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Research progress and future directions of arbuscular mycorrhizal fungi-plant-
rhizosphere microbial interaction

CHU Wei, GUO Xinlai, ZHANG Chen, ZHOU Liuting, WU Zeyan , LIN Wenxiong
(College of Life Sciences, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract: Microecology of rhizosphere, a key area of soil ecology, affects plant growth and metabolism in many ways. Many scient-
ists regard the root system as key to the second green revolution. Arbuscular mycorrhizal (AM) is one of the most common mycor-
rhizal symbiotic categories of plants and is closely related to the evolutionary history of terrestrial plants. Mycorrhizal symbionts
formed by arbuscular mycorrhizal fungi (AMF) and host plant roots can change plant root morphology and improve nutritional status
to promote the growth and development of host plants, improve stress resistance and disease resistance, participate in many physiolo-
gical metabolic processes of plants, and indirectly affect plant growth through the regulation of soil structure and microbial com-
munity structure. This paper briefly describes the interaction between AMF and plants, rhizosphere microorganisms, and mycorrhizal
helper bacteria (MHB); and discusses the important role of mycorrhizal symbiosis in plant establishment, competition, maintenance of
biodiversity, and its role in the Earth’s ecology. Although the symbiosis between AMF and plants has shown good production bene-
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fits, most of the studies reported in the scientific literatures have been carried out under controlled conditions (growth chamber or

greenhouse, sterile substrate). Because the response of AMF in the natural environment may differ significantly, it is also needed to
evaluate the ability of AMF under field conditions. It is also very important to further explore the symbiotic gene network and key
transcription factors in the molecular dialogue between plants and fungi, and decipher the key metabolic signaling pathway of MHB.

Keywords: Arbuscular mycorrhiza fungi (AMF); Mycorrhizas network; Ecological function; Growth promoting effect; Resistance
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H PN 23 FE AR AMF {2 44 SR AMF f1 5
AP I B4R % B 2% AERE (Orchidaceae) F1H: BY 46 R}
(Ericaceae) HP [ — S &k 2 50 & /8 FHAE 9 T AN 5 H
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PTG B BRI A AR G 134 5 5 o A s Y i &
F5T 2 0H, BeAh AMF W] LI i 8 35 B V% R (ABA) 1)
WS PR A B AL (SOD. POD, CAT) i nf i
PEBE™ . REARTCAHLANAG BILVE 5 10 1 B SR 4 o i
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zone

WA

Root

T2
Soil

AP TE, 5 F W AT BEAE B AR . AMF J8 %
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WL EAR AR B, BRI T, AR
WA AR R A AR AP 22 BE S e B AE W) AR B
FER DX 22 A1, DT BT A 250 b WK A R 3t 3l 55 43
(P. Zn. Cu%§)“N(& 1), i, BFh AMF o] 42 &
P8R [Citrullus lanatus (Thunb.) Matsum. et Nakai] 7K 43
FIFH AR, X AMF AN {UBEHR 557K 20 W0, 18 fE
fdi 25 FAEY A RO A K S o X ] LU P T
ST ZE s R AL S B DL RN 3% 43 5 mT R
AMF X 5 4 Ji 8 1A — % 14 R4 L, DA e
Xt FAEYEED. LLcd MBl, TF5EH &3 AMF
REAS 4 & 2R B8 T8 Cd BREE T MY B ALAE R AT Mg, P
(IR S, DT 8 e S R VR B2, R i e B T i
R, AR A A Y, ZEAR KRR E R Cd X
AR R A A E R . AMF 45 RS HE R
H Cd ¥k B2 B AR Y 55 — A LD AT BB = T 2
20 M N LT A5 R v Cd i B 2R N AR W S B 7 AR
(YR BN o Xiao 5™ IE W, AMF 3 iof 34 56 92 14 i
RMELA BT AL (CAT. SOD., NMO4A 45) (i,
i e WG BRI MRS (ROS) B BE 1, JF 38 4 6 BEAF
e Cd FE 1k, ISR T RS AT Ik F X Cd 155 +
e 9 2 KL [Bothriochloa ischaemum (L.) Keng] 4= &
AT 2 . 76 Cd WME 25T, AMFIRZ8AE S —4>
BB, BELIE Cd i 1A Re . A s i 4 JE B T K
S R R 2 AT AR I AMF (R e

AROR MR
Effective absorption
area of nutrients

TR 2%

Mycorrhizal networks

I
FERHRILE

Y
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Non-mycorrhizal symbiosis  Mycorrhizal symbiosis

1 MAREREENRRIEAR
Fig. 1 Positive effect of colonization of arbuscular mycorrhizal fungi (AMF)
AMF [T 22 (38 {0) SEABIAGIB AT (1 64) Z 41, RIS INF% 2 1A ORI FR, 2 E AM AR WIS 2 FvE 2 00 L iR i (8 S 3R 32430 i 3
Fial). HTH 22 8 Bl & S i FE 0 #E 1T . The hyphae of AMF (purple) extend beyond the depletion zone (white), which can increase the effective ab-

sorption area of nutrients and promote the absorption of multiple nutrients by AM roots. Light blue arrows indicate the direction of nutrient flow. But nutrient

depletion zones also eventually form around the AM hyphae.
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VT BAE AT & B MR A 32 (Lactuca sativa L. var.
ramosa Hort.) M Fr b R . K MR B 2RY)
W 1 TR IR T AE AR (Fragariaxananassa
Duch.) 25211, AMF & 538 In T 2% %244 % -3-0O-%i 4§
B (cyanidin-3-O-glucoside chloride) f &, AMF
oA AR JE SR S AR T R & 5 093G i AR & iR ABA R
AR S, AU TE A W28 A %) BR85 b B2 v 3 R ot
Jo 1 A 265 B, Skt i v 2 1 ) 1) I R A
B ER, B A T AMF X005 A 4
WA FWAE . 640, Gomez-Bellot %5 3IF B 78 £
18K, Tenuihypharum sp. nova RSB ALAEXT P, K|
Ca Il Mg HYWZ I, [FIB /A6 B 25 (Na Fl1 CI) 1] 25
WY EL iz, XFFEJ1 58 (Dianthus caryophyllus L. Kazan)
FIH K (Eurya japonica Thunb.) 44 4 UL B 5 A
MR . R AMF 38 AT 42 F 0 5% 48 9 19 A= K R
THE, R a1 T .

5 AMF oA (R T AFE B TR R R A & T
WA ER A, R JE I AMF 782 86 L A7 7E
—EE R s AMF PR E 0l RE S S EUE K
il P AR PR IR A A S, SRR TR A I A 4
W) AT 9 5 % 1) S Al 7 AMF 25 R F T BE R 2 ARk, 4
FEIAZ Y Bh AR . BEUDIRNE BTl A 254 . 2R IREIR
SEA ) RIS R A 3% 1 22 R T 2255 . TR T 1 £
ARG 45 38 5 5 AMF P9 %0 A 75 32 B B3R C
B/ KM PRES . B RN  EH L. T
Az Jp R, AMF Z 8] 1 58 A1 S SO Le ) Fh 3=
T, HA RO T &M . AN FEAE Y Fh
FXF AMF HA — € 1R A0 550k, AR 54K
BB MEIRBLAE™ H 2500 AMF #7534 . AMF
554 W 2 [8) B4 AH L 35 3 RN A5 PR VG B, J2 5 Wil A7 ) %
Gy AR BRI TR 22 % T 1 S
1.3 AMF S53EEEMNEE

T SE AR AT S5 g e A ) TR AR LR T R
Wi A AR 40, I T A A A ATl ™ A B ) o A
FER A HLALE Y, S0 DAt Ay S A A TR AR I
T — 2 5 E R AR A 1 AMF A] RLEACIE TS
FAEY IR R, AT ST (0 R AR 5 44, i X Al
TR AR A A E s I AR T A AR K, B
HERES ARG MPIE" . AMF A2 ph AR St A 4
YIAR 412, BRAS HAR MY & & R RE". 7edefE,
B3 B U+ FAEFl (Brassicaceae) . 2ZF} (Cheno-
podiaceae) 455X % FH BE 1 55 19 VE ¥ 40 9k 3% (Spinacia
oleracea L.) B, B M (Capsicum annuum L.) %5 Fh A 2=
XT AMF B 7= A2 b 25 00 570 T 52 e, X v B2 AR AL

0 14 5 0 B ) i bt ) P kA B R

AMF 7E {147 1 E AW e Z A0 IR W) 5 10 3 5
M) F4 T B, 25 5 g 9iE ff B AR BR AR A 058 &
B AMF 1] K B 550 A6 B ot i i 1) 5 22 58 4 1)
YR, BELAT 18 F AP IT 15~20 em HABFE Y 19
AR,

2 AMF S5HIRFREPIELE

AR LA A A 5 A AR PR A= Y 1 B
AR B EZER T (RR . . H . L)
Z IAVAEAT 30 3 Wiy [ R /BCS BT AE F 52 e 1 S8 Vg i 241
B A EAE R A R AR, IR B Bh AP
2.1 AMF 5 E R 4 B E (mycorrhizae helper bac-

teria , MHB) B E1E

KM LUK, AR AR SC R BN R PIR Y Fh 2
li] 9 AH LA, KT, AIFSE & B AMF il FREY . 78
FRE [ BN BT R Z R AT o X R
TR E AT BE 1Y Ab 2 B A AR A il R 0
(Glomerales) {4 J& [l i) T8 22 JE 1% 0 3 £L A (I 2).
Ja& T[] Ja 1 4 TR R — A B B Y L T R ) 4 TR
7%, RIS RI B DI RERE J7, F¢ A2 A2 i AMF fil
W R AR A T 22 R . LT B i A o DA DY
EHNITE (F. mosseae) #11BE Sy B 0 T A LT i 43
fi SR ) 72%7Y, R E AT BE 1T IE AMF T
fIFMEE, 5 AMF $61 5~ A& i F b 9455 H SR Thig
YER, I ##k  MHB., — 48 AMF (1] 7 MHB
MIFEAE T, f 7 & SR & # B 0wy . AABRAR P
OB B M I (Paenibacillus spp.) A1 %F 0 FT 5
(Bacillus spp.) WIRFEAETE T AMF iK™, JF HAe
IRONEEFR AT, st 2 2R AT 1R (Paenibacillus val-
idus) HAE VS T AR A BR 2E B3 -Sy167 7= £ T F
PRt MHB 8% 1A O J& AMF-# 4 36 24 i 56 3 3 43,
SR, 2% T 4H 1% 20 %) 96 - 1 & FER 22 A48 K 1
BLUEI (5 BAR D .

MHB it i i fiih & 2% Fh e ) AR P 7, s HE A
R A KR . MHB E i iiE S 54 bk
EDUE/M-N: L /b0 5t NN E i Wact /R R a7/
DA S I 0 8 3R U0 A A AR Wk 2R (TAA) 1 7= 2
N. MR AR EL i fe " S IRe IS o, X2
TIREXT T AMF K2 MHB 1y 4= W) L H n] BE FH i 72
e B, [ AMF B AT 20 b A2 8 4l 4 X6 £ 18 5%
SYH, PR AMF A= 3 5507

EAE RN, BT AMF &2 —Fh LAY A4
W, BAT RIERL TR 22 Ot -, A% S 4 A A AR
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Fig. 2 Interrelationship between plant roots-arbuscular mycorrhizal fungi-mycorrhizae helper bacteria
TR A B T (MHB) 1] LA T 65 11 22 PN S8 /s ] B, 70 81 22 300 A0 5 BT SRR AN A A T o TP: ANV PERA; Po R PERS; No: JORURG NH: B

Mycorrhizae helper bacteria (MHB) can be located inside and/or around spores and hyphae and released into roots and cells after hyphae digestion. IP: insoluble

phosphorus; P: soluble phosphorus; N,: atmospheric nitrogen; NHI: ammonium.

VE L PT R 2 PR S 1 F8L 7 BE L RAR 2R 40 ™,
ol R STORN 27 A R SR B A B AR
22 AMF S5SHEYRERMEIE

— B R A A 3 o 7 A AR ) U R B A A
AR YR BT E R RS Y
I AR SRR R A AR K, AR A A A B (plant
growth promoting bacteria, PGPB). [H R i £ W A3
T PGPB (A4 K R %5 ™, $2 FH AR PR PGPB %0k ) b
R A" [FRE, 2R A X AMF B 22/
Ko MR SR A S A B i
PGPB. AMF 5 H% FH¥Y) Z M 1EE E AR 01ES
WS R, A LB 1 AMF F1 PGPB A XL
PR T AI-P, Ca-P Fl Fe-P 7E + 338 3 5 v A &
S, WS T IR, B T A AR R T R RORS T
. AMF S5HURHE EA B WP FEER, o &R
EAEVRISEE . AL, EIR . R R R
0 AP P DB P 3 O T B e AR DRI,
Y1 -PGPB-AMF Bk A b A= #F 5% 76 52 e i FH 7 i H A
IR . AR AU Rl A I R B 7 BN [ 4L A
AMF . PGPB FIHE ) ) VT L 5 22 5 FRBE 25 A4 1 52 i,
HA— /R,
23 AMF S5SHFEREMEE

FE )9 3 T, LD UK AR 080 1 52 e e K
HU M I SRR AN T A A . e 2RO

AL AR B E AMF SRR BURPY, 1 AMF
A DA BE S A 2 )T 2 A RS SR 1) 7 AR e
FICA L T A B A AR (Alternaria)™ . “¥iH R
(Rhizoctonia)™ %5 22 T JRU iR A9 1R 78, 38 1T 345 B Jak
Hi 229 & #E (Musa nana Lour.) 41 1 71 B 18 AH ¢ FE A
(IR, AMF 75 R4 % [ 47 [5 B60 B g % 384 i
BB PR T 5 00 I S5 A S TR i TR T e i
FARIE & E RAF, i H I TE 5B /E F Y A 2k
WA T A P R 42 e SRR Y, kT
AE 55 M ) f % 72 G0 1 A 5 T 8 s 1) i TR JEk L
AM JEAE Z A AR IV OC, 30T AMF 4B it
I B A A AT

AN, AMF 5 AT DL 5 g 3568 i T8 9 it o 1)
AT 1, B an R 6 R (Magnaporthe)™ . K Y1
BB BT i Z R A AR E R . T
VI 251 X R P98 35 100 B2 B BIF9E T, AMF A 24E 9
AN O AWK 5HF 2 (in-
duced systemic resistance, ISR1) A 5 it 4k 24 Fil A= FR AR
Ak, 3 6 Al 2 R A= PR A G455 A0 AT T R AR AR 2,
JO IG5 A LR RO 5t 26, AR P03 R 19 & LRI T 2R
B AR

H Tl 58 9% f% BE AMF 10 i - %95 J5i 4 32 = Al )
Pt AE AL E 2 s sy s .
RAEBLEW Y SREY A= . R
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SE B JIT 005 AR N I T AR e (8 AL T B AR
A X R 21 s i B A AL S
Tl o B8 AR A5 RN 22 S Ak BRAR 800 A7 1 T AMF A
Yy e, SEHEY) . HIEMAEY MY NS E 2
FeYE. HET AMF 2 8%) 72 B T & Foid 200 i =
B A=) B IR J7 1
24 AMF 5B EE

T 55 T AR R [ 204 TR 1Y 2R G R S e HEAR )
Ak, R E Y, B B R — e R R
41, AMF 38 A] R AR K 5 48 4k 1L (Heterodera gly-
cines Ichinohe, SCN)!" | g 75 #i 4% £k Hy (Meloidogyne
incognita Kofoid)""™ 2595 JF £k th X348 ) Fir v i 1) 16 55
FRBE, EL RN 4 B . HAE D — I 5T v, A
AMF 12 )5, ¢ 5. [Vigna radiata (L.) Wilczek] #R
MR A5 25 H PP RE 5% B2 1 i, H S5 AR S SRR 0 2 1E
(SRR Y G CY VN S R i SR /D)
AMF (AL REFEAE — 2 520, T BT 47 1 1 o 0
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Fig. 3 Effects of mycorrhizal networks on material circulation and signaling between plants
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of the material cycle; the red arrows indicate the direction in which the signal is transmitted; the black arrow indicates damage to the plant by insects.
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