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Mechanism of biological control to plant diseases using arbuscular mycorrhizal
fungi
LUO Qiaoyu, WANG Xiaojuan, LI Yuanyuan, LIN Shuangshuang, SUN Li, WANG Qiang, WANG Qian,

JIN Liang”
State Key Laboratory of Grassland Agro-Ecosystem, School of Pastoral Agriculture Science and Technology, Lanzhou University, Lanzhou 730020, China

Abstract: Arbuscular mycorrhizal (AM) fungi are one of the widely spread micro-organisms, which could form symbionts
with more than 80% of the vascular plants in natural ecosystems. It has been showed that AM symbionts could improve plant
nutrients and water absorption; increase the resistance ability to stress conditions, thus AM fungi could enhance the host
plant growth. The plant soil-borne diseases caused by soil-borne pathogens, including fungi, nematodes and bacteria, are
considered as one of the most difficult controlling diseases in agriculture ecosystem. Previous studies have been demonstrated
that AM symbionts could increase plant resistance to diseases, and to antagonize soil-borne pathogens. Thus, using AM
fungi as a biological control method to antagonize soil-borne pathogens has received increasing interests by phytopathologists
and ecologists. On the basis of this, the mechanisms of resistance to diseases induced by AM fungi were summarized in this
paper. Mechanisms covered in this review include root morphology alteration, regulation of secondary metabolite production,
improvement of rhizosphere environments, competition with pathogenic microorganisms on invasive sites and on nutrition
distribution in host plants, and formation of defense systems in plants. Firstly, the characteristics of root morphology
alterations were explained, including how AM fungi influence their structures and functions. Secondly, the regulation of AM
fungi to secondary metabolites was illustrated. Several types of products, including phytoalexin, callose, alkaloid and
phenols were reviewed. Thirdly, AM fungi could improve the rhizosphere environments by influence soil physical and
chemical proprieties, and enhance the growth of other beneficial microorganism in rhizosphere soil. Fourth, AM fungi could

compete with pathogenic microorganisms. The two kinds of microorganisms maybe compete for the same invasive sites in root
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systems, and thus they could regulate the nutrition distribution. Fifth, AM fungi could induced the host plant to form the
defense systems in plants, including improvement the concentrations of phytohormone, induced the production of signal
substrates, regulation of genes expression and enhanced the proteins production, thus AM fungi could enhance the
resistance ability of host plant to pathogenic microorganisms. The aim of this paper was to enhance the potential use of AM

fungi as a biological control method for preventing plant diseases in future.

Key Words: arbuscular mycorrhizal fungi; host plants; pathogens; resistance to disease; biological control
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Ili A T AR A 8 g L AR SC R TR U I AR T S5 BRI A R 4 I 1 05 B 1 SR 00 SRR (2
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RGN 2 AR GUM- A IE | SAEAL 7 R BRIt , 42 TR [ 4, B30 €0 m i , 20 JH B B S 0 58 R oAk , R 0 o
LBV BRI IR R B FR 7 A 1 — R AN B R MR AR AL A R FHR  A EAE O R e R R AR IR RE F1 Y . AM ELT B
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Fig.1 Schematic diagram of biological control mechanisms in arbuscular mycorrhizal ( AM) fungi symbiosis with plants
A RSB 2, WARTREME, HMREAR TG B AM B W 22 7R I 45 72 ML 3 32 J i Bt B /E 5 €. Hydroxyproline-rich Glycoprotein
(HRGP), B-1,3-HI MG B I W BE AR TANMIRE ;D . B0 345 H B AR WY ASURIEY)  F . AM B HCE 22 A AR
B G: AM HIEAFAETER B RN s H . BEERERRRT TR K BCIREL , 18] -5 5 S5 5 4 38 SR I

2 PATREREFWHER
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F KA (Catharanthus roseus) 5% AM ELIR R Y5 Fom: v K A5 AR B0 5 1 o 28 0 I, 30050 T AR kX A6 i3 ety s ¢ 2%
i SS90 T R B 5 I S TR PR R A5 2 R AL 5 0, 3X B T3 SR A5 5 40 T BB B R G R e il ) I 2K 4 o A i
BTN AM I AR AN AR YR DY DR R B, AR A AR R I A R R AR, S AM B A 1 e A
PWALR T KIS, X E 005 mT AR 1 SRR K I A A B 1 . B R P IR 5 (14 AR M 135543 FIAR 3R
HELREAR BRI ( Fusarium oxysporum f. sp. fragariae) JREHIHIAEE (C. gloeosporioides) I 3 K& M Z SO IE /™ T R i ¥4 W 36 I , A
PREZ o i IR MR S N Zha S5 RS0 & B, 0 R ERE R (G, versiforme ) REREIF T VG LA AR R 7 A Xt 7
9 ( Ralstonia solanacearum ) { R GEHUHE  FAR Z e 2 W 0 5 f5k 0 35 H I, 15 24800 R 10 348 00 T B ¢ 74 A6 500 77 Aol T 42 4%
HRBORIAAZYARBE | A R GE B S5 W 2 0 2 ot 3 2 VAR G . (RO B 98 & B0, 26 hh AM BLBR 5 AR 32 R0 AM L
T B AR ( Phoenix dactylifera) ZABEIREGIRE (F. oxysporum f. sp. albedinis) Y525 b-& W% A 3572510 (B R LA Bk
PRVBUER T R (1 N R IR R R A AT 26 0, AT B T AR AR A Sk S o (A i 0
3 MEEYRERREIMNE

AM EE SHEYIEIIEA R G , B W 22100 & F BENS UL A F A M) AR 4 M 1) s e | AR AR R A0 W ) 1 2 3 AR
AR PR IR A 2R 20 S SUR [ oA W 0 R S5 A AL R AR R A (T8 ID—F) o AFFE3R W, TRIAR R AR Hh i 24
A B T SR R BN AL, S AR 9 2 AR OCHE 11 (GRSP) AT HLIAR | 2 e 25 T A Sy ST JS0RE [RDRS 5 114 I B 5710, £
HE - IEPAURL S TE B, 038 130 pH JKARE PE GRS Bk E— P4 S AR TR AL (Eh) | AR AR LE B A 4 AR 9%
FRAD 5 AM BB A AR R A 0 W ] R T R T R Y A Y e R R S
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R LAY TR 2R A AR EARE , 7 AR B RTSONE |, JCIC R AT AT - A% 90 T P B RSB P A AR AR A3 AR R o X A
I 5 B B S n , WnET FE ( Gliocladium) 45T & ( Streptomyces ) FAKFE)E ( Trichoderma) 55 ELTH |, B A\ 0 75 W 40
T DGR A TE ( Pseudomonas fluorescence ) | 2 FOFT T8 S ¢ HEAL Y A K A 4RTE ( Plant Growth Promoting Rhinoacteria, PGPR) DA &
TR TR A X AT R L Sl A P S | AT DA A K R R P {2 L 2, BT i 42 B 3 A 0 X i 11 91
MHE ST, PGPR iRfESRAL AM HE SAEM A AR SC R R, S M AR o S B AR I S RTAR PR RE 4 X 2R 2 AML ELT
HEPPORILEZ —.
4 S5REMEVHIESYR
4.1 FEF AR

AM HEAE N —F L AR BRI A48 % ( Biotrophic ) S A SR Y , 8 5 A% 5L A BAT AR R ) R S A AR AL, PRI AE A
SRABEAAE T, AM B 590 JEUA S IR A HE 28 () 3 S O 22, H A B 1 ) 2 R Ul AR 2R 3R KOs SR IR A W AR e AR s . AM L
PR YA AR T, 25 A 2 SR A I AR O S 80 W sl 7 B9 R B, AR AR A TP 32 AM L TR 2 4% 14 R BB R 408 0T A
(R YR B B SR K ML 11 ( Heterodera glycines) '™ FMIF 45 LA [ AR I Xof ol A 422 AML L 81 L9 S5 7 i 55
AM ELBR 5905 S R 22 [ AEAERHR YL s i 3e 5 L e B b AR BRIE G (6. fasciculatum ) I, MR R AOL 54 AM ELER (= 4, 0] v
BRI E A TE ( Pythium aphanidermatum ) TEUUE (Aquilaria agallocha) 1R Z 43 19 A & | BEAICAELRR 19 & 9 48 B AR (R E
ARV BRI P A AM T T 22 12 Y i MR Bt ELAT HIRBRS JEAR 1) R G ot , EL N 7 A 490 . I 350 Xt 5 e 5 1) KT
REJIY 0 AM ELPAHR 1 FAEY) RGP R AL Sy, RIS 2R ) HOBR AR T LUE B AM LI AR T2 S
B ARG UG AM BB X A 22200 (B 1 G) , Francl 254038, BB SRR REIR YL K G e LR s op ) . 1994 4,
XA HBAERFSE R PR O AL A AR A AM LB 1 RS A A R AML B B R A BT — e i A AR L H
A AM EL BRI ISR P 10 2 A O 3R B A B 0N, T TR A ST
4.2 SEFESRIL

1993 4F., Eissenstatet %% Fi " C Fric H AR I AR ARG AR 2R, & BUREHCEI AR L P iy © AR A7 DR SRR P B A g =2 i) 8%
FEAEX AT ISR S0 . AM ELR FR IR AH B354k B 18 AR R DOCE T, MOCB 77 WE Sk AM BRI,
S SR AR B L2 250D, DT BIR Tl B B AR A RSB, S oh , AML LT RB A8 038 1 AR X 7 J53 35 32 FK 43 W i ( 14 1
H), WF9CEM, Iz 0040 T T3 iy AM ISR G 220K B AZ S5 T IE K I T8 22 W, T4 R T AR R XF K 43 VB IR T, L
HCIR MR RS PR 1) W AT L [ g %o A [ AL 400 ) 1) 7K 93 RS O AT P20 BB, (AR TE — AR B3RAS T 51 — SR R K
O FROP BRI BIARE kR SR R AR X IR AN K 3 AR, M T DR T A A5 e v R R A A e T BE 4R, A
17 ) 2 Bl s S B A 3 R 63 4R v 1 A A T BB o X JRURIE (F. owysporum ) I3 260 T B PHLL A 4P AM L
B BB P HEAE AR K N P Ca Mn Zn S50 R M, $2 5 4R M T VPt & (R HEAELRR 20 32 i e B 22 2R 05 1o,
VE) B4R e AR MR IR T A RS2 Y IR AE  BRL, 32 Pl 5 ARG 2k L ( Meloidogyne incognita ) FTVHEARZE LR HU (M. javanica ) 1 1Y
T, Befl AM ECT 5 HUAE ORI 2 B0 A i i fin 88.99% 17
5 FEEKTUREEE R
5.1 YIRS

TR AE AR bR A IR B2 5500 ZE VR R 1 AR R B RN IR I I 25 ke oy MR . 76 AM A K
K EjiE Ry s I RS R AM ER ARG B BEE R AR N 7 A — SR Y T, An2E KR (Auxin, TAA) 2
M4y 28 2% ( Cytokinin, CK) IRFFZE (Giberellin Acid, GA) i13Z 25 N g ( Brassinosteroids, BR) R A2 ( Jasmonic Acid,JA) KR
(Salicylic Acid,SA) .Z#% (Ethylene,ET) JB7&M2 ( Abscisic Acid, ABA) %% XM EW S 5T AM EEHE S5 ALY 7 400 hUE
B A R S

WFFE A B, e b R Bk 2 1) B TURE AR LA 8 3 i TAA (GA KR (Zeatin) |, A A BEW) 57 55 15k (4 R XS 18 0 5 3 S AR R
Xl 2 R TR BB E F7 4 56, P TAA e R B 42 e (4 B At Bt o AT — i IOPE Y L Ortu SR IUZ AM R U5
EE R GA 2 HERE LTS | BRACHOBENE Y TAA GA ET CK Al ABA %5 PRI o5 it K05 T SRR RIBE AM SCE
A 5 AR ) N RAR BRI AT 2 (B B A R AR A AT SR GO T s R P R R b B R A R B,
REVE VP 2 5L N Rk BB LT >
52 FEFHEYE SRR

AM ECR SR R B S A L EE AL (NO) JA (SA (ET i L4 (H,0,) ABA Ca™ (55 BHE S 2 FE SR,
BG5S AM FC R AR | AR IS AR DR RO R A R Gk A v R AR R Y BFSE R JA R ET
3 AR A AU S T SA X IAE FR I B — M RIPE o YR W0 R AR JL i, JA B ET SR R G015 Sk
PUIE(ISR) 4156, SA S8 R G RAGHEHTME (SAR) 47 5617,
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SEFRFE R FGA TR NO TEHA R BLR S AM BRI YA IR Bk F IR (G margarita ) (Y B
T AR R v NO F B4 ) REARFRAG 3.3 1 1.9 4%, UEWI AM B XTS5 REEPIHERICH) NO OB A AR Y . MR
VoA 0 JA RESSILTE HE Y VR D B B B R 4 , DT B o R A e LA (R 0 > P T Ml 40 1 R R R AR R A 20d ) 4 14
Fh IR A BRBE T AR IRBEE (G, macrocarpum) , R ILMRAL AV LAl 25t JA % SR AR TRAR LA AR Y 9 %, s T RR 1 43 1 R A1
8% 75% . HHT,SA BELBAINK AM EEEFHIY & RAEPRTER E2E S . El-Khallal 26758 % 30, 35
JBE P BRAEFE RIS A1 SA REA 80 il SRSl F0 0o 78 £ Al 4 J g | IR AR G 8 ORI ZE R 12 ) AR P R 5 B 442 1o 7 TR 2 2
FAR Y i FEAR AU A P R A i S JA I SA 5 Sl , (0 IO SRl f1L A 5 A R e i {HLA A 0F 9% 2% RS AR Py Bk
B IR ( Nicotiana attenuata) HIFR TR JA F1 SA & BHIAT & A8 B8 AR AL BT B L B R MRKT 0 nT L, R AM LT
TP AN R i AR 5 W) S5 A AR 22 57 AR OCHILR] 148 R TR AT ST
5.3 AEERRER

AM L REE T 5 S SAE Y B A S A SC L PR R 235, B0 PALS REPR AL T BBEFRE DR Chab1 ™) | o 58 5 18 45 4% Fh bt g 35 IR
1021k i KR S R R R R A R B

WEoE R , 3 R ge T K 5 i 4 4k B K B ( Glycine max) 32 Fh AM E 5, F) ] Northern 4% 38 & i35 %% 5% Polymerase Chain
Reaction( PCR) £ AR AT 2 AR 2 v 5 JL T 5t Bl AN A< TN 42 B2 /i & ¥ ( Phenylalanine Ammonialyase , PAL) }5C 3L Chib1 , PALS
(1) mRNA 3k, & AM B B0 78 % KO LRk e SRR ALk s AR S PO 5614, (il HE 3Rk B A3k am e i @) L 2002
4F: Tahiri-Alaoui % M\ 5 B VU BR 2 0 A: VU ZLAIAR 2R b o3 B AR BN BN L R Le-MI-13 % BE R b —Ff 5 40 3 | R A | sk
IR A B R S 32 B AR AL SRR 2 )7 9] 5 I T] Northern 2 38 AR 3R B I BE R ) S HUAEAE T IAARAL PO LLAIAR & oy | I A2 7Y
CIRIMR AR PR KB, W] AM ECRRTR L DR AR S 3 3 S AR A RO PR A1 S R 710 3o 16000 2 A 12 B4 47 A0 512 i
JEHE PCR BFFE R I, AM EL &7 80T 1 5 AR AR A 153 77 0 P A DX 198 5 PR i 7= 0 e A ) AL, 5 SRR AR 1 7 A SRy S R 3R
SRR A SN, AT S B 2 B ( Xanthomonas campestris) SRR B4R 31040 b 91 50 132 b BB 76 3ok 48 5 1) 1 SO 6K B
( Yuenong-9 . Gaoyou-115) 4501 22 % B ( Rhizoctonia solani) , % ¥ B MR LA AR AA PN 7 A 149 95 8 52 7 B8 Jin 18V AN B4, P Fb T ki
F NS5 EAY A0S PR2a 1 PAL 38, K T4 (2, 4-dihydroxy-7-methoxy-2 H-1, 4- benzoxazin-3(4 H) -one, DIMBOA ) & %
AR ISR SE N BXO SRR FNA SR 0 AR B AR A I AN [7) 5 R 8 94 21 ( B 2R Y T6R RS AE Y rme ) S YLl 24 4%
JE VA PR DG 7 A DR (1) 2 5 B AT, S35 BRTARUS 275 R rme REBRARST PR-1, MUY GIuBAS F1 Chi9 (¥ mRNA FEIEH 3R Z1-
T8 3 S A2 ' PCR /007 & B, R ARAL Th 88 S R S B T (P, infestans ) JIRTREURR FREMR 2 T LAVES , v RE I TRAR (L 440 3
T SRR R G HUMEAR DGRy PRI AN PR2 FEFRIG5 S 3k 561 L AM ELTE SR BB CR M B 7= 5 5 JA Al
P CEERG , BB AU JA A B, TEARALER I BT AR R b JA ) 245 T 5 A AP SR AL ( Allene Oxide Cyclase, AOC) Y
¢DNAs Fik i BURNIE JA S T
5.4 IREBIEERG M SRR CE A A R

AM ELH 51 EAYIE A A R 0 o 28 b BRSO R 22 W A MR B2, 402 5 W 289 A 1) 22 B 48 AL 1 ( Polyphenol
Oxidase, PPO) 3 4 1k ¥ i ( Peroxidase, POD ) ; S S5 AR T . K B 3K | B B/ 57 5% B A= 4 & Bl %) 2 /K B /i 55 44 i ( Chalcone
Isomerase , CHI) ; 25 2 B & A 19 2% ZK B 4 )0t ( Chalcone Synthase , CHS) 3 255 25 9 B35 5 A QI A0 28 174 &0 IR i & il ( PAL) |
[7] B — 22 55 405 AH 5C 18 5 4804 5 1 (4 Pathogenesis Related Protein, PR ZE ) W I LR SRR

PAL BEPEA] LIVE RSO0 PE A — A A BREE AR , X SR £ 1% PG £ A7 40 B e AML R, 250 v PAL 975 P4 ] i 4%
Stk , AT LA ISR AR SRR VY ER PR ) FOAE AR P L AE ) B fE I ( Superoxide Dismutase,SOD) J& A 1, 1- 28 5%
T E Mk (1, 1-Diphenyl-2-picrylhydrazyl, DPPH) [ H S6385 B PG 58 ARARDT AU T0 R I 0 25 it vm , 00 177 394 58 T ] g 60 23 9L 141 R
SRRAL BT | H P IR AP T B L AR DY BR A AR Y A VLD AR AR T R SRR LT A PR R 1SR S L
PESRFE SN A S & e 1 8 TR AR A R 7 Rl AR IR (. monosporum) VPIRERPERS (G. deserticola) W ERPER
(G. clarum ) 55 B 1) J5 IS A0 VAR P 22 ) S A TG 24 45 Jd S8 i | o] J0 8 202 i oG o 1A R 2B ORI 9 R B, AR P Bk 3
BERENS 43I — AT 5 20 i A2 v s R A 6 R 1 SR ERFI9 7= A A EAE 0 B B B ) sp7, sp7 1Y 3% 35 BE 6 D A R
( Magnaporthe oryzae) o B R SRR R Y

AM BT AR 2 i EAEP T Ot LT 22 00 T 0, W] R S AL SR AR AT A5 5 T RS2 2 Z R AL i b R VE
AM ECE 5 PR M2 R AT AR ARG T AR R R Y 20T AML EL B XD SRR VS LE I BUVE A A T AM L
Tt FAEY) R AR Z o] (AR LG R | TRl 2 45 Rbia S h i 30 B 13 R 7 (B 7 pH R EE R EESE) AR AW R R i m, FE4R
FH A28 R G0 AR DA 8 Rt B Tt S s o T T A S5 B ) AML BT A B VR R I R4 ) AT 25 Fh I 3R
PR — BT A R IE 4R AM B E Y BARER .
6 RE

25 PR, AM LA E i 2 R B sl AR L B8 T 1 AR X B BT b (R AR, R 5 B AR AR e
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R A DX B AM L AT A R D 3 16 5 AR R B AR WIBIR AR T, AR BRI TR B ROk 1Y A
Jria 2z — BAT RIS, SR, A AM R BEAT A M B iR 2 — T % R HUE BIR B AR 22 A BRI A0 52 B T v
PR TR R A A g ke, PRLIEE 10 5 IS %) AT U F 5 2

(1) T Yl ARG/ MR TEER A AM BIEER, HATE NSNS 200 I 2R i AM BC# , (HR 2 BT vk
SRR BTG PHCHAS A RO SRR EEXE LU RIIE , AR R G0 A8 45 M AML BT ORI R B, DL AN AR B RLDT
ROy AL A R i AR URTE AM B B AR, AM BCRR RN A BRI SEARTH/ DU AM EUE BRR T
B (IBTEE A PUERSE) o FIFSHPUR AL 15 5, seke > B RERS R IB DU B RE Nl o s A% TRREOR M
R ZPUFHEIN TR

(2) HAT AM FE 5 HAAT 25 E DA G IF5E . BFFE R, AM ELTE Rl PGPR A9 RUEE R b BBl o BB A s il 351
PRI JiE AM L0 HC B SRR 15 1 S R e 5 RS R R 5, TR AML LT 55 HARAT 25 3024 0 4 DI RT 80N, XoF i Al AML L
B -5 AT AR IR SOR B L

(3) UAREBIREAM T AM HEAVPHAABIEN IR R, AM H R EBTBOR 32 K2 AN 7 AR E Y N
(RN R MR R AT SE R A (AR 52 25 A B TR T 2R, A At ) HE bR it AR 2S5 R AR D7 X N 45, 2
SE—ABREERY AN AM B A B ORI RRAE , R AM B T RAEDI B IR TARR SEBE A

(4) RATRTE AM HLE XA L B0 A Ba VR . RSS2 T ¥ B0 A= bl s b, i il 5 3t 13870 090 AR e
AW R R AM ELI RESE D7 D 15 3 B s A S 1 (RGeS MR . BEIE, AM BT R AR st 3
AR 3 AR JH B 3 - SR - AML LT 2 ) ) = F B TR R s i — 2D I

(5) BE—LRANIE AM B BGURILE . AKRITTE A R R ARIC 207 A W05 OGRS 140 0 30 ORI
TR T-BURABIFE AM B2 T 5 S AR B0 S 255 S W B MIBIAR OGHE  R9E AM B B e i 5 MR 5 590 o, Wb 2
PSR = O =R R Ay SR O 2 WA/ 85 S W s S Ay B AL TR IE T AM B S R A BUAR SE BT
S RIS DIRE XA SR IB P,
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