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( Medicago truncatula L. ) F1E KM FHFIR R As ¥
BESL CA VSR, AM AL RESS MR st 1%
Cd ¥ ™ A LB, 1 10 ~ 500mg/kg Pb i5
YR AM BESEREAR TR A Pb e ™ 0 Rk,
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As WRPEIEZ I — B0 o 7E Zn Cd FI Pb =FlOTH
RATTYAFIL T , Vogel — Mikus 5 L B AM F
T ESREEEMYEER (T, praecox) iR FR Cd
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TR U MREE, [ 3 AR R U Y BT, 498 9 ARV [ 45
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L RIGYHAT Y G. intraradices BEWE P AT MR BL I A
Cd ¥ M4y B AR LY G, geosporum Xif S BL I
HrCd WeBEATRG M BB T[] — AM B
o, LRI P WIS 4 S ) 5 Wi 2 PR T ke 1)
JRTPEA R ANE], 40 6. mosseae H 4 Ja iR M P Ak
XTRRIAFEH FERFOAR R As Wk FETCHE0 , 17 AR e
VRIS T A B B3 As WREE' 0 XUdm, Cd 15
PR, B Cd 153 6. mosseae AN T H =1
Fojth bR Cd MR, XS AR G mosseae TRIBR I X AR M
1 EH Cd W TR A, A iR I R A
[ Tt P T A T e A WA 4 R ) 2 i 5
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AR5 B 73 B 1) AME B TR0 B A
A5 T AR, Weissenhorn 2578 % 1, M Zn 5 4% +
HEh oy B ERD G mosseae BN PR RO 3R BAT
SRRy Zo /R, AN B 3R 19T Cd AR, 1 A
Cd V5 1B 1 G. mosseae F1 G. etunicatum JR&
RPN BR  BA HAA B AT Cd F1 Zn BB )
AT AM L TR B e X A A 0 A 22 A <6 e 2 i
WA, 453553 # A 0,10 A1 100mg/kg Cd {54+
R =B AMF X K 22 7 Ui 2 AR Cd 52 i 4 A A
[0, AR R S ) AM LR R R ] ] B
FEAERYETE S, Z 0 AMF {B G 450 5 50— AMF Xf
W 5 T 4 i S P S R EL R T
WhgEse b SR, e 0 v e 2 G mosseae FI
G. intraradices B—EFP AT Yu 255 DLRIRE B AN 1 Fh
TRA B B2 s il RAR Cd 2 i B9, &
PR A He P AR — FE R S 3G T AR IR ) Cd
JE, ZHERE B, R, F IR B AR E
2T AM H 3 5P 34 | TRICR SR BT 98 7 22
& B 53§ R W) 05 53 BT iR & W AN [R] AMF {7 %
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PR AR 35 7 T 4 T Jilh 3 v 4 T LA
2.4 HEPETER

FIEPEAE T (0 3 pH AL TS SE) XA Y M
AMF A R B A B B0 , W] s B8 5 1 T
A AR A RS T R e A ) R TR 4 T . AN TR
AM TH F i pH 3 3 B AS — 4, G0 BR 3 5 R
(Glomus) Z i L7t pH =5 ~ 9, 1 Jo A 4 % )&
(Acaulospora) | EL {1355 & ( Gigaspora) | J& E {1 3£ 55
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J& ( Scutellospora ) W) B 1y L AE pH < 7 1y + 4%
H ORI pH R, AM B B XA 4 48 et A T
4k pH /KT (4.3 ~5. 1), Gigaspora margarita X}
BRYL(Astragalus sinicus ) 12 9e 5, TR 5 pH 7K
(5.8 ~6.8) Glomus mosseae %} 45 7 o A7 555 5% 1Y
Ry, WA, AL pH R, AM B R Ytk il K&
BERALB & R A ™ . R HEH AP X AM 1
o HAT SR, AM (R Qe R AL 1 b
SR P 0 AR A A S e L
T, RIERAVE W R R R AM ORI AL, WA
Zn Cd .Cu V5938 T, AM H 2 AE pH 6.2 T Xf
KE.(Glycine max L. ) HIZGe, ifE pH 5.7 T IR
el AT, SRR SR AE AMJE B K B B R
HHEIWIE, HA AM A3 1 o 4 R e o a2
SR —E R, VR R BT R
RO COICHIE A P W) X AM A8 ) W 4 )
HAEZHE W, W Smgkg Cd 53¢ F, fik P
(Img/kg) &L T G. intraradices ¥ N T J] &
( Canavalia ensiformis L. D. C) #_F Fi#h & Cd ¥
JBE, MAERS R P W Z (10me/kg) 15 B0 T X A4 FT M
KU, AER BT X (DTPA R Cd #eJE
23mg/kg, Pb ¥k &y 387mg/kg) , AM FEANF 0 P Bt
REASH ] 52 1L B3 Wi Ph , T FE it i 250mg/ kg P I}
XA A W U Ph R . FE E AR U 5 4
H ANl P IS DL, G, intraradices i ZE A2 HE T T
RBRAAEREZRI P [R5 TARR UM,
TERE N S0me/ kg P BTG OL T FAR A SCEHEY) P&
F, HOARER U e E tuoesem ™

TSP O AM AR ) W SRR 4 R 1Y)
Wel AL P RE A S 5 TR, — J7 T, - 3 A BT
(EZJE pH SRS ) AL 5200 AM 2R (A R 1Y)
AL T, BETT R0 AM A ) R R AR 5w
ANRTATE , AN AMF & EL Y L5 pH AW i L
SR RSSO ) P AR AR B0 S —
T IRAG R B ] B A e I S R IR A A
ROV, TR S A 2R G WA 4 SR 7 AR R R,
5 pH B TH i AR 2 BE AR - 4 5 R A W A B
PE b B R B AR AT LS N B T
4 R SN A B A SR T TR

3 AM Wi S PR 1 BLE
AM HL T A i 2 i i 48 52 T A ) RSO SR R
G I8 MERRE R ] 2 o EAEAE AR E . B
YRR 2 AME X 5 19 A I [ 5, DL
— 6 —

X AR o T 4 S 2 2 R A A A B 52 W T ) A
FHIN F 2 AM a2 AR P 5T 5% 43 (L2
W) ORISR ) A K, TG S AR ) B B & R
i
3.1 [HEMEBLE AELPELED

HAp R SR AE Y A B FAE T, T SR
HAMEHTHYRR . YR RZ 3N ESEEFH
ARSI AN RE I H PAT M R Wi o 5% 0 ALK 53
IIRE . (Al 76 B8 5 Ye iy, RIEh o R
TEAEAAR 6= . AM BB RE S A S0 A YIHR 2R
W L, - RETS AL LR AT iR 0, XA — e R
AT AR 25 2 B R R , 184 i AR 0 R < R 9
PRSP . BT AR X A E DR R 4
JEIGYLAE LT AR, 1078 £ Fh 0 58 1038 T AR R
A AN BRI RE 2 BELINS 24 68 & 454 T, TR It e
HAELERLH]

e+ &Rt R Cd Cu Pb Zn SEREMS 5k
PRARSS 5 WUMETS PR IR SR, HE T FEAIK P 9 A=W
Stk 1AM RERSIE 375 b b i PR sl s
22 F R P AL S S P A 9, AT B3
PESR. BN, 7 U {54 T AM MR APTR 22 0] LIHE B)
TCHR T AR AR BRI P, LAFRAMR B AP 0
Chen 251 33 34 43 IR0 LU 4K 6. mosseae 1A
LT AR AN P, K B AM ELTRE T 4E B £
MY P, Christophersen A8 g AM B BE 5 R
KA AR 2 HoPhel ;1 Il HoPhel ;2 JE 5 (4T AR 3
JZ i SRR R AR B 7 A 1) 263k, DT ) A A
Py R AR 125 5, ] s 1S AM 75 S 1) 2 A= SR T
W IZ AL HoPhel ;8 Y2605, {2k P A Ik o
iz, AMEL BGEEY) P g SR Y AR i
TTAFL ) A6 ) I A S B A R N 4
WPEAHRT T R, X — I BB AR R A K F B 20
R0 s, AM W EERE B IR RIE A,
HEMIXTAEY) B B W G B R R P A s AR 22
IR, B T e S BUE RN E B E T
4, (AR ) T 4 R W B B S i
AR AT RE 2t TR JR A AT B e i Bl 1
R EEE,
3.2 EARERBLHEICEPEDLED

AM BTG HE A W W R AR T 4 R 1 B AR VR T

R E RN HiES S Ea R TIE - MY RGTH

HeAbid . XAMERIN ES R EAA T, it X
FRRE ML . HLANER 22 B AR B AUE BUROK , B
RETE B3R W T 22 I 28 i L K i 3R 10 AR, BRI T ] LA
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244 R UL R o A O A D [ 45 AR s 4 39 T 45 s
55 T, MR S A Al (AR N T 22 L RS
4K ) RERSTE 40 ML /K PR B s KRR AL, B ik
4 AR TR AAEL DA A0 6, 98 X A 1 A B
IEAh , AM L3R 340 RE f% 38 3o 1 22 73 WA ) 55 52 W AR P
TUEREE , 11T 5% 0 o 45 Ja8 Ak 27 T 2SR AE A 35k
3.2.1  HRAMR 22X A 0 BRI

AM MRS 22 FIAR B AR W B 5% 40 T H A
—SE AR AME | TAR 22 BF 58 i SEAR A1 i 2
RE Az e IR, HTHZERET WA
JUAMHCK A BEAR AR P R e A, e
T A A— 2 fLA2 (30 wm 7247 ) 1 JE Je DREAR 2
FVER 22 T, T Bl i) P 22 A K As (], o) )3 B
IR G T 22 2 0 0 E 4, RV A] 5 AR AP TR 22
o T T ) BV E . A Guo 25 WS R B,
REH 24% 1) Cd Fl Cu, EKH 41% # Cd S 19%
) Cu 254 Y5 F AR A1 17 22 F Wit Chen 2510 5 34
TEEEBTH AN P LATH R AR AR R 2800, [] Fof 76 TR
22 IMAA R R BE /Y Zn, K BT 22 7] LRI Zn 3
Pz B MEWR N, TERZZE Zn Wl S0mg/kg
I, 38 3 PR 22 WO Zn SR EIAE YY) Zn MR Y
22% . MT P HEEGEEARIKE SR, BT NY
WA B IE TR ARG, ARME X 34 T 22 R ) AR 22 W
WA ) B 4 e, T R ) 43 3R B 1 7 12 RE A% IX 3 Hh I
BN HIEA IR E G R, T E AR AN T 2260 R )
W 5 R Y S B TR . AR TR R R Rl
J7: Joner S5 LB A 14 22 % R Cd M vk g
S5 (AN 1,10 2 100mg/kg) , G, mosseaefi)
=B ( Trifolium subterraneum ) 1A N'” Cd ¥ B 3 1
1410, Hutchinson 257" ] F' Cd ARig % & BLK
M- Z=Hij ( Plantago lanceolata) R Cd A 10% 3 H
F AM MRS 22 WL TTHR, 1M Jansa 25 % BAR S
B 22 0] AR Zn FHB ) SRR P .

DL s SR 5 ) o3 2 B R LR T
HARTE DL, (EME DAHERR B 4 Ji 7 AN [R] 25 8] i) 47 1L,
JIT LARE LA™ A% i f M AP 22 00 B B R el . B A4
YIRS B A AM B S R TR B Ff RGLREETE
TRRFELE b A5 i 5% ik AR IS b 4 J 47 HiC 1) AL
Gonzalez — Chavez 25" SR Fl W T TG 14 1% 35 R G0 5%
HESE G. intraradices ¥R A 22 GEWS W IS AT Y As,
M G. intraradices F1 11 P #5312 25 1 ( GiPT) F1V i iR
A (GiArsA) AT RES M A TT As By IS I
. Dupre %1 FH XU B 3714 R AFSE R BUAR A1 22
W T B 223 S Cs 1 21, 0% , Hid 83. 6% % #4 3]

TP AP, T .48 K o e R BRI AR & b I
Pl 3R R G0, Rufyikini 45 iiE 52 7 AM HRSM R
22 0] ARO[ W) e s O PE TR U Ak, W
SEUO S S U S SRR R UESE T AM B T 24 %)
Cr( VD) YW be [T, B AM 0T8T 22 RE %
it 3 gz i 7 e Cr (VD) I8 70% LRI
[ Cr RBTEMRSIE 224,
3.2.2  AM AR g5y E 4 R 1Y [ 4 A R Ak
EH

AM A1 22 200 i B B LT o 2T 4R 3R M
HATAEY RORFRE S EIRE T45E ,
i ELAT B R R E S . Chen 2517 | F B 3 2R
B IR RGP 22, KR 22 b Zn WP TR
BE AR Zn HE Y 10 15 BRORAZEDS
VR 22 A TR B0 e B, TR 22 A AN ] o 4 )
W R RE I AN[F] L 75 1000 umol/ L B 45 & R R EE T,
PR 2245 Mn Zn F1 Cd W% B o0 138 3 3 SR
1. 7% 2. 8% f113.3% . AT R,
G. mosseaed 22 Cd W [ft & &/ 0. Smg/g (H EH
Rhizopus arrhizus 1) 10 f%), Cu WL [t & f 3 ~ 14
mg/ g B 22 %] T 4 Ja 1 W B AT RE U T 40 A BE |
T R FER R ORI i e LIRS 5 R R B A
EAPERT, MR AR R, AR A
B A BH S 72t (CEC) |, X0 2 463 i 1 I Ff fiE
B SR R AR B AR TR R AR Y AR B B A S Y
P HHERN Pb Wk Zhang S BEFE R B, A L
AR AR ZR A0 BE | TR AR AR AR AN BE B B = Y
Cu W& B, T 400 57 BAT SEARAY Cu W, HLIR] I &
B, TRARLAN B BE X Cu 1 IR BT 50 AM AR 2% 40 Jifd B¥
SR o X T4 J 179 DR A B4 A AT AM AR A1 I 22 )
AM AR BE AT LK R 4 Ja [ 457 AR AR B, DT BEL 47
AR I AT 22 KA RN, v o 4 R x g A
IR e . Wu 25 BF 58 & B, AM LI 14 22 RE %
WA Cre [ 15 72 T8 22 3R 181, 9] 26 W5 & X 2 Cr
FHEUBRR B IMPIE A1

SRERZ G B R AM ARSI 22 RE 6% B 4%
Wi iz T )R, (H R 22 RO A R T A —E B
TEHE AR YA P T 24 K B ] 45 7 AR A 254
Hh XA — P 2 AN K Y 4 R X R AL
EM . AXEn R0, WAR A (b i 1 43 R 2 29k
IX o T 40 M e 0 08 e s g 11 10T g b g A
T AN o IEES R by AR S T AR AR 20
()W) Joe sS4 ST, AT BE R HE 45 et B AR SR 1 4R
PR TR T BB 22 W W51 o <6 T 3 A e ik AL

S
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SUTH A& 0 2A A AR A L, AT T B i B A TR AR e A
W2 A RE 1) 3 3RE . U0 W 2N g &
PR, AM ELRR T 22 MR 4% 22 B B R e A AR R
HAE /DR R F3R, dE— B3 FRIE RS
BX SR S AR AR BT R B Cr 1E B
AR R T 2500 T S50 (AR 1 5% 55 )
i, T Cr FAE YD AR IR A 5 B AR A IR . e Ah,
Nayuki 21" i FH LT R 4E 0 X P56 60007
K Cd FEREE N WEFLH P, Wu
VORI R B, AM WL BE A K F 42 R Zn I Cu
[P PER N MBS A vh , AT 2 A ) 4 B 1

TE T AM AR S5 40 06 55 4 Ja 9 [ 458 Fn - IX
BEAL” VR, FEAR 223 56 v vl UL SR 21 AR b > T
AR AR WM _E A2, 508 UL AR BRI T
43 1) HE ) LT G A R g OB e
XA AR AE AR B 5 TP AR B K M ESE
“ BRI A
3.2.3  AM BB AR BRI R

AM BB AE G B, o i A LR R R R
% £ # FE [ ( Glomalin — related soil protein,
GRSP) S5 7E RE M8 A0 A8 AR PR G A4, 28 T 52 1) 7 4
Ja& A SRR ) X B 4 IR, AML 3 W)
REfS I B 5 A R 45 6 ol (i) 42 U AR PR 3 8
ek AR B 4 Jm AL AR S . FR R B, AM 1
N7 TR LA WL G4 Zn W, R T
2 AAAL S BB B A Zn W BEDT BN T AR B
IR RS A Ph R AT PR A7 Ph Wk, %
R T kRIS & B U LB At 545 Pb &
U PR TR KA As WRED L WA
TR, AM FEPIAR R 35 Cu [m] 4@ 40 KRB0k 4
AR AM i TR B 4 A4S Cu AL
M 26% FHiEE) 43% , A LA ES CuZn Fl Pb H 43
oAy B4R 5 15% (40% F1 20% ™, AM X A5 W AR
B - 1 4 S T 2 1 5 i) DR A 40 o AN [ i A [
1 Leung 251" R 30, AM B A% 2 el 5% b 225 s 1 43¢
Hi) As B Ca — As 45 &5 51 Fe — As 4565 75 i
Al - AsZE G AL, T HE S T As B ZE WA 5kt
FNGE ) A ARAR R L 1 As i Fe — As Z5 574
Al - As Z5 5B BOKIEA ) Ca - As 45 5551k, 4
T As BE A B, WA LB, AM %
I T b SR ) - R W As (D) AR As WREE,
RRFEAR T As (A=A S0k

TS S, AM 204 GRSPH™ ol — il
g N R I A i) i = R O 9

— 8 N

HABRIEE A RE 1 T A 4 T 4 R
WA REA B, AR BN, 78 Cui5
Yulhaly  ARPR 3 GRSP [k 5 H 42 )& Cu.Zn
W B Z [A] 2 0 2 IEAH G OC & (P <0.001) , GRSP %
A CoiRETE3.76 ~89.0mg/g Z[A], 5 & Cu I
JEW) 1. 44% ~27.5% "7 ; GRSP 45425 Pb ¥k Ji¥ ik
690 ~ 23400mg/kg, (5 +- 4 & Pb & 19 0. 8% ~
15.5% 1 H. 4458 GRSP Y& JZ 5 Pb ¥k B Z ] £ 1
FHIEMHIR(P<0.01) "™ . GRSP 3 4@ 194
GIEAN TR E S RIS HAEEE X, R
LEOHL PR N VERE . Gonzdalez — Chavez 2514 Cu
A GRSP ¥ 5 , 43 i AT A2 2 L 0 6 i
T2, KIS GRSP 2551 Cu At 20
W ok, Cu 7E GRSP H ik il 6.7 ~ 28 mg/g,
RRETRER 7.2% ~12% , 328 GRSP X} Cu 945
GO T 89 B Fac e ISR i A Al 45 SR
PR AR L 213807 1Y) GRSP %) 5 4 @ 1 45 & B )
WASTR] A PR T A AR AR YL AR 43 B3 11 1 GRSP, AR
SME 22 i GRSP fE A HAT 58 1) 5 42 R 45 & ik
S XA RN R GRSP B A R FTER

AM A, RE 3 AR AR B - Sk A 0 R VR 5 A
PAL R R B A R A . WA IFSE R B, AM
WU T AR B 3 Min S A0 A A0 A 1) 3R TS 54
A% T Mn B9 2R A SN o BE g &
PEHSEER X AM R % 030 AR R 2L R4 T
S, NI M & JRIE A . AM b BB A% 3 i 42
AR PR HE pH 20 H 4 @ A 2E B A, U AR
ATREN SR R g 5 Mg®t KT R Ca®t E PH B
FAREL , AM MR AN 225 5 Wi PO, HINO, Z5BH B
T B LR OH BT, pH Tt
3 pH 5+ 3T 4 JE AR WA A Z R R
KEZ, TR pH T &8 WA YA St
TRES,

25 b, AM BBUZIE i AR (R ML) S5
P (AR PELE) 2555 e 4 JR 76 138 - 18
VARG TR b, B A ) 4 JE k. AM
MR AR Y 4 AL s R AR 1,

4 AM N5 RLpy o B R AL S R
AM BB 5 i AR ) %) T 45 Je 1) IR R SR A
R T8 IV 4 SR 5 Y R B U A AR A AR
117, AN 38 Si A 49 B < J T ) A HE R 901 ML A i
AVF AR ARV BB )R I 28 ) R 45 .
DAM 3 W ORI 5% 10 5 <5 1) 70 1 AL R A A2
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(U@%%ﬂ?iéé)%,m%%iﬂ@éﬁﬂﬁléﬂﬁiﬁﬁo (2) AM WA Y E SR HUPE LA . 1 2R AR (AELPERLE]) o 1 (a) 378 AM
PEPER) A I SRAR Y T B R IE, [ (b) 3278 AM MR R A K HETT SO AE ) RS R B R 4 s 1L 2om AR (R PEDLED) P I (a)
FORFMR DY) (WA HLER GRSP 45 ) 245 S E G , sl nm e PR JoR ) 4 A2 B 4 J AL 248 25 B AR WA e, T (b) 3RoR AM ARSI B 22 3
TR BB R AR, T () FonE e Jm et B AR P IL A 454 (IXRRAL) 5 TR AR RAR SR &5 319 e 1) ML A0 3t 1 30z i, e

AR SR TEAE IR IR 2L

1AM H4Si P o mb b t DLA2s R P R TR bR 480

Fig.1 Underlying mechanism for enhanced plant tolerance to heavy metals AM symbiosis ( revision after Wu et al. ')

QHFESEJEAE AM FLEE 1H 22 vh DU FE 8538 i, %
BHLEA 27 @AM HIE H 5 E 48 i L2
a7 @ 4 8 W] id i AR LA B —— 4k
FTE AM B IR FIRE Y A B A T 5 7 @2 e
22 4 B 7 AM 2 2 EE R A0 i /K F- ) 43 A
MAEE? @AM FEL I Wl A 4 B B 4 s R
SRV R 3 S ] U ) i 25 e A B AR WAk
I T AW AT HoR, B AT AL T8 AP BB .
4.1  AM FLEEN F SRR WorEE is Lk
AM FLTE 4 A RELiRE IR , WMk AT AL 1A
H 1 S BON H AT 201 A W) E ISR R E . E i
X AM L S 4 S Y 23 5 L I R A R
Gonzalez — Chavez 25" i b RiT — DNA #& (L &
MRS AM BEEWNEREFARR LK G intraradices
AN T 22 W] B8 @ i P % iz B ( Phosphate
transporter, GiPT) F1V fifi fig £k 7% H 4 [ ( Putative
arsenite efflux pump, GiArsA) UL As( V) F1 H
As(Il) . ZIP %% 3z 25 (1 F0 P 2§ 797 8 1 ( Cation
diffusion facilitator, CDF) N 7] GEXE AM BT IR U (5%
i g R A4 Zn Al ST

4.2 WEEBAE AM A M R i BB S FHIE
50 7455 i 7 T MR A AR 2 200 K- X
O3 ARG A RAE , — J5 T A] A7E SO )22 TH 4 e AM
LA S R0 A SR 1) IX PR AL A, 53— 5 T ) AT
N AR AT AM KL VR ) A0 AT A% L
W Ba i B, CAME R, Ea)m T2 T
AM (Y41 B K a8 S g v 1207 B 4 Chen
SELLB Cd e Zn EBAEAE T ML U048 LA S AR
ShHIZ2 T, Zhang S R BN TAERRAR R
HRAR 28 4 B v 2R 22110 Cu, T 40 g 57 b R AR
DY Cuo SRAMEGER L L3 85 07 v i T AR S AR
AR AR HIl A R TN R 2 |
IRV . TR SN, AR ok & R R B0
LR BB X PR BT LA L) 2D i G S FoR
SRR ST T AR BT R or A BRI T AL,
Weiersbye %UOZ: ) ] Micro — PIXE mapping 3% R %k
WU EZAT AM AR N B 22 503 3%
Gonzdlez — Guerrero 25" ' 32 FRE B30T X B4 B
RIS E 22, F 4 R &
BT 0 L BE AR b TR M R A D
— 9 —
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W 25177 1) FH 1) 25 e 5 0 2 X 2 0 i 8 B
BB KB Cr 32 BEWRAFAEAR HP TR 22 3K 78 J
RN ERE T,

N HERAE AM rp i A7 285 6 A7 4
B, EAMRZREITTR As, AR, K
T LRI 32, AM REAR T B oK B AR
F As(ID) e Bz, (Rl 1 F oK #y b #8 DMA( ZH
FERIR ) W FZ , T MMA (— U EERPR ) i BEAE AM
MREAR . AM 0] GETE o 400 i T KRR AR 60 JE e v
KRR As( V) il As(IL) #938 JR> . Zhang
S TIRE G R B, B R AM R S, 75 SN IR IR
As( V) 55y e AR R B2 22 1 s BRI K AR
FPRL A T AR DMA, iy A A B A H
2 R IACR R 7, BT AT B I AM B AR A
AL REEL A HILALA A RE S o 60 Li 20 )0 AM 2
Rhizophagus irregularis FTERE T f FR L 54 54 ity 5t
RiMT - 11, Ff3l 0 AE TR G TR IR R KB AM B
P REHE TC AL % Ak Dy — HY i ( MMA) | — 1 R A
(DMA) DL SRS = H LA (TMA) o A 98I SE
T AM ERE I EA O TP B R R B RE T, TEIX
— it B RIMT - 11 e R 4% T HERPER
4.3 AM XY A S 4 )E HUTE A BRI 5 ¥ BLIE

Hy i

AM J2— IR R R AM T FIfE TAEY) Z (6]
ARG BYINE S g E . (EESRT I
BT, AR EL AR YY) Z (8] 98 4 B[R] BT (1 AL
il HAEX a5 2 4L T AM B R ) &
S R PUPEAE BRI 3 BLR A A
4.3.1  AM XS AEY)RICE 45 8 o FIsAR i A E

AM ELTE BB [A] 45 P A M) AR 2 T 6 R R WSAH
FHEEANEN. As I5YHEN T, G. intraradices
RERE AR K AR ( Oryza sativa L. ) #2060 R AR £ 5
Hn R L Lsil f1 Lsi2 363k, HIRm THR R
As(ID) T As( V) BERAE" ™t R B, AM B
THEE PR IR AR BRI MePhel 51 M) MePhel 52
FEPIR IR, Rl By 1 2R B gl P ¥ is i H
i) MePTA FEPRI 235, T RE A5 7R 24035 P S SR 1Y [A]
B A M ) As Y o Li ST BIE g %
BN ST E SN SIS i e e
LR MsPT4 (1) 335 , A R ) W SO 22 Wi DA T i
HEAE A, i o R R T R AR 0 4 P i ik
2o A, AM IE REGE R AR AE 22 5 16 AL R AN IR |
In P B LR MiZIP2 (i 3eik , WTTREAIRAR 3R Zn
e

— 10 —

4.3.2 HE&EMET AM XHE EAEY B B
LEX |

4 e W38 RE S i A ) R AL [R5
T EOCEAERT P A AR B A A 7, g i
HPIK B AR M R A RS 251 AM
AT RE A5 I 2% T 4 J P 38 60 R ) 7 AR ) A B 38
U0 Paradi 25" % B Cd 4b FIAL R AR T I B AR AR 4
B P SN e 5 ik, T %) AML AR ) TCSE . Alou
SETURBLAM BRAR T R Y Cd 51 I 2 2
K BT Yy R A SRR . Andrade 257 41 %
B AM BERSFEARM Y I AR . WA AT R,
AM B S A P R T R A
WA T P R e T % 1 T 4 D AR A Y
A PRREE . A WEIEE LI B AR TS e T AM
RERS I IR ) IR N 32 5 A 45 Jm B M ) o
AR F AR EE (NP - SH) (45 e H Ik ( GSH) FiAE 4
B4R (PC) SF e e o W S 5 % B,
Cr( VD) BT, AM HEHREMS B & R m s E fE i
Frps R e I 8 BRI R 0k, T i 1l
X R AR, S 1 A ) R AR, LA
M Cr B FE R AL, Li 5 B set &
B, As WRERER T, BB E S m R HE R
REBERLT MsMT2 355, JH8 & T8I E 15
TR B2 RO ARIRE L , DT A 500 5 1 55 48 8 4 0 b o
FHHIUIE.
4.3.3  AM R 5 R SR A R AR

IR, AM XA ) 5 4 Jm B0 1 A DR A ) 425 4 T
W FEEAE T AM XY E S R 4 G 8 R R
KRR . Ouziad 25 BF5Y T E A48 Zn F1 Cd 15
YuR | G. intraradices Xt B AR P K M Fd LePCS1
(it AE 2% & R 5 U ) | Lemtl | Lemt3 FI Lemud
(b m A E ) & LeNramp2 ( Zih 2 T 5 52 19
BRI ) SR FRIR AR, A AM B R T
T 30 2 A Leme2 FI LeNrampl J[H 3%
S WABFI R Cu Bl Zn 15 F
AM CHHS T BB Populus alba) 1 FP55T 42
B ) PaMT1  PaMT2  PaMT3 R F1 45 % 2
By PaSPDS1 | PaSPDS2 . PaADC 25 %t R /Y 3 ik,
Rivera — Becerril 28" %8l G. intraradices 7532 290
52 (Pisum sativum L. ) #R¥F Cd e B2 /Y [F]F, 3R T
HamgaEn RNk, migs T yafEn
CHnAJEE B 55 ) BEP Rk
4.3.4  AM B 4 S i 2 B2 AR S

BT 2 T AR R R R — T TR AR
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H AR ST AT FE R G, R EE KPR 58 4E
TS SR L R A AL A A T R R E A
(GRS e R A e O o S e S SN VW
BB G BB R IR T RE R ELIF 9T, HLRE S 4
LTGRO0 RGEE R E R A A R 38
HEfitth, R A A T, AR T YA T A
WA 3 — R YR AH O F 3Rk, IIREE 4 )
B, RX LR R IA RS AM B IR,
X FKF F PR AM b4z RGepiihia HLEE R
AEEE L, HAl, FHE A B4 ORI 4
JEIHAT AM EIENE AP N A G 1 3R5 T
FEAEFRGE IE A IR, A UFIEHGE , AM R
1 Cd | As S5 B30 T 0 2 089 38 B 0 4R E Y 3R
BT Repetto %N % Bl Cd Y5 Y
G. mosseaeX I T B8 & ( Pisum sativum , VIRAT88 ) {2
FRIRIPE AR 11 6% 1 (Annexin fragment ) 15 540 2
[ 45 [ ( Pea disease resistance response protein Pi49 )
ik, AR T Cd S8 FRE ATP 51 B E.
JL (Vacuolar ATP synthase subunit B) | %54 2 B i &
fiff ( Short — chain alcohol dehydrogenase) . & ¥ 1T it
B ( Profucosidase ) ¢ 5 Fh & [ # 15 &, Aloui
Ll el Cd B F 6. intraradices GE5E G530
e 7 A 2R M8 H (Cyclophilin) & FRZ5 5 8 H
( Guanine nucleotide — binding protein ) 2% 541 %4k
R E . W BT & BN As B T
G. mosseae5 | E KM ATP 50 o W3 ATP &
B W F&. 5 M ¥ B ( SNF1L - related protein
kinase 2.2) \MAP ¥ 55 4 R Rk & B,
W FEAH ¢ 2 [ ( Pathogenesis — related protein 10) &
R, EEEMAT, AM MY E 1 BT AR
g N K iR AM AW 90 4 J A B 7
[ iy Ay ik — 200 AL B B B, PRI T 2 A B2
B HBIB R A TP B B, ARG REE R T
A ROR I R 3% 07 TR 2 S i i e

AM XY B B TR 4w WM R e A B 1
B IR AR T AR KRR BE b2 DUAE Wy #5108 2 4 &
BEF LB P, WF5E AM 7R 3K — i 72 rp i 49 15 1)
“FE, —ERREE BT LIRS TR AR A ) 4
JR B
4.4 AM FLp 32 H ) 5 AL

AM EEEE &R e T 208 83— R AR
AL P LI RS mREH . T AM HIE T
WA SRR EN, WAT ¢ H T 5w Hi v B
MATFE AR Z . HAT, A GER AM 2 E 4

71 50w v W1 S SV 1 7 20 R N R o
BLHI A S o 4 T X B AL Bl
4.4.1 AM HEHAM T LT

AR AR Z 5 AT e % 8 i i 1k
Haber — weiss i 7 = 1 4 42 2 PR 0700 e i o
FEYMARIR R G bk Ay i A L ARk
PIEALTE (SOD) & —Fh e A A B E ALY 0 fife i 48
TN AT , R ATLAA T P S0 141 K 1 18 35 A B
FVEA . MR SOD B & 4@ Fh AR ] 43
CuZnSODs , FeSODs , MnSODs , FeMnSODs #1 NiSODs
U IR CuZnSODs (W AE U AR B, 243
FLRARSNZ 2 A R ™Y L BRTE AM B
e & BT 15 B W) 28 2 BE B U A Gigaspora
margarita ( BEG 34) # 1) GmarCuZnSOD %t A F1
G. intraradices 1 1Y) GitSOD1 3 (A DL g 0
CuZnSOD) , FE-—PHIFR AN EEI/IE T, &
SRR P I 22 S R R e b e 1
TEAMEH IR (GSH) fETE1E O T, A bk H Bk 4% 7% il
(GST) HA i S ALY Ve, REAS A Ak it St A Elid
SALEW MR NI T P IR A A
KB LK G. intraradices 22 FAEAESAY GST Bk
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Fig. 2 AMF-assisted bioremediation of heavy metal conta-
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The Role of Arbuscular Mycorrhizal Fungi in Heavy Metal Translocation,
Transformation and Accumulation in the Soil-Plant Continuum .
Underlying Mechanisms and Ecological Implications

CHEN Bao-dong'”, ZHANG Xin'>, WU Song-lin' , LI Lin-feng’
(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing 100085, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China;
3. China University of Geosciences ( Beijing) , Beijing 100083, China)

HIGHLIGHTS

(1) An overview of the effects of arbuscular mycorrhizal fungi ( AMF) on plant metal uptake and accumulation,
and the factors influencing AM functions was performed.

(2) From the aspects of AMF directly and indirectly affecting the process of heavy metal ( HM) migration and
transformation in soil plant systems, the mechanism of AMF enhancing plant heavy metal tolerance was
summarized.

(3) Potential application of AMF for bioremediation of HM contaminated soils was proposed.
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Possible involvements of arbuscular mycorrhizal fungi in plant-metal
interactions in contaminated soils

ABSTRACT

BACKGROUND: Arbuscular mycorrhizal fungi ( AMF) are ubiquitous soil fungi in natural and agricultural
ecosystems. They are obligate symbionts that can form symbiotic association with the majority of terrestrial plants.
AMF obtains carbohydrates from host plants to maintain its own growth; in return, AMF can help plants absorb
mineral nutrients and water from the soil. Many studies demonstrate the importance of AM symbiosis in plant
adaptation to various environmental stresses, including nutrient deficiency, drought stress and heavy metal ( HM)
contamination.

OBJECTIVES: To summarize the underlying mechanisms for the enhanced plant tolerance to HMs by AM
symbiosis, and to overview the possible involvements of AMF in HM translocation, transformation and accumulation
in the soil-plant continuum.

METHODS ; A literature review was conducted and a total of 189 publications were identified, from 1984 to 2018.
Direct and indirect involvements of AMF in metal uptake and accumulation by host plants have been overviewed.
Key factors influencing the mycorrhizal effects have been fully discussed.

RESULTS: AMF can take an active part in HM uptake, accumulation and detoxification, resulting in protective
effects on host plants against HMs. On one hand, AMF can directly immobilize HMs, influence bioavailability of
HMs, and consequently influence HM uptake and accumulation by host plants. On the other hand, AMF can also
indirectly influence plant tolerance to HM by improving plant mineral nutrition and promoting plant growth. The
mycorrhizal effects can be influenced largely by HM type and contamination level, plant and AM fungal species,
and soil chemo-physical properties.

CONCLUSIONS: AMF can essentially influence plant metal uptake and tolerance, thus can be used for ecological
restoration of HM contaminated soils. Future research should go deep into the stress physiology of AMF. The

effectiveness of AMF in bioremediation is also expected to be tested under field conditions.

KEY WORDS: arbuscular mycorrhizal fungi; heavy metal; tolerance; bioremediation





