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Remediation of heavy-metal contaminated soil by plant-mycorrhizal
fungal combinations
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Abstract: Mycorrhizae are symbiotic structures formed in the roots of plants after mycorrhizal fungi infect
plant roots. The use of mycorrhizae as a bio-enhancing technology in the phytoremediation of heavy
metal-contaminated soil has attracted extensive attention of researchers. A large number of studies have shown
that mycorrhizae can strengthen the heavy metal transportation and accumulation, and root stabilization
processes of plants. In addition, they can promote the absorption and utilization of nutrients, stabilize
intracellular redox balance, regulate the expression of resistance-related genes, and alter the micro-environment
in the rhizosphere to improve host plant resistance to contaminants. In this paper, through reviewing the results
and mechanisms of using plant-mycorrhizal fungal combinations to rehabilitate soil polluted with heavy metals,
the bottleneck problems that limit the application of this technology and the future research directions are
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analyzed. This may provide a theoretical basis for the application of combined plant-mycorrhizae

bioremediation technologies.
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Figure 1 Rehabilitating soil polluted with heavy metals by plant-mycorrhizal fungal combinations
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Table 1 Plant-mycorrhizal fungal combinations that may be used for heavy metal pollution

Phytoremediation process Mycorrhizal fungi Plants Heavy metals

Plant extraction Funneliformis mosseae, Rhizophagus irregularis Pteris vittata AsP?
Rhizophagus irregularis Trifolium repens CuP®
Glomus versiforme Solanum nigrum cd?”
Glomus caledonium Sedum alfredii CdP®
Claroideoglomus claroideum Helianthus annuus CuP”

Root retention Funneliformis mosseae Populus euphratica Pbi%
Rhizophagus irregularis Phragmites australis cd™!
Funneliformis mosseae, Rhizophagus irregularis Zenia insignis Fe, Zn*
Funneliformis mosseae, Rhizophagus irregularis Robinia pseudoacacia L. pb+!
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B4 & P38 AT O AR ) A A 22 A R AR
4rF(Reactive oxygen species, ROS), iUl
B AHBEEO),). BEAHRIEOH)., d8LA
(H0:)%, AARANRE S IHERR G A TE PR, 230
B M AR Y, AR HL R BT ANE . dE A
SERETEZ M RIS S B E A S EY R+

HRAE . ALY TS S AR ST A AR A
WA, %S S5REREY BRI
TG, ol 240 P PN 2 A T SRR O A A B AR
PTG SR AT 0 B 4 3 T 2k o g g2 0]
AT T Cd B TR AR K I EARERy, S
G RERW, SAEREMRALBNAA L, 42 B R AR
TR R R [0 S5 TR A oy b BRGS0 3 85 (Funneliformis
geosporum), MRNEREERS . ITIAERIESE . 4L
WHm e, WRA DB N A AL
SOD) . i %A 1k ¥
(Peroxidase, POD). i %f fk & [iff (Catalase, CAT)
TG NG, RO NS T AR BR BE 15 B 3
5k, {EFERVWEE Cd BMAT, SOD. POD. CAT i
P IT R, RS R XTI, XU
R L TR X0 5 4 R 175 3 i A AL DLV E AR R AR
Hax A L 52 20 8 4 8 W BE 52 e . Ak,
Tan ZE75%4 238 0 H (Solanum photeinocarpum)ifit
Cd Whia Bt A& B, RS REE E (Glomus versiforme)
JG, SAEARN POD. CAT E1EH @47 X
4, {HJE SOD FEHAME NERF AT EL, X
Tt B T L TR X T B S Ak 2R 4 v A L T 1 R 4 A
MR R AR 2 4%
FEpEE, (BT S, BRI A] ARG SR AR N
A RERBRE T . N EEEE S A
BRI W 20 i 7% P 450 (Reactive oxygen species ,
ROS)IHIE BRI HELRY
23 IFAEmMEHEXEENRIE

AR B TR R, few Ry h
HESEPAPEA R RIS, IR A xF
4 E IRE S e B T, Pathare 2%
WA RERH], As B T/KRIN 14-3-3 FR A
FIR G N R AH e A A 2 R, TR 3 AP AR N
Fk#EFE BEG75. PH5-0S. PHS-ISJA, ZEH} RT-PCR
(Reverse transcription PCR)H /Ml B~ , /KFg
W 7 B 14-3-3 JEALEIE: 1E2H 1 K, OsGF14d,
OsGF14g. OsGF14h, OsGF14c f1 OsGF14e F ik

(Superoxide dismutase ,
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WA 1.8, 14, 1.2, LIFI1.0f%; 753K,
OsGF14e L[ g/ H ORI ERIREE 2.9 4, 1k
PR /MY OsGFl4c JERMLA 1.7 fif, XUiW]
14-3-3 BLAWE A N SR N AR I, 802
EKFEX As BB BB R ARG AE WG S e
i, HHARREZ P EHEE SO . Shabani
LU0 2 25 2 (Festuca arundinacea) TE35 T BE 7Y
EWRES, KN ATP 256 & 1 (ATP-binding
cassette transporter)J& K | 4@ 7 A SR A A Rk
AR, JF BeES W, iR AT HE
JEE PO AN BE RS o AR TR A i 4 NI F%is 3|
W PE B B E H MR AR A, DT ] )
Ni [n] & E20 B AIERS s [l i) 4 s B 1
2GR IR NI 2Bk, BTS20 Ni
M52 6e 1. BRULZAh, BEVUAS RS HE T & F
ZEXT P M, SR T R SR AR AR, flibT
WA RPET
24 BERRRESIHE

AR B TE S AR A AR e A= 254 | siRAk
R 00 Pk A [R) B, 3 R O S A0 TR 22 K i AR
FH . ARG 25 AR THAR B - S5 i 0 3
R4 FHAR BRGA: P06 P S AR A, R4 BR
WEE RSB R AR T, RAUEMYTERESE
SYF Ry A Kok U B R AR AT G -
ST F2A IREE . o ALY EE . BEEREE . LR
it R 2 P U2 A S PR B Bl A 0 4
ML BRA %5 B (Mycorrhizal helper bacteria, MHB),
Y M PR {2 4= 40 % (Plant  growth-promoting
rhizobacteria, PGPR)LA LG B 45, BRI LASM A
AR PR Sl B A 39 sl e ] 27 R AR B
Ay . THESY S AR AE ELAE 0 A= )2 2000
PEATOESE, 2 T 46 7 TR AR 0T 2 S AR 4 ey 7
A IR IR PR P LR AR A 3 S0 . R )
XA A A TR L DR 4 PR L 2R JHF TR (Suillus  Iuteus)
(A AR BRI R R TR R B, AR A
TR BRI v Y - 338 il U A JOR T ) 17 11 S 5

5, o Ak ST A R 1l 1R Il O A A AN R R
MR T, TIERRBEIRE . BERRER AR R,

Y BARBRGAE DR T AR N P EFRIE, 2
£ T Cd 15T HEhEFRY A RS, %k
T Cd WHEXTEEFAAFR AR . ARBRGLAE DA Gy
PRPER, XTT Cd 159 TR AE R IR Y
FaE BA SR MIEETE Cu, Cd WA X E
KARBREE MG RE TR R85 . AR 5 R 55 (Glomus
manihotis) . & EERBEFERT R I, FOKRMIPR 45
HEE ., MESEAEHEE, K2R AHERE
AT IB I BEIR B K R T IR MER P, fEit
T EKRFARPRECE . X T P IocR R, AT
AR T F AKX Cu, Cd FMRICRE . B0 oK AR
HB A S WA S PR e A UK, XIS
Cu. Cd 7EF KPR EN: . T EFRIEAM
RERL M S (e AT (8 i FARBRIE Py
REZ, HUTMWIR FLEEDFEUMIERE . A
WO ERA Al . DA s 3 0 IR s A

Xt TR AR L B L e AR B T S BRI e U,

3 WAERSMEFREEA R

R AR L TR O A ) 46 2 0000 ) i A AL T AR A
MR RAFAEZE S, — et IR AR HL R AR 25
LG AR AE 43 S N A RO A AR LB AR
P A T A A T MR L B ket T AR ) 168 5 < i A 1Y
ST AR LR AL, R T D AR A iR o
B KA, dRESRALA YR BUE R, Bl
U - R 4 R TR SR A A o LA e
W, BT 338 A AR [ e T 1y H 77, R
1T R SRR AR O RRBR TR, AR5 A AR
SCHARRISRIE | PRSI AT AEZE S, I AR X
T S T w5 Y i S ERLR bt R B AN )
e

PN A TR AR L TR 2 TR A DR 2R 4 240 i N
NI BRI B - WAL 4, 2 SR N P o
fRE . BER M, JFUEEEYE RO
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fEdE PN SESCHR ), BT REAS ST 4T 1 -
TR N AEFRAC AR, (AR A B bl 10 3 2
B0 AN, AR A R SRR T
SJRMRICE R, WMsaE YT T H 4R
TS AIREBUE . Leung Z5BUBFST AT As 4
TEBLAT 2, 7 100 mg/kg As W EEALHR T, %
TPl VA T B RS PR BR B 5 43 il (1 R e
SRR As FEIEINT 15.8%. 6.7%, iz &
K 2.99 895 6,05, 7.72. Li %t Cd i T
T ZE AN EE VA N B AR N R R R B,
JeBER SRR e Mo By Cd SRR, A
AR AR I R Cd SRt R, b
IRBIF 5T 45 SR IH 422 P A TR AR L T RE AT ARO R 1
AR T Yl B P R U E T .

A1 TR AR B 08 45 KR A1 TR 24 98 B8 A6 Al AR T Y
B E (Mantle) , 381 eCAF 3 4 8 WA
A, BifbHIERERSREAEYEE, MEYEE ES
JB 15 Y AR R R A AR AR T
R A A P BT TR 22 R E AR 3R B )2 A B ) T 1 s 5
K (Hartig net), k)5 FBH A5 542 J@ A AR Y
iz ™, Turnau 5@ R TR X SH&POL
(Proton induced X-ray emission, PIXE)7Hrisif#
R TR T N . A e L S 22 IR B )
FEFAMRER Cu Frimm s AR AL, H2OL%
R Cu 7R )JZ X Rk BT, X UL )2
21 (B] P 22 1 IR 25 A (RG34 LR )BHAS: T Cu 1]
FEFIMR R K 2N TR, $ER s IR FL 4R
DGR T AR R [ERFE Cu iYRE

BARNAE | AMETRAR XA R 4 8 15 Y
AL HEALTAA AR E, (HEENNTHEYBE
BORWE MW AATE RS . WA FREE AR
PR G R PR B A, WREA RGRIEIR &R
X H 4 RO E AR . Bl Kodre %5913 5K (Hg)-
FOK-ELR A AR ARG A B, 450 N AR AR
PAERTERL TR A TR 1Y FOKHGHE He & S T X R
oKk, T EEAAE . st X BRSO 4
ZEF) % (X-ray absorption fine structure, XAFS)Z T

A & IR AR AL B ORARES He-S LM i %,
M ZERFEETR A TR AT LUE I EORMR R i Hg FoiR
Wi, TEdeThar EA PP v Rl s g o 1T &
KILZEXT Hg WIRHRHER, BRI T Hg A SYIEE
IR, XX AR L e R SR
o MAMERERBREER T E 4B AEYR R
EAHRRZAN, WREBGEA Y E SRR . e A
Yyt 4 IR SRIAE 1 . ISR ST A b
AR 0 5 S 3)(Pisolithus tinctorius)X) Cu 15
YA T BBAN (Pinus thunbergii Parl Y& RUR
BERIE, R G i BT P Ca, K1Y
W, IR o> WO O A 86.1% . 85.3% .
34.8%, MR F A i i g = 7 SRAN S
Cu MFRERCE, SRR (4 0 S5 B RN
Cu fRHEUEIINT 27.8%. MULATIL, AR B
FX TP B R SR s E R RN . R
MHS FoRUL, NAE . AMERERE RS
AR, BEAFER TEESMHEES ., Hit
AN [ 4 S V5 R, i 63 1) TR AR L TR AN
FEYIHE S 25 7 2R A Y- RAR LRI S
R GE TP T IEEE R N E IR —
s B

T, FREGR S HLIX 4 A R V5 YR A
B, TIEEREERE Y R YR
SR B A Y PR HUE R A R e 1k
ARG BAARERKAF . ARSI, B4,
FEMAERKGE | BEACEANEGERRE. 25 E
Frik, WHREAREAR G AFEPEE I FE, A4 BAE ) -
A L TR R 518 S BOR BB 6 M\ 22 7 TR R A 18 52
HEEERERRAEN, HnEEsEGE+
YR Jrm BAA N AR, B, T
Y- H RSB E B m s g TN H
#2322, (HUR)Z W ELARIEN A RAR IH R = .
I, A MY - B IE R S 1B 2 & w15 el
A58 0 & EOCELL T 4 N5 TH

(1) W TFRMRERE SHEYIE, aiRi R
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S WIAE, BT A H AT RS 2 R A S A AT kAT
A o T o] e 2 T AR L T R Al R BRI —
B, MR EF B G T AW I X H
AR LR P B AR IR 38 B 05 ) 22 F D) REEA it
B, XN BB O R T RS RS
RIPFIPRE AR B2 A B2

(2) PRUEEE @ i T AR R R e R A ]
M TEE RIS Y HIX, RN PR R B iR
BRI T ARG IR TR R . MR
G B AR Iy, A AT LA BRAR I TR A
PRI YA T ok . GBS LA BR, T AR A
Yy 1) A7 75 B9 HL ) 6 A 0 s ] e TR i 2 Bl . A
I, AT LA T B AR B A ¥ e B R A M A T
22 A8 J1 A F e K SR AR LA T i e, A
RO EL A TR AR LR A A s G S AR TR
RRSMER2Z .

Q) Y- EREREKSBREEEE TG
Ferf, MW B R, X LR IO J5 2 At
MO AOf BEESE W ESR A R A L Hig, S
TAB S S TR T TR AR L TR X R U B SR AL R E
SRALAL , et HEH MY S A EBOR, X T
e/ RN SN A U N AR K (AN (7 it/ Qb 3
A LLRAEYIRE R SR A5 AT B AT

(4) H BT -3 iR R RS 8 R AR A
F R TSI A/ NS, 7R AT
AR A 5200 H TR D . PN S g s A
HEMATERER, DL, RS AT
Yo, LE SN IH Y SE B0 AR G SE PR T AR B 5
SR UL, AR TR AR R IR S B E R
KM IS IS G Jm in g LR E Ry sk, LUk
A ) FE A T MR B T -5 25 AR PR i A T e v 1) LR
FELE S R EEHATIR AT AT
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