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Abstract: Rice feeds nearly half of the world’s population, and it is also considered as the
model host plant for studying the symbiosis between arbuscular mycorrhizal fungi (AMF) and
non-legumes. The diversity and ecological roles of AMF in paddy fields have not been well
understood for a long time due to the limitation of research methods. Studies have demonstrated
that AMF are ubiquitous in paddy fields with the development of high-throughput sequencing
technology in the last decade. The application of new techniques greatly promoted the research
on the ecological roles of AMF and the interactions between AMF and rice in paddy
ecosystems. In this review, we summarized the process of the establishment of arbuscular
mycorrhizal (AM) symbionts, the diversity and influencing factors of AMF, and the ecological
roles of AMF in paddy ecosystems. Furthermore, the potential application of AMF in rice
cultivation and future research on the interactions between AMF and rice have been prospected.
The establishment of AM symbionts depends on a series of complex signal recognition,
exchange, and conduction between AMF and rice. The AMF colonization rate of rice plants is
higher in the upland environment than that in the paddy environment, and it is affected by host
plants, environmental factors, and cultivation management measures. AMF play a key role in
regulating rice growth and nutrient absorption, resisting environmental stress, and reducing
methane (CH4) and nitrous oxide (N,O) emissions from paddy fields. AMF can act together with
other microorganisms to help rice absorb nutrients and resist environmental stresses. This paper
reviews the research progress and development trends of AMF in paddy fields and discusses the
inadequacy in this research field. In the future, efforts should be made to explore the
relationship between the diversity and ecological roles of AMF, the mutual signal recognition
between rice and AMF, and the molecular cascade reactions in the establishment and
maintenance of AM symbiosis. Moreover, it is essential to understand the underlying molecular
mechanisms of AMF promoting rice nutrient absorption, enhancing rice stress resistance, and
reducing greenhouse gas emissions from rice fields.

Keywords: arbuscular mycorrhizal fungi; rice; diversity; ecological role; application
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M\ TR AR L (arbuscular mycorrhizal fungi,
AMF) & Bk b0 A die iz iy — 28 R AR |
w, ATV 80% ARl A: 4EE M IE i Ak A
KR, #E AMF 525 FAH97E s A R R
2F EAEYH AMF 42 77 g I e 2R Fp2E 4
J5i, T AMF 3 BERE I AR S e ) T 22 o 25 35
BYPF FAEYRE 507, S 75 AR
FEAEA D8 AURE T, [A]E AKL TR AR (arbuscular
mycorrhizal, AM)3E A AT AL HE A= Py B ) o 1)
AR HE R A 2 FR G ke My T BAT E S AR
B B+ AMF WIhREZ AR, R4 PrHAR
TEACBRFN IR S5 400485 1) 107 FH 52 3112 R o

IKFE(Oryza sativa, Os) et b i B Z )RR
BEYZ—, Rkt —kAnnEEP, &
PN EI AMF 59 GRHME Y A iR A2
FHEY . BRFRRZAL, KRR TE B R K IR
AR HLPREE ., IR 1 R0 I AR
AL J5 LA (electric potential half cells, Eh){H
EL =R, B AR T AMF 3% 874U
W tEAA AR R . KIILICKE, Tkt
AMF HAER 53 F FAE AL B B 58 A ER 27
KA RAEEL R R A )R T # T, A
Barea S£7E 1991 4F & Bl AMF BEHS 767 H K 2
BN AATEZ G, JUH B v R R Y &
JelY, Bk EZ MR AMF 7ERIHAES R
Girh 2 AEAER S AR Web of Science 1% 3CAR
B K &R o5 B, [6] B H OB O g in) “arbuscular
mycorrhizal”Fl “rice” i 3C 7 HU it It 45 BRI K
(B 1)o B TAEGEUL N F H et AMF 2
FEAR M Z AL, UEXMFHAES RS S
AMF Z P FAE S T Re MR MR E Y, 1E
TEZ WA iR i A 5 b AMF 2R f A 28 )
REFR T B SE . Tl . RGN ARHAEER
S5 (GLF5 A5 G M ARG HH40E - 48) AMF 5K
FEAL A S R . AMF B9 2 AR K 2 R 2K
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Figure 1 Tendency of the published articles in AMF
and rice over years. Data were collected from Web of
Science core collection (time: 1975-2021).

AMF [JLEZSIHRE B AMF TE/KFAR S h i v e
N ARAES T AXBESGRFEHASRGE T
AMF Wi, BRI SR AE 1 [m) 1 %
HATRemfg R ts, WA IS AMF 5K F R
HAEM RIS %

1 AMF A&t ERE

FE3E 220 10 A, XHEY)-AMF AH B
PG M AM A EENT RN AERR 9 2 G0 S g
IR TR, NERHMEY), s
15 (Medicago truncatula, Mt) Fl A Kk #2 (Lotus
Jjaponica, L)F il T £S5 AMF (ZYLHi{H
SHON R RRREFNER T IR, X
TR Z#R A G g b 1) SC B A T, B 1
(Ca™" )G N T, A5 BRI A Z AR 2 i
I 3L K] (Lotus japonica symbiosis receptor-like
kinase, LjSYMRK)/%<%E 5 g 2% 32 1 3 g I

(Medicago truncatula does not make infection 2,
MtDMI2), B JKHES 2538 B LjiCASTOR .
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T KA 5 ¥l B R LiPOLLUX/BERE A6 75
2l 1E JE N (Medicago truncatula does not
make infectionl, MtDMII) . A JKiRZALE A EH
FN (Lotus japonica nucleoporin 85, LiNUPS85)/

(Lotus  japonica nucleoporinl33, LjNUP133)/
(Lotus japonica nucleoporin-localized protein,

LiNENA); 558 715 5 ar , 35 | ki es/
55 8 2R B S 3L ] (Lotus  japonica calcium-
and  calmodulin-dependent  protein  kinase,
LiCCaMK)/ %5 Z2 8 14 45 /5 V8 25 26 11 3 i
(Medicago truncatula does not make infection 3,
MtDMI3); T iF A5 Sl B 0 I 1, (04
A KA A% AR R S RE R 1 2 K (Lotus japonica
CCaMK phosphorylation substrate, LiCYCLOPS)/
P 2 G A A0 LR R 0 2 RE 2R 11 2R D (Medicago
truncatula interacting protein of DMI3, MtIPD 3).
¥ H 5 I A B N (Medicago  truncatula
VAPYRIN, MtVPY), B KRS58 5 5 i 1 2 1 5
[N (Lotus japonica nodulation signaling pathway 1,
LiNSPI) . P ZEEfE SR E 5 mE & A &R
(Medicago  truncatula  nodulation  signaling
pathway 2, MINSP2)FIE Bk B3 12 2R iE el
LiCerberus™ ., KRtk T — G RHEY)
A SCHY [FIEEE A o lan, ZKORS 2 2 32 44
il 5L K (Oryza sativa chitin elicitor receptor
kinase 1, OsCERKI). A= 32 AN EE 11 AL 8]

(Oryza sativa symbiosis receptor-like kinase,
OsSYMRK) . #E§Fi@iB LN OsCASTOR . ##

FIE I OsPOLLUX ., %5 /45 8 2 86 1 18 il ik

(Oryza sativa calcium- and
calmodulin-dependent protein kinase,
OsCCaMK)/(Oryza  sativa does not make

infection3, OsDMI3) . % 5% A5 [H (Oryza sativa
CCaMK phosphorylation substrate, OsCYCLOPS)/
(Oryza sativa interacting protein of DMI3,
OsIPD3). GIBBERELLIC-ACID INSENSITIVE
(GAI), REPRESSOR of GAI (RGA), and
SCARECROW (SCR)(GRAS) #% 5% [H 1 &

(Oryza sativa nodulation signaling pathway 1,
OsNSPI) #1 (Oryza sativa nodulation signaling

pathway 2, OsNSP2)(F 1), H F/KRE EEMAELE
AFIT AMF 71 FIHE 28 gL (10 K BR g o
I, KEES AMF 2B BT AR 40
1.1 AMF {2 £F14EE 77

AMF 57K Rt 5C 2 B S A6 T 3L AR R
T3 Wy BREE Al T A 15 5 15 L AR KRS RS 2 £
45 N (strigolactones, SLs)Alff i Biik K&z AMF
43 I 19 1 AR A 7 (mycorrhizal factors, myc
factors)*", JKFEHHY SLs WS WG T B-iAE
2R 5HE D27 (DWARF27, D27)% -1 N 3%
B SEAAL, Z A IR RS 8 S R AR
X4 (DWARF10, D10)FI(DWARF17, D17)34
fi, AT I AR o s YR P K R 14 4t
6 P450 FIEAL L (0s01g0700900, Os900)4E 1L
Jo ik — B E AR Dy 5 AR B 4 T (2-epi-5-
deoxystrigol); 7Kg 0s900 248l Hg I+ 4 e (2 %
P450 ZE 58 51 (more axillary growth 1, MAX1)fY
[d Z 41, KFE OsNSP1 il OsNSP2 J& GRAS
KRR 2 Ak, £ SLs & it B rhoAsa]
gk, 2 AMF 7B BK R SLs
FIAA BT AR IS . AMF W2 Bl — S8 AR X
AR P 7 AL A i R — 2R B LT B R YY)
(chitin oligomers, Cos)FIEJEJL T 5 R M (lipo-
chitooligosaccharides, LCOs), 7E/KFEH &2 %
FE AR T HoRRET RS AMF G 1)
i T,
1.2 KFEES M

KT RIERN FE S5, 55 AR K
200 ML P B FA 3o B A0 LA A o /K AE OsCERK J2
HR LT SERMEIBTEZ AR, X AM JEA (K
oy B E D [F e SR A R AR
5 57 K (Nod factor receptor 1, NFR1)/(LysM
receptor kinase 3, LYK3) i #1T 1 /K [ IR 9
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Table 1 Genes associated with the symbiosis establishment of AMF and rice

AMF 57K g3 gy i 72 IS JE 1D Bl BTN
AMF-rice symbiosis establishment process Gene Gene ID Function References

AMF Tilf 4e A U5
AMF pre-infection and mutual
recognition
SLs 444 hl D27 Os11g0587000  B-#1% h R FH41L [10]
SLs biosynthesis B-carotene isomerization
D10 Os01g0746400 Ry fe =Wy, LR NEE; = [10]
Y5 AMF B 28 AL
Cleavage of B-carotene isomerization

products to carnetes; and participation
in AMF hyphopodium formation

D17 0s04g0550600  fE SR k=4, B R NER; HZ5  [10]
5 AMF B 2B
Cleavage of B-carotene isomerization
products to carnetes; and participation

in AMF hyphopodium formation
05900 0s01g0700900 4 Ak g [11]

Carlactone oxidation
OsNSPI 0s03g0408600 GRAS ¥ 53t A+ [12]

GRAS-domain transcription factor
OsNSP2 0s03g0263300 GRAS #;5%[H+ [12]

GRAS-domain transcription factor
EEXEREF YA
Symbiotic signal perception
Myec-factor 3] OsCERKI ~ 0s08g0538300 T JL T ZEBMHAELEZ IR, Lkt [13-14]
Myec-factor perception A PUNJLT BRI i A A 4

I S

Potential receptor for fungal
chitooligosaccharide signals to promote
AM symbiosis; recognition of chitin or
peptidoglycan and trigging of plant
immunity responses
i C Rl OsSYMRK ~ 0s07g0568100 J@I3LA (55, il A Sifias i [15]
Pre-infection signals recognition A% 356 1) 25 3= 21 e PN 35
Perceived symbiotic signals and
transmitted them to the host cell interior
via its intracellular kinase domain

OsCASTOR ~ 0s03g0843600 4l isg T-EIME [, WIsAMMELh [16]
B TR
Encoded a potassium channel protein that
activated Ca”" spiking in the nucleus

OsPOLLUX ~ Os01g0870100  4ifibbisg Tl it (1, WStk [16]
BT IR
Encoded a potassium channel protein that
activated Ca®" spiking in the nucleus
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AMF 5/KAE3EA g v i 2 IS BL[H 1D ke E =N
AMF-rice symbiosis establishment process Gene Gene ID Function References
HFEEEES OsCCaMK/  0s05g0489900 43t Ca®'/CaM HCHf 48R [l , 1% [17]
Symbiotic signal transduction OsDMI3 TE AM FEA: 3 H
Encoded Ca®*/CaM-dependent protein
kinase that activated downstream AM
symbiotic genes
OsCYCLOPS/ 0s06g0115600 1E-k CCaMK Y & AEwstR b I-4E  [18]
OsIPD3 ik AM JE2E SR %
The phosphorylation target of CCaMK
and promotion of AM symbiosis genes
transactivation
AMF LA ATE OsRAM1 MTR_7g027190 43 AMF 7§ /& JE i [19-20]
AM symbiosis establishment Hyphopodium formation
D3 0s06g0154200 45 AMF & 2 IE L [10]
Hyphopodium formation
OsNOPE] 0Os04g01520 5 AMF # 2 IE L [21]
Hyphopodium formation
N30 OsSTRI 0s09g0401100 2 SHEYPK IR NIRIE 1445 AMF /y5d [22]
Arbuscule formation P
The diffusion of fatty acids from rice to
AMF
OsSTR2 0s07g0191600 2 SHEYPK IR ViR L 1% 4 AMF /93 [22]
o
The diffusion of fatty acids from rice to
AMF
OsADK1 PRINA796622 JHIEMNKEF [23]
Arbuscule development
A R P SR I S
Nutrient exchange during the symbiotic
process
HH%E P WRIURE OsPT2 0s03g0150800 7K B P MR P IR [24-25]
Direct P uptake pathway P uptake via the direct P uptake pathway
OsPT6 0s08g0564000 /KA EH 1% P W& P Rk [24-25]
P uptake via the direct P uptake pathway
WA P IR OsPT11 Os01g0657100 K iR+ MBI i 21 B )22 4 i (24]
Mycorrhizal P uptake pathway P transport from the arbuscules to the
cortical cells
OsPTI13 0s04g0186800 P =584 [24]
P signal perception
HA%E N R OsAMTI;1  0s04g0509600 7K B4 N W& N ik [25]
Direct N uptake pathway N uptake via the direct N uptake
pathway
OsAMTI;3  0s02g0620500 /K A5 B H N Wi N L [25]
N uptake via the direct N uptake pathway
WA N W RAs OsAMT3;1 Os01g0870300 Kt NH, 658 31| Bz J= 41 i [25]

Mycorrhizal N uptake pathway

Transfer of ammonium to the cortical cells

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



398 (YIS Gk

Microbiol. China

PUMLT 5T s K SRWH - ik A AL S i S g, {H
OsCERK 1 ] S 3R X EE L i 1 A mp 114,
IKFE OsSYMRK FEHA FANMME |, Zwts LRR-
RZ AR 118 (leucine-rich repeat receptor-like
kinase, LRR-RLK), HEBEAILAE(ES, @A
P4 R S A 136 B P SR AN R, WA N R
SR AR T Z R 2 A1, KFE OsCASTOR
M OsPOLLUX FEAiT OsSYMRK 3R T i,
AL T A A% I b Y 2 ANE0 e I L I
T 200 A A T R O
1.3 KEES®S

B T IR 15 S R B S A RETS
HAEAF SIS PSRN FR . MR KRS DhRe
R IR I TS B TR I S8 OsCCaMK/
OsDMI3!'", FE/KFF OsCCaMK/OsDMI3 JEH T
i, OsCYCLOPS F:N4mid iy i@l H C-R
Uit 1) o T IELBE 45 A6 B 5 OsCCaMK/OsDMI3 7E
M AZ N R AAHEAER , I3F BAES OsCCaMK 1)
Y& AR AL, OsCCaMK Hil OsCYCLOPS
R &Y 51 & H DELLA A EAEM,
B THEYRFEE", 5Fh 2 4
DELLA 7 4(DELLA1 1 DELLA2) & &i & H (1
2 /> DELLA &1 (LA 1 CRY)7EINRE_FAAAETT
A, EREETM A fEE AE Y & F P, B KRR,
H4~ DELLA %5 [ (slender rice 1, OsSLR1)%4 #
T RRE R A
1.4 AM HAKF K

£ AM HARIE B BE, AMF T8 22 57K #
R R H2 kI T2 B B A2 o 7R AR S 200 i 7 J%az 3] TR
WRFES G, i S0 FE 2K 8, AMF
{2 AHI#%E (prepenetration apparatus, PPA), 1445
TGV 2 AMF G005 o TR A2 76 B et 7K
FEB T 2 505 ATt PPA B9S2 AM £ 2 )2
AN AMF AL R0 76 3 2 i PPA TE

BOL R, BRI 5 L5 AM A KT Bl
M BERE, 51 KRN B TR, M
MAEHE AMF FUKFREAH G SUE 25 K A= il as P

Oryza sativa reduced arbuscular mycorrhiza 1
(OsRAM1, /KFEH X 44 OsGRAS2)J&:—Fl GRAS

EM A A T, TR AT T AMF 2R
RPN FE T Bk AR P, reduced arbuscular
mycorrhiza 1 (RAM1) i if 5 CCaMK #l
CYCLOPS & &k B4 S ias", (AAEKAS
i, CCaMK Fl CYCLOPS /£%2 5T AMF i
JEPOTE B A R AIPT Ak, SLs 25 T AMF
A RIE R, B9 R KHS D10 F D17 HEH
MRS , AMF T8 R RYIE O & I8/0, DWARFS3
(DHWALHE T AMF WK T, (HZHALH ¥
RuJ gt KRG Oryza sativa no perception 1
(OsNOPET) % [ 4 15 ) N- & Bt % #F B
(N-acetylglucosamine, GIcNAc)%] AMF i 2 [JE
B DA Y
1.5 MK

IMETE AM oA i B i A A A,
FEE AT A Y A B S T AT A ) R AR
(periarbuscular membrane, PAM)5E &35, 2022
IR R A th— A R (U (Oryza sativa
arbuscule development kinase 1, OsADK1), H7¥
PP R F W R R 4 AN AT Bk rY AR
FIP, 47 F PAM JIE E 1) 2 4~ half-size ABC #4iz
&, HP (stunted arbuscule 1, STRI1)#H (stunted
arbuscule 2, STR2), Z5/KFE¥ NGB 1% 15 45
AMF ({3 R, JE i B3 m AR T 2. it
Ak, MYB Ktk 5k [N F(Oryza sativa phosphate
starvation response 2, OsPHR2 )2 i 1 i (P) /K -
FEE B AR A 1 SC S PR 7, LB R e A
e TRARTE KRR MR FR A 2 B, 7 TR AR B PR 2 M AT
IR T R 1 i 3 R R A SR
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1.6 HAFIREHHERRIR

KA 2 SREFRWIRTR, SRR HAEE
FEW R, KSR LR AN)., P 55
BRCRIE G , il AR B MR B e 3%
RSB R 5 o — SR WAV E R IR AR, i
AMF HRAME 2R BUE FRI42, Y L3y P g
AM 2R, P REETE AL polyP, polyP fif
w2285, TEABCH KN P, Jfidid K
f§ PAM & ) P $i21K(Oryza sativa phosphate
transporter11, OsPT11)¥5:2 £ j 4, /K
PAM fi& I 73 b — A 1R £k ¥% iz F (phosphate
transporter13, PT13)Xf 8RR ERFE 2 JCSL BifEH],
HEEIIRE AR P 1R 5. AMF BEWT L
AU N angkEhsimmesh, Wl LA
APLEH N INZAEERR, SR EER AT AER N Ik
1) 2B, B FLAT DL e A 2 e A il
g/ 45 SRR UG IR T e AL RS iR > 1
B, KRR SRR AL L, AR e He R 2
FIAKEZS 0], FF AT PAM B L (g b s ik
(Oryza  sativa ammonium transporter 3;1,
OsAMT3; )R B i JZ 4L . 2 AMF J5,
OsAMT3;1 JeFl bl 3R ik,
ammonium transporter 1;1 (OsAMTI; 1)l Oryza

M Oryza sativa

sativa ammonium transporter 1;3 (OsAMTI,3)%&
25, OsAMTI; 1 F1 OsAMTI;3 5K AT fE
JE/KRE B4 N WISGE AR 1 F2 5 R B2

2 WMHAERSRZRS T AMF B %H
% R

2.1 FEHAESEZRS DT AMF M REDR
2.1.1 FEMERH#H AMF 892 #1H%

o F A H O K IR EE T KRR A 2 S AEAE
AMF HIESE, ARSI AE, BT
MR TFBRIRR I, AR Z2 057 & BUAE Bl 4 A HH R
el b el JLFAAEAE AMF [EFE, (HALIA]

IHE Y, WK IR T R RS B I AT R 8 Y
AMF ZFaiK, Y 1B T2 5, X4 AMF %58
PRAT SR RE R A= YK R D00 Bt 2 o 30l 0 4 R
MR, BB Z A IESE AMF BERS7E A H
ML A AE, HBAERRELHK 30 d FFREE
T, KR RAFAE AMF B2, 1esh,
Li SR A IR A 9 /A AR LAY AMF {2 LA
KIHARN AMF RYHRHEGT 5% Wang S5
JUNTR L T TR R B A R B AMF 7R
A it JFH P e 8 bt P45 3t ol A7, O HLAE A2
BRI R, KRR N A 5 1) AMF 24
#AKFT; Chen 5VHA T 4R 4 4 7 ARl
XOKFEMR R AMF REFETE L, KBTE) ARA
HNTT AMF #9358 P AR B i (E(19.5%) , T HL
R R (Glomus) HILHJRY . HEG, 1R HIE
MR IE R AMF HIE R4S BREE)E
(Glomus) . 1R FEFE )& (Rhizophagus) . & B &5
J& (Scutellospora) . & HAHEFE )& (Funneliformis) .
i & & J8/ (Sclerocystis) . & 1 T FH &
(Acaulospora). W %% )& (Claroideoglomus) |
K BR % & )& (Paraglomus) . Fl YV 4% % &
(Pacispora) . E@%%E(Gigaspom)\ B
P75 )8 (Redeckera) . W HIFEFL J& (Ambispora)
Z IR E (Diversispora)?™
212 FTEHSFEIMER AMF B9 % 1 14%
AHAT RS R PR, 6 FH S PR K R AR
H AMF (978 FH 2850 o R I [ A< ma i A4
IKFEFEHL A IR A A, AKFEAR D AMF /9 58 28
TE 14%—47%Z 0], BR9ER R MR BRI w8 S L
g, HUCGEEEREE . TR RE | %
WHE . ZHREEE. BERESEMNREEE
(Archaeospora)™ . it J& H F] V. V4 w35 S A K A
FE R PR AT [RIRE BT /KRR AR N4 B9 AMF 28
FE(33.6%-76.2%) , kBRI 2 F LR R
JEE VY & A BE 55 (Funneliformis mosseae=Glomus
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mosseae) & F- i 5 IR (96.2%) , HURZAR AR
o
intraradices) . #E T HBRPEFE (Claroideoglomus
etunicatum) M Glomus clareium™ , WAMNA 4%
B MAREEGR . REESR . SR EE
SEE RS AR T AMF Z24E 2 SR T b
PR AR, ] BE et PR A e E R R B R Y
R, Bk AT H R ) AMF RS g
k.
213 FEHEETRFERER AMF pfH3E

I 30 4K, BEEBEORR KRS RN, X
AMF HY73284 TARKRI D o Im 4R ok 4252
() AMF 432K 2504 AMF Bl BREEH ],
TUA 1494 H 11 FF 25 &I 315 AMfhlo-a,
WA, MEASRSE D C WARIER
AMF et @s)s . SMERR . k%
& EERER ., o EE . TR, K
sfeR)E . kR E . BREEE . DU
IR RREE . P REE, WREE ., R
AR B A BRI R & (Corymbiglomus) FI4 &
P55 )& (Dentisculata)®: 16 U344 M 2013 4E
58 AR AR 8 DAOM197198 4 K41
4, BWIEIHRIE T 2 H 8 4> AMF Fh2Ehy 44k
A7 B, N34 DAOM197198 J&
I 58 LA R DR ZH I A T bR, PRt — LA
N AMF BF5E IR bR , /2 AMF S57KR5E.
VEWFFE b i I TR IR . BRILZ AL, BE VU A A 2
75 . WRBERPERE (Glomus versiforme), HIBERPEFRE
(Glomus geosporum) Fl 4] £ ¥k % % (Glomus
etunicatum)L & AMF 5/KFE AW 8N
FH A B AR,
22 FEHEDBRFET AMF ZHEMRFIE
S

i AR 25 R G5 b AMF WP ZRE: B Hoy A
FRHESZ Z R IR R AR , S22 i AR M) FIEIE AR [

(Rhizophagus  irregularis=Glomus

RILFEERREE R
221 FEEWY

M T AMF J2 KRt N LVt AE B, KA
an A AR R E I AR RIE S A AT
RERZIN AMF PN AR YL, HETT520 AMF [
HEIE AR Z S5 . ARRDKAR SRR E R 3 A=
PGS . IR0 S S A T AP TR B B AN ], X
BOOR[R AT 52 AMF B9 2860, N, Parvin
S5 L A 2 B GEoK RS b R ORT 3 A4 BRAR R ™ b
PR R AMF ZHE kB, B8R 21
AMF ZHME TSR, ICE RS 200K
LMK . AEBRHE . AMF A5 SRRt
PR B i 728 ] i 2 53 AMF 2 REMEFRAR Y 25
RO geah, IR IR K ARG b R AR 22 50 W5 1 HLAA A
[F3E LY SLs Z5F9 25014, AT RERZMT AMF XK
MR Y, HETS2 0 AMF 7EA5 H i
ZREER AR KRS SRR AMF Z 84
S () 50 B RS e AL 1 A BRI SR o AK R AN [] AR
R T 5 4355 2K TR AN (] ik 3 5 e /K A
N AMF 28, Flan, Wang 51 J##A
HE R RS R K RS A [ A= & IR N AMF [ 25
PERIR, M T EFRATB SR ),
A T A A B (2 A R R ) K R AR P LA R
B AMF ZREMEAKSED, T B s R K e A Al
AKX SRS T R S, X AMF BT R
5k, PRI AMF B2 FEMEH . KRR R
RE, FEAFEER . KMAR . MUR 3 FesE
MM REAY, 2015 4EA PIIURFFE HGE AN [ K FS
AN AMF A2 E I, AMF 22
FERMAR 5 5, T SEEAR A MUAR AR L AR
AMF [RERH . 3% R e AR A 5 R Bk
pyBeRE, M HEARZESAL, AMF Rz
e /MIARTC R Z 0L, AMF ARRETE AL 2%
F 5 RMAR 4 A B B S Y J R H ., AMF
A DATE KRR RO g g . H i G oo E
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KAEA A RITEAKAEHN AMF 1) Z R 0L
222 MERFMKEEEER

T A S R G AMF REVS 6 32 2115 H PR 55
PRIk 43 . 3B Ak PR 755 ) Ik 1 4 L it
(U AL . K AREFE AR ) ORI 20, X ) i b A=
BRG, WM A SR (EER RS RS)
Hr i K FREE R AMF BEVE 00 B 2R 25 K
IR A 38 3o 5 e 7K R AR R AR B AR R A T IR 3R
i A AR S AMF (2045 WP BRI . RRAIR
HR ZR A FE B O MIAR B B AR BT | s i <
A FEEPT KRR AR 2R 38 138 S AL LA AT LA
4 AMF 2t 2RI, 1 AMF 1=
Yo A& R I A 2t nT BB e Rz J2 4N i 1) T
L, BEAR AMF [E5H, HEZm AMF (244A
ZREAEACE RPN R IR ARG o 1488
Ak PR P2 A IR AMF BEVE 5 R A 2
() 2L K 2 . Parvin S5 NP E K FEAR R kA T
PRI, bR LR As Ttz s, TIE
pH K5 A WL & FIAE YA 5L P & X AMF
FETE AL A T ZE M5 Tone Baki 255t 7 I
[ R AEA R T A R I, AMF 1€ 58 %52 pH
S, T AMF 7% 2 S 1388y P il
R Sarkodee-Addo 44T TN 6 AN
[vi] Hi [X 9 2K AR I AMF (RIS 254, R B+
B P R AMF BEVE 450 Y 3 2k g R
OO geAh, KARERER A BRI, Qe . K
TR S5 2 520 AMF RO ZRENE . EAbAEREA
AT AR X0 AMF A94R8 TR k. AMF
ZFEEAF EARNEF A, I, Lumini 4K
PUAR M A% 045 B 5 SN R A0 IR ) A 4 A DL
7 (B HUIE)AMEF 7% 22 REPE BB,
Watanarojanaporn 55 [ FEHIE , 14 Ge 35 i B2 (5
JEBHEE ) AR T A5 FH A 24 40 45 B B (PR JE et
FEA) AMF ZAEVEEAR; AAGOREEERIHIE T,
IKFEMR R R RR 25 )R L0, s AR 2 Ak

P BE T K REAR 77 A6 BR98 55 g PN G AT 22 45
() AMFP®, A VR K R ) — b BB A R K
AR T BriGm R F | BGE LT, LEEs
FHG R B KRR K R 2 2 B
AMF [HELL g (- pr ek e as e . sk m | R
HREIRE)R, AHNEESR. MK
TP KRS, KAS- R AR AT DL 3
T —ZREH B AMF 8% 5, KA -FE AR
255 Z AR KRR = 2 B i 4 7 3
2R B E RS . Tian 2548 L RN
(Magnaporthe oryzae)lJ/KFEHE 22 AMF Bz Y%
TN I HEAIIRAE 20% L0 B0, 55 YL A
HH 52 Hb A 52 A 25 AN K . Bernaola 55 & B GL A
IKEH | B SORR KR R AMF 244
REBTE 6% LA 117, 5575 HH I A AFF 5 A HE
AMF {2 YR B KRG UF 5200 o | T
RAMFFERD, Jork B A e X AMF 24
PERSZ R o

3 MHEARSRAT AMFHAS
Ih &k,

KRG AMF S¢S RHME Y B AERFIE s
KA. FELME AMF 52 /58 RV KRG EAER
W55, AMF 1] LS /K RE S RIFH A R
FEXF KR — ZR 90 A B S AL HE SR 0 WA B S5
FRA BN, X AMF 50 TR R R
KRB AR, 52 20 F8 H PR IR 52
AMF TE/KFEAR i 2 e i AR, 5 IRl B
PR PIRG4S 37 BP0 ] 5 FRATT AT HA A 9% &
B, FERKIAEE T, FARMERRR P KR4 T
ST TR AR IR , B AW KRBT TSR
KA Pl RIS KRG, AMF 7675
H 8 /K R BT HP A8k 43 B T s Ag H
HEBRGH AMF A STIRES LA 2,
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Nutrient absorption

o WANALZY FARY TR ICE TR,
H WA AR - e P R Sl 22 A E 3RO
Z, WP, Cu, Zn%F

AMF extra-radical mycelium extended into
the soil and acquired poorly mobile
nutrients for the plant, such as P, Cu, Zn,
etc.

o TR HLER . R I IR 45 ) S
AL LA PLE SR

AMF mineralized soil organic nutrients by
secreting organic acids, iron carriers, and
phosphatase

i == A

Greenhouse gases
o FEARCH HE : 83 K AE T iy
L SEEIC N, RIS F ™ CH, AINEBR
Reducing CH, emissions: Inoculation with
AMF significantly increased soil C :N by
improving the dry matter of rice, which
intensified the N limit for CH, production
o (RN, OHEi : FI VKB B, M kA
Vi AR D8 DN, OHE Y Tk s % HH HERE
BB, $EmoKAE AR W AR AR
S
Reducing N,O emissions: During the
flooding stage, inoculation with AMF
promoted the contribution of the biotic
pathway to the reduction of N,O emissions;
During the draining stage, inoculation made
the biotic pathways dominant by increasing
the biomass of rice

2 FEREDSRLED AMF BESIIRE

IR Microbiol. China
W ia
Biotic stress
o ELHEAUN : B HETE AN R e A A s X

TS T SRR A PO T I
Direct effects: AMF direct competed for
pathogen colonization sites or plant
photosynthetic products; AMF resisted
pathogenic microbial community formation

o [HFER . BUBAEYIE K RAESH
E IR OUHRTURR IR A2 il 5 S AR
B

Indirect effects: AMF modified plant growth,
root morphology, and nutritional status to
resist pathogen and nematode attack; AMF
activated plant defense system

~

—

AR A=Wl i8

Abiotic stress
o BLHRIUN : WRWSIK 43 I R 3] Bz S22 2
WY G, LA s B R R, 5E
HEH AR50 5 53 I8 BT ] S -3 ) B 4
JB T
Direct effects: AMF absorbed water and
transferred it to cortical cells; AMF absorbed
heavy metals and sequestered them into
vesicles, or evacuated them from the cells
AMEF secreted substances to fix heavy metals
or salt ions in the soil
o LN : SEAEY S IERN; 5 Wil
VIR R B BRI FIHUEYI BT BUEHY)
BRILRERI .. RREESE
Indirect effects: AMF improved plant
photosynthesis; AMF helped plants
accumulate osmoprotective and antioxidant

substances; AMF changed plant nutrient
@tiom root morphology, etc. /

Figure 2 Ecological functions of arbuscular mycorrhizal fungi (AMF) in paddy fields.

3.1 AMF #MKBEEKEZE WA

AMF XPKFEAE KA TR A—3, BEA
PEA RN T, AT IR N T, AMF 5
IKFE AR R S5 R E RO T e Z MR35
e, 4 AMF 5 /KRR $E it r o o8 35 m T KR
W(CFE AR, FRARSON F IR IERY, 24 AMF
SRR FE PR B BB SR IRANAS TOKREESR B C
THRERT, TR MR B R G . AMF 5ok
FEHAEME R EBOET AMF F2HIKRERE A
RN R TA] AMF 4030 B3R A 2 80U 1% R FR 5

PNTY=Y

P, DRI AT RESE M K e e S PR MUK AR G 5% S EE 4
PR R R R — Rl AMF, AS[RKFE LA
T ARV AL A 22 5170, ik, 7E#E1T AMF
SRR EARRIBTFEIT, 26 A 1S 7K F-AMF 41
BRERREE, A, MEPRER K, 5%
77 25 ) MR S5/ L e (At FES | 8 1 55t i R i
AMF S/KREAFMEZENR . K 2
Wi KRR AL B AR I 25 0 . KRS AMF Z (8]
M ieiiisc o, Lk BIEAR IR A F pH,

I T 53 0 PR AR 800 42003 T R T I 1 — 3

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BB & AE AR S R G0 B MR B (T Ut i

403

WM, B YIAREEE i R OKFES AMF Z[H]
MIFE 4SS e, AT SR RE B A S I, 308 T 5
M) 73 AR 4 T MR i 3z 7T R R S 5 5 R ot (i vt
HE AR5 50 AMF 57K A8 AR 22
Ko Bl 2 E K R E SRS O, BER
i AMF fAESThaE" " 4ok R eimat 4 s +
F AMF (135 P8 0K RS 78 M 7™ ke sk
Z HIEYE R A 2 R AMF Z 81956 25k
B — [ T A5ON B SREE T R B A A I 3]
A RS, AR SR AR | A A
KA. Rk, w—E&0nr, 4
FRF A R 26 ZR 0 m] DUAH B3R,
3.2 AMF %7K FE 7R 5 IR UL F) A B9 38
AMF REEHAEEIER, T2 MOKAEFRERL
BAKAE AP LA A O A KT R, Sk,
B KRR G R, EEAS
P, N ZEI6667.801 © AMF 3205 1 AR A1 i K7 22 1]
2 FOKRE T I - HEE IR, [FES, AMF
B AR | R AR B IR 8 25 ) A REA 1k
THEEHLP AAHLN, fEUEKFEXTCHL P N #Y
WS, fldn, BERh AMF R8RS T 13 AMF
TR, RS FUKFEAR R 0 P ER |
SRR AFLIR (4 4300 , SN T KA 1 3243 W i A =
RO AN, AMF SB3HNT PN K RERERL
Hr TSI, IS KRS = o, JFRRARAE H P
N RS, filhn, —Imk HIRIeAs R R, fRAn
FIKFEF, R AMF S350 1 /K A% i /b
BN AIRR/ M BB P HBH, (H SR Rk AR A
AL, T3 P FIE N K23 AMF Xtk
FE PN WSRO . FTRERI RN . — AR
FHEP . N BSR4 SLs, i
il AMF 7E/K R R e e 3 P
s N AKCESCAE TKFEREFRRDL, FEAR T X
AMF BYHCHE, INTTHNE] T AMF P2 4% | TR22 1
i A K . AMF ARG PESE, dEmidnil T

AMF XK P AN g fic 77821,

AMF NMYBEREIG KA N, P S REITHR
PR AT, IS e 3 Aok A [ 422 PV P 2 i) 7K e Xof
TR IC R YW . 1B R e R F 2k
(Fe). #i(Cu). #(Na). W(B). $£(Zn). (Al
Hi(Mn) ., fi(Se)5F 4, AMF AT A3 4o 1] $2 2t
AR FK AR AR L HCA A i 00 =, B0 HA L
A Py S [R)  FE B I 7K RS A4 el % A il 2.
o, A AMF 3 fn 7 A 3 v R RE T T
(Firmicutes) & ) 3= BE ) Se W AT A M, /K Ag
ki Se RYFL R INTH ., AMF XK FEfilE oo
2 AR ALK WA IE . e HABAE )
H, XTSRRI MR G R, W Cu,
Zn, AMF %30 2 AR SRR 22 [ 48 47 KA P AR
R IGE I, AR BCEAT; XLk
Dbl LI E . BRSOt R, AMF 3
WS — SE A HLIR . R AR I R Il 45 ) o
TR AT, I Bk ™ B RS
KRZJRIRT AMF X 7K F i 5 o0 2 W80
AMF 35 B 7K Ff W i ik i oo R AL ) i — 26
A
3.3 AMF /K@i EE 9 MmIEE YR E
B30 Bz

AMF B T RERE T BK A 0 es 3= o
Hb, IR BB SR AKX T3 L | R L i R A
A8 RHRBTRE T, T4 KRR 5 R
W4 B SF AR A Y B e R HRHTRE )
3.3.1  AMF 37K FE k804 M B RO 3 Y

IKAETE A B 2 A i A Y B R 75 2 18 %2
o AR L KR DL 3 T AR KA A
W R . SURR . RUEDE 4 R U R4
FE AR . AR | ORI | RIS IR | R R
5 AP AMF 5 Bh /KR 9 A 5 £ B o A
D HEEEA— BN, BRI AR A R w AT LAY
5k K REAE AR XS G & L (Lissorhoptrus oryzophilus)
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AT O, o R AN T L A o AR 25 2%
i (Meloidogyne graminicola)f)Z5 1, SR
B LB, R AMF 2 J5 K REfERE b RE K
G HRIBIR k& ) 5t 58 21, AMF H K
R 710t 3 A BILAR A R 2 — 2P 4R 1T . AMF 50K
AR AL A BT LA 5 %o REIRLA T A BT PE . B4, Tian
SEWFIT R IN, BERD AMF AT LR 5 5 A A A=
FEU SRR B T Campo 28X} 12 A~/ A5
an AN AT AR R AR K B, HEF AMF A LL$2
e 7K R R I A B . AMF 3 3 ) 3%
T A K R UK IRIE 275 S /K R A DG 1
(0B B, 8 5 K R XoF IR B 1) o 4 R 11
B L, KT AMF 5K AEARE A S ande By
KA HU3 A B B, 75 28— D98 AMF 41
PO . 2R BGETE /K BRG]
3.3.2  AMF X7k FEHR AR 4 H A 18 B9 30 S

AMF & BA S K R+ 54 $hoe, =
2 IR SE AR AR W B I RE ) o ARl TR ] A 4
TEWE /K IR Fp AL T A AR g 52 i B i
N /DS RIE, AMF 0] DL B K g
T PN AMF 35 B3 1 oA /K R AR B
ARSI SRS T B 521, 2L AL -
(1) BRI ARBERSOK 3 FAZCRPY; (2)
KRR R B & R AT E ALY 1, i |
T E(H,0) B SR AR B AL L0500, i, A
PR, TRMHA T, WARAKR R 2R
Pt RALFE . ABA Fll IAA & REBCIE AR IE
AKAE BETHEDY AR R, ARSI
IKREG I RERE . BT TR | W B R
I 2 R SO 6 AR S A K R (i
ET

KRR — o) R 10 38 U R ), AN BIESE
K AMF AT LM ag K R £k e e 1472,
AMF FZNEFE . A AN AE A0 A5 TS B K R
LR WG . AMF W] LUE R0/ Na i,

DA e DA Hi 358 1] 55 10 2 A 348 5 /KRR 11 T
AEJ1, AMF W nf DL 48 m K RS e A VR aeE
= N 2 I TS I 2 S S 1 I 1 I
Norouzinia ZEffFoT B0, AT, AMF 0
TOKREM AR R G AR K/Na'L, [
KT H 136 Na™/# R Na 't sk, AMF
AT LU B K R A 2B T i, a0l R
RS0, FEISEE, JER R b B M s st
ALY o BB, B 5 K R K A8 R b a8 Y B
FA51 N, Norouzinia %538 i A FH 525 1 43
PrtFR 328, B:Fh AMF @t AL+ 80 1,0,
ik, WK E ik A (catalase, CAT)IEPEA
TS 2R o i, B AIRER M 4 iRl ™),
AKAE X 4 3 T 4 RN 4 B A AR A
R, HREREAPELSEAMSE SR
P o I 22 1 R FH B 4 B N 4 15 YL i 3540
(Cd). Zn. #%(Pb). Cu. As %%, T AMF #]
PIJE#S Cu. Zn, Pb, Cd Fl As XK 53
YERPY, AMF =5 2058 i B30 A ] 423000 2k
FfRE B . Y RS AMF @i w2
SRR E AR, AR s BT R,
s HE R AN AL, B o b e ST (PR B K
U A R LR ES R, K E
G JE AR FR AR P00 [N S AMF il it
LMK AR A (ANl AR 772 43R . AR RIEASE)
R T B 5 (U A 2 AR ] - 39 A 4 BRI A 2 1 i 45
SN EE 4 S T A8 ) A Uy X A1 B % ik 7 4 R X /KRG
FIFETEDT, DL As R, AMF i i B 5000 %
fifE KRS As Wl B 2435 . (1) AMF AR4H
W22 W ER R R, XFE Fe MR 5 As (11D)
ST As (I)-Fe-As (IINE AW, FEAK 135
As BEPEPY; (2) AMF BT P WISGR AR
As FILARIF s 2 BRI, (Rl B
P W AR I i As (V)M AMF 38 i [a] 354
& AR KRG As I APLE] £ ARG . (1) AMF
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KRR A K R E AR . KR HARL
P WA IOK AR P:As H, SIERBRL
IO, AT As 37K AR IO EE ALY (2) AMF
R KRBTSR R G, & mXT As
MFeHE 5 (3) AMF 0] DABSAR/K RS RLIE A ML/
HHL As HeJZ S, (4) AMF Nl Lsil #1 Lsi2
WIS RERR ER SR I By ik, FEAR As (DAY
WA B GiPT 3RS, FHIE As (VY
s
3.4 AMF X fEHIR = S RHER A R
TEKF-AMF- TR 5, AMF KA 5
T C. NJCR I FLxdl; HAE M
KAFHFRI—ER 0 ¢ T ASAEK, I
2248 C [ AR S AR LASMY 3RS, S
FefH LRy C [4F; SFR, AMF WReigiE
o T 22 W SE T TR A AR 2R ) IR WA L, e
HLFIA ML N JEIF 5678 oK R b S /KRR Y N
MO0 SR AR S €L N R
TE T SE- R - AP 2 BE RS2 M A FH R
(CH) R4 AL U (N20) 35 8 A g HE 7%,
TERBRE N, fHHPM SRS CHy i E
ORI, HXF 4Rk CHy FHE M STER A N
1%, FEH CHy 17 A 2 % il ™ 1 e 18
(Methanogenus) Tl H Bt S Ak 7 (Methanotrophs) 3t
[l 0 AMF X485 CH, HERCH R AR /%
B AR R, $EFD AMF A LU i)
SRR B T4 BOR RS I 526 C:N, AT i
FETH ™ CH4 19 N BRI, SRR - CH, BYHE
BN, NLO ZERAT A S RARML, B TR
AR, EHE TS TR TR S e ALk (CO,)
¥ 298 £, NLO J& -3 Vs AL A0 R A Ak
A RRE Y, Horb, w2 A A AT
[#F /7 B [ ] (Thaumarchaeota)| F1 2 A AL i i [(B-
ST TR AR A ) I Al A6 BRI TR J& (Nitrosomonas) Fil
WA A2 R J8 (Nitrosospira) | A5, i e ik

b R 5 MU B (Rhizobium) A1 7 28 /K 75 G 1A
H (Burkholderiales) #1 1. 35 & H (Rhodocyclales)
FHSEU ST AMF SHARE B N,O HERGE 1A
HEWAR D, CAHFLI, B AMF J5HEH
TR N,O HERCR BB AR TR ER L3, R
N,O FHER F- 22 R i A (2 . Z8 KRR K
SEYHIAE YA OKRER T e N By A6 VE Y
el . TER KB, FERAE S E AL,
FEFh AMF {1 A W A2 5 i NoO HE ) ot
ks TERTFHHERERT B, JEHERh AL IR iR AR &
SPHA, BT b P A 3G AT KR A A i
B ALy P, R AMF A AR H
N,O HERC A 51,

4 AMF TEKAE 3 35 = 6 o 7 B A

AMF TEARY AR 7 vy FH s T LS A
o A] DL HAGAE R B G ] . — AMF
PR 1) P BB AR R T MR A AR YLK R X
FAR LR FAE Y B R H . SR, R
— AMF FHIAE JEAF AMF PRI A )22 4y
TEFLIREZE 5, i H XK AE K& F MR A—
2, HHAERFHEN B, AMF S5HALRAYH
B B4 TR AT RE S s AT AMF 5 HAth
A= W7 A R (BUAR 245) Ik il AT L™ AR S Al
N, 5 KRS SR 4y, HRARAE A P A A i aa
&, BHIER LIS AMF BeA 8 B AOAR a9
£, 35 18 20 i 7 )8 (Pseudomonas) . #F 51 16 J&
(Bacillus) . 1BRNZIEH & (Azospirillum) . 1A 5aE /R
J&(Burkholderia) . W ANRE & (Herbaspirillum) .
HKZEHIFT 18 & (Paenibacillus) F1 Vg #— 42 AL i 4%

T (Streptomyces  thermocarboxydus)&EMo17

XUCAR FE AR Y-S AMF SRR VE e K FE A= K
KA RN EZ . Flan, 2 hFEIRE
(Herbaspirillum seropedicae)f1 AMF 3 [q]{E F{¢
PE T AR A AT A G [ R B (Azospirillum
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lipoferum) . EURZFAITF 7 (Bacillus megaterium)
M AMF fe8F TKFRA K, B 1K=
AP 7Y [E E MR R (Azospirillum brasilense) . 1H
YR /RIS (Burkholderia cepacia)fl AMF AN
Tk TOKAEAE K, WAL T KRS P it
A Y5 AMF [ 4E AT DA s K A5 $c
JRE BRI o 14N, BERh 224% T (Rhizoctonia solani)
FI AMF J8/0 T /K RESUH R 1 A U0 42 h L v
[ AR AMF $2 5 T KFDEA BRI SLS
BE, ST BUIAIm R Eh A R 5 e, R R o
TOKFEHURAE N AR HA T, BRI
A T (Pseudomonas putida) . ¢ Y6 AR 5 M B
(Pseudomonas fluorescens)Fl AMF il i 18 fii 7K F¢
CAT &tk MRS i, ek F e,
. OREC AR ARER TR, BRI H0, &
W, UEIT G R A XK RE R R AR I B
SR —2E AMF 55 Rl k6 AR 1K
AR AP RS, H AMF 58 F At
[EVE B IR AL TR B BT BE, X T AMF 5R
LA Byl A AR, DL e A TR [/ TG o
IKAE SR 53 W ORI BT A INFERIL TR i AT A8, Kok
I IR AR X 5 T I o

5 k¥

b 5 B 5% 7 vk SR EOR A e, A R Y
TESE R R H AR RGP T IZAFTE AMF S5k A
ST s it s R AR S R G AMF
f A 25 T BE S LS K RS 0 BRI T B A
P JE T LIAE AMF Sk BAE BT E
AT R ASKAE AMF 5 KR8 AR5 H il
DU JUASJ7 1) 5 2 T 05 G

(1) NENsRFEHAER RS AMF Pl 2+
PERIRESE , FEIR AR AMF (IRER 4L s 24
PEAKE R HAEFH A S RGP IR IEN LR
REZ MIMEX R REC AR R HAES RS

i AMF [IAFFETE O, (R T [R) s H AR 2
REH AMF SR BEE PRSI Brndse b 9F H.
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