35 B 3 M ook B 491-507
Vol.35,No.3 PRATACULTURAL SCIENCE 3/2018

DOI:10.11829/5.issn.1001-0629.2017-0169
KB IR BOE B AM E R e A P P R LR B R %, 2018,35(3) 1 491-507.
Zhang W Z,Gu L J,Duan T Y.Research progress on the mechanism of AM fungi for improving plant stress resistance.Pratacultural

Science,2018,35(3) :491-507.

AM EE R SHEYPLIE SR

RS, TmB HEE

R R ARG KT LIS R 3R O A8 T SC R 2N R Ry B 2 B HO 2290 7300200

?ﬁg:ﬁ\*iﬁﬁ*g(arbuscular mycorrhizae,AM)-}ijE:J‘% AARTR 2L AR . TURSGBE I A Y fELY
FHGRE, AMARREBIRER>BRK EEEZATHRORE .  RERANBLEE BREEATHERAF 4
FHLY AR SFE A, iﬁ’f!ﬂi‘k%ﬁ‘]/‘\ﬁi VIR WA I P 3 S U7 o i I v iﬁ%&#ﬁ%#&%&%%i\%ﬁé‘/ﬁ%
AFEHEARERERZED T ELEDERE (T E . SKEB.E2E. B0 MHME; T LB WA Y 2 W%, B R
AR R AR AT, BB XTSRS A X miﬁv%ﬁ%,iw&:}m%\ﬂz*aaéi B g Rk,
BLRBREGEHZS ARSI LAKGR IR EEHEIORBEESN, ALPAAHTELFRBRNIAE X AM A
AYap R EER LR RE, I AM AR AR DR EET BOFRET RZ,

KR AM LA AW F A M E S b b AR AR B

FE 4SS Q945.78;5432.4 7 4 XEKFRAERRD A MEHES:1001-0629(2018)03-0491-17"

Research progress on the mechanism of AM fungi for

improving plant stress resistance

Zhang Wei-zhen, Gu Li-jun, Duan Ting-yu
(State Key Laboratory of Grassland Agro-ecosystems, Key Laboratory of Grassland Livestock Industry Innovation,
Ministry of Agriculture, College of Pastoral Agriculture Science and

Technology, Lanzhou University, Lanzhou 730020, Gansu, China)

Abstract: Arbuscular mycorrhizae (AM) fungi could increase plant resistance to biotic and abiotic stresses. AM
fungi could improve plant resistance to abiotic stresses, including drought, high or low temperature, heavy
metal, and salt. The mechanism includes improving plant nutrient absorption, the accumulation of osmotic ad-
justment substances and activities of antioxidative enzymes, strengthening the effects of osmotic adjustment
and maintaining the balance of plant hormones, and increasing auxin synthesis, and regulating carbon and ni-
trogen metabolism. AM fungi could also induce plant defense gene expression and enhance the capacity of plant
roots and mycelium to hold heavy metal. The mechanism of AM fungi for defense against plant disease and in-
sects may include building the mycelium network that can form mechanical barriers for the pathogen that is in-
vading, enhancing the activities of resistance-related enzymes, synthesizing secondary metabolites associated
with disease and insect resistance, promoting the expression of genes related to diseases and pests, and trans-
mission by mycelium of the signal of insect resistance defense to improve the insect resistance of adjacent
plants. We summarize the effects of AM fungi on plant stress resistance and the mechanisms found both at

home and abroad in recent years.
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BB AR Carbuscular mycorrhizae, AM) & H Bk
P T H E (Glomeromycota) 5 it 4= 18 9 B9 AR T W 1Y
— R IR R T A BN A ATz . 90 00 Y 4
EAHYERREIE L AM ELE 120 & A AM ELTE 1] LLA
HEaL 200 000 FAEH LA . AM ELTE AT LS fE 1 0
R TCHLE FR TR IR YR FR 4 (Al NLPLK,
Zn G5 MM 0 A R TR LT AR HE K 4y
PRI B s AR P40 5 PR s B 1 A W AR L R
AR T A2 P10 5 TR B AL LT R AT 4 SR AR ) T R B 1Y
REJ7H L s T A S T Y A Y
P PR PR SR R A T
I 0 TR 3 A% A B A B R

AM H G AER YA [7) ) A ] 1 56 4 rp b A7 B 24
FH AT LA | R 7 0 8 L A E W A 2 R A2 Ak, 52 R
S RGERE TR A AR AL £ AR G P Bk A B LA
TG IR AT 7E — 2 B BE b 52 i) 4 Bk A0 M8 1 AR BT
AR AE W EOR BRI 3z B ER R is
B X R R T RS L AR 3 AR LA AR E AR
ARSI AR AR S RS RS E 55 5 XA EAE
FAYS o AM B T LR b 3 7 3% 43 ik, 10 A
AW RET I AR A D R AR A B R mT Tz N T
IS, Hk S HOR B 3 1 5 i O A5, B e 7E 45
TR F A S PR BE 45 1 o BRAR & b 1 FH o DA e BE 4
b AE RS RGOTAEE Y BRI R X AM BT 1Y
WF5E U HZ R AM B 1 5 48 9 3 A X A 0 3
(Y52 ] F T 5 SR Ml T 4R 2 e A ik AR ) 22 R PR
PR EEE L,

1AM EEXMEWNAEEWE R R 6

1.1 Hist

FI 8K B 22 3R R 1 2 BIR ) 8 5% o il 4 3047 1
A A AR K o3 2 e il ) 3 2
K3 Bl SR 2 5 BORE A v T AR /DN S AL G AT S AR R VR
VE R s ARk T R G R MG G Re ) R R, e
FL 1 A R T BUE T T R X RS L M B R
o, A LR D AR R G R AL RS R B
Fre Ak, 5 1l 52 W 3R HoAfE LB L n DA, 48 = A
Wyt 5L 300 4 T A2 4 T AR A B A AR
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b RS R G M RE R .

KREWFFERY], AM B3 549 1k 35 48 0] DA i
T EAE PRI 43 0 W e 5 R S B2 v Al A T R an
MIACPLRE 11 . ARk | N Ah 2R COF LA T TR
I R IE . XS AL B S (Medicago sativa) . = I
B (Trifolium alexandrium) 55 2 FAH Y 1 BF 5T
SRR E T R0 & T, B T Bk (Glomus
mosseae) MR IRFE R (G. intraradices) % AM H
DA R ) A K PR S A L R ). FEXT AR
T BT Th & 30, 24+ SR 5 K & T R3] 20 %01
22 0 BE VG TR B 1% AR AT BL R B B AR H . b % b
A BT B Y AT R 57,93 1 16.47 g, 1]
VAR BE S RS O 0. 018 %, W WA MR A A = B
0.004 % , N . & B FEAK 0.007 pmol « g 129, 5%
BBl AM LA G P 1 o8 i 22 R B A 1 52 4T A7 A
R, X RS (Seriphidium minchiinense) [
WEFE R B, AE7K 43 T30 R 35 Fh AM L A A PR 0 R i
FR AT A 5 PR AR (B AE X 7% (Forsythia
sus pensa) (BIFFE TN & B, B Fh AM LB B 3538 m T
R R B & R & Y, AM ELR AT R m b A Ak
it 25, A 45 AL W B AR B (SOD) | i S Ak P il
(POD) il S Ak & (CAT) 25 59 36 ML 76 A 5
KA 30 %6 1 T 5 W3 AR N, DA JEE VO BR 4% 85 1 45 Bk
B (G. constrictum) P P EFEML (Amor pha fruticosa) »
HSOD 1 P 3 A 422 Al AM L T Hl PR $5 75 0T 384 40 6,61
U~ (g+h ", POD {&PEf = 189.61 pg « (g« min) ',
CAT JEMfcEs N 49.38 U » (g« min) ', MIHERAR R 1
R AHER0.17 mg « (g« b ' F4h, AM E B XA 9
VR 8 A 455 412 3 4 398 [T SR A4 1 T8 B, ok 3% + 1 # Ak
PR 5 A2 F A R 3R G 00 Pl a6 e 7 PR O R 1Y
A (R D,

AM BB 4 = Al P B 0 7 AL AT LA 40k
Az B AR HLR A FHLE . AM BT B A B P
FERIAERDR A 57 A 0 A B A R AL R
AT VAR TV R AR AR S T A I R FRLER L T
Pt e 200 R VR VR B AR AU 200 0B o7 # L B ok A R G OK L A
JiL 7K B BEEAI 5 A0 ST B v 1 7K 34 2 2 v A0 R A K
o PR K BE F7 5 MUTTIE 1 7K 43 Bl 38 B B0 5 AR AR R
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Table 1 Response and mechanism of AM fungi to drought stress
I - I A A IK Ay Ak B .
£ AM JL Ex )Crli;:cntal Vifitcr AM fEJH X
Host plant AM fungi ! o AM function Reference
condition treatment
e T v PR B AT VA A
o U R %ﬁtuj{ﬁf ﬁfj‘iﬁgﬁH.ﬁg 45
[ . P AT P T R TR
LHHTE G. mosseae R 0 0 :
: } o 80%;20% Improved soluble protein and soluble [26]
Medicago sativa RN BR 4 Pots
L. . sugar content, reduced MDA and
G. intraradices .
proline content.
- . 2 = 2R I MR A A A M
e G R Y ko 75%~80%; P A L
) . ) Improved transpiration rate and pho- [27]
Lycium barbarum G. constrictum Pots 40%~50% . .
tosynthesis activity.
REHEE - P P v T PRGN R =
N g 7 Bk 98 H o e e N
Seriphidium ) 80%320% Increased flavonoids content and re- [28]
. G. mosseae Pots .
minchiinense duced proline content.
ik ¥R IE kK e s .
v S . . o EMEmR RS SOD F M
e i) G. constrictum K Well-watered; I d . tent. SOD (297
) ov 0 o s -
Forsythia suspensa EIRRE Hydroponics + 5 Wpif mp? ¢ .p.r fne conten enzy
. . matic activity.
G. fasciculatum Drought stress
) E kK
= I £ ik 7K fL R Gk
T EEZ B Y Bk 4 A Ak Well-watered {I;%L kj‘dﬁ sk LIKL [30]
1 j m aquaporins nes res-
rifo szz G. mosseae Pots s 'ro oted aquaporins genes expres
alexandrium sion.
Drought stress
% IEH# itk fi K FL AR A 38 K B Sinced 3 3
Lo o vty TRMEREER W Well watered; ik o
Z‘lycopemzcon ecuten G. intraradices Pots T 52 Promoted aquaporins genes and
un Drought stress Sinced gene expression.
JEE VY 3K 22 1EH K T gmPIP2 . gmlea8 Fl gmlealO
K5 G. intraradices g Well-watered; LR ik [32]
Glycine max RN R Pots T2 hia Down-regulated gmPIP2, gmlea8
G. mosseae Drought stress and gmleal0 gene expression.
i E R =TI 3 I NI G g = B g )
FiE P R 2 7 e g ®
% \ PR T A 23 1
Y G. mosseae Fo% o9 . . . .
) o 30%;50%;70% Improved soluble protein content, [33]
Amorpha fruticosa A5 PR Pots o
. . soluble sugar content, and antioxi-
G. constrictum . ..
dant enzymatic activity.
PR
G. mosseae 5 MeP5CS FE[F 335, B il = 2
AR i Fe PRk FE R 80 % ~90% ; A [34]
Cucumis melo G. versiforme Pots 35% ~45% Induced MeP5CS gene expression, ’
AR P K 2 improved proline content.
G. intraradices
IE K
EoK WNBREE Ak Well-watered ; WK FLE AR B [35]
Zea mays G. intraradices Pots T2 Increased accumulation of aquaporins.
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g1
U I JEN e IK 43 Ak B8 . X
CERL] AM L o AM fE I 2% 30k
. Experimental Water .
Host plant AM fungi . AM function Reference
condition treatment
UNL PPN JEE 7 Bk 4 P AR A i 5 AR RS T BR AR
Caragana microphylla  G. mosseae Ak e o F KA A= (WSD) & &
s IO 55%335% . [36]
5 o i ik WNBREEE Pots Increased plant biomass and root ac-
Prunus mongolica G. intraradices tivity, reduced leaf WSD content.
. . e P P AU AR 2 TR
FEE 5% 25 LA AM ST K3 50%~70% If(:eased antioj):idant enzymatic activ- [37]
Anthyllis cytisoides Soil AM fungi Hydroponics ! ! ¢ ) Y
ity.
IE ok e
=i il PR i i T 1
s AR P 3K 2 KH Well-watered; f{'—lmﬁj]‘?—@t@{ﬁ I.di s u [38]
Solanum tuberosum G. intraradices Field TS ria nclre‘ase pitrate tecuetase enzymatic
activity.
Drought stress
IE kK M 9— Wiz — A ZEHE D XU A
P + 4 AM HIE A Well-watered ; fiff (NCED) ) mRNA i [39]
Phaseolus vulgaris Soil AM fungi Pots T2 Mg Increased NCED enzyme mRNA

Drought stress

abundance.

M B A BEAR I Jr v B0 R 3 AL L R
AR AR KM, 1 g X R R YO A 1R
FHS S B v o S0 Ak il S 0 L MG AR TE R TR M A
(ROS) T BRAE T, FEAR HL O, A 2, Ul 08 i A Joi L
905 3 DR AP A= W I %) 56 e P A R T 5 38 X A
P50 AM TR AT R4 W EL A R A e K T g
MERPE R A RO R B FE M AR E M I AM
L T 22 AT LA A RO 25 6, Al 4 3 PR R Y
SERG AR AR AR E MR Y - SR AT R AK Y TR A kR
T A PR SO L DT S B A A T T R A 4R T s AM
L T TR 22 IO 245 A IR0 T R AR R ) B R M RN e i &
Gt , ] LA R A 3R 2 WO L 1G5 A AR B9 R
ARICEE T A 3 A8 4 38 AR, DT AR 2 7K 4 i e 5 )
LB E FHURHY, MR A, AM R
L= E7 R R Es e S o (B N 1 <l N i) S R Y P S
K5 DA BT S8 I BT 0 B PR 3R 3K A5k S LAY L TR S
WKL FE D GRS K R I gmPIP 2. gm-
lea8 Fl gmlea 10 55 AH SCHE PR B 2R 3k HErp oK LA 1 2k
PR 4 i K AL A5 i XA A R DU i — A B
A e FE RV Y 0k N7 K G T8, DT B2 AR A OK 43 1Y
W Sz ks A K gmPIP2, gmlea88 A1 gmleal0 ¥4
T G B 7K 2R 33K T2 A R TN Y — Tl e SIS i T AR R
H (late embryogenesis-abundant proteins, LEA), H

A ARSR A SR K L AT AR 5 200 i B 25 4 e T e B AR E

PRAPEE BT ZE A 4 )8 B DR U 5 0 0 o T 5
HEEVIA S HAT A & AM E B X YT 2 b
38 Y5 e S BT PE LS A5 32 S v T AR A ROK
B A AR AT TN T AR AR A 3 N T 5 e
o3 TR A B = R G A RIS .
1.2 R

EE WY A K EERN N HEERR,IRE
ik v B AR 23 5 AR ) TE R R AR S R B SR A
Py URZE T, DR M RIE S G e 2 v ) ) iR RE 3 1 e
W B, 3T AR R, [/ N A& K2 E XK (Oryza
sativa) I F T (Diospyros lotus) 10222 Z fhkE 1)
HEAT T FSE . B AM EL B AT LU &40 A = A %k
i AR A R BTE (R 2) . DIHRERE R (G ver-
st forme) HER R IL 1, K B R SR 7 ] DU k15 &
BRI A ISR T 178 FRINBOK - JF 3 s T
FiEF— AW PRE . SRR A L, 3
Fofr b 3 A A 0 0 50.7 %6 M b ER T Sl ok 4
PR AR Y 4.4 £ 5 B R BTHR AY E K & BEHG I 4.56 24,
) R A A A BN 0.15 %0 . B Bz B A T e
I L7620 R R RCT B 21,706 JEE DY Bk R M
R PR R A B A R AR A VR T HJ2 Ak B AR B R
BRAPERE R 25, 3K 1T BB 55 A8 W X AS [R) B R0 RO M A G
FEXT K A 2 bl 56 b & B, 15 °C A9 IR TR W 38 4% 14
T HIEEREER (G, tortuosum) v LLEE & F A Bk 7K
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Poncirus trifoliata

EK

Zea mays

K

Zea mays

EX

Zea mays

EK

Zea mays

K

Cucumis sativus

R

Cucumis sativus

G. intraradices

HE VIR U

G. mosseae

53k Pots

LY A

G. tortuosum

A% Pots

NERRT

G. etunicatum

# Ak Pots

MEKREE G. etuni-

catum j’ﬂ ﬂ:ﬁ ﬂz % T’i?

G. tortuosum , 41 M J&  ## Pots
18 # % Acaulospora 15 °C;25 C
scrobiculata  fR P Bk 4

% G. intraradices

MR o

G. tortuosum

Growth chamber

15 C;25 C

EEiS
JEE VY Bk 2
G. mosseae
15 °C/10 C

3 Pots
e P SRAE B A Pots

G. mosseae

J& /. Day/night.
25 °C/18 C;15 C/10 C

15 °C;25 C;35 C

25 °C ;35 °C;40 C

25 °C;35 C;40 C

Nutrition pot
J& /7 Day/night:
25 °C/15 C;

nutrition storage of plant.

BEnAT R & & L SODLCAT %
PR R UL

Increased soluble protein content,
SOD and CAT enzymatic activity,

antioxidant activity of root.

B g R S B LR PO, 2
JeEEH

Improved chlorophyll content and
chlorophyll fluorescence, promoted
photosynthesis.

Homit g R E AR AL
i3

Improved chlorophyll content, tran-
spiration rate, and stomatal conduct-

ance.

T e AU e A R A B AE
Regulated carbon and nitrogen me-
tabolism, improved plant physiologi-

cal characteristics.

30 3 AR
Increased the content of soluble sugar

sucrose and fruclose.

By ICIRTE d s = R S/ = A R
P REAR I F RS 3 ALK P
Increased soluble protein content and
antioxidant enzymatic activity, re-
duced blade membrane lipid peroxida-
tion.

IR W R MR CATP) 0% L R AIE
H, 0, &

Improved ATP enzymatic activity,

reduced H, O, accumulation.

[42]

[43]

[44]

[45]

[46]

[47]

[48]
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Table 2 Response and mechanism of AM fungi to temperature stress
EEELY| AM HH R &R AM fEH EE PN
Host plant AM fungi Experimental condition AM function Reference
- - . A5 2 R A A AR DG B N Rk
K R PO Bk 2 i 8 SRR
. ) . Up-regulated polyamine synthesis and [9]
Oryza sativa G. intraradices Pots . .
metabolism related gene expression.
JEE VG BR 48 55 . s o — NV i
o WAL TERLE JR 0 K 4 WA I PR A0
mosseae .
. - Ak, B 5 A R 3R IR
HET Hi 2 R K o : o
. . - ) Activated inorganic nutrition, secre- [10]
Diospyros lotus G. wversi forme Field ted acti . . d ted
ed active invertase, an romote
1R PR :
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196 ool B o35 4%
ik 2
16 EAEY) AM HTH 4 AM fEH E = PO
Host plant AM fungi Experimental condition AM function Reference
254 Pots H I 2 Wy BT 2 A AR R i
< e S 30 AH 56 36 K R 3k
# K JEE VY R 3 )t /# Day/night: ,
. . AR Improved phenol content, flavonoid [49]
Cucumis sativus G. mosseae 25 C/15 C; P P
15 °C /10 C content, promoted stress-related gene
expression.
JEE VY R 3 " . .
Ha oo # i Pots 4 3R 0 RS2 L W AR 5 R 23
. mosseae
p i suffruti W25 R 25 C;30 C; Increased cell membrane stability, re- [50]
aeonia suffruticosa ok %

G. wversi forme

Yite A 2 . #F Pots

. 37 e Bk B2 S
Rosa hybrida G. diuph )& /%% Day/night:
483 - cruprauan 25 °C/18 C; 35 C/28
AR e 2 o v
Chrysanthemum C;

G. wversiforme

10°C/5C

mori folium

35 C;40 C

duced chlorophyll decomposition.

HaggE SOD, POD, CAT, GR., APX %

it M B o B A A Ak P 1 e

Reinfoce SOD, POD, CAT, GR, [51]
APX enzymatic activity, improved

clear peroxide ability.

& i o it bRl O RS n 44 00, 8 SR E
SN 9526 5 I3 A AW BAC AL 2 32 B — E
FEFR G B oK o SRR R B R R A A
s i R A R (NRO L 4% 2 Bt e & 88 (GS) % A AR
O A AR Y 40 CRIRME T . E
R T (G. etunicatum) VW] FESE MR R 0G 7, W % M 4 &
O3 i RE L B 1R K A B R AR L B v A ) 4 T A
R R 2 o DT U 2 5 R T 40 i B %) £ R T (R
2),

AM FL G 4 (AR YR I R B 38 A8 AL R 3
A4 R e A AR 02 R A AR N Rk K A A B B
B U W, B A AR R T A SRR S
RN T 7 K (A s o e ol U 1| R (= R o
SOD.POD.,CAT . % bt H Ak & I i (GR) B IA4 il g &
— P ik AE A W T CAPXO) 85 4T S A Tl 28 355 1 L R AR B AR
b A KT o 2R A 0 240 SR ) R Pk L B R e A
YEER O « M H, O, 45k bW i HE J7 , Dl 22 %t 24
IR P ) 4 0 R R I B B A M AR R T AR R
L a Z A AR HOC G 1E R 48 AL B k78
By N N i eI 7/ LA I S T L T 7 7
PR S A AE 82 B TR BE B 30 B, AM BT AT i 2
ol 380 155 5 5 DR (N 22 g 5 1S A A8 R O i R R AT ok AR
ZH Y Os01g0701500D27,. D17, D10 %5 £ ) 1Yy %
TR 5 34 R ¥ 5 R 0T T 0 1 A A OGRS
W I 2H R DR 3R 35 T A A8 H o A R ) o Y EE T3
15711 -072 AN

1.3 k. EmE)E

Hh ] AR 5T Y A A T RO R £, R
FAZY 142 hm® P, 4 5 AR Bl Ak R A AT B o A 9 4 1Y
EHARKEE  BSEME WA ME S, +
B 4 RS P AU R A K AR K e L R A
BUAE A IR EE T EEALSY L BT DL R B Ak A B DL R
TH B - 8 4 5 Y 4 BR AT I % 15 A e 1 9% 5 5 R
W BEME S, 5 ¥ (Festuca arundinacea) |, 3 #
(Leymus chinensis) %5 10 Y 5 AM HF 2L 4E 19
WF T 48 700 R (3% 3) L R0l 4% 14F T 422 Pl 22 Ve Bk
B 0] 0 R SRR R UL L AE 1.6 Yo AR
Jil 38 B 2 R A AR 9 SOD.POD 1 CAT ¥ 1 43 51 He
KRR T 11.2% .8.3% F1 10.9 % ; $ Fh 2 75
PREEF A v $E S B IR MR % i, 7E 0.8%0.1.2% M
1.6 %6 1) £5 38 B, B2 0 R AR 9 0 IR Il R 7 i 43 0l bk R
MR RES T 9.1%.12.4% F1 19.5% ;78 1.2%
NaCl 38 T, $F BE VG BR300 5 250 i 5 R b
AbBEAH L, Y R S A R R B 1 Ay ) BRI 35. 4. %6 Al
25.6 % 16 0.8 % 1.2 % F1 1.6 %% fo b i 301 i, 422 R A Ak
PRI P B B L ) L R B R b B AR 24020,
16.7 % F18.8 %0 » il 2 2 % 2t 43 5l Lb A% 2 b Ak B B IS
31.3%.30.5% F1 28.9 %% . FaMIA AT L 2R EE P
BRAE R T M KRR R AR AR W i A A L e
Ab BB A R - S R AT BERE L L 3 0 i EE Dy
10.76 % ~59.48 % ; £ Ff AM E I it i & 42 = 6 fe Al
F AR SR YOG A AE s A BV BRI ), R IEK
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Table 3 Response and mechanism of AM fungi to salt and heavy mental stress
EEELY| AM HH I A A AM fEH EE PN
Host plant AM fungi Experimental condition AM function Reference
i R #Fk Pots TR AR A DG B I Y 3R Gk
Lycopersicon esculen- L = . NaCl:0.1% , Down-regulated expression of the re- [55]
G. intraradices
tum 0.2%,0.4%,0.8% lated genes on roots.
, . TSR P A PN TR R DR BE K R A
K HL Bk et § e ;
) . L . Ak Pots Promoted strigolatones related gene [56]
Oryza sativa G. intraradices .
expression.
JEE VG BR 9 . . .
. o #Hk Pots 11 720 4 401 A G O
IK F5 G. mosseae Cd.0. 1. 2. 5. 10 I J de di . [57]
. :0, 1, 2, 5, 10, sed s oxi smutas -
Oryza sativa WP R ncreased superoxide dismutase enzy 5

IR
SEP
Festuca arundinacea

WA

Zenia insignis

EYIAE

Medicago sativa

P NI=)

Glycine max

i
Lycopersicon

esculentum

5PN

Zea mays

A

Leymus chinensis

G. intraradices

HE VIR U

G. mosseae

e SR A
G. mosseae
1P R

G. intraradices

ZREREETE G. lamel-
losum » % JH £ ¥ 1l
5 A. mellea, % B G
4% G. mosseae , BE
Bk % & G. intrara-
dices, & W Bk % %
G. etunicatum , ¥ & Bk
% G. constrictum,
45 ¥R 9E 5 Diversispora
spurcu, B M BR 8 F

G. aggregatum

VTR A
G.

mosseae

JBE 75 5K 9 5

G. mosseae

HE VTR BT

G. mosseae

HE VTR U

G. mosseae

1

15, 20 mg » kg~

4k Pots

Fh ¥k Salinity:
0, 0.8%.
1.2%., 1.6%

A Pots

# Ak Pot
pH=6.02
Cd:7.5 mg * kg™ !
7Zn:300 mg * kg !

A Pots
i, 5% Conductivity:
0,6, 12ds*m™*

4k Pots
NaCl:0,0.5%,1%

Ak Pots
pH 8.4

i = Glass house
NaCl:0, 100,
200 mmol « L7}

matic activity.

SR PP R G AR IR R
T
Enhanced antioxidant defense system,

maintained plant hormone balance

T 22 (00 235 ][] 45 T 42 L A0 % 0
Mycelial network could immobilize

heavy metals and inhibit transport.

HMEMY MRS AN ELETE
B TR AR i) Cd i §% i3
Enhanced the capacity of plant root
and mycelium to hold heavy metal,
inhibited Cd transport.

5 T B A G
Improved soluble sugar content and
reduced MDA content.

PEFERE W) A A L PR B B - A
Promoted plant growth, kept the bal-

ance of cation and anion.

il PP2C 45 11335, e # PEPC &
MRk
Decreased PP2C protein expression,

increased PEPC protein expression.

MG AR ALY A K
Increased photosynthetic rate and

promoted plant growth.
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[64]
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R A B 7= (0 R A R Y S 2 0.21 mg » kg ',

FEFR BRI E T . AM EL B AT DA 2 A % 3 B
Tiif 32 M, % ik AR ) A 1 B 1 . LB AL 32
AR S Y Y AR R A B IR AL R,
R O RN R R YOE SR g E ik
P G A 5 e 52 s U T AR ) B
R W0 AN 0 T PR AT A T B L A R A
4 5t S 2H B s BTG P T 5 o AT 4550 9 A A L
(495 35 - i DT 482 1m0 R 40 AR TS R B BB s R
PLAALEEZE (U 45 SOD.POD Hl CAT %5) 3 M Fl 4 &
A3 LR IR ) 7 it L 14 58 AE W BT A AL B 18 R 45, B AR
S AL I 30 0 HE 0 3 B A 5 DR UE 4 R N O A AR
A S B AR A5 AR 3E 47 5 47 R AE 9 MR 3 i W i i
BBl B2 98 B JBT 77 4 10 W WS 38 o Ak B 8 A Y R O 4
Frka o) R B R, IR B TR EDY  AM B
CIRVSCRON SRTECN N Y P E Y PS ESv i e v
fi (strigolactone, SL) & WiAH G K AR # 4 i3 PIP
TIP3 N 45, 38 5 A 4 % & B 10 38 19 Bt 4 54
oo

TEE & @ T . AM BT AT DLBE & il 2 e 5
T T A A b A T I P D A AR T 3 X B AR 3
A A B3 O I A A S A 3 AR A s S 2 T
XiF 4 Jm i aE A HRARRE 0T s R A AR R SRR 22 A
B0} 42 JE@ T &R 09 B R T i R G iR T
o B R B AR R A R & TR B A R
it A B T R AR A AR R [ B S I
/U Wl bR ) A AP Y A S A B R A I TR 4
JEMES S AR S UM S I B R (1 (W PEPC BEH &
BRRH G A PR 1Y 2 38 L B2 v A ) 6 E 4 T g gl Y i 2
AFEEGS: .

2 AM EEXHEMREYMERAFIEN S

2.1 Wi

o A M A 7 0 R A A 2 — e R A
{5 T 5 SR b A W Aol R A R D, A A R
ORI 3 5 A AR S R G R A T R
FEPEST . AM ELTE A] 5 IR A B R R E R
A A BURPEY . R 4 P RES TR R (Cu-
cumis sativus) P9 JK (Citrullus lanatus) TE N ) 2 F
)59 IR AM. L B B A A 2 L AT B2 il i 32
Y40 PR W ST A5 R AR T T (Fusari-
um oxysporum ) A] 5| B IR 2505 , 76 ¥ )R 7 1 i 3%

o 1t 26 R 48 5 T A RSO AR AR Bl T TR R G, 2R
I XA ol il 9 R 4 2 R 20 A0 Bl 0 T T A Ak 1)
1 48 B P Rl A 6 Bk 0 T A BRI AR 37,5045 S X 4
Jiil e 1) BT )y i R4 b A 6 Bk 7T T R 3K R L PR
Joi J O A5 A R A R P T AR PR P R ek T
PR AL FRFEAIC T 352617 . Hiu 2 BR 9 % W] F XoF 4 0 4k JJ
T3 | B 1) Y TR 22 i A A8 4 1 410 o 4 L F 98 R I 7
VG TGRS 5 e Ef 422 o th, 36 35K 30 25 ) LA e A AR A Bl 7 T
BRI, 7 1 Ll R 5 B 4 B> 2 59,7 0607
AM BB T 0] LA i 70 & (Fusarium) 3% %5 W
J& (Phytophthora) %5 KR FR % it B T8 5 | A (4 4 40 9 5
T ARG I 2 i AR, 0 e U AR — E B
BROR . SRR 32 R g Bl e A7 i g, 4 b e
VHER ¥R 5 R MR 454k B (Meloidogyne incognit) T
] — A3, AM ECTR Y 1R G 38 52 B L o 15 16 2O B
34 FEFPEE VG BR BTG 5 M RS L TR AR = L
FRECRRE 145, AR A, BRAKER (G fas
ciculatu) W] LA ) K 5 48 28 Bt (Heterodera gly-
cines) YR REIGHC Yol 2D 7 O B B 4y HUOBCEE L R 3 BR AR
WRIETE B W E L AR . AM H T 5 R
Fod S 4 a0 B AR BT DL AT R e T 0 AR Rk 0 R
e Ul AR D AE R AE T A SRR I AR
AM FIE 59 IR B AR B 240 L 2 L
il BIR T) 4 00 45 2R, 32 A0 5 - R AT it T 5 A A
i, H AM H B 50 5 R385 O &l LU D g
Ji T A2 G o7 A I 255 R AT BE R 38 & 38 R 175 4
REARC o 35 4 A R B0 2 0 A 40 40 B 2 S L JF A
TR 22 W 2% T BN A A AR 0 T L TR 1 LA B
AM ELTHE Y 0 3% 1AL 45 7 s B8 BHL 1E 5 5t B TR 22 5
Tk B R L T AR A R A X L D Ao i L R X AR
R 7 Ye RS 3R SOD, POD ., 2 1 4 W fift & i
(PAL) S5 22 B il 19 5 1, & T 40 B B0 B3 i R A
A W) (22 55 A OR 3R 2R W 2R A & W A0
PRAAA W) AR R VR AS 52 955 Do T 422 e 205 i
HERE PR XS 35 53 0 2R B WS R 90 DT A A
Xof R A R 3 L 1 05 e iR AR B R
HABAL B IL L5 A AW BT AE 5 5% 5, 40 Pozo
LEDSTRESY KRB .G . mosseae N G. intraradices W] i@ 1
U5 AW 7 A K A Tl D AR ) e T RE AR . i — 25 B
FER I WAL F o WP B N R L 15 5 AM HE E
22 Je S AR LA ), AM LR B 00 0 5 AR ) K A
R (SA) & m 3G, 38 S8 A ) 3R 48 3R 18 B M (SARD
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Table 4 Effects of AM fungi on plant disease resistance and its mechanism
. e T e o
i A AM FLHi e 75 T NV %% 3k
Host plant AM fungi “xp diti Pathogen AM function Reference
condition
7K ) i SEAE W A 4 B TRk A AR 8 o B R
H o R P s ;T
Cucumis éﬂi’é ;ki;ﬁk ftﬁ ;"C@%I’Ej Promoted plant growth and accumu- [69]
. versi for ots . oxys
sativus verstjorme ® oxysporum lation of secondary metabolite.
(PN i ; WU AR ZR 360 08/ 95 D DA A5 U o7 ast
o R Ak 42 T
Citrullus éﬂi’é ;ki;ﬁk ftﬁ j}:E?d ;"C@%I’Ej Changed root exudates and reduced [70]
. versi for s, Fi . oxys
lanatus verstforme o ¢ oxysporum infection sites.
A JEE V4 Bk % B AR It 4% TI 1A o AV It T R [71]
Allium cepa G. mosseae Pots F. oxysporum Reduced pathogenic infection.
R A5k I B
F. oxysporum ‘ . s
il 7 % RN wk b g R LA -
Cyclame G. fasciculatu Pots CAH totrich ) Increased plant antioxidant ability.
“olletotrichum
gloeosporioides
AR JZE VG BR 44 R = N AN R 3 35 4 W i (73]
Cucumis melo  G. mosseae Glass house F. oxysporum Promoted nutrition absorption.
il JZE VG BR 44 R 75 S 22 R PEHER R A K [13]
Pisum sativum  G. mosseae Pots Rhizoctonia solani  Promoted root growth.
K W R P JRELT {ERERL N SPT &
0 ' G int Ji Pot Pyricularia Promoted accumulation of effects [74]
g s . “es ots
ryza satiroa mitraradices S grisea protein SP'].
il ] Y ST A s
i e ER U HE PERMRIAL A VLRI A A W fi
Lycopersicon . ) Two-bin Antagonistic . [75]
lent G. wversiforme . bacters Improved bound phenolic content.
esculentum system acteria
SRR RS .
% il A X EN R N & TSR R =i
JBE VG BR 2 T Split-root 2ty
Lycopersicon gﬁ kA pltl, rc:od ]\m/[ﬁ*ﬁ HQEZE Inhibited oocyst growth and redeced [76]
. sseae 1 . 00
esculentum rmosseae cu tva ¢ reosm disease index.
system
_ _ . 0] ORG24 IR R
52 K B e % ¢ LYA FL_";
K3 ) %3{1]5 :R%ﬁ AR K3 H@%QEE{ Inhibited oocyst growth and de- [77]
Glycine max G. fasciculatu Pots H. glycines .
creased laying eggs.
/ﬁfﬂ:& : L 4 s » & — A~ =L
o o Fe R 2 e MOPREA  N PR AR .
i R G. versiforme Pots M. incognit Increased phosphorus content.
sativus
BB R
U IE Glomus S et v FR RO SR i, R R R
I patien IERERE Ficyrs A TR 44k i 3 (797
ltens
balsami Scutellospora Pots M. incognit Increased leal area and proline con-
afsamima T REE tent, incidence rate decreased.
Acaulospora
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0 AM ELE IR A Y B )Z N R K B R A R
A% T AR JSC T B S AR T R (T AD 55 1 3 17 [ I
fhe E AR 1 7 R CABAD 5 Bk 350, 355 56 A 490 240 e BE T
P SALTA A5 5 1 5 W) A T 7 5 By 4 1 2k A 3%
KSR BUR RE T . S3 A0, AM T AT I A ) AR
B WA B A ALy R WA AR B 240 T R 2L 2 T
FAEYRAR . LA R R G ST AM HF
IR R S0 A 5 JE IR A 28, 1 5 AN 4R A SPT

BRI B Y BUR TEY . AM B R R B A
K& B M B A R AL 2 A 6 VE . e 6% 3 i e o
B 4R TR G Tl M L R ORI R B0 A R
I SR e P A e BR AR R T R A
2.2 ik

L R E W eV h T oy E B AL RS L ZE ALY
MAERKEESBETHE T A DM MAa, —J5rm,
— e v R R A T A R AR AR AR S AR K

RS OAM EE X E Y 5T ER M R R E AL E

Table S Effects of AM fungi on plant insect resistance and its mechanism

W A

5 F 1Y AM HH . S AM fEH 2 7% CHk
. Experimental .
Host plant AM fungi . Insect AM function Reference
condition
V5w Ak Btk VR T R M
I T B R 2 YERER 75 LRI L& [94]
Elymus nutans G. etunicatum Pots Locust Induced avoidance effect volatile
compounds production.
17 A e = S | L e (U
K I 4 +4 AM HH KH KT 34k Y 4[5t [95]
Plantago lanceolata Soil AM fungi Field Arctiidae Induced suppression or toxic
effect substances production.
Y1\ . it 37 1k B3 R Y B AL A )
B P R W ’ - .
Cucumis L. . Spodoptera Induced plant defensive chemi- [96]
] G. intraradices Pots . .
sativus exigua cals production.
A " . g . T 22 ) 45 4% 1 B AR A5 5
. JEE VU Bk 7 A BB M . o
Lycopersicon esculen- . . Myecelial network carries defense [97]
G. mosseae Pots Spodoptera litura .
tum signals.
HE B A7 i o e 1 .
A - P . ARG S 11 Rt 96 e 0
s Ar B G. mosseae Ak R. padi Reduced i . it . [98]
- insec antity, in-
Phleum pratense RN R Pots 2 i educe HSGL' quantity
L ) o creased plant biomass.
G. intraradices A. rhopalosi phi
R JEE VG 3k 3 55
Bacchars G. mosseae KM = I B R P PG L R 7 A [99]
accharis )
o ) WHNFRREE Field Liriomyza trifolii  Reduced insect infestation.
halimifolia Lo .
G. intraradices
: N fedy L i 0 B 8L [ R AR £
] G. mosseae K H Pollinati I 4 . ( [14]
3 sed insect access
Contaurea cyanus W R Field ! ollinating ncreased insec 1c.cess' requency
Lo . insects and promoted pollination.
G. intraradices
. ) P Ah B AR ZBE I e e
[ERISiS 7 RINERE Fi ok /> M At B
] ) . ) QOutdoor Tetranychus . [100]
Lotus japonicus G. margarita . Reduced quantity of females.
glass box urticae
= ) " KEEL M o
TKFd R Pk 3 55 AR . B 7™ B 43
) o . Lissorhoptrus . . [101]
Oryza sativa G. intraradices Pots Increased insects laying eggs.

oryzophilus

http://cykx.lzu.edu.cn



o503 1

AR A% AM B R AR B T A HL 501

SR R R K R T 2B 7 K o A, T
AL 28 AT S O B R AR BE T, fE S ARBR O A R L i
WP EATMR ., Sy — T, L REE R LR
D HO A O el AR R B A B T A
YIAER) B9 AL 4G AT (14 B Bk m] DL #57H7 I A% 56 A 4 A
T BFSEAM HE — MY — B dUX = Z A0
VEF X T84 5 He R B 36 A 25 B IR O 4 B
BAERE L., KRRV, AM BB A HEEY)
SR EEAEMSON ", 755 P (Elymus nu-
tans) M ZEH{] (Plantago lanceolata) %5 FHY) 5 B &
FHE AR A5 O R WY (5R 5) 4 B Bk 5 T LU
YR SHE SRS Y . TEE
2 (B VR 2R A D B R 2R W B G R X 2R R
JEAE Y — B 0B RO R T E B A A
Hempel 5% F 5 P4 BR8E B3 FIAR A R0 B 422 b B A o
(Phleum pratense) ,WFFEHE Y MF B ( Rhopalosi phum
padi) 52 W (Aphidius rhopalosiphi) i) AH H 5
R AM B TE T3S A AR W 5.2 00, FEAIR
iof By R BCEE 47 %0 . X R %28 (Centaurea cyanus)
A5 I B AM. LT AR AT AW S 2 0 B L, 88
FCAERR PR B U5 [R50 3 A2 R AL 85

AM B 5 BB EAILE AR, — a2
BHERAEN AM B RGP 5 7 A 7 1A
Yy %k 3 HOEA 0 ) B R R ROCRY s R R R
AM HTH 1= YA ) I o 3 i 52 we i 8 SR Ak
e & Y e B M A L A T S g Y R R ] 4 5
M 3 o A O R R i A T AR R
PEALG Y, I E-2-C M- 1-l D7 R R W L T

2 2% 3k References:

S5 X W BN R B A R AR A AT AR I R
0 B HUBCR AR A T HOPES s S A — EUE U
FAELY) . AM LT A] DLSE a6 O 9 BT 22 9 24 7 408 3 A
ok i) A5 328 B HRL 917 80 155 5 2 408 30 A bk L% I 3k A A IR
AL 0D E BRI AM L I 22 W 4L 05 5 Y
IREN A2 E P HE I e 7 3 BB 36 DA A 4 B L AR
£l TTD VA ST o i o A P2

3 RE

B ] 2 R R ) K R R M 45 4 i R R 1Y
— LR F A A 'Y % A RS
MEZEH AR R . W2 oA e T 5 %L L
B i DX, 005 Mol 3 ™ R S e R R AR KR F L T
BORE D™ R R IR Al PRI, R R R S X
AT 0T T4 o R L i ik R G I 2 A 1 LU
LAERF R ESREREMRLEE, HATfA LT
AM H T 5 Y 5 AR B OF 5 £ 2L b T A EILA
AM HE & i Z IR TR E 8 a5t % T
] AM L B X AR 49 BT 3906 52 Wi S T 7 3 X T AR
LA 20 MRk B F R RN A ) 3 i 5 B L B
FRIT S 5 [ AT 9 0F 58 22 O N TR UL B — 5 5
A0SR AM TR — BOHAE Y X 22 i g DR 1 e A
WEFEO I HLER T T AM LT R A e L B
B 45 (2 HE AR W 7 0 R UAC L AR L R T AR W A B AR L
R ERE SN S e A RIB SR L D5
IO 5 AN [a] 47 1R BB A A O P L 5 AL BLAR 2r TR )
SRR TN M 22 B R N L S AMH A A A o A
Py ot a5 HLEL 5 v 7 B T
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