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A Review on Roles and Mechanisms of Arbuscular Mycorrhizal Fungi in
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Abstract: Heavy metals pollution in soils has become a serious problem which was related to human survival
and development. Although phytoremediation has been widely accepted and applied to control heavy metals
pollution in soils, there are some disadvantages including slow plant growth, little biomass and low remediation
efficiency. Arbuscular mycorrhizal fungi (AMF) are most widely distributed in nature as plant symbionts, and
play an important role in promoting the phytoremediation of heavy metal—polluted soils. Under heavy metals—
polluted condition, AMF have direct and indirect effects on host plants. The direct effects of external mycelium
are to protect plant roots by filtering and chelating heavy metal ions in soils. The indirect effects include
promoting plant to absorb the nutrients in soils, regulating environmental properties and heavy metals bioavail-
ability in rhizosphere, and improving the physiological metabolism and growth of plants. Therefore, AMF
enhance the host plant’s tolerance to heavy metals stress and alter the plant behaviors on uptake, transport and
accumulation of heavy metals. We reviewed the latest research progress on the AMF application to phytoreme-
diation of heavy metals—polluted soils, focused on the contribution and mechanisms of AMF in promoting the
phytoremediation of heavy metals, and discussed the present problems and directions for future research.
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Table 1 The mechanism of plant tolerance to heavy metals stress
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Table 2 Effects of AMF on heavy metals phytoremediation

wEE iR/ B AMFFh2 RIES Z% 3k
As [ =¥ Trifolium repens), Glomus mosseae [#{%  DongZs2008
MASE B (Lolium perenne)
As PERE 1E (Medicago truncatula) Glomus mosseae PR XuZE2008
As PERE 1E (Medicago truncatula) Rhizophagus irregularis [#{%  ZhangZF2015
As By BR (Pityrogramma calomelanos), Glomus mosseae, Glomus intraradices, [#{%  JankongFlVisoottiviseth 2008
T3 7% (Tagetes erecta) Glomus etunicatum
Al, Mn Y1 & (Vigna unguiculata) Scutellospora reticulata, Glomus pansihalos [#{%  AloriflFawole 2012
Cd K (Hordeum vulgare) GlomaceaeFl1GigasporaceaeF} F#{%  TullioZ$2003
Cd ¥ (Nicotiana tabacum) Glomus Jg [T Fh F#{%  JanouskovaZE2005
Cd T3 7% (Tagetes erecta) Glomus intraradices, Glomus mosseae, F#{%  LiuZE2011
Glomus constrictum
Cd, Zn 18 W5 S (Thlaspi praecox) Glomus fasciculatum A 2R EFER BRI Vogel-MikusZ£2006
Zn 41 = B (Trifolium pratense) Glomus mosseae PR LiZE2001
Zn [ =¥ Trifolium repens) TR A ER F#{%  ZhuZE2001
As Z I H S (Melastoma malabathricum) — Glomusmosseae, Glomus intraradices, fig#k  JankongAHll Visoottiviseth 2008
Glomus etunicatum
As R WA B (Pteris vittata) Glomus mosseae, Gigaspora margarita fE#E  LiuZ2005; TrottaZ£2006
As R WA B (Preris vittata) Glomus mosseae, Glomus intraradices fe#t  LeungZ2013
As K- ZE i (Plantago lanceolata) Rhizophagus intraradices fe#t  OrtowskaZ:2012
As FHREL(Chrysopogon zizanioides) Glomus Jig [T Fh fiE#t  Caporale:2014
Cd, Pb [a] H %% (Helianthus annuus) Glomus mosseae, Glomus intraradices fE#t  AwotoyeZ5E2009
Cd 2% (Ipomoea aquatica) EN | fe#t  BhaduriZ£2012
Cd VEZEHT T-(Plantago ovata) Glomus Jig [T Fh fE#t  HaneefZ:2014
Cd JFE(Solanum nigrum) Glomus versiforme fe#t  LiuZ2015
Cd R S5t R (Sedum alfredii), Glomus caledonium, Glomus mosseae fe#t  HuZE2013b
MASE B (Lolium perenne)
Cu N2 (Elsholtzia splendens) Glomus caledonium, Acaulospora mellea et T RIE%2006a
Cu 8% (Coreopsis drummondii), Glomus mosseae fE#t  ChenZF2007
WA B (Preris vittata),
[ = ¥5(Trifolium repens)
Cu, Zn, Cd 3 N#(Canna indica) Glomus Jig [T Fh fE#t  ElFaizZ52015
Cu, Zn, Cd [7] H %% (Helianthus annuus) Rhizophagus irregularis, Funneliformis mosseae {£#f  HassanZ£2013
Cr, Ni KKk (Cannabis sativa) Glomus mosseae Je2 CitterioZ£2005
Ni 1475 0.(Berkheya coddii) Glomus intraradices fe#t  OrtowskaZs2011
Pb [a] H %% (Helianthus annuus) Glomus intraradices, Glomus albidum, fe#t  Arias®E2015
Glomus diaphanum, Glomus claroideum
Pb ¥ (Populus cathayana) Funneliformis mosseae fE#t  ChenZF2015
U R WA B (Pteris vittata) Glomus mosseae, Glomus intraradices {23k ChenZ%2006

Fifi & T 90 TAEER N, AMF 2328 RGURN @ Fh 3 SR AL e A= 8 4k, Horr BEVEERFEF R T 44 Glomus mosseae”S T3 )y Funneliformis mosseae, 1

WERFE R Glomus intraradices™ i N Rhizophagus intraradices .

Fo EILFFQ014) B CAF A N F0 P A AMF &
Wm&ﬁ%%%&&ﬂmhﬁmm%%%ﬁs%
1 REIIACT X, 3 AMF{R 7K fE X Cd
AR R B A 7, #H) 1 Cdjn &R #% . e
AMF i 3% PR E & @ fE R B3R R, S8
YN R A E R /T T (GuF§2013).

2.4 AMFZEHEYIE % FRIRF

TR S R D0 5 R 24k A Js
B AN S BEIEIR S B AR 77 7t i
Z W) H 4R e Hg (i 56552002). Hgis e i) 54
N, FOKEER AMF Ab 22 5 25 PRI 1 438 b s A n]
PR Hg IR B, nl RS 5 4 2 10 L] 2 35 1%
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Ko (HEFPAMEPXT FOKHL b EB I Heik B B 3%
(P52, R BAR R W fOR R Pt E S Hg AR 3R (1 51
Bk IR A R A (YuZE2010). HeBE i3 LS
ol R R R R, S B A K
WMWK FE R K FEESRAE L BEPR AL, A
JE BAE YIRS Fe A N S BEIEIR . KE
Je& S e 38 i Ak % A B = HERIG T B AR ) 5 K (Zhu 5§
2009). A RAMFEFERE P K& 1 B N FH AL 7
T A FE 38 75 Z2 058
3 MREREFRSENEEESRISHELIEN
Iz

AMFE MY @ET AR R G, FE@d
AMF R 22 ¥y EL R A Tl 5 e A P AR s 24 5
MVE & @ A R, BCEEMY UE IR, AR
AU A K, B4R )i B 4w 55 5 1 ae 0, 38
TP AR, 20k )0 4R IR SR iz, S
I A B 4 R v G R B S AR FH (B .
3.1 ERER

AMFAE 358 HH R i e K B AR A0 1R 22 X 2%, 38
TR A0 B 22 ik JEATL ) AN B S A A, DL ROAR e
FAMAMFH 2 e 85 5 AR AN E SRS T,
PEEEY T IR E SR N 2 6 1, AR THEY)
EH &8 e AAE, IR IE SR
ER, FEFLUR3F. (DEAER: AMFIE S
YER F ERIAEARSN R 2 Ffl iRt B & JE oh &
fr e, dia P ESES T, BIRESER
% &P (JanouskovafliPavlikova 2010; Cornejo%s

2013). SbAh, FEE &8 a5 T, AMF B 2238 i
B4 I0 43 WA BR FE FF 2 AH % 38 55 1 (glomalin-related
soil protein, GRSP). K7 T EANREEY)
(WuZ52014) 5 H3Eh R &R 3 7454, s IRbr
THEELSBENES, SR LT ERESESRES
HEAR(Yu2009). (2)id JEHLH]: AMFIE AR 4k
BN REBRLSESESRE, BEKTELEN
A R, WD SR EYR N g . R
P SRR T TE 1Y) 25 55 E1 & & M &5 S AR 3R
“Id BE ML, AMFR] DU I B 24 %) 5 4 8 1 it g
VF P 38E 4 BB 4 J AL A 25 0 S (R e AR
Je572007). [FE K 2 B Cd Az T 5w 41 i i
I EAEAS, NIRBER R A, [
IR AL Fe. TifIBa%$ it & INAFAE, W22 N I 5
iR EL AT AE 5Cd. TifBaZs &, /b B 48 101
Yk Y iz i (R [ AR S 552007) . (3) [T RE1E -
AMFEEEMYIR R L, @i L. $it
LB SRR, fER W B 2000 A1
17 8 4 J& 25 T(Cornejo%52013), {itidk & & J& & 1
BN SR RIS ARV S AL E T RS
(Wang%52012); #EmiR R4 G HEBMEE S, B E
GRS T EFEEEMR R A, 8> 4R i
AT A% (Zhang252009).
3.2 [E)iEEM

AMF 5 Y)Y LA R AR G, @ 2 )
XN PEER" 5 7T 3 W (Clark Al Zeto 2000), £
B AR ACH (Augé 2004), 52w A ST (T

HERIGRTE, HY-AMFIER R

!

l

HIF RS AMF B 2 E FA T HR AR ) AMF 1 22
BatBESEET || FARRKREER || BRRAKSWAER (| SCRRAERIES) /2%
REYRR, 1 B EACH, KRR, MR RS Ry,
BRI % E )R A KA w3 RIS WHENFZES)R
L I I |
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Fig.1 Mechanism of AMF on enhancing phytoremediation of heavy metals—polluted soils
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WPEL it EhIREE 77), (e 2R A K (Ruiz-Lozano5s
2001; Xiao%52010), 520 ) SO i 12 H 43 )R
LM, s e 2 E 45 RS g I
He 7.
3.2.1 AMFRHEIXIN, PEH Byt RAVIRUL

KWL, AMFSEYIE RRIL Ak, 7] 5
ERE s TEYN. PEY TR MR IKE(ia%s
2004; 2R FN5K AR 22007, Liu52015). APy,
AMF BT AR AN G 22, K B 5 R B Bl 1
e, § R YACE LI R RO TR A 1 VE L, B
22 | =R ) PR 18 B R - g (R T VA P,
¥ L I PIE 45 1 Y (Hodge%2010); [F]
I, 7EREA- B AR B LA T AR R, R 1 I IK Bl B
IRP#; iz B (I R R R A, 1@ TE A 3R P fg
71(Harrison5:2002). Ith4h, AMF{Z QAR R, 4
I FHER R, FEEDRK . Rk
T AR AR R T AR S F8 AR 3G 0, 1 5 AR & o0f L 477
I3 B B8 11 (Cruz42004; WuZ52010). H4 )8
HYFEAET, BT R NE R, AMFE 2
b (2 3 A T AT A A T R O R T 3R, G TE
FEYIN. PEEH S FRR, $Em & 720 & (P N,
SE) 5 HE 4@t K(As. Cd. PbE) S &L, #il
A BT3GR T R 2 AR B R ), fE e
T % 4 )@ i) B fH & (de Andradefilda Silveira
2008; Dong%52008; Xu%5$2008; de Souza%52012).
3.2.2 AMFX A IRPRIFE

T E SRR R E SRR A
WP A OSSO AR R PR R, g
HERAERNEERAEY(KimE2015), AMF
Ik B 22 5 A SR R AR R 43 WA R TR A
SURTE YRR BRER S, 5200 AR bR 1 158 o 8 4 1) %
A5 A B, (HX Fh RS KA 4 R0 E 48
KAFMAZELERE. AMFEEREYEREHEG, 1R
RO H o 5 B E R AR R, inCulfhia T,
AMF K E A WL B & &, JUH 2 ERAN
CRRNE R, FEUBMN A ERPRpHE A (E K E
22006b). Pbiil N, AMF & 3341 s /K 8 brpH
B, T LS E YRS AP S &, BF
FEAR kAR B AL 455 AP & B (IR B 41 252012);
N FORAR bR LA ML A S Za M & BEIRIE, B
I 45 i A A S 5 5% R S Zn )9 % (Subramanian 5§

2009). AMF# s = A8 22 BEAR bR 3 pHAH,
FEUKE A AU E 35 32 = (DongF£2008), 1
AMF ¢ 5 2R B S50 RO JE 22 AR B - 3 pHAE, 3L
M HE S FICAIRE T F21%~38% (Hu%s
2013b).
3.2.3 AMFEEIK D K

AMFGEANTHI K 4IR I, B0 i K 734K
W, 7ERE A 321 500 5 A IR = A A B PR
it 771(Augé 2004; 5Kk H14452013), X 5AMFHSGE
16 EAEYIIN S 7%, SR E S ER, e
Vit Fr 26 1 TR ZE NS AL T BE(Augé52008); (2t
W) 7K I TE B R DR ek (R AR IR 4-2012), A
R ZR K 73 W WSORT 7K 79 32 i 39 1 (Ruiz-Lozano 4
2006); 34 h0E 7K 73 R R FIR R K 715,
FE A (T 5 (Querejetad$2006) %5 U5 I I 1F
A K. Ak, AMFR i@ i 4338 o iR A0 1 22 X 2%,
T R G g8 A SR AR A 4, 1 e - 3 1 R UK R
77, SEIEIAR R B RSCTE AT SO R A K
ARG P I4552013). EE RIS RAML T, Y
K 3 AR ) A B T R A 1) ARG o AR
Vi, &R0 1E 2 2% (Miransari 2010)
3.2.4 AMF{RFEME K

AMFRJHEMIR R 5, SCEEMNE VS 57,
REE P, shEEEAEKE. s
HE. FERFNEBREEEMNZIL(Foodk
2013), H BTG IE Y SRR A, R
P EEH, (REEMPEKERE, BERESHE
VIR Z A A AR ) B (R SE M5 2010; S
2014). HEEBAEKMET, AMFfEdE 7 IE
K, MY BA TR A E, AR NESE

TEA FTBEAC, HAYE R 5 EUE Y Re

WEAETEZNEERE, fm T HEWEERHE(Liu
££2005; Chen®$2007; Miransari 2010),
3.2.5 AMFEIEYIRWEEZEERE

—J71H, AMFE 2 FAFfEgia i H, A ML
e IR W AN 3 12 H 8 R S ) T RE (Tamay o 56
2014), tnGlomus intraradices¥R 7NH 22 H ) Zn¥ 15
5 H(GintZnT1) 5 AMF 2 Zn7 3 K Znlr) X 15 4L,
5 7<(Gonzalez-GuerreroZ$2005), Asifi it AMF# £2
| Hk %412 25 A (phosphate transporter) Gi-PTH A
i N R & (Gonzalez-ChavezZ52011). 73—
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Ji T, AMFERATERPIMR R b, AT HER R E S
J& % 12 A DG B 1 g A 2 TR I Rk, W T AR &R
NrampFE[R 315 (Ouziad%$2005). AMF iR &
ZIPFEE A MRIEL, FEEMAENZo S & F %
(Burleigh%$2003). {HFEENKIZ, —F 48 ] fg
Wk ZMiEiaEA, —MikaEOWM %z 2
Fh &)@ s, (HWnergkiis 5 I ZIP (ZRT, IRT-like
protein) LG #izCa. Fe. Mn N ZnZ L& )& 0
A ThAE(Milners52013) . PA, AMFE R 8 75 &
22 TR R ia B A RIA, LR i 12 H 4
JE TG THR S 4%, AR IT R 2 7.
4 5 RE

AMF] " Z A E T EEEIG R L8 d, fesitl
HE RIS RNEMBE, BB RS
B . AR, HAT= T AMFsRAL Y& 5 oo
KEAEE N ERRKA TR, 725 4K H %1
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