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Role and mechanisms of cadmium passivation by plant
rhizosphere bacteria based on bacteria and plants internet:
a review
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Abstract: Soil cadmium pollution seriously endangers the safe production of agricultural
products, while plant rhizosphere bacteria play a critical role in passivating cadmium in soil and
helping crops resist cadmium stress. This paper firstly summarizes the species of rhizosphere
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bacteria used widely in the remediation of cadmium-contaminated soils and elaborates on the
mechanisms of cadmium passivation by plant rhizosphere bacteria from four aspects: direct
adsorption of cadmium by rhizosphere bacteria, adjustment of soil physical and chemical
characteristics, regulation of rhizosphere bacterial community and other effects. Secondly, from
the perspective of bacterium-plant interaction, we expound the effects of the interactions
between plant root exudates and rhizosphere bacterial community changes on soil cadmium
passivation. Finally, we prospect the core flora assembly of plant rhizosphere bacteria for
passivating cadmium under heavy metal stress. With this review, we aim to explore the
molecular mechanism of plant root-microorganism interaction system in the context of
emerging disciplines and advancing technologies and facilitate the in-depth theoretical research
and practice on the remediation of heavy metal-contaminated soil by rhizosphere bacterial

passivation.

Keywords: rhizosphere microorganisms; root exudates; passivation of cadmium

UTAEk, Bt B Tl Aoy f peadi & g, T
b 75 G b AR A 25 1 2 R Bk 3 4
JRICE SR E bR, T R E AR nE T L
BRSO EE Y, 7ERIAR KR,
4B ICR B WS FIE S s AR, A
TRk A AR it B A A

TEFPRELZWMES B, F(Cd)RE—Fh
BURR A B ICR  ENR T B A AR A
FEIERARE, 43k 15-20 4R 10-33 455, 7E
SR SAE Y T, SRR SR AZ B Cd 15 Y R
e, Pan YR AT T AHITAE 11 AT
AT R 28 A Fh 5 785 Dk
ME 4R O, K Cd MRERN 0.25%. il
PR R, 76 E A I OK BRI R, 2
A 10%-20%H7 = S A7 7T 4 a8 S AR A U
I P RS SR X A PR R 24 70.4% 0 R KAE d AT
T4.4%M KGR ZE] Cd 155, X4 )E R
K AR U B T B SRR L SRR Y
HEJE CAd 5 FFEARZ /N . IR FE SR 1
Cd e KM E R bR, ZILARE T =
() 3.8 517, B2 TG Y 1 SR AU R B 0 5
WA Cd g, BAREKER Cd ts

Xt NN s (S s ™ S, U A
B4, BRI IR A fE AR, R
I, kgl 3% Cd 5 YL i R0 7E JE IE

TELR SR L3 Cd V5 Yy HAFAEZ R PR
e A s 5k, RO A i ST LA
R AR F /NI A FH A S R 2
PIER AL 2E 8 5 B SE BT B R FB .Y
MBS AR E A K 0k et Rk
B S AL | IR R s s S Tk, fh2EfE
HEAR D AL 2B R e R K2
iR Z AT T YR AL B, A5G K 445 HE
BAR | EEEA . BRI EA | B ARG
It S R, RAARRFAR 245
HyReRE KR, BifbHIEP E SR Cd g
P, BHIEARBRIEE Cd gLk, RERREA
Cd iyl

B R B AR B E AR s
FARMGB DB EHAR 3 Fh o AEWEE FioAR
A=A AR P | B A ie I A B 4
J&, ARG . AT kI5Yge  BRAEAR T
a7 AT ol R TR SR s AR E Tz
FEPE S 7T H BT R 2 S A 2,
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FEAETTGE R | oo B AE Y/ NEA R, R
BT AR A MR shi e A2 5 2R i ke
Wl 2R S/ NRUTCEE S R T, SR — H
A E T s Z IR, 5 ST
& M BhPIAET™, [ B MR AL ) B 4 e 2 0 i
B - b AR TAE RS, A AR
Bt R, FRZ . AT ENPERR,
fEBE R EEEERM, MEYBE AR
BB E FBL, B EACR R . o an s rest
b HEE SR Cd i EA BESCL, JE i
A WHME SRR T 1) o AR SGE R ZR AR R AR
PRANPAEEAL Cd S/ b4 i Cd & A TR
B, DA REAR 3 Cd B2 P ok A
B S A iR S

1 SRR M KRR

A R ) E RS, LR BR
Cd 15y HIEMEERUEY . T Cd 0454
AT I (Bacillus) . {2 5. ifd I (Pseudomonas) . 4%
FF % (Agrobacterium) . ¥b& FC I (Serratia) Fl11A b2
FE /R TH [C 1 (Burkholderia) %, 4 F 154 Cd 75
P ML A 7530 e Cd R s 0] 4 2 T ) 2
B R R S A N B L e TTTE AN
TG A A 5, DL AR BR S S E L
SIS ",

H i & A 285 IE S Cd 40 T H &
A8 Cdimy, FFae AT AR ) 4K
A REM OB A B2 Cd™, Wb B AR
A Cd FiE. Xu FUINE HE AR TS YA H
57 85 B — tk 5 K T & 40 14 (Raoultella sp.)
X13, HFShm g1 scf . 2 E TR AL P
5 FEARFISEM R 54.6%F0 Cd Frit. &bt
ST B A Y R 2 FLFF B (Bacillus velezensis)
B9 Fl B25 AJ LATE G S &R 5l = A AL W e, 4
e MR R - 8 2 0 5 DR TS 1, DT BE 48 52

W Cdo Ge ST e BAE WIS i A A 28
A5 W OBR A OB OZE AL FF R (Bacillus  subtilis)
B12AywcC i L ¥ hn 24 L Cd [T AHOG Y
cUmA, epsA Fll cadA JEFEFE DL, fefl Cd 55+
grh R AsER Cd R REFEIL. M IR RE IR
AR, Bk t3E od, EEREYXT Cd By
it 524 . Han %1% 3 Enterobacter bugandensis
TI6 T #k 18 1o 43 WA W3] W 2, iR (indoleacetic acid,
TIAA). ABRRRFIRISEICR I 2 TR TI6 FI/NZE X
Cd it [, BERE TI6 Mt A= i AL
s ik X e A Cd, R4 Cd
YR, d— N ed ™. 1
H% T Rets ik Cd BZR BE RIS R A A

2 EURGEEEETRLE
- EANE

Rk W UITE . AR B R B 8 55
S AR W B B 4 ) TR ML - T W R A
B B ENE hxis g H 3 i E AR Cd 1T
W, R A AE, mFEIL L5 Cd A
ARCERY S Ak, AEPIAR PR A I8 BE % 8 1L
PEAERRERR . TAA R LR 2 P A
A, fEEEYX Cd iz, feE5 2, Y
MR B 240 T e 3 B0 | Il e T A A A
s Ry XL T3 od, B/ 1 BR TR
BN Cd 55 L IRAE R HLEE
2.1 EEMEAH: WHiE

T YA BR A B R 38 o 22y SR | [
DUUVE 4% Cd, IHEm A S Cd 1268 ) -

HRBR 20 B8 REA A R A LA B Cdo &S
A A4 PO 3 B 2T A (SO e A A T 24
FFIEE AT Cd Rk PFYNOL R g %
CA*WYEEAVER, UESEANM A /35 (-OH) . it
Jiz F(N-H) . 13 (C-H). &I (COOH) M
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(C=0)%45 Cd**5 PFYNO1 ByFHEAEH

MR PR T RE S A Bk Ak 8 118 Cd. Cd
REAS TS AN TR AR BR U, BREAAE B 57 AT
Wit 5EGHREF)EFREMUN LS Cd B
¥, TEARE N E G, INTREAR - e fa )
) Cd ™), FIRMEEPI s L RN, 4
] Cd B5 IR PO ABRER AT, 4 D7 = vk B
Cd MBS Ry IE N N gn ke, Uil gk ik pets 5
CAd™ 24, MIMIEAL Cd REYaEtE, SR
XF Cd B EBRER, Izrael-Zivkovié %% B7E

Fi SRR A pyoverdine FILEAT | V2 4 Sty
3K pyochelin K E A Cd B+, Zefi Cd fhaf .
HR PR 20 B8 1 AT 3 5 Cd B 10 oK 22t oy
iH . Zeng PN Cd ¥5 e H A1 43 B EI 1A
Ta B R G TR & T4 A% (Burkhol deria sp.) QY14 fE
SN M A R S 1, IR R R KA R A K
BERR Cd, #Ff bR PRI E Cd, REIR
Cd BARE
2.2 [BHEEFA: AETIEBAEE
BT B Cd, AR BRI AR 1 R

BOCd FMETT T e A R N TR R AR
(Pseudomonas aeruginosa San ai)fE b i 2R

x1 fELEMREMERER

IR Rl R B4 + 4 Cd.
3 pH JE520 Cd 1A% AR I WA A S B

Table 1 Types and roles of cadmium-passivating bacteria

RS KU YEHIBLAR]

Bacterial species Sources Mechanism of action

ZEALFT I w0 PR F P AN AW B Cd s B 12358 pHs 3G INA £ B AREAR G 2 B2

Bacillugi?>] Rhizosphere Using cellular components to adsorb Cd; increasing soil pH; increasing the
relative abundance of beneficial flora

fif VT A ZF AAT PR 2 sy PR - R E R (y-polyglutamic acid, y-PGA)AN T (A AH X 3= B

Bacillus amyloliquefaciens®  Rhizosphere Increasing the relative abundance of y-PGA-producing bacteria

AR T s PR, iRk Cd BEIEN ;BT y-PGA 4O MR

Bacillus subtilis'' ">+ Rhizosphere Producing polysaccharides, and overexpressing Cd fixation related genes;
increasing the relative abundance of y-PGA-producing bacteria

DUSEHT 2 A g o) PR FRAE, P S RRIR G s B L4 pH

Bacillus velezensig' %! Rhizosphere Producing biofilms, and increasing polysaccharide content and urease activity;
increasing soil pH

1A e A IR AR i R 1) AR H -3 PR L

Burkhol derial®® Farmland soil Producing phosphate

Aiv H B FF 2728 HER. WA 77 IAA L RS E BRI, A= 0 iE R MR 5 o 8 7 FR G T R 53 ) [l

Enterobacter Rhizosphere and EANH; #2713 pH

bugandensig!!827-28] endogenous Producing TAA, arginine and betaine, and performing bioprecipitation and
extracellular adsorption; enriching urea-producing bacteria and metal-fixing
bacteria; increasing soil pH

SR A A i ) [E3EE PR

Pseudoal termonas'”? Ocean Producing siderophores

ENAEYNT VI A H L% BTt AR A R

Raoultellal'” Farmland soil Utilizing ion exchange and chelation, and producing biofilms

USEEIE R FRBR B -3/ RL AR A R AR B

Rhi zobium**! Rhizosphere Increasing soil small particle size agglomerate content

L FRAR IR A 27 PR SRR S TR AR X 2 8

Rhizobium larrymoorei?”) Rhizosphere Increasing the relative abundance of associated flora
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Soil Other effects = " Chelate Extracellular polymers
o | GO ers piy
' . Induce effects putes Heavy metal
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Indirect effects
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Pl / \ 3
; X
Y
L, 4//. . o
i . Cd f pH Eh  Soil granules
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Figure 1 Remediation mechanism of cadmium-cont

NEZ—, 13 pH 5 Cd MAYARE R T
etk 7E4E pH #mit, Cd(OH), MHTE BLREN
Wi/b Cd IR HEAL L, Ja AR Cd IR
AR, 7 2 M ZF AT (Bacillus sp.) N3
RS PE R ARPR L8 pH, FEL14E Cd MAYA
bR,

AL IA JF HL 37 (oxidation-reduction potential,

ORP &l Eh)J& i H5J& Cd B IR 2N
RZ—, NP ESREN AR EE TN

X, FoheEES RS R pH, S
Vi s LA SR (Fe) . #(Mn) . i(S). AN)ZFIT
FHEAR NP, Mao ZEFPIIRRIL, AR
FAF T ALY TEPE R RRAR T 2  E v h Cd 1Y)
VLN, AR, ZERRAE WS K e H AR
GEAIE Cd I EENAEIE R,

+ ROk AR 252 Cd V5 Y 3R 8 4 1
{0 o /INFIURE - 478 AT SR AR AR A T IR 1A SR A A

aminated soil by plant rhizosphere bacteria.

HHEATHESRE) Cd RERES), RO HA HRA
FM RIS 2 W B 7 AR AR B A 7
REAL K R ORE P SR A 23 it Jl/ N AT SRS, 3 1o
LN R LY, Wang ZPUHESE R B
FETR AL PRGN AR B R A R A Cd B i
REA%, /AR Cd S, R
Cd WZEWERIEA I ORI RS, X AT RE
BORPR L Cd AREREAR, MTTRRAR /N2 41
Y Cd ik o BRIPPIRFTE A LA AL B /)N
PRI RIS BT, PSS TR, 2
IR R Cd B
2.3 [EHEEA: BT T IEWHEYRE
HRER AN AR A B QS Sh B Ak +
HE Cd, CRETHTE MR PR MR A AR 2
e Cd JPpin o HESEHR RN TR RE A8 8 i FH S A i
AT EAR R I E R B BEAE Cd AR AR
FE. Han YR BUHFNE Cd 2R 14T
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N3 FEAC T /NE R Cd & HE(57.1%), HeFPi
PR N3 380 T R PR - 498 200 TR U A Do 2% 11 52 A
PE, I T HA =R BE . AR IR R A e
MK S L2 E IR A 25 A TR . Wang 2502
MK AE RN rb 43 25 1 A 4 i stfe i o A TR R AR
AR S28 RS (T 5 Cd A RUEAH AR R P Fh i
AR 2R X BE R T 28%, FERP R S28 filik
FEATRLR Y Cd SRR 54%. Han 550
TERFFANTR 5 A HUEEC G R it & B, I FT
I8 T ARPR - e AU TR VR 2R, (H AR & AR ARPR
A S e K i 4 A < S [ AR, AT R
1% ¥F #i (Enterobacter sp.) . #F 1 #F & (Bacillus
sp.). AJE i (Rhizobium sp.) IV 85 [ (Serratia
sp.), MGG /NZ X Cd B A HEBTTT

TE 4% + e TR RS A B, AR PR fE A R RE S 43
WZ AR B, HAARSEL Cd HHOCH
W, EUARPREE LA, SRS R RE, 12
R RFEIIL Cd YRE S . ARedT IR IT A,
TE /N7 ML 32 Fh ™ 22 W& (polyamines, PA) 4
Bacillus sp. N3 B #k B 8 2 & T 2 0 FF &
(Bacillussp.). J7#T i (Arthrobacter sp.). JH i H#.
He B (Brevundimonas sp.) . &I/ (Ensifer sp.)fili%
FT 16 (Enterobacter sp.)55 5 43 Ja& [ & 7 S AE ) i
AR, BRI o 2RV, Rt
i E LA RES Cd SR AVNERRL Cd &%
o 32 B PR AN TR R PE 1) A IR B A S
FEANAR o 200 B BT AS [R] A 2EL B, TR 0 P B v A B
R RS Cd B, ULBIARBRAN e T LA i
PRI - A W TR VR R A 4228 A 1- 4% Cd.

Tk ARBRAE A TR 43 WA R IR G AT ) i e s
M R 22 3 W0 L, T e R o T 245 4 R
Blifk Cd e 1. TEMPRIGEREE T, R By T80
AW RERE R A 5 R 0 Ak 2R 8 80 B AR &R
Sy U, W A A B SRR AN R
Y G STER N T 05, i —248 IRy

H&mizshrn, SEESERNRDEhY,
71 R I 200 A1 R 080 3 4 b S 26 55 DXL 7 ke i
TR R R 22 (1) 40 Wb 00, 4 55 X e AR B4
A AR ] S AR BLRE 7 TR, B s X 6 TR 14 A
PR, RS SE P Cd 8T, WA
FHZIh ) cd BUERMY, Wang 5 1 H 11
J AT 1 JE TR 7k Enterobacter bugandensis XY 1 HE
543 PA E A E 4R Cd DLKGE b2 3 A
B Cd, BEARZS03EH Cd (33%-80%) 7K F-; If:
HAHE XY1 Wi 55" PA &, YEIHPR 15
HRE Y AE A B A= PA TR A ELB, TS B 250
SEHEAD Cd Ml . Wang ZEPEST & BRI RS
AR K 7 y-PGA B4 14 Bacillus subtilis W7 il
Bacillus amyloides W25 fi# & Cd V54 -3 =
y-PGA 4T A XS FE (24%-30%) , &2 55
EAE ) (41%-85%) , FEMRH XS Cd Ay ik
(19%41%), FEK LEPARES Cd &&=
(25%-37%).
24 HMEA

R 200 B 7 A6 1 A 0 IS AN B F Al B A
BB S THIPIAR R, 38 Al ) 0 3 3 |
FRILFBEIR S S A5 M B 4R Cd, sl E
14 I8 b £ B (exopolysaccharides, EPS) ., £ [ i &5
oY cd %A1, NS L1 cd 4y
AR, AR Cd RIS FIF . Xing
S5 PO 93 & B b T LA B 7 (Pseudomonas
putida) 148 1 it i (Brevundimonas  diminuta) fig
RN - U E AR KRR AR R s, ik
Fast Cd IWLIRK > 40%, 7 Li 5 5iR 5
M B 2 AT TH (Bacillus subtilisyi i g AR 2 A4
PRSI SR B g Cd AR RRRIK T 27.9%.

55 AR VOV gE R B, 7 A W B B TR
Bacillus velezensis B9, B25 il B. subtilisB12
REFE/IN IS 22 S M5 2 B TR iU AE W e, 36
PFE B9, B12 Fil B25 i 42 M AR PR - e A= Wy id
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FEAETE ] IR i SO R UK
TEPE, BEREARPR R pH, RARRALT L3
BRI Cd Era,

EESEET , R EE T DO 5 S
iR WA G R e sl s A w1
LR F kB e ) A B D, AT AR i A A
IfHm Hpei P Khanna ZEY8BF5E & P04 2
IS B4 Jif1 1 (Pseudomonas  aeruginosa) #l i £ T 11
T FE K15 T (Burkhol deria gladioli)gg:i i 2l 28 A
AR KO S 0% Cd 355 19 3 il A BRA5 4
Sun % M o 5% W % MG A R R )8
(Achromobacter) i #R BE(E T K IR A ZFH Cd 4%
1z 7B M 5L HMAS FiT Nrampl (192635 7K - 53 35 14
i, 0 E RN W B is Cd, i FgHE
H Cd & i BE R 42%-48%.

3 WHEEERRR WA AR
77 3+ 3 oy 8- 21 R Fupl

3.1 IREDDIEIR

AR T IR A A FLE K A A v
1 AR AR ) AR PR B BT OB A PR A
U AR R ZFLE YRR G, 1
TERE2E . RN . IR . P, AP
AR A A TN 55 AR R - I B AL = SO F A
JEFER), MR Z RIS b E KRR H
51 N Y e L R 7 S S A
AP YIIR R | SEABUEY =34 2 (8]
E AW, A ZIhEE, EEARRT 1%
JLERAE VIR A 30 | fe il 13 RAh ks | B
TRy JBOR Y - S3 PRARAE JBT  JF BR sm
HERIG . B R S Y R Y- e
TR - A ) Z AR AR S A 18 SRR
BT A 43 A AR P AR
32 EMAEEATIRASDEZELE

TE R T 45 Y YL mE 1k 5 1T, A 23 MR F) 7N

SFANALEY, APIER . ZIERR £ I H
BEWNESEESRENDY, TSELEE T
FHE AR R IR0 FL 5 A0 o T8 s B 5 /M T &
T FATEAR S, DT 22 i 2 4 @ XA W w3 . AR
R IRt 25 Cd A BIAE AR,

WFoE 2, MIEEH Cd S H 48 &N
R AR AN A K & B 7 A I A R i 2 R A
FEON 25175 A TG FL B AR RN, 3 A R YT
R RS AR o, $ e 3 pHL R
g [ AR T 4 R R A B S 4R
TE IS 2 BlAE W R F 24 5 P sl 5B,
AT R AR B 42 S8 e R AE 3 p 9B sh b, ek g
Y%t T 4 I AR AL, T DA o 4 v L i A
HEN WESWYSESBNESEITRS
HA B PEA DG, BIAn/INEZ B 2R A3 W Wk
(P A RESIAIEE T Cd B3RP,

16 Cd MHESET, MRS WYATLLY Cd
BT B GIPE RS AL &, A Pkt
Cd MR, ARSI RER G HEER Y Cd #%
ARG RS, TR Cd BA R Qin
SOV 9 S BLMR 28 43 10 00 TR R A TR 1) A A
FERPr HIEARES Cd &8, dEmsgm 4
HE Cd WA R, T >k (Zea mays)Xt Cd
PR . MR IEE AT REE R G0
TS & BUMR 22 43 I P A R AR ST LA sl
W RS RE T EEEA N e cd iy
B, 38T DA 3o [ B4 A2 i HLA O B 24
Btk RE RO AR E AL A A, MR T Cd™ L BR
&3

T3Ah, B AE P RE S R 2R i ) 4
flifk Cd. Leng S5 MHFST A& B 24 5 1) 45 Jin 34
I TARBRUTRR Y ) pH, 8D T 84 JE R (iron
reducing bacterium, IRB) il #i %A 1k & (sulfur
oxidizing bacteria, SOB)AY %R, [FRHENE T Cd
ARG IR S L. LA, A i R R A
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B ) AR R AN LA T R BRI AR 2R Al
Xt Cd BIAEP Bk A e VR B 5 1 A Xt
Cd i 2 L
33 IRESWDYMESRINEFHEE

)55 R I 200 T R i 22 T ) AR A ) 2
AR A 3, S i 2 RL o A A ) A=
Ktk IEmECHE TR . BFEIESE,
HE R G3WA T LA 5 | 4 A 0 O 52 M A B
TR 2E ARl g, DT 386 S84 400 35 7 P 5 1Y) g
T SX B Z AR R AT MR S 0 25 A i —
J5 MR A 25 R AR S SRR ) AR K, SR R
Gehutks I3 — )y MR REHUEAE YN E , RS
PO B T DURI PR 22 43 I VR Ry i
Vi LORE . BRI . BLURAARIE Y Y, M2
it B B4R, IFFBEOR R 5 b B A Y B0
I TARMRPR 35

TEWTFEAR 2273 W) 5 AR o T A AR I o 22
M3 ATE T R IY) . SMEFE YA PRAE
A 4f B (plant growth-promoting rhizobacteria,
PGPR)ALARPr -5 i . =& W RHR, fiE
AHESZR OB 2 FIE R R, FEYR R W
Wy 308 3 BT R A TR A TR B R I R ) A A
2 AR SS s % PGPR {2t A K
BLH B KA s e S2, AR PGPR ¥ i i
Tk SO R R P R A A TR TR 5 A R A A )
AR

TEE & BT e T rh AR R - I Y REBE PR 45
FRPRAFELS # AN T BE , PGPR W REFZ MR 2R 73l
WA oy, FFBUERRPR 1 E AL o AR R
SIMRBRGRE AR, R 5 ) T T 2
et HIEP R E SR I

BElIE Y SEL N R o 7/ T : 3 i b U
S R G R A | BEPEFNAE WAA RUE R
HE BRI VIR IS 454, JF 5 AR PR IAE WA B
FAE AR PR D TR Y . 4 e Wk RG]

FER PR - AN AR S A B TR,
HMEAS AR 2 53 W AT — LG A ) (A ) £
A T (Azotobacter ) B B A BIVRIE o 4% 4 TR AR P
HEFNTSAE W e Ak g g i e 25 R 3R B, MR
M 2R 43 W AE — 8 R B AR R R i 1 1
IR T A A PR R 18 5 220 B 4 i S5 AR Bl
W Z A AE R 22 EAEF R, I HZ IR R
IR . VM EE (Elsholtzia splendens) iR £
43 WAT AT A B BB B X AR (Cu) L HE(PL) FIBE(Zn)
ORE T T
PGPR fE S M AR 3 43 WA 40 3 FIAR s 77
S5Ky, YRS ELAL Cd MR ISCR . Liu 2067
RIAERIFTFIE 2C3-2-1 A LAJA K REAR P 4 e
A s MR, M g
(Proteobacteria) Fl1 421 #T 1% '] (Bacteroidetes) 1) 4
PR, dEmig sk s Cd B9 E M, TR
b 435 Cd KR A o — 5 T, 35l Z2C3-2-1
T B RS PR - e B AR AR, AT RES S
BT EA R AN R R 55— T, R
ZC3-2-1 Al RE 3G MUK FEAR R 40 ) B i,
SCURARBR A AP 2, TG AR PRI TR 1) «
ZHEE ARPRA T o ZAEYER I B et 25
BAE DI HCHT AN 15 Y i e 11,

4 Re5R%E

TR R A R R A
LIRSS | AH H RZ T4 AT AE IR PRt A=
M EEfL Cd MIFR BB 2. XN A
BRI Ccd. PR IR | VA R
YIREVE 5 X Alfk 13 Cd, BRRAT M Cd
i, PREER S e (B ICERE, % 0
TRAE S BRI H g A — S ) O fRdE— AR .

(1) #EBE Cd 53w, YR RS
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(2) H A s A gE B A T BE Y
D5 Sk B R R AL Cd RO A A TR R
WD TERE, AT AT, (AAATERCRR . ik
RORARE G, L, o7 LS| AL SidE 4
RE [0 S M R Cd M SEIIRER LN, BEE
Blifk Cd R IA . HAE RS E AR, £ bR
I HP AR B

(3) TE Mk A FEMIH R SE A, B—aH A
PEAK . RS A BRI — | KBTI
IMAE 159, W T AR 40 e BE AE ok H SE B4 1L
Cd PR, BB At 20 B FIAT Y AH B AR R
GEif Cd, BT RIS IS BAE S S,
X3 AN [ Eh e X, 5 Bl A 442 ) 26 4 FH 1) T A
T e —E g, DL<G B R AR X A
Cd R4 TR AR B AL AR &, T
FEERAL Cd J5 TRITE BOBKE T8 067 1 IR R, 8 F
Je SR R RN o AHR A A AR PR BB R38R
AN AAERE A, T REAE Tl AL KRR A 7= it
R IR FR AL S (R, DR, A5 BRI
&2 J@ JE N AR PREL Cd A OCEEAX O T R
5 g B — Al Al A T NS A R R 7 52 s g
N R, IR R MY E E4)RE Y LIEY
SEEAR AR AR IR

REFERENCES

(1] SF¥e. T34 Jm i Y i fa & LU B )],
BHRLEAFIH, 2018, 36(1): 122-124.

GUO L. Harm of soil heavy metal pollution and control
measures[J]. China Resources Comprehensive
Utilization, 2018, 36(1): 122-124 (in Chinese).

[2] SKHEFS, WaE, KRF. EEREMILRDIEBEHEAR
WEFEHER[I]. BUCHE I, 2022, 38(5): 209-213, 222.
ZHANG XB, PAN L, ZHANG TY. Research progress of
soil remediation technology contaminated by heavy
metal Cd[J]. Modern Mining, 2022, 38(5): 209-213, 222
(in Chinese).

[3] WANG YR, WANG RM, FAN LY, CHEN TT, BAI YH,
YU QR, LIU Y. Assessment of multiple exposure to
chemical elements and health risks among residents near
Huodehong lead-zinc mining area in Yunnan, Southwest
China[J]. Chemosphere, 2017, 174: 613-627.

[4] PAN XD, WU PG, JIANG XG. Levels and potential
health risk of heavy metals in marketed vegetables in
Zhejiang, China[J]. Scientific Reports, 2016, 6: 20317.

[5] ZHANG XY, ZHONG TY, LIU L, OUYANG XY.
Impact of soil heavy metal pollution on food safety in
China[J]. PLoS One, 2015, 10(8): ¢0135182.

(6] BAEHE, WIREAL, BRI, skinls, forss. 0 IX KR

BYFN S A S A LRITH[T]. T E R
B2, 2017, 37(3): 1171-1178.
HUANG CS, HU GC, CHEN MB, ZHANG LJ, QIU RL.
Heavy metal content characteristics and risk assessment
of household cereal and beans from mining areas[J].
China Environmental Science, 2017, 37(3): 1171-1178
(in Chinese).

[7] HUA CY, ZHUO HM, KANG AL, FANG ZT, ZHU MY,
DONG MX, WANG JC, REN LIJ. Contamination, risk
assessment and source apportionment of the heavy
metals in the soils of apple orchard in Qixia City,
Shandong Province, China[J]. Stochastic Environmental
Research and Risk Assessment, 2022, 36(9): 2581-2595.

[8] e, Frbk, L, RPRAR, 8. L IETE SRR Yy

PR G FH SAG BRG], 5 a5 4 R AR I 2 4,
2020, 11(7): 2286-2294.
QI Z, QI Y, YANG H, ZHANG TL, LING N. Status,
harm and treatment measures of heavy metal cadmium
pollution in soil[J]. Journal of Food Safety & Quality,
2020, 11(7): 2286-2294 (in Chinese).

[9] EXA], ERE, RER, M, BEREAR, WKk,

BN, mi. EaE TG g LR R RS ].
fh2g 5 TR, 2019, 36(2): 1-7, 11.
WANG XL, WANG CY, WU XC, WANG JB, MU XD,
YANG XS, HU XF, GAO J. Research progress in
remediation technology of heavy metal contaminated
soil[J]. Chemistry and Bioengineering, 2019, 36(2): 1-7,
11 (in Chinese).

[10] BR3CoR, i, Ry, R, Fain, M. W

175 Yt - AR W WSRO BEL IR S AR AT 58 K L FH (D). v
R (A ABIAR), 2021, 44(4): 420-428.
CHEN WR, MA XJ, GUO YP, XU JH, WEI JQ, SHI J.
The research and application of low-absorption rice
barrier technology in cadmium-contaminated soil[J].
Journal of Zhejiang Normal University (Natural Sciences
Edition), 2021, 44(4): 420-428 (in Chinese).

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HIMRARE: BT T A BT AR AR B 4 i AL B9 F AL A B 7 23k e 4607

[11] SR, sk, BBibE. Eamisi LR AEmBE

ARWFFEHER[]. LRULFRE, 2022, 50(20): 9-11, 17.
CHAI FL, ZHANG F, LU YJ. Progress in

bioremediation technique of heavy? metal contaminated
soil[J]. Journal of Anhui Agricultural Sciences, 2022,
50(20): 9-11, 17 (in Chinese).

[12] Selfelde, HEMER, BREESE, # B, XUk, Xkt fi
YeE B4R B R s 3k R[], RFFEW, 2022,
12(8): 48-54.

NIE XF, HUANG YF, CHEN GF, HUANG YY, LIU B,
LIU YX. Research progress of phytoremediation of
farmland with excessive heavy metals[J]. Journal of
Agriculture, 2022, 12(8): 48-54 (in Chinese).

[13] sk4E==, skbi, XIPNE, BOERE, XM, Mol 7t e
BRI Y P RN, BRER A SR,
2022, 45(8): 155-165.

ZHANG WL, ZHANG Y, LIU P, DUAN CQ, LIU CE.
Research progress of earthworm in phytoremediation of
heavy metal contaminated soil[J].
Science & Technology, 2022, 45(8):
Chinese).

[14] 5kH, AptE, BAIE, R, 3R GTETS YLl
AW EEAREG. AasEM eSS TR, 2012,
3(1): 63-66.

ZHANG Y, DENG YW, LUO XP, ZHOU M. On soil

contamination by heavy metal and microbial remediation

Environmental
155-165 (in

technology[J]. Jiangxi Nonferrous Metals, 2012, 3(1):
63-66 (in Chinese).

[15] EIFME, £52, KRS, K8, WL HEXESR
W B A mE AL A BT HE IR (0], AR BRI AR, 2016,
32(12): 13-18.

WANG ZH, WANG M, CAI KZ, CAI YX, HUANG F.
Research advances on biosorption and detoxification

mechanisms of heavy metals by bacteria[J].
Biotechnology Bulletin, 2016, 32(12): 13-18 (in
Chinese).

[16] XU SZ, XING YH, LIU S, HUANG QY, CHEN WL.
Role of novel bacterial Raoultella sp. strain X13 in plant

growth promotion and cadmium bioremediation in soil[J].

Applied Microbiology and Biotechnology, 2019, 103(9):
3887-3897.

(171 85 fibn, BRIk, RS, sk, BT (ke ™~
A W P2 AT TR BELAE S 4 M HAB A et 1
BERFEFIL]. R sl K244, 2020, 43(1): 80-88.
GE ZB, YIN TT, ZHOU QQ, ZHANG J, SHENG XF,
HE LY. Reduced cadmium and lead uptake by leafy
vegetables and soil remediation in the presence of the

biofilm-producing Bacillus strains[J]. Journal of Nanjing

Agricultural University, 2020, 43(1): 80-88 (in Chinese).

[18] GE YY, GE ZB, ZHENG JW, SHENG XF, HE LY.
Biofilm-overproducing Bacillus subtilis B12AYwcc
decreases Cd uptake in Chinese cabbage through
increasing Cd-immobilizing related gene abundance and
root surface colonization[J]. Journal of Environmental
Sciences, 2022, 120: 84-93.

[19] HAN H, ZHANG H, QIN SM, ZHANG J, YAO LG,
CHEN ZJ. Mechanisms of Enterobacter bugandensis
TJ6 immobilization of heavy metals and inhibition of Cd
and Pb uptake by wheat based on metabolomics and
proteomics[J] Chemosphere, 2021, 276: 130157.

[20] &My, ZHH, Fikig, RBE, 25, Kl e

TP Cd® M BEALI D). YT AR, 2019,
47(20): 293-293, 294.
YU XM, PENG SM, WANG HT, FU Y, LI J, ZHANG S.
Adsorption mechanism of Cd** by cadmium-tolerant
Bacillus[J]. Jiangsu Agricultural Sciences, 2019, 47(20):
293-293, 294 (in Chinese).

[21] IZRAEL-ZIVKOVIC L, RIKALOVIC M,
GOJGIC-CVIIOVIC G, KAZAZIC S, VRVIC M,
BRCESKI 1, BESKOSKI V, LONCAREVIC B,
GOPCEVIC K, KARADZIC 1.
proteomic responses of a highly resistant Pseudomonas
aeruginosa San ai[J]. RSC Advances, 2018, 8(19):
10549-10560.

[22] WANG YL, WANG R, KOU FL, HE LY, SHENG XF.
Cadmium-tolerant facultative endophytic Rhizobium
larrymoorei  S28 reduces cadmium availability and

Cadmium specific

accumulation in rice in cadmium-polluted soil[J].
Environmental Technology & Innovation, 2022, 26:
102294.

(23] e, XINS, sk, FI7, MR, T, %E.HJJ

I R EARFR I WX AR PR L AR S AR )]
BE224R, 2008, 45(3): 526-534.
JIN TT, LIU P, HUANG CB, WANG F, XU GD,
HUANG PN. Effect of soybean (Glycine max) root
exudation on rhizospheric microbial ecosystem under
aluminum stress[J]. Acta Pedologica Sinica, 2008, 45(3):
526-534 (in Chinese).

[24] HAN H, WU XJ, HUI RQ, XIA X, CHEN ZJ, YAO LG.
Synergistic effects of Cd-loving Bacillus sp. N3 and iron
oxides on immobilizing Cd and reducing wheat uptake of
Cd[J]. Environmental Pollution, 2022, 305: 119303.

[25] XING YH, LIU S, TAN SX, JIANG Y, LUO XS, HAO
XL, HUANG QY, CHEN WL. Core species derived

facilitate  the

immobilization of cadmium[J]. Environmental Science

from  multispecies  interactions

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4608 WY

FiE Rk

Microbiol. China

and Technology, 2023, 57(12): 4905-4914.

[26] E4RAE, BIRHS, i, F4E2. BREARLEER S Hf

W CA™ EBRPIFER. IR K2R (TR, 2018,
48(4): 122-127.
WANG ZD, HUANG ZS, JIANG L, ZHOU WZ. Role of
siderophore  produced by Pseudoaltermonas sp.
SCSE709-6 in the removal of Cd*'[J]. Journal of
Shandong University (Engineering Science), 2018, 48(4):
122-127 (in Chinese).

[27] B35, R A= 4 Rhizobium sp. T1-17 X #R K 4

JE A BORICR B AL B E (D). At B stk
R~ LB 3, 2015.
CHEN L. Study on the effect and mechanism of plant
growth-promoting bacterium Rhizobium sp. T1-17 on
reducing heavy metals in vegetables[D]. Nanjing:
Master’s Thesis of Nanjing Agricultural University,
2015 (in Chinese).

[28] HAN H, WU XIJ, BOLAN N, KIRKHAM MB, YANG JJ,
CHEN ZJ. Inhibition of cadmium uptake by wheat with
urease-producing bacteria combined with sheep manure
under field conditions[J]. Chemosphere, 2022, 293:
133534.

[29] BRI, E5F, Hacsk, Bt (Ems. BEwke

W 0 FFE 0 (0], FRIE LR 4 SR R 22 3%, 2021,
41(7): 20-24, 69.
YIN AJ, WANG Q, GE MM, LU TZ, REN LY. Research
progress on application of microbial iron carrier[J].
Liaoning Urban and Rural Environmental Science &
Technology, 2021, 41(7): 20-24, 69 (in Chinese).

[30] WANG Q, CHEN L, HE LY, SHENG XF. Increased
biomass and reduced heavy metal accumulation of edible
tissues of vegetable crops in the presence of plant
growth-promoting Neorhizobium huautlense T1-17 and
biochar[J]. Agriculture, Ecosystems and Environment,
2016, 228: 9-18.

[B31] HAEH, 207, /AN, Vrhn, A5, KA, Hae
T, MoK, FE. )R Y LIEVUEY B E T
PERR)]. FRETRRE SHOR, 2021, 44(S2): 132-143.
QIN M, JIANG BG, NAN XL, XU R, HE YY, CHEN X,
QIN JY, YANG YB, LI Q. Advances in microbial
remediation of heavy metals contaminated soil[J].
Environmental Science & Technology, 2021, 44(S2):
132-143 (in Chinese).

[32] CHENG C, WANG Q, WANG QX, HE LY, SHENG XF.
Wheat-associated Pseudomonas taiwanensis WRSS
reduces cadmium uptake by increasing root surface
cadmium adsorption and decreasing cadmium uptake and
transport wheat[J].

related gene expression in

Environmental Pollution, 2021, 268: 115850.

[33] ZENG GQ, QIAO SY, WANG XT, SHENG MP, WEI
MY, CHEN Q, XU H, XU F. Immobilization of
cadmium by Burkholderia sp. QY14 through modified
microbially induced phosphate precipitation[J]. Journal
of Hazardous Materials, 2021, 412: 125156.

[34] KRHE, HLHERE, 00, pH FIA PO L3 rh R B

A R A ST (D], Ak K AE ), 2005,
20(4): 539-543.
DU CY, ZU YQ, L1 Y. Effect of pH and organic matter
on the bioavailability Cd and Zn in soil[J]. Journal of
Yunnan Agricultural University, 2005, 20(4): 539-543
(in Chinese).

[35] A=W, B, BRIRHE, 5K, WKer, 2, Tk

J2, WhHE. 77 2 AN AR PR R S B AN AE Cd
WBCHONE[T]. PSR, 2022, 43(2): 1031-1039.
LI XZ, QIN SM, CHEN ZJ, ZHANG J, YAO LG, LI N,
PANG FH, HAN H. Polyamine-producing bacteria
regulated the community structure of rhizosphere
bacteria and reduced the absorption of Cd in wheat[J].
Environmental Science, 2022, 43(2): 1031-1039 (in
Chinese).

[36] MAO P, ZHUANG P, LI F, MCBRIDE MB, REN WD,
LI YX, LI YW, MO H, FU HY, LI ZA. Phosphate
addition diminishes the efficacy of wollastonite in
decreasing Cd uptake by rice (Oryza sativa L.) in paddy
soil[J]. Science of the Total Environment, 2019, 687:
441-450.

[371 HUANG B, LI ZW, HUANG JQ, GUO L, NIE XD,
WANG Y, ZHANG Y, ZENG GM. Adsorption
characteristics of Cu and Zn onto various size fractions
of aggregates from red paddy soil[J]. Journal of
Hazardous Materials, 2014, 264: 176-183.

[38] WANG XH, LIU XY, JI HK, XIA T. Poly-y-glutamic
acid-producing bacteria reduce wheat Cd uptake by
promoting Cd transfer from macro-to micro-aggregates
in Cd-contaminated soil[J]. Frontiers in Environmental
Science, 2023, 10: 1097865.

[39] PN, 5 ddh, HIZRAN. ALPRGA Y 2H b A e ik &
GER A IIREL)]. AR, 2021, 41(24): 9963-9969.
SUN Y, CHANG JJ, TIAN ClJ. Ecological functions of
the bacterial chemotaxis systems in rhizosphere
microbiome[J]. Acta Ecologica Sinica, 2021, 41(24):
9963-9969 (in Chinese).

[40] W/, e, RS, BEUK, XIS, KEE,
BRE. BRZFMATE A6 XHMZER R & A 1L
PRFIREZE AL, h IR ERIA41, 2011, 33(4):
416-419.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



HIMRARE: BT T A BT AR AR B 4 i AL B9 F AL A B 7 23k e 4609

HU XJ, XIE LH, YU CB, L1 YS, LIU SY, ZHANG CL,
LIAO X. Chemotaxis of Bacillus megaterium strain A6
towards organic acid and saccharide from roots exudates
of rapeseed[J]. Chinese Journal of Oil Crop Sciences,
2011, 33(4): 416-419 (in Chinese).

[41] KORENBLUM E, DONG YH, SZYMANSKI J, PANDA
S, JOZWIAK A, MASSALHA H, MEIR S,
ROGACHEV I, AHARONI A. Rhizosphere microbiome
mediates systemic root metabolite exudation by
root-to-root signaling[J]. Proceedings of the National
Academy of Sciences of the United States of America,
2020, 117(7): 3874-3883.

[42] WANG XY, CAI DB, JI MF, CHEN ZJ, YAO LG, HAN
H. Isolation of heavy metal-immobilizing and plant
growth-promoting bacteria and their potential in
reducing Cd and Pb uptake in water spinach[J]. Science
of the Total Environment, 2022, 819: 153242.

[43] WANG XH, DONG GY, LIU XW, ZHANG SK, LI C,
LU XQ, XIA T. Poly-y-glutamic acid-producing bacteria
reduced Cd uptake and effected the rhizosphere
microbial communities of lettuce[J]. Journal of
Hazardous Materials, 2020, 398: 123146.

[44] XING YH, TAN SX, LIU S, XU SZ, WAN W],
HUANG QY, CHEN WL. Effective immobilization of
heavy metals via reactive barrier by rhizosphere bacteria
and their biofilms[J]. Environmental Research, 2022,
207: 112080.

[45] LI Q, XING YN, HUANG B, CHEN X, JIL, FU XW, LI
TY, WANG JN, CHEN GH, ZHANG Q. Rhizospheric

Bacillus subtilis
phytostabilization of

mechanisms of

bioaugmentation-assisted
cadmium-contaminated soil[J]. Science of the Total
Environment, 2022, 825: 154136.

bR, 7 AR IR AR R 16 SRR ISR Cd
HAVEIAALEID]. Fat: A KA 24 e
3, 2019.

GE ZB. Screening of biofilm-producing Bacillus and its
effect and mechanism of reducing Cd content in leaf

[46

—_

vegetables[D]. Nanjing: Master’s Thesis of Nanjing
Agricultural University, 2019 (in Chinese).

[47] Ve, FEEE, WIS . ALBRGA: Y HE ) 4 e

3H 18 2 AR AE SO e ke (0], AR H ARl 4R,
2022, 38(3): 213-225.
YANG L, XIN JP, TIAN RN. Research progress in the
mitigative effects of rhizosphere microorganisms on
heavy metal stress in plants and their mechanisms[J].
Biotechnology Bulletin, 2022, 38(3): 213-225 (in
Chinese).

[48] KHANNA K, JAMWAL VL, SHARMA A, GANDHI
SG, OHRI P, BHARDWAIJ R, AL-HUQAIL AA,
SIDDIQUI MH, ALI HM, AHMAD P. Supplementation
with plant growth promoting rhizobacteria (PGPR)
alleviates cadmium toxicity in Solanum lycopersicum by
modulating the expression of secondary metabolites[J].
Chemosphere, 2019, 230: 628-639.

[49] SUN LN, ZHANG XH, OUANG WK, YANG ED, CAO

YY, SUN RB. Lowered Cd toxicity, uptake and

expression of metal transporter genes in maize plant by

ACC deaminase-producing bacteria Achromobacter sp[J].

Journal of Hazardous Materials, 2022, 423: 127036.

WA, S, B, EATE, BB e, SR,

A, XNR, WAL, Wit Ea RS Y IR AR RS

WP HERE[T]. WL BROR 222241, 2017, 34(6):

1137-1148.

XU WIJ, GUO J, ZHAO M, WANG RY, HOU SZ,

YANG Y, ZHONG B, GUO H, LIU C, SHEN Y, LIU D.

Research progress of soil plant root exudates in heavy

[50

—_

metal contaminated soil[J]. Journal of Zhejiang A&F
University, 2017, 34(6): 1137-1148 (in Chinese).
(511 %552, THEE. AP AR 0 WP i AR 25300 052 D).
WEE 24, 2022(9): 9-16.
CAIl'Y, YU XF. Study on the ecological effects of plant
root exudates[J]. Environmental Ecology, 2022(9): 9-16
(in Chinese).
[52] fmERE, SARH], WIAF, BRFTA, MARAK, BRIEH.
A B TE AR W %o o 4 Jas T 1 A gk 2 AL b A/ (D],
R 25 4), 2010, 34(11): 1354-1358.
FU XP, DOU CM, HU SP, CHEN XC, SHI JY, CHEN
YX. A review of progress in roles of organic acids on
heavy metal resistance and detoxification in plants[J].
Chinese Journal of Plant Ecology, 2010, 34(11):
1354-1358 (in Chinese).
BN, XURRT, IRICRK, BOEAG, SR88, XK, B
V%, YU HT. {45 BT 1380 % & m A UL -5 40
WRIERELT]. FRIEERLA2 24, 2016, 36(11): 4153-4163.
LI XP, LIU (S/X)Y, XU CL, ZHAO YN, WU T, LIU
DY, YANG T, YU HT. Leaching characteristic of toxic
metals in urban soil from valley city by organic acid and

[53

—

soil bacterial[J]. Acta Scientiac Circumstantiae, 2016,
36(11): 4153-4163 (in Chinese).

[54] AT UTii. = e e X JH V& Al L A AE AR R AR 3+ B A HL
PR % L SR B RUT Y (D], TR P g R0 L
AL, 2017.

HE YJ. Simulation study on the effect of low molecular
weight organic acids in the roots of dominant plants on
soil lead in the water-level fluctuation zone of the Three

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



4610 WA

FiE Rk

Microbiol. China

Gorges Reservoir area[D]. Chongqing: Master’s Thesis
of Southwest University, 2017 (in Chinese).

[55] GUO TR, ZHANG GP, ZHOU MX, WU FB, CHEN JX.
Influence of aluminum and cadmium stresses on mineral
nutrition and root exudates in two barley cultivars [J].
Pedosphere, 2007, 17(4): 505-512.

[56] QIN L, LI ZR, LI B, WANG JX, ZU YQ, JIANG M, LI
Y. Organic acid excretion in root exudates as a
mechanism of cadmium uptake in a Sonchus asper-Zea
mays intercropping system[J]. Bulletin of Environmental
Contamination and Toxicology, 2021, 107(6): 1059-1064.

[57] ¥t eRPEGOR TN KB ST Y it 3 . AR

F 53 W BIAE I B IR B ML (D], Kb MR K
RSB S, 2021.
YANG YH. Remediation of cadmium contaminated soil
by modified nano-zero-valent iron: effects of plant root
exudates and their internal reaction mechanisms[D].
Changsha: Master’s Thesis of Hunan University, 2021
(in Chinese).

[58] LENG ZR, WU YM, LI J, NIE ZY, JIA H, YAN CL,
HONG HL, WANG XH, DU DL. Phenolic root exudates
enhance Avicennia marina tolerance to cadmium under
the mediation of functional bacteria in mangrove
sediments[J]. Marine Pollution Bulletin, 2022, 185:
114227.

[59] BULGARELLI D, SCHLAEPPI K, SPAEPEN S, van
THEMAAT EVL, SCHULZE-LEFERT P. Structure and
functions of the bacterial microbiota of plants[J]. Annual
Review of Plant Biology, 2013, 64: 807-838.

[60] &A=3C, XUk, sKEE, JEME. MHYHER Y5 5

T W) A 5 R A PR 58 5 R (0], v [l g 27 e 4
2020, 36(2): 26-35.
YUAN RW, LIU L, ZHANG R, FAN SY. The
interaction mechanism between plant rhizosphere
secretion and soil microbe: a review[J]. Chinese
Agricultural Science Bulletin, 2020, 36(2): 26-35 (in
Chinese).

[61] SEGURA A, RODRIGUEZ-CONDE S, RAMOS C,
RAMOS JL. Bacterial responses and interactions with
plants Microbial

during rhizoremediation[J].

Biotechnology, 2009, 2(4): 452-464.

[62] XU ZH, LIU YP, ZHANG N, XUN WB, FENG HC,
MIAO YZ, SHAO JH, SHEN QR, ZHANG RF.
Chemical communication in plant-microbe beneficial
interactions: a toolbox for precise management of
beneficial microbes[J]. Current Opinion in Microbiology,
2023, 72: 102269.

[63] KLOEPPER JW, SCHROTH MN. Relationship of in
vitro antibiosis of plant growth-promoting rhizobacteria
to plant growth and the displacement of root
microflora[J]. Phytopathology, 1981, 71(10): 1020.

[64] £V, ks, i, 25, K. EYRR WY

XF b s Y B ST AR T R i HLER D], AR AR
2022, 42(3): 829-842.
WANG Y, FENG FY, GE J, L1'Y, YU XY. Effects and
mechanisms of plant root exudates on soil remediation[J].
Acta Ecologica Sinica, 2022, 42(3): 829-842 (in
Chinese).

[65] KOZDROJ J, van ELSAS JD. Response of the bacterial
community to root exudates in soil polluted with heavy
metals assessed by molecular and cultural approaches[J].
Soil Biology and Biochemistry, 2000, 32(10): 1405-1417.

[66] HiAR AR, BRI, Mrwr, ELls. #- s S HEYIxs

1o Y I G R G R )], o ERREERAE, 2004,
24(3): 316-319.
SHI JY, CHEN YX, LIN Q, WANG YP. The influence
of root exudates and microbe on heavy metal activity in
contaminated soil[J]. China Environmental Science,
2004, 24(3): 316-319 (in Chinese).

[67] LIU AR, WANG WJ, ZHENG XY, CHEN XC, FU WT,
WANG G, JI J, JIN C, GUAN CF. Improvement of the
Cd and Zn phytoremediation efficiency of rice (Oryza
sativa) through the inoculation of a metal-resistant PGPR
strain[J]. Chemosphere, 2022, 302: 134900.

[68]JU, WL, LIU L, FANG LC, CUI YX, DUAN CJ, WU H.
Impact of co-inoculation with plant-growth-promoting
rhizobacteria and rhizobium on the biochemical
responses of alfalfa-soil system in copper contaminated
soil[J]. Ecotoxicology and Environmental Safety, 2019,
167: 218-226.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



