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Abstract: Overgrazing and global climate change have caused most of the Tibetan Plateau alpine
grasslands to show a continuous degradation trend. The degradation of the alpine grasslands has
led to the gradual replacement of aboveground plant communities, and changes in the diversity
and richness of underground soil microbial communities. This review aims at exploring the
distribution characteristics and physiological and ecological effects on close-to-nature restoration
of arbuscular mycorrhizal (AM) fungi in the alpine grasslands. In the alpine grasslands, 61 species
of 14 genera in 4 orders of AM fungi have been reported, accounting for about 20% of the known
AM fungal species. In the rhizosphere of grasses, the species abundance of AM fungi is the
highest in alpine grassland; while in the sedge rhizosphere, the AM fungal spore density is the
highest. Among the three alpine grassland vegetation types, AM fungi were the most abundant
in alpine steppe with 33 species, secondarily in mountain shrub steppe with 32 species and only
22 species in alpine meadow. At species level, Acaulospora laevis and Pacispora scintillans are
dominant in the alpine steppe, Funneliformis mosseae is dominant in the montane scrub, and A.
laevis, Glomus claroideum, and P. scintillans dominate the alpine meadow. The mycorrhizal
networks of indigenous AM fungi in alpine grassland can promote plant establishment and
growth by regulating the absorption and allocation of nutrient elements; but the invasion of
poisonous weeds can change the indigenous AM species diversity and common mycorrhizal
networks, limiting the actual niche expansion of native grass species. AM fungal community has
high environmental adaptability and resilience in the degraded alpine grassland. AM fungal
community restoration not only regulates the establishment and diversity of aboveground plant
community, but also increases the production of AM fungal product, glomalin-related soil protein,
thereby synergistically improving the underground soil micro-ecosystem, shaping soil habitat for
the early vegetation restoration. Therefore, AM fungi have great application potential in the
close-to-nature restoration of degraded alpine grasslands.
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B AN CHARERT” . “HLER
FEMT R CNEPKEE T, HAE R LA,
FIRFEE, 2P EESOY KRR EELREE,
2 A BRI AR B BBURS X R AR S IR S IR e
9K EERAFEAREE . o B . AUk,
BREWAERNER, FEER R EE R
Jey 38 DX 4 H I ™ BB AL S # (Wang et al.
2020; Shen et al. 2021). HFEEHIELED]
RNE RIS &5 AR 2 A T R, LR
R RIR Y, GEMEFHEYKEEGE
Zh7, dhminEE LB (Wang et al. 2019;
Li et al. 2021), JE B HIIRAL-0 RARED T Ff-
B FLULAE - IR AL BB IE 3L (Zhao et al.
2010; Zhuetal.2020). #E4iit, FE KR
HJR EZ)H 1300 M EEY, BEIRY
333 000hm’ (Zhao et al. 2010), i HLE K
AR AN AR R I ) 5 2 1) A A R
PEERIEIN (Klein et al. 2007; Zhang et al.
2020). B T HEYpHL EpmR R, SsE R IR
A SRS B i s 20y, 1
TCERAMNE. IR, BRI
JEAE R S TUAEY) A2 %5 (Bao et al. 2015; Dong
et al. 2019; Zhangetal.2019). TIEFEY),
T H M FHE (arbuscular mycorrhizae, AM)
LN = R H A ) 2 R E R IR S B

KEEHIEER (Wang et al. 2019; ZEHHEHZE
2021; Weietal. 2021).

AM HE 2o T HIRES RS, 72
R E M) HIEGEIRREZ —, WIS >80%
IR AE = SR, TR IR R (Smith
& Smith 2011). AM HIH 57 F Y A1)
OEMARRABRA K E 1, TRl
i AM P AR AN 22 fil A 1R 77 27 R AR
2% (common mycorrhizal networks, CMNs)
(Wipf et al. 2019; Van’T Padje et al. 2021)
(Bl 1), CMNs JERCRT AT Bhar A5k E
A (N, B (P) FEFHRILER, TFEHEYATLL
9 AM A KRS E (Muneer et
al. 20200 (E 1. AM EH-TEY) 2 8] (1) B 5
BT DR A, SR 5 R A )
AV A P (Smilauer et al. 2021),
WY BEE S AT RS E ) (Kang
et al. 2020; Lu et al. 2020).

e B R 2R, R kAT B
KARKRI 53 9l i RE AL IR v 5€ LR A vy
FEH ] 3 FPEA (Gai et al. 2009; ZEBEA
A AEMR 2015), 1 HoE N R, FE 9B
W IEA T 2 = JE 30-150cm HEA MY &
JZ 15-60cm, EH 5 30%-50%, Hr Ll
H: ¥ Sophora moorcroftiana AR HEAR R,

Sk MR %

#= Common mycorrhizal networks

1 EHYIRE AM EEAERNERME  ARZGRLAEAR AM H i

Fig. 1 The common mycorrhizal networks (CMNs) in the plant rhizosphere. Different colored lines represent

different AM fungi.
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HZXE Pennisetum centrasiaticum NALHAEAR
Ffs EERJR, MYRVELE S 5 Carex
moorcroftii~ 515 T>F Stipa purpurea L H
Fh, MW E 15%-50%, oK EEE
25-30cm. FEAAEY) S 10-25em; = FEH A,
HYHEE FE L S E 5 Kobresia pygmaea
LR YME AR, LY EE S
JEHAK (3-8em) . Y 76 B2 fe =i (70%-90% )
(E5# 20160, fELLMEMNRLE, /5 TERLJ5
MR mt AM HRE AL, HANAT
PAAZ G R A BRI P56 FERFAE P SL A R &R
(Gai et al. 2006a, 2006b, 2009), W AJLLZ
i (Jinet al. 2011; Wang et al. 2019),
{EZ YR AR G20 AM 25 R E 22 7 o

AM  ELTR R BEAE T 7R e S LA 77 IS A g
TR DA SR A v FE M S B B AR (L
etal. 2015; Mao et al. 2019; Lietal. 2020).

SR, 0 s B A R BE R R AM 31
BRI PR 0 AT RRAE S AR S D R R = RS ME L &5
AT A H R = = AM B
WA R WAREERE, LR AM B
PR 0T AR A 22 FE IV R R T A A e
SITHMAER, DU AR AL s € i H AR
PR B AL AT A 45 1 B R AT T BRI A2

1 FREEEEEN AM X E 5
G- B AR SRR
1.1 ZMSEEMER P AM BEER 75 RYFIE
EHEEE RS RS, &R
RAGRESE N, AM LB AR SL R ) Ak 22 1
2R (Panetal. 2013; Yangetal.
2016). k)T A FEAOR FE I ot 2R A v,
ORI 61 4> AM H 72 2KEE, W& AM HIH 4
H 14 J&: JH%E% H Archaeosporales {55
J& Ambispora FINF=FE%E)E Entrophospora; FK
#2555 H Glomerales 5255 & Funneliformis-
FR¥EFE B Glomus. THEEEE )& Sclerocystis. 11

¥ %5 J& Claroideoglomus « 15 7 3 % J&
Rhizophagus. FE¥KIEF & Septoglomus FIZ X
HE55JE Dominikia; Z 11325 H Diversisporales
ToAE B 5 & Acaulospora F1°F- 355 & Pacispora-
J& B fi3E % Scutellospora F14> 5 Bk 5E 5 &
Corymbiglomus; ZSFKFEE: H Paraglomerales 28
Bk#E B Paraglomus (E5# 2016; % 1). 3
P FE AR R T, BREEE R N IS,
i FE L iU vy € ) DA OB 2 A AR T 3
RN JE, ML AR D E RS R
B B s E A JE (Gai et al. 2006a,
2006b, 2009; ZXLEAiFIsZIEAR 2015; £ 1),
WE, 4EMEER¥ER Septoglomus constrictum.
MBRFEEE Glomus microaggregatum . f2/N%
IREEEE Dominikia minuta. 7] [KEREEEE Glomus
hoi. XM TCHE3E 5 Acaulospora bireticulata 5
FE AT I E LR AT IRFE R Glomus
MR 1 #& & Rhizophagus
aggregatus- WINERFEEE Glomus australe. T
i TCHE B2 5 Acaulospora elegans- JEEESL & B
% Scutellospora verrucosa A4 ¥R & Bl FE 55
Scutellospora aurigloba %5 1 B34 T 3E &
Ji; BRIEE Glomus sp. 3+ SIS ERTEFE Glomus
% Bk & &H  Glomus
convolutum 4l [Y] JC % ¥& % Acaulospora
scrobiculata ZEAVAE i FEE A P ORI BEVE 3}
B HEF Funneliformis mosseae <IN i 10 %¢
% Scutellospora calospora RN R #3E %
Rhizophagus intraradices. MREKFEFE Glomus
reticulatum F1 [N = F1 V- 3& % Pacispora
scintillans 3% 3 47 7£ T 75 8 i S = 76 i (F
5E 2016; 3K 1o %5 I, 3 Flim 2 sl
AM  FLE 13 AT A B % B R P [F]
WAEAEILNE,  HLHRORE B A € R b i gl 28
RIFLRAG KT T AM H A0 F1 2 R

(Cai et al. 2014; Liu et al. 2015; ZXERAT A2
K 2016)

versiforme -

formosanum
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*1 5EEE 3 MAREW P AM EENSH (£38 2016)
Table 1 Distribution of AM fungi in three vegetations of Tibetan Plateau (Wang 2016)

AM E I EA R mEEE mEER SR

AM fungi Montane Alpine Alpine Reference

scrub steppe steppe meadow

HREERE Glomus

ILERPERE Glomus versiforme 0 + 0 Gai et al. 2009

5 MERZEFE Glomus convolutum 0 0 + Liu et al. 2011

I KEREEEE Glomus canadense + 0 0 Gai et al. 2006b

FINERIEE Glomus halonatum + 0 0 Gai et al. 2009

WMNEKEE B Glomus microaggregatum 0 + 0 Gai et al. 2009

A HERFEE Glomus lacteum 0 + 0 Cai & Peng 2015

HGEREEFE Glomus albidum + + 0 Cai & Peng 2015

B )T ERFEFE Glomus australe 0 + 0 Cai & Peng 2015

ETEERFEEE Glomus formosanum 0 0 + Gai et al. 2006a

MaBRFEFF Glomus fragile + 0 0 Li et al. 2015

Al [CERFEEF Glomus hoi + 0 0 Liu et al. 2011

& R ERTE R Glomus pansihalos 0 + 0 Li et al. 2015

MR ERBEHE Glomus reticulatum + + + Gai et al. 2009

ER#EF Glomus sp. 1 0 + + Gai et al. 2009

REERF Glomus sp. 2 0 + 0 Gai et al. 2009

FRFEFE Glomus sp. 3 0 0 + Gai et al. 2009

ERPER Glomus sp. 4 0 0 + Gai et al. 2009

ER#EH Glomus sp. 5 0 0 + Cai & Peng 2015

THBEJR Sclerocystis

B F#YEFE Sclerocystis rubiformis + + 0 Gai et al. 2009; Cai & Peng 2015

HEHITEFEE Sclerocystis clavispora + 0 0 Gai et al. 2009

IEEEJE Claroideoglomus

T BHERFERE Claroideoglomus claroideum 0 + + Gai et al. 2009; Peng & Cai 2015

BT HERFESRS Claroideoglomus etunicatum — + + 0 Gai et al. 2012; Peng & Cai 2015

SLEEREBE Funneliformis

BEVG 3B $EFF Funneliformis mosseae + + + Peng & Cai 2015

2} 3E R Funneliformis geosporum + + 0 Gai et al. 2009

P2 $E B Funneliformis verruculosum 0 + + Gai et al. 2009

RTAZEE B Rhizophagus

R AR U ZE R Rhizophagus intraradices + + + Gai et al. 2009

AREWRMPER Rhizophagus manihotis 0 + + Gai et al. 2009

BRI FEFE Rhizophagus aggregatus 0 + 0 Li et al. 2015

iE AR HE R Rhizophagus diaphanus 0 + 0 Peng & Cai 2015

FRERESE B Septoglomus

YEKEERBEFF Septoglomus constrictum + 0 0 Cai & Peng 2015

VW IERBER ¥ EF Septoglomus deserticola + + 0 Gai et al. 2009

R
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gk
Z KEEJE Dominikia
/N2 IR#E %S Dominikia minuta + 0 0 Cai & Peng 2015
T E R Acaulospora
HeBETCHEZEEE Acaulospora laevis 0 + + Cai & Peng 2015
4l M TCAE B2 2 Acaulospora scrobiculata + 0 + Cai & Peng 2015
XU TCHE #E 22 Acaulospora bireticulata + 0 0 Cai & Peng 2015
N fEJCHE #E 5 Acaulospora elegans 0 + 0 Liu et al. 2011
I TCHE#EEE Acaulospora spinosa 0 0 + Gai et al. 2009
WAL A 222 Acaulospora capsicula + 0 0 Li et al. 2015
U4y To ki 58 55 Acaulospora excavata + 0 0 Li et al. 2015
ik TR FE 2 Acaulospora denticulata + 0 0 Li et al. 2015
W& TCHE 222 Acaulospora delicata 0 + 0 Peng & Cai 2015
FLE LA FEFE Acaulospora foveata + 0 0 Gai et al. 2009
¥ IS TCHE #E 8% Acaulospora rehmii + 0 0 Gai et al. 2012
T FER Acaulospora mellea 0 + 0 Gai et al. 2009
POIRTCHE #ERF Acaulospora tuberculata + 0 0 Gai et al. 2009
JeHE#E 5 Acaulospora sp. 1 0 + 0 Gai et al. 2009
JeHE#E R Acaulospora sp. 2 0 + 0 Gai et al. 2009
JeHE#EE Acaulospora sp. 3 + 0 0 Gai et al. 2009
JeHE#E 5 Acaulospora sp. 4 0 0 + Gai et al. 2009
JEETIESE R Scutellospora
ENNJE Efl%E %5 Scutellospora calospora + + + Gai et al. 2012
%W G E 5% Scutellospora pellucida + + 0 Gai et al. 2012
PEEERL G 3855 Scutellospora verrucosa 0 + 0 Gai et al. 2009
BRI Z4 )5 %& %% Scutellospora persica + 0 0 Gai et al. 2009
S IRE B3R Scutellospora aurigloba 0 + 0 Gai et al. 2009
J& B3 % Scutellospora sp. 1 0 0 + Gai et al. 2009
FIFRER Pacispora
[NZE AN V- 2822 Pacispora scintillans + + + Cai & Peng 2015
A EIREEJB Corymbiglomus
k1< 5 Bk e B Corymbiglomus globiferum + 0 0 Liu et al. 2011
HLI A= 5 ERFEEE Corymbiglomus tortuosum + 0 + Gai et al. 2009
RKRIRBEE R Paraglomus
[ 25 BRFEE Paraglomus occultum 0 + + Liu et al. 2011
W EE Entrophospora Gai et al. 2006b
Hif5 N FE %€ 5 Entrophospora infrequens + 0 0 Liu et al. 2011
AR EJ® Ambispora
¥ IR 58 5F Ambispora gerdemannii + + + Gai et al. 2006a

VE: +REIE AM FEE; 0 SRR AM B ; SRR AM HE R XA R T %55 TahmmxiEgdE (2017)
Notes: +, AM fungi were detected; 0, no AM fungi were detected; * Chinese and scientific names of AM fungi refer to Wang &

Liu (2017).
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1.2 SEEMEY AM E&E EEFHE

EHBRERAES RS, A EEFHE
RrPHEAR B A WE E R
(2-192 /M1 1-/20g 48D, H A IbFIRHEY)
MR % ok (R 2). 05 AR
il gy Bt aR, Bk ESE ., ok
HE. NABEBENEEHEERFERE
P, 3t 25 > AM HE 0 2KRE. B E R
Funneliformis mosseae 7& 75 jik fen )i AL 470 AR [l
FEF) AM BRI, SEEHA RS
FEN FIAHEYY, tn 188t Stipa purpurea 1R
I g, AM TR 15 RS A R 2 R
WHAEREZER, R EFEEMBASE T
AM FL B AL ) B AR 1 2% ( Cai et al. 20145 Li et
al. 2014),

Gai et al. (2006b, 2012) HE T HiE
R FE R L R FE R R L HE ML S A 45
B 142 FOEWEARZ GOKF, KIL 70%-80%
FIEH AT LS AM B &R R,
TERCR 22, W3, MRERIRG M. moEE
HRABHEYIR B2 R m, MAETF1E
%l Cruciferae. 22%] Polygonaceae FIRXMIE}
Tamaricaceae EHMIIR R AR KINFREW, A
RS (R 2). =FEEM. mIEEFEA
Ly 3 VB I S5 AN [ B b A A SR 28 o ) 95 R
IR YA AM S5 A F . P
T 5 A v FE R HAE A R, 5] vy FE T
Eif), 783 ARZ) 700 000km?, 2 K A
FEMEAES RS, L7 Rk
TR 2 —, HHFERAR GROLTZ §+ 1
(Gai et al. 2006a; Lietal. 2015). H 1987 4E
DLk, CfkiE 221 FSERHEYIFRE R,
Forpr 88 Ff (40%) JNTEIRIEY), 24 Ff (11%)
NFEVETEARAEDY), 109 Fh (49%) NAERARAE
¥ (Muthukumar et al. 2004)., J&T 2 &€
FHL AR FC, KIUNAE S & Kobresia /)
& 5L Kobresia parva A5 ELJ& Cyperus K275

2568 EHMFIR

% Cyperus cuspidatus PR R AR 2] AM &
t, HREA AM HERG. ERERHEY)
MR AR EH WLE AM g5 AR PV SEF TG R B
72, —ULISERMEY), FlWE S ¥ Carex
tibetica. JRAEVSE Cyperus compressus F1AS
FFHE L Kobresia prainii FHR 2 &I T &
M. BRI S (3R 2). € R R
SR, AM HREAEBERE 255010,
(RO 95 B AR K s v A g — PR (L et
al. 2015; Gaietal. 2016a)-

AL, FHim R SR Y, W
%%} Asteraceae BT 5 Ligularia virgaurea-
B} Gentianaceae Z& 71, Gentiana macrophylla
3 &l Leguminosae /) & Oxytropis
microphylla SEFEYIRR 2 HAG I 2145 & ) B AR
RYER (3%—46%) FILLTE. B2 RFM
AM S5t BEZRFLE A AT DUE IR TG IR
B ClnAEYImR. Bras. w2k, IRERSE. 3k
SEW) RN g A . A LSRN pH
SRR AR 2 AM B 2R DL A
L4 Y B3 (He et al. 2019; Zhu et
al. 2020). Rk, {ERMEIEFRIAR RS
i, AR RS SR E AM B E AR
S8 T K )RR AR K AN Bl 2 5 T AFAE 4% )
MEAER, wfApdE—B 5.

2 AM EH R A E EE
2.1 AM EFAIESEEMEIZHEMHRE
2.1.1 AM H B0 i 2E R HE ) A A AR KT
. TEmERMAS RS, MyUB LA
MR T 5 A AM EH 2P IA
FENAFHT (in et al. 2011; Zhu et al. 2020),
BN T AT Re X &) 1) i i B A R
(Kang et al. 2020; Shi et al. 2021) . 3 T-if H
IR TR, — AN H B RE AR B ) A A ey 9E
AR FL A, a0 IR T R, JEIR
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w2 BEE

WEYIRIE AM EEATERE . EREMFIERRR (X358 2016)

Table 2 Spore density, mycorrhizal structure, and colonization rate of AM fungi in alpine grassland (Wang 2016)

B4 JE 4 i AM it WRRRE BTEE SR
Family Genus Species AM Colonization Spore density References
structure rate (%) (per 20g soil)
FAF HuRm  EiR IR v, h 25.5 30 Gai et al. 2006b
Poaceae Poa Poa pratensis
RAK v, h 27 26 Gai et al. 2006b
Poa annua
e B oKk ar,v, h 31.8 16 Gai et al. 2006b
Poa palustris
B FE  BARET R ap,ar,v,h  31.6 28 Gai et al. 2006b, 2012
Agrostis Agrostis hugoniana
W EE ap,ar,v,h  49.46 61 Jinetal. 2011;
Elymus Elymus nutans Liu et al. 2012
ESE RS ar,v, h 31.7 50 Yang et al. 2013
Festuca Festuca rubra
KERE K& v, h 41.2 60 Gai et al. 2006b
Hordeum Hordeum vulgare
SESE SE2 ap,ar,v,h 433 38 Gai et al. 2006b
Imperata Imperata cylindrica
s WA ar,v,h 32.1 2 Gai et al. 2006b
Stipa Stipa glareosa
i ar,v,h 321 2 Gai et al. 2006b
Stipa purpurea
KPR ar,v, h 37.6 28 Gai et al. 2006b
Stipa bungeana
REFERE HE ar,h 34 90 Li et al. 2014
Pennisetum Pennisetum centrasiaticum
LR R H A v, h,c 30.9 18 Gai et al. 2006a
Cyperaceae Carex Carex tibetica
KATEE v, h 30.3 66 Gai et al. 2006a
Carex capillacea
Jir R 5 5L ar,v, h 21.5 66 Gai et al. 2006a
Cyperus compressus
Tk 2= B ar, v, h 38.5 192 Li et al. 2015
Carex pseudofoetida
VoA EEL ap,ar,v,h  23.7 31 Gai et al. 2006a
Carex praeclara
LR I g T e B ap,ar,v,h 65 16 Gai et al. 2006a
Kobresia Kobresia prainii
F=aliE—-A ar,v, h 10.6 189 Gai et al. 2006b;

Kobresia pygmaea

Li et al. 2015

%

oo
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Bk 2
51 J5 5 L Kobresia pusilla v, h 6.1 87 Li et al. 2014
4% v, h 35.2 24 Gai et al. 2006a
Kobresia humilis
ViR 5 ar,v, h 56 16 Gai et al. 2006a
Kobresia tibetica
AP EE ap,ar,v,h 65 16 Gai et al. 2006a
Kobresia prainii
AL T ar,v, h 24.6 21 Gai et al. 2006a
Kobresia littledalei
AN N 0 8 Gai et al. 2006a
Kobresia parva
W KRV N 0 24 Gai et al. 2006a
Cyperus Cyperus cuspidatus
Ji FE P EL ar,v, h 20.1 23 Gai et al. 2006a
Cyperus compressus
R HiE)E RICETE ap,ar,v,h,c 50.1 18 Gai et al. 2012
Leguminosae Medicago  Medicago sativa
WS )URE ARGl v, h 23.5 12 Gai et al. 2006b, 2012
Caragana Caragana versicolor
TR NI ap,v, h 40.5 44 Gai et al. 2006b
Oxytropis  Oxytropis microphylla
fy g TWEEE T v, h 12 10 Yang et al. 2013
Rosaceae Potentilla  Potentilla chinensis
R % )& D& v, h 13.1 6 Gai et al. 2006b, 2012
Asteraceae Ajania Ajania pallsiana
KNEHE NEH v, h 41.4 164 Gai et al. 2006b
Saussurea  Saussurea japonica
2ER WA v, h 3.1 14 Shi et al. 2014
Ligularia Ligularia virgaurea
R} BEXR  HEEX v, h 10.1 8 Gai et al. 2006b, 2012
Chenopodiaceae Salsola Salsola nepalensis
et =E T N 0 56 Gai et al. 2006b
Cruciferae Brassica Brassica campestria
2R AR e N 0 12 Gai et al. 2006b
Polygonaceae Fagopyrum Fagopyrum esulentum
BEAIAY BEAR B N 0 10 Gai et al. 2006b
Tamaricaceae Tamarix Tamarix chinensis
JefER JefH g & v, h 45.6 158 Gai et al. 2012

Gentianaceae

Gentiana L. Gentiana macrophylla

VE: ap: FHEHL;

ar: Mﬁ, h: ﬁ: V: /@5, C: ﬁ%], N:

VARSI 2 AR 45

Notes: ap: Appressorium; ar: Arbuscular; h: Hyphae; v: Vesicle; c: Hyphae circle; N: No mycorrhizal structures were detected.
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KD FE TS LA AM BB 2SN R
Byl ORI A ST K (RS
2019). B SCHER A BT KL AM FLE (2 2E 4 i
FEAR A AN AL K I AT e SR R B dE: 1) ARIUEAH
VIR 3% CMNs AT DUZ G4 iimaik, i
FIALE AR B FRIER” (SchiRler et
al.2016); 2) ZFETEA AT LA CMNs & 7%
B PR AERK LTS FRICR, R
F27 4Rk (Yang et al. 2018); 3) CMNs
e T 4 M ARG AE A AR W 38 1R RE
71 (Guo et al. 2021). [tz 4h, HTEIER
B IEA  kE A AN S INERE,
IXAEFE ) 2 [ 52 G 8 RIL AR R “HEH
B URPUERSBIAEG, SN s A A A7
Mg, T AM E B ] RefimE e
F o it 787 5 m R A% 1L 2R BB Ak = €
o F RIS MEYI LKL SE Potentilla chinesis
REEZ S AM B, R AT A%
WL, KILAM HH T E SR T HEL R
WAL MRmL A GRS E, KK
FH AM L X B AR A () A KA A AR A E
(R EHEE 2020); FHiEm SRR K
W AM F B A MR ARVE B Puccinellia
tenuiflora EEFE A A DL LG IOAB M 6 8 (.
WS 2021). SR, T FE B R R EAR
TR P B A% 4 1) R AN} i A el A
HBCRANHE K (Wang et al. 2019), iXA]
REVAR T B 0 EAL B E AU 7 135 AM
B AT R B, 0 R M O P Sl RN A K
FEA A RAEER (Zhu et al. 2020).

2.1.2 AM FLTR YFE i FE R HAE A LA AU Uk
iRy BT, ARIEMEYZ RN RSk
M. EFILRS, et FE, #a, AM
HE W2 M BB, ek EfE. mid
T E ORI AN T o R FE R DR MU 1 3 AR
5, HAEYHAE R RZAF T H A S R
AP R R G, B, SR DL

GFRANE, TMEFERH DU BARSERA
F (Chuetal. 2009), LK, THREZ KM
7 B e 2 B 1 S5 G i 2B 355 AL ) 0 ol [ 1)
TEAH BAE AR IS S5 1 TR i 5 A2V 2 FE
e RIEEE(EH (Wangetal. 2019).
FFeah S T IR i iE bh PR, BRI R 47
AEBEHRYIRRE DA SE S o s R e AR B,
Yidplal “HEF B ARSI N E E (Callaway
et al. 2002) . AM H. & 1] RELE PRI JBliE 16 FE AR
YL OCBEVE A, L AT DL I 1R 45 A A
P/ FRTE)E R0 /L, (R B AR AR M M 2 o
IR SRAF BRI S, el iR A/
Fh e ()35 44 (Jin et al. 2011; Bahadur et
al. 2019; Zhu et al. 2020). FE=T = FE G
VIThReRER 73, 18 H RARHEY) B A w1
AR, PP RMEYIRE AM B 1T
FRE A, HARYE RARR Gk P 0] LLor AR
MRAEDD . et B ARAE Y AN 3R B AR A 2 2
FRBE AR T REBHMEIL, HAMEYE
LA AR A B AR AR P R R AR R 1 (3R 2D
o FE LA [F) FEL ) T e B B (R A A ) R A
5 AM HEZ RN ZICRR, wReitmy
ZFEVE. B AR S FR e e, Bk, B
e FE R AM B BEROG TP MK S R
HE T HEYEE, AM BRI 2
HoF B mEE g R E, CARYERRE
B ARG TEE (He et al. 2019; Mao et al. 2019).
PRI, anfaf4ERpai i 35 AM EH A 2
MRTiE L FE R I HAME R %O
BImEREMAS ARG, FAREE
FHOLRE R R R A, B, /T
B E-AM H - RYCE 2 IR R R R
REE, BEARSCNEREEE ZB b mFEE
PR ) e, JnT DASE AR R AR
&, R0 EREREA (Wu et al. 2010,
2014; Yang et al. 2013), {HEM S H A4
BRI K, B TE TS 2 FEVE, X I,

EMEFR 2571



BHE F /SEsRSEEMAMERS HREXEBAIRENESIER

Review

Yaoetal. (2019) #EH T “HEFHBU” -
AM FLE 5 5 RARCER @I R R, G
R A EAR [ E R A B R AL R AE T, it
AABOEZERE (Lu et al. 2020; Zhu et al.
2020), XA et IRk m e i H AR E A
HIREVER . linetal. (2011) BF%E T #E44H
(GEwEE) -AM -0 RAREL (FEREA
B SHEIMRR, KI AM H A
W s B ALK, (R K,
HE T R P R LA A R A . [
BT 2 Gt obr, RIE TR BRARGR
N 3.1%, RIFHAERKFMNEAEE FEHRK
W, BE R AM B A RE SN
2. AM EFE WA LLAIE IR E: Stellera
chamaejasme 1R 2R 73 WA KT AR UL FEA) IH) 4 I8¢
TER, FRIE AT AR P Fh B K A sh &5 07
e IE A A /ER (Zhu et al. 20200, Hi
EERGY, AM EEH R TR A YRR
AREPFRE TS, BN, AR AM HEE,
AT Frm TR, TR EY)
A7 N AM BB AR A A e A
AEMEYIAEK, IER4ERFEYIHATE (Mariotte et
al. 2013; Klabi et al. 2014). F| AR
BOUE B, A PR P A BT B AR AR B
AM H A fed s e A K 5554 77, #
S Z AN IO E R AR
AM H B A Redt— D nn A K 5 E 4T,
S ZFEYE N BE (Urcelay & Diaz 2003).
22 AM EENESEEMTIENESES
T R m LR, AU AR Y)
Hh RSk (Wang et al. 2016), 0|
TEERGF C. Ny P B /KEZESRIRFAE,
SO T IRRUAE VIR 2R, o IR AR
IREERIFFEE M (Liu et al. 2021). Qin et al.
(2019) #7178 ey JiR 18 TR R 40 B 1)
KM, KRIAETT. N BHOKF L, AM
FLI 2 %L R RHE, " SME M
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3 BT R R R e 1 DA R 358 Oy il
[RIRE T IEAHDG, IX 3R BHAR A 1y 2E B b 1 15 73k
ASREME SRS, AM BRE$rE 7 HE
M. AM R 2%, FREZGRERMKLL
B (glomalin-related soil protein, GRSP)
FIAE YDA 22 52 0e 38 [ SR AR A 1) = AR
IR % . GRSP /& AM BB B 22, 1875 %hH
WEZE MR 27— R EREE S
(Agnihotri et al. 2021), J&EFERH 1A
LB B BE2H 5> (Li et al. 2020; #ifg4%
2020). GRSP fE Nyt “HHEAK” , A%
Fhah A /N RN, TR R AR e ) T A 3R
RER T, 3 HIEE5H (Liu et al. 2020;
2). AM EH & A ARSI 20% K08
& EW (Jiang et al. 2017), FfETH 2.

7. PRSP 0, RA T
GRSP JE 2B A 7E g, 7E S o Bt 35 AE
Wb ERAL AR AR O (Ui et
al. 2015; Xu et al. 2017; Xu et al. 2018). GRSP
VB G LT () B4 7 Jooh) T3 S5 M 1)
o (Lietal. 2015), A] LUNHIBRAEMAEK
PRI AN A SRR AR 58, B I RUE Y
ZFME (F2). mEEMAESRAH, T
WA SRR % N GRSP & % 1IEAH
K, T AM E AR AN 22K B 5 KA R AR
ZIEAER, B AM HEEARSM 22 7] LUE IS )
AR AR BN A S AR ARG T BRI R A
458 (Lietal.2015), BFit, AM L AJ LLE
A EREE CORRZAR” AR MA R (GRSP
e st ) etk sE i IR R AT . 3%
SEMIR s R TIRRAE S R 1 B (L
etal. 2015; Lietal. 2020),

Zx b, AM E BT LOE A F i EAEY)
ZREEAH TS REWE, JTUHENHE
VI AILAE . B IR TR AL DL AR
Y)-GRSP X LI LE M 1 e, HES) SR AL,
RS RS HARKE (B 2.



)
[

22 October 2021, 40(10): 2562-2578  Mycosystema ISSN1672-6472 CN11-5180/Q

7 N M : ‘vl BEPE R i
{EHRER | 'v AM fungal propagules -~ !‘ Jia g Microbial diversity Seedling planting
Non-rhizosphere | Rhizosphe A% ~ 4 | x
~ i A
. /E +— \ \
iU ti'ﬂr s - -y 4
Root absorption 2 HEHRE = - Hipn Rt s
Hyphae absorption Glomalin-related soil protein Soil quality Plant diversity restorati
// A R
// Aggregates
PRI AL HILC 3
gen, phosphorus and other elements | -~ =
A SR EEREEE

Ur Close-to-nature restoration

AM  FUTE AT DL 57 o0 3 WSO - 338 [ R AR

B 2 AM ERRESEEMIBARAKENTRERE

R, o SRR, N AR R SR R KA A, (R R O N RE S R GIRE . [, MR
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Fig. 2 The possible ways in which AM fungi can promote the close-to-nature restoration of alpine grassland.
AM fungi can promote the absorption of nutrients and the formation of soil aggregates, improve soil structure,
provide growth space for other microbial groups, and promote the underground microecological system
restoration of alpine grassland. Meanwhile, the underground microecological system restoration is conducive
to the establishment of seedling plants, and the restoration of plant diversity in the alpine grassland. The
coupling of underground and aboveground habitats can provide a biological theoretical basis for the
close-to-nature restoration of the degraded alpine grassland.

MR AM FIR 2 75 2 R = FE F A B 28

4
3 KH VR AR YR RS 54 AR 40 WAL )

AM LB AR IR 3 2K EE,
WAL T H s R s A SRR, 5
FHEY R LR, MEYREK. £
FEMERBEIS 250 . IR S oA B
YER . SRT, SRR FEE T AM HIF
TE R FE R M ARG I 79 A0 DA SRR R 3=
WIRER . SAFEARRE . HEARSEXT AM E R 25
PERSZIE, X0 R -AM B - R AR R
(i) 5% 4 DL BB A i FE R AR PR S AR W)
HLHEIFF TS 7> (Liv et al. 2021), AR 3E—
IR H AR : 1) BB H

i, T AM BB 1R LB A B ] RERE A0 B o
FEHT IR Bl 2 AN, 3R E ML
JBAEH X35k 2) WY mPE HHLIB UL S, AM
LT Q] A AR BN /B0 18] 56 5 DR R
AR L BTH RN ? 2 F R AL
CA ARV B AT RE 2 30 ¢-P AT C-N 43
O xR AT, 4T S A AR ) 2 ) (1) B2 R A% T o
3) A AM HEREE e FIE 1L v
DA% B 2 B AR e AL 2 B 2 BAE e

FERIRL ISR, T R S A AR
A AM ECRR R SRR LSS AM R 2
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