE KT HITR
IBEST o BREAR — ARSI, B HvE
YIRS, ) Fe¥ HATIRGRZE &
TEH (%4 REGEE 10°~10) /Ny T RA LY
( Castignetti et al., 1986) . ZR#ERMM H /T =AE
500~1500 Da Z[], /\THAFG Y f) S5 528 1 R s 5 4
KB E Y . BRI R R
( Hydroxamicacid ) . JLASH ;7Y ( Catecholamine ) .
FrEEIRERY( Citrie acid JHI{E G %U( Neilands, 1995 ).
BERSMET, RAE — SR ARHE Y BB A Ak
D B AE PR ARG IR R R, (AR PRk A
ST UL R A R O AT SR R . R R
B, 2L = RN RE A o i AR AR PR A W T
oy, S IIRR ZEAAR 531 20 TR R AR 1 T X S
XHERERMNE (4524, 2008 ). AR BRAE A i
TR AR S R PR T4 Fe™ T R MR R T
A, JF AR R B S SR I ( Ferric
helatereductase, FRO ) ¥ Fe* i 5N AE M REMS FI
(1) Fe™" o i JRAS AL /M TH R Bz A0 i B s 3
34K (Iron response transporterl, IRT1) /M5 F
W a it A\IR R IR itia 250, (et S5 1
HAREERK A BT Fe JLE ( Kobayashi et al.,
2012) o WIFEREA, HEYA KT 2JEITR (Fe,
Zn, Cu Fll Mn 45 ) i AR R 280t SRR R
Fe A F BT, DA B e A M R o B i HE
(BR#A IRT1 FEF iz 1 ZIP ) WS 51E4)R
TCEW M is A — e —, AR TR
RN EEICRWRE, # il 5 48 T R B F AU

( Sebastian et al., 2014 ) , RE—LFE4JEILE (U
Cd %) MHPAEKIESTEITER, R kM Cd
HHABAE AR LTZCER (W Fe Fl Zn 55 ) HAH
ARG S 454, Refg o 5e Fr b 4R & 1% is
HE ) 7 = AR (Nazar et al., 2012) .
Wuetal. (2012) 0 WFFEAEYHURE TR Fe TR
5 cd MEAMEFAPUR LB, IINEHRE Fe fE1515S:
TR B A SCIE N (FIT) ik, LUMGhnHs
ER AR S A Cd kb RS
Sinha et al. (2008 ) A5 K BE, AP EAG B
WABE TR FEYIAR PR A= 8 Pseudomonas. aeruginosa
KUCd1 8P ( Cucurbita pepo ) Hi Fi5r5
b B Cd F AR T 59.2%F01 47.4% , {75
ENFESTSR ( Brassica juncea ) HuF#R47 5 i b8
Cd FHDPIFEMRT 52.4%FH1 36.9%, Tank et al.
(2009 ) il T H 48 Ni V55 - Hedefp ke ik
FHPIRPRIEAE TR ( Pseudomonas sp. ) BENS w44
JEME T A Yy, R FEIUEE T Ni & (S5XHE
FUFAAR 50% ) o Guo et al. (2014) #FFEL I Cd 75
PSRN R HAT BRI 7 WA e ) AT £ A TR
( Bradyrhizobium sp. YL-6 ) BEf% g 3534 i K &
J Fe fll Mg TR & i, T EFEL Cd TR T,
HitFe Rt GRS R En, xR
SRR PR AU AR AR B e 2B B R AR E Y 4
B, FRARIED ] &8 E e R R, K
BT Y e 2 4 7= 5B E R4ttt A
5He .
5 RE

AR Z T 5T 3% B AR ) AR s 412 A= TR e g 1k L A
SRENES, MY REREREEEY AR, 1
TARPR 3 SR TR AV AR, HEESER
B E 4 E B, Minfe s e - a4
BUERRCE . SULRIET, AP FRAe A w5
YA S, B EYRGEYUE (ISR), #%
LY E =R A a0 RO s U =Ty I X5 E N
J7 AIEIARPRER LSS, Se P 4 B T R iR
RW Wiz, s mAEY) 4R W IO s S
e, IR RESENEY R E . B4R
BT, YRR R 518 FAYIRAE EAEHICR
TR, HIRA AR R AR PR A B 7EAR PR 1
e 4w T TR EEAEH . BT
bt it R, RS E—BRT s TR, IR
I HHREG T EZM T (1) YRR A
578 EAEY AL E FHAREIESE , 0 R bR
ICHEARRA R SRR bR E R, ESUEE R
R K SRS SHER SR (2) WPRfEA:
AR . G50 51 B AR R 4141
4R IR WAL A M sZ A FRR AT (3)
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Effects of Plant Growth Promoting Rhizobacteria on Plants Heavy Metal
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Abstract: Given that soil pollution heavy metals is a major threat to ecological environment and human well-being. The remediation
of heavy metals polluted soils is a hot topic of global concern being vigorously studied these days. This paper presents a review of
the current research of the plant growth promoting rhizobacteria (PGPR), which are known to play a particular vital role in
rhizosphere heavy metals uptake and translocation of plants. The rhizosphere soil harbored a wide variety of microorganisms that are
key factors dominating the rhizosphere environment. As known, the rhizosphere provides a complex and dynamic microenvironment
where microorganism in metal contaminated soils, in association with the surroundings of plant roots and rhizosphere soil. The
PGPG have been shown to possess several characteristics that can alter heavy metal bioavailability, through releasing of plant growth
hormones, and thus accentuating heavy metals uptake in plants, eventually resulting in the improvement of phytoremediation
efficiency for heavy metal contaminated soil. To date, there has been a boom in numbers of studies that focus on the reinforcement of
phytoremediation efficiency involved in the heavy metals tolerant PGPR. Latest studies show that the PGPG could enhance
agricultural yields with preventing the upward transport of metal ions to the above ground parts of plants or crops via several
mechanism such as, accelerating the metal absorption onto cell rhizobacteria cell wall active and functional groups, inducing plant
systemic resistance (ISR), triggering the antioxidant enzymes activity, secreting high affinity iron carrier termed Siderophores into
rhizosphere, competitively inhibiting the heavy metal uptake by roots, and modifying the processes of absorption, transportation and
intracellular distribution of metal ions. This review provides new progresses about the mechanisms possessed by PGPR that
ameliorate heavy metal stress of plants and how the Cd accumulation reduced by the inoculants. Furthermore, the studies of PGPR
highlight suit colonization, subcellular distribution and the molecular mechanism of heavy metal uptake and transportation will help
to clarify the PGPR-plant interaction mechanism. The conclusion of this review highlight a new insight into the exploration of PGPR
on heavy metal contaminated soil crops safety production and remediation.
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