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£ 64.81%, B TIFEH 3333%, SHEREMMMES AR, 5 E (Kobresia humilis) W 2 A F G F A 5 R
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MR A B-FE>vF-Z >R, AAAFLZEHMON RN, REAMEW PHREE S R A Peziza ostracoderma F=
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Diversity of endophytic fungi of plants on a fairy ring in an alpine
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Abstract: Floccularia luteovirens is a fungus endemic to the Qinghai-Tibet Plateau, and it has an important effect on the
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community vegetation structures and stability of alpine meadows as it forms typical fairy rings. In this study, the diversity of
culturable endophytic fungi from different plants on a fairy ring of F. luteovirens in a Qilian alpine meadow was investigated.
The endophytic fungi were isolated from roots, stems, and leaves of different plants with the tissue isolation method in
combined with ITS sequence analysis. The results showed that a total of 70 isolates of culturable endophytic fungi were
isolated from 108 tissue blocks of 6 plant species. The total isolation rate was 64.81%, and the total colonization rate was
33.33%. Diversity and similarity analyses showed that the richness and diversity of endophytic fungi in Kobresia humilis
were higher than those of endophytic fungi in other plants. The Pielou index of endophyte fungi in Oxytropis merkensis was
the highest. Endophytic fungi of Potentilla anserina and Gentiana straminea as well as Leontopodium leontopodioides and
O. merkensis had some similarities. The similarity of culturable endophyte fungi sorted by tissues was as follows: stems and
roots > leaves and stems > leaves and roots. These endophytic fungi were dominated by Peziza ostracoderma, Stagonospora
sp., and Peziza ostracoderma among different plant host and tissues. Co-occurrence network analysis revealed that K. humilis
was the hub plant (eigenvector centrality [EC] = 1), and P. ostracoderma was the hub culturable endophyte fungus (EC =
0.75). Both plants and the associated endophytic fungi on the fairy ring of F. luteovirens are rich in diversity, and these fungi
demonstrate plant and organ specificity. This study provides a new insight for evaluating plant-microbial interactions of F.

luteovirens fairy rings on the Qinghai- Tibet Plateau.

Keywords: Qinghai-Tibet Plateau; biological resources; Floccularia luteovirens; Kobresia humilis; cultivable microorganisms;

dominant fungi; plant-endophytic fungi interactions
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W A AR, R R A A P A A
[) B, A 55 AR 0 L TR 22 A K TR AR A AT S AR
R B IR HAT, s B inE Y
T 7 1% Pl B2 e B 8 45w R gk Y Bk AT
TWEIL, MR WS BB 4 e B Y N AR R
Z FEPETT 4R IE

A T e BT A A Lk £ b X B 2 B
B 1 B, SR AR P DAY, Y N AR 2 R
M7= R, BAEAN R G B 0 I o e R — A
A FUTR HAE R R A .

1 #RHS J5 i%

L1 HmREREREE

2020 4F 7 H (&G B K E R B A Y R
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T bR A 70 R 5E o FHUL /K 0 e T4 M P 35 T e
TR, 4 °C ORAF I AE 24 h A 58 BAE W AT 8 5R
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Table 1 Sampling information and plant species on the fairy ring of Floccularia luteovirens

== — . —
Qﬁgat Eleft?ﬁn/m Long%ﬁe (E) Latiﬁ(% N) F4) Plant
1 3400 100°56'22" 37°57'60" % & Kobresia humilis, K 4X%E Leontopodium leontopodioides
2 3450 100°56"26" 37°58'04" WRAETL Gentiana straminea, R595Z5 % 3% Potentilla anserina
3 3450 100°56'26" 37°58'04" B Astragalus membranaceus, K/R TS Oxytropis merkensis

12 AEFREEENS BSH4L

B PDA ¥ 97 3L, 28 STk [19] 8977925, T AN
F] Fh B IAR - 25 2 kAT P AR L A B B 9
Fraifb 2 R IE, SISOk [25] 10 07 AR 2 S T
BT I RIE D B B NN AT
1.3 DNA i2Hl. PCR ¥ 1500 F

WABEEEEEEER 2~3 cm, 7£ H B4 B
CTAB I 2 Al B ASAF ol R 42 U DNA, BB 24
AT 65 CIRE WM. R LXK E O G
e £ (I T UE, NN 300 pL 70% Z B, 12 000 r'min '
B0 10 min, 31 4 F%; 70% AFERE LBk, T4
i, 4 °C X T hn 50 uL TE ¥ f# DNA.

{8 FH 3@ I 81 9 ITS1 (5’ -TCCGTAGGTGAACC
TGCGG-3') 1 1TS4 (5' -TCCTCCGCTTATTGATATG
C- 3") 347 PCR ¥ 5 4, PCR {& %K 25 uL (9.5 uL
dd H,O; 12.5 uL 2 x Taq PCR MasterMix; 1 pL #7 5l
Y5 1L J5 51905 1 uL 32 HL DNA), ¥ 38 72 )7 % 52
9:95 °C 1 min (FAEE); 94 °C 15 s (A1), 58 °C 155
(B k), 72 °C 1 min G&{#), 72 'C 5 min (Ff & ),
359 4 C fRAF .

PCR ¥ 14 72 1 DL 1% 3 i ¢ i L 9K (120 V, 30
min), i% % 35 W . DNAVK FE = 100 ngul ' H
Aseongo It T 1.8~2.0 [f] PCR P23k & Ll EW T
FEA BR A "W F . WY 58 B 7E Genebank H1 i3k 47
FF B LE T, 1 78 P R IR RT3 %

14 MHEXIEHRITERE

AR AR bk B B, 2 B B A A A T
2H 21 AT B% 37 W AR O 9 3 R (isolation rate, IR). 43
A (isolation frequency, IF) 15 54 % (colonization

rate, CR) *", 1+ 5 = & Ji #8 $ (Margalef index, R)-
% ¥ P 48 21 (Simpson index, D; Shannon-Wiener, H')+
)51 BE 48 4 (Pielou index, J,) FlAH LA 14 48 %4 (Jaccard
similarity index, Cj; Sorenson’s similarity coefficients,
Cg) PP, g3 b 4 25 7 4 R T 0 2
HEMZFEE.
1.5 it

A 4811 5 5 B i H Excel 2020 Al SPSS 26.0
AT HEAT 5 BF 7% H B2 5 v AL AL H Omicshare = °F
£ (https://www.omicshare.com/tools); W 4% 9 Z AJ #i
tX.F Gephi 0.9.2 (Gephi - The Open Graph Viz Platform),
[5] B} LUREAE [5) & 1 0 (eigenvector centrality, EC)
F 5T 0T

2 HR50H

21 EREEGEEGEE LEYRNEEENSAMNR
MBS A5 B 1 B 4 1B b R AR BV RRHR
¥ (Kobresia humilis), % Bt ‘K 48 % (Leontopodium
leontopodioides), J&IHELFRA1E JU (Gentiana straminea),
B RS 9 W& 2 (Potentilla anserina), 5. FF 35 1
(Astragalus membranaceus) F1 K /X 3 Bl 5. (Oxytropis
merkensis) 6 IR A R 1 FE 1), M6 KM
MR 2= R 108 B4l 41 AR 3Lt o) B 3 70 R 2R
HWH, WEFEEV L3N 153K, 1ITS 70 T4
P BEERN 6N JE: B HE (Peziza sp.)s 7%
il J& (Stagonospora sp.) Ascomycota sp.~ & % H# &
(Penicillium sp.)~ $| 3 1 J& (Colletotrichum sp.) Fl 1%
)& (Cladosporium sp.), 73 &5 5 43 BB AR IR R
WA Peziza sp. > Stagonospora sp. > Cladosporium sp. >
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Kobresia humilis

Oxytropis merkensis
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Gentiana straminea
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&
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Astragalus membranaceus
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Figure 1 Plant species on the fairy ring of Floccularia luteovirens

Ascomycota sp. > Colletotrichum sp. > Penicillium sp.

& 2).

22 BEEEEEHR LEYREERNEE
RN BER

WA B B FON 64.81%, 5E RN 33.33%.
AFREMEANEERR>ERSEFARSGE
(177.78%) > ‘K GLEL (94.44%) > FERE L (61.11%) >
FRAE JU (44.44%) > KR e B (11.11%), R
BRI A E (3 3). ANHEYLHE, WA EREE
BE N oy 85 P 2 N AR (63.89% F 119.44%) > 25
(22.22% F1 44.44%) > I (13.89% F1 30.56%) (% 3).

23 BEREEGEGER LEYAEERNZH
P4 K AR 43 A

W B E EAFEY N E RN EE
TREOM Z FEMEFRBONE S W= (R=1.73, H' = 1.86),
KIRTEWE (R =1.44, H = 0.69). ‘KHE (R=0.71, H =
0.80) & 11, BRIEIL (R =0.48, H' = 0.56). KRGk Z W3
(R=0.42, H' = 0.59) ffk; 8 A B8 =l B
T AR BT IRE () KR EBREIEE] 1, H
AN 0.2~0.3 (K 4)o ANFAED) AN AE BB AL

RER G R R, KGR v i S A AL 1 i
51 (Cy x—x = 0.80, C; y—y = 0.67), HUCHRRAE I H K
IR ST BERE L SR (C,= 0.5, C;=0.33), HARHMHE
PIAFIE R ZE 5 (R 4)o AR LN A H B A AL
RS KRR, WMAZEMUER S (Cpox =
0.50, C; a2 = 0.33), HUCHM M ZE (Cyp—z = 0.25,
C; -2 = 0.20), BJG IMAIH (C; jgnp = 0.20, C; gg_ny =
0.11) (£ 5)c ANFEHLEALR N A B F F 5 B4R
A Z FEHIR R R (R=1.86, H'=1.78)> 2 (R =
1.08, H'=1.32)> M (R=0.42, H' = 0.69); & #& &
ORI 35 5 FEFREOR 5 22 A 10 K T (3R 6).
24 ARSEEGEGBE EYAEERENEE
MBERESR

SRE L KR BRAEFUAK R S ik o AR =
i YO8 B W B 52 B B W (Peziza ostracoderma),
GGk S v oK oy S B AL TR, AR R R s R
% & Stagonospora sp.(&l 2a). % EH R HENE R
5 K3 J&, 43 AIA Ascomycota sp. G47+ Colletotrichum
sp.~ Stagonospora pseudoperfecta. Stagonospora tric-
hophoricola 1 Stagonospora sp. TS1-rh, ‘K 2% F 4
1 J& Penicillium camembeti (] 2b).
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Table 2 Endophytic fungi on the fairy ring of Floccularia luteovirens
e [ Ik g P 5y B
Code Genus Taxa Accession No. Isolation rate/% Isolation frequency/%
1 Peziza ostracoderma ON175946
2 Peziza ostracoderma ON175949
3 Peziza ostracoderma ON175950
4 Peziza sp. Peziza ostracoderma ON175951 28.70 44.29
5 Peziza ostracoderma ON175953
6 Peziza sp. MAB-2010a ON175947
7 Peziza sp. MAB-2010a ON175948
8 Stagonospora pseudoperfecta ON175952
9 Stagonospora sp. TS1-th ON175954
10 Stagonospora sp. Stagonospora trichophoricola ON175955 22 T3
11 Stagonospora sp. ON175957
12 Ascomycota sp.  Ascomycota sp. G47 ON175956 3.70 5.29
13 Penicillium sp. Penicillium camemberti ON175958 1.85 2.65
14 Colletotrichum sp.  Colletotrichum sp. ON175959 3.70 5.29
15 Cladosporium sp.  Cladosporium sp. SM13-7-1 ON175960 4.63 6.61
R3 TEEYRITERELNEERNEEREMNIEER
Table 3 Colonization and isolation rates of endophytic fungi of different plants and tissues
i Zﬂéﬂﬁ%ﬁ 7 B W MR 3L Number of isolates 53\%.%
Ttem Number of tissues o Isolation
detected fR Root = Stem I Leaf rate/%
KLE Leontopodium leontopodioides 18 11 6 0 94.44
KIR WG Oxytropis merkensis 18 2 0 0 11.11
WRIEIL Gentiana straminea 18 6 0 2 44.44
W5 Kobresia humilis 18 16 10 6 177.78
Y% ZE WK Potentilla anserina 18 8 0 3 61.11
IS Astragalus membranaceus 18 0 0 0 0.00
ZH ZUHLH Number of tissues detected - 36 36 36 -
£ B 21 21 E % Number of tissues colonized by fungi - 23 8 5 -
JEFE# Colonization rate/% - 63.89 22.22 13.89 -
43 B5 % Isolation rate/% - 119.44 44.44 30.56 -

SN & RZoR ZED T IrE AL S, AR RIORZAS T ED SR, TR,

Results for each plant are presented as the sum of organs for that plant, while for organ is the sum of all plant for each organ. This is applicable for the

following tables as well.

MR 28 AN R 20 2358 A7 7T 85 5% N AR T A
= FE d v 35 9 B B I 5 i B Peziza ostracodermas,
53 N 34.88%- 37.50% Fl 54.55%. kKT £ M
J& Stagonospora sp. ({R 25.58%, 2% 25%). 7 JH ¥ )&
Colletotrichum sp. (Z£ 25%) fl £ fd J& Cladosporium
sp. SM13-7-1 (M- 45.45%) (& 2¢). A [FH4LE LA

[ N A2 BB N 52 2 B TR Peziza ostracoderma, =5 FTH:
TAHWNAERERES LE, 5 5 R Colletotrichum sp. il
Cladosporium sp. SM13-7-1, R R WA H 5 2K
3 J&, 47 AN Penicillium camembeti. Peziza sp. MAB-
2010a. Stagonospora pseudoperfecta.
trichophoricola 1 Stagonospora sp. TS1-rh (K& 2d).

Stagonospora
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Table 4 Diversity index of endophytic fungi in different plant tissues

KRG KIR TR FRAEIL B s e
T H . ; ; : :
Leontopodium Oxytropis Gentiana Kobresia Potentilla
Item o ; ; o .
leontopodioides merkensis straminea humilis anserina
YR AL Species number 3 ) | . 5
£ & 8% Margalef richness index (R) 0.71 1.44 0.48 1.73 0.42
SE Y ARAEHL Simpson index (D) 0.46 0.50 0.38 0.83 0.40
Z FEEAR AL Shannon-Weiner index (H') 0.80 0.69 0.56 1.86 0.59
)51 2 464 Pielou index (/) 0.28 1.00 0.27 0.28 0.24

x5 AREEY. BATAEEROEUERE

Table 5 Similarity coefficients of endophytic fungi in different plant and tissues

HITLHE 7 2 . KRG KARFMT BEL REE MERCE o
Similarity Leontopodium  Oxytropis  Gentiana Kobresia  Potentilla
coefficient Item leontopodioides merkensis straminea humilis  anserina Root Stem Leaf
KHREL Leontopodium leontopodioides 1 0.8 0.4 0.2 0
KIR TS Oxytropis merkensis 1 0.5 0.22 0
WRAEIL Gentiana straminea 1 0.22 0.50
¥ . Kobresia humilis 1 0.22
© FELRZE K Potentilla anserina 1
# Root 1 050 0.20
2 Stem 1 033
M Leaf 1
KRG Leontopodium leontopodioides 1 0.67 0.25 0.11 0
KIR TS Oxytropis merkensis 1 0.33 0.13 0
WRAEIL Gentiana straminea 1 0.13 0.33
¥ . Kobresia humilis 1 0.13
“ FELRZE K Potentilla anserina 1
# Root 1 033 0.1
2 Stem 1020
I Leaf 1

xo TEEVTAEERMNSHMIEY
Table 6 Diversity index of endophytic fungi in

different plant species

5 H W =E=
Item Root Stem Leaf
YF 4 Species number 8 4 2
F & E ¥ Margalef richness index (R)  1.86 1.08 0.42
W #R4EHL Simpson index (D) 079 0.72  0.50
Z FEPE4R 4L Shannon-Wiener index (H')  1.78  1.32  0.69
Y51 FEHE 4L Pielou index (I, 047 048 0.29

25 RREEEEGE LEYM—NEEREE
X%

I I S B 2 o AT AR S AR LR TR 1 OR
2, FAEF S AN A 16 AN L, HPEAT AEER
WA FLTE AR 43 2, 0 TR e R R A [ A R,
ANRIZEIL IOy 4 DA (18] 3). MR 5 AL ) & ot
P, W R T A R o I s P R O M) (EC =
1), X HEA W 28 HAG BEE R, 7R OO %S B >
KGR E (EC = 0.42) > KR 70 i &2 (EC = 0.36). Rk
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et Peziza ostracoderma
4t ' MAB-2010a Peziza sp. MAB-2010a
W Stagonospora pseudoperfecta
07 Z )& TS1-rh Stagonospora sp. TS1-th
Stagonospora trichophoricola
mZAJE Stagonospora sp.
WIS I T BT 8% Penicillium camemberti
nH#EJE Colletotrichum sp.

—~
&
~

F-HEP G4T Ascomycota sp. G4T

B fJE SM13-7-1 Cladosporium sp. SM13-7-1

KL

Leontopodium

(b) el E

leontopodioides
Potentilla anserina

VNS ESES
Relative abundance/%
W
S

10 H
0 & B %
2 & s
s @ e B e
¥ B @ &
s g U@ T
Q0 N $\< é\o /0&\
o & &
O & & [ Oy
&\_&;\\ 0",, ‘20
\)
&
&
\)‘L
(© e B Peziza ostracoderma

B Stagonospora pseudoperfecta

Stagonospora trichophoricola
B 5t 2 fl)E Stagonospora sp.

e

W fELA)E Colletotrichum sp.

FHE 1 G47 Ascomycota sp. G4T

FiEROE S
Relative abundance/%

i ES I
Root Stem  Leaf

£ MAB-2010aPeziza sp. MAB-2010a

B 5t )& TS1-rh Stagonospora sp. TS1-th

B IR B Penicillium camemberti

B i ftl)E SM13-7-1 Cladosporium sp. SM13-7-1

&
& &
B 0 K5
Kobresia humilis »\\'OQ
o
JRRAE TG
Gentiana straminea
(d) I Leaf
S
’o& %@
£ 4

) RREEREGE TEYAEERNTEEMERER

Figure 2 Host variation and tissue-specificity of endophytic fungi on the fairy ring of Floccularia luteovirens
as ¢ 73 AN AN FAE ) AN [5) 4L 23 R] B 7% A 26 OB AR X 2R 2 (B ZKT)s by d 23 0 9 AN [ 4 25 AN [ L 2R B Ao vp v 35 97 9 2R O R A

DIES PR P CY

a, c: Relative abundance of endophytic fungi in different host plants (a) and organs (c). b, d: Venn diagrams of shared and exclusive fungal genera of host

plants (b) and organs (d).

JL (EC = 0.34) > # SR Z2 % 3% (EC = 0.23) 5¢ S Bk T
Peziza ostracoderma »& % > N 4= LT W 2% 1 1) % 0
(EC=0.75), HIK N Stagonospora sp. (EC=0.43), 5&&
R BRI Stagonospora pseudoperfecta Stagonospora
sp. TS1-rh. Stagonospora trichophoricola. Ascomycota
sp. G47 1 Colletotrichum sp. A [FIFE I F 0 (EC =
0.34), = T HRNAFRF .

3 itk

31 SEEARFEEHEGERELEYSZHFN

ASHIE UM A 2 U B B 2 25 B 0 4 Pl B R
LB 6 KM, KB N OEY, HNER
R SRR R, M) — WA

W 2% LA Rz (B 3). AR % X T R
B, % 46 B0 B 4k B LA 26 FiE Y, B RN
/N B (Kobresia parva), T E AT REF L £
WHRES . 5 A2 M. IR Ak 48t
X LG 22 S A] e TSR AR AL SRR I ) AN [R] 3 1
i 22 0, 93— T, KT RS A e Y 4R R
B % P A R sh AR S I, TSR
B 0 L v B A PR R & R A o R
HRKIWRE, #4486 Tk A A 5% 25 18 28—,
TE AR 3b 5 M AE 4 A K1 RN 2 BRI b 2 R, E
T B W B 7 o o e A Oy 1 i, B R Y
Xof T v S 4 SRR 8 A A BT E AR
T 2 REPERE FE 345 31 32 Rk A, Hoh %k & & A
HRIEF) 100%, A 7T HoAh 5 Fi s 4 75 120 70 1 &

http://cykx.lzu.edu.cn


http://cykx.lzu.edu.cn

5 4

t

1119

2010a

B-2010a Szagono.ophoricola

g
memberti~

Stagon

B3 AREEGEEEE TENAE ARSI ME S H

Figure 3 Co-occurrence network analysis of endophytic fungi on the fairy ring of Floccularia luteovirens

AT RRRAERBEAED A, FRBERRA R,

Each node represents taxa at the genus level of fungi and plants, and the nodes are colored according to the class of the modules to which they belong for

a clearer display.
DX 35 N IR 93 A

3 SEEARGEETEGE LEYALEE
EEZES K

98 22 % =2 vh M N B B N Stagonospora
sp., H AR (Kl 2a) LA FIH L (B 2¢) AT F
J B 5 YN Peziza ostracoderma, &% /NMEY N A K
B W25 ) AZ 0 (B 3). Peziza ostracoderma 72— Fh 4h
EEAREEDY, T TR A K XY,
it 2 Fl A 5T A 6 00 A S AR B T e B x
HiREZMXEGEEBHEER T RS SN ERH
% FEVER 55 K B Stagonospora AR H w J& HAS A 28
U B N AR LR AL A R AN R, X ] RS B AT X I
SRV RN 7 </l i ;- 7/ N X L ]Sy w
sl e U SR R A R
33 SEEREREEGEGE LEY-NEE
BTN N L o3 A

% O R W) T BEAS N AR T TR W 4 B A E
5 M OCH N AR L 0 B L, (B AR O R A

WA R 50 E &I —— X B AT
MY % 8 BRI N AR BB Ascomycota sp. G4T+

Sp-~
trichophoricola #1  Stagonospora

Colletotrichum Stagonospora  pseudoperfecta-

sp.
TS1-rh, 5 2 1% 35 % H & T B} Peziza ostracoderma
Fl Stagonospora sp.LL 4k 1) Atk J& (& 3). H
Colletotrichum sp. K2 NEHE", SR HAY BA
BT B30T 30 E S ™, Stagonospora trichophoricola
FA Fudn s = 00 W sk, 5 RN
PR B I 4 5 H At T 1 2 R R o 2 Y,
T AR P 1 22 4 M 3 0 a2 30 R O 1) I 2 5 1
YRS R DR, B T A T B 0 P R
Vi R R e SRR M S AR ERE S
SR B A2 75 22 5 el 5 4 Pl ML) N A S 1R 1 2
PER SR ESE B —HY —NAERER =F
(6] ) AR ML L 75 2 — B 7.

4 it

ok B B 4l BN AE H B A A YR

Stagonospora

http://cykx.lzu.edu.cn


http://cykx.lzu.edu.cn

1120 ook B 4%

16 FAHL 7= R, Hod, MY SR F REEE > W 8 W 8 52 AL B (Peziza ostracoderma) #& 1% /0
KGR > FE R K > AL L > KR el & > 38 BAEANF AL A F S . A RER T
B O) AANDBEAF AW >ZE >0, BERgE R ESZEEHEEGE LEDNERFENZH
S BRI LA O Y, AT ARE M, N DA E RS R B R G B
M ZFEE F 8 i m, AREWE A NER  wmE B — AR B R T R .

5 & 3CHk References:

(1] R, M5, i, SRR e ) TR — Y R G L. £, 2003, 22(5): 43-46.

ZHAO J, SHAO Y Q, BAO Q H. Soil—vegetation system surround the fairy ring in steppe. Chinese Journal of Ecology, 2003,
22(5): 43-46.

(2] R, B R, B 2 B T LB B AR 2 i 3L TR [E T T, 2007, 26(6): 9-13.

SONG C, Tuliguer. Fairy ring formation mechanism and its ecological significance. Edible Fungi of China, 2007, 26(6): 9-13.

(3] JUPFE, S, EER, FhF, £, B8 0 AR S a et . Jh B RMEBHE 5 X, 2022, 43(3): 222-229.

TONG X Z, FAN K K, YAN Y C, XIN X P, WANG X. Advance in ecological research of fairy rings in grassland ecosystem.
Chinese Journal of Agricultural Resources and Regional Planning, 2022, 43(3): 222-229.

(4] BROLAL, I, X s B 5 s D R K 35 2 m RO A0 0 . D JBRE 2441, 2002, 22(6): 141-145.

CHEN L H, YAN W, LIU J. Preliminary study of the effects of fairy ring of grassland on the growth of herbage. Acta Botanica
Boreali-Occidentalia Sinica, 2002, 22(6): 141-145.

51 5K, Wl S M 15 BB R B 3L TR 52 . FL A2, 2019, 36(7): 1774-1780.

ZHANG H, YANG C. Effects of grassland fairy rings on vegetation and soil fungi. Pratacultural Science, 2019, 36(7): 1774-1780.

61 XURIL. i & H ) [ 5 0k Pl 5 B A B e -3 I LA, Bl B22, 1997, 14(3): 69-71.

LIU Z K. A comparison between mushroom sphere and plants outside the sphere and soil in alpine meadow. Pratacultural Science,
1997, 14(3): 69-71.

(7] Judldl, & EE, HER, Fer, TR0, WPAS UUR S 4 R 3 A HY 52, oh 0l B 27, 2020, 53(13): 2595-2603.
FAN K K, TONG Z X, YAN Y C, XIN X P, WANG X. Effect of fairy rings on soil respiration in Hulunber meadow steppe.
Scientia Agricultura Sinica, 2020, 53(13): 2595-2603.

(81 EJ5, &8k, BIJydi/R. S 0 i 4 e L B0 2 R, TR T, 2015, 13(2): 115-121.

WANG F, LU T, Tuliguer. The diversity of soil fungi on Leucocalocybe mongolicum fairy ring. Journal of Fungal Research, 2015,
13(2): 115-121.

[9] YANGC,LIJJ,LIUN, ZHANG Y J. Effects of fairy ring fungi on plants and soil in the alpine and temperate grasslands of China.
Plant and Soil, 2019, 441: 499-510.

(107 Zebsf, B0, B, WISEAE, TN, T 1 Pl TE Rt i S8 S fml BV AELAB 28 b S A e MR PR Y. Bk 241, 2018, 27(4): 1-9.
LIJQ,ZHAOM, WEI W, HU Y H, YU Y W. Effects of fairy ring formation on community vegetation structures and stability in
alpine meadows. Acta Prataculturae Sinica, 2018, 27(4): 1-9.

(111 BoRH, b2, 385, R, il MG B0 R RV R R B M. £ R 224, 2020, 27(4): 115-119.

DAI D R, XIE Z L, GUO J, MAO Y J, MENG Q. Strain screening and growth characteristics of Floccularia luteovirens. Acta
Edulis Fungi, 2020, 27(4): 115-119.

C12] 8, BXERIE, 4508, S50, sk AN, Flm R P G B0 (W B 4010 S5 AR A PR A OGP, AR A8 34, 2016, 36(10):
2851-2857.
XIEZL,ZHAO L Z, L1'Y, LEI J Q, ZHANG F M. The correlation of geographic distribution and ecological environment of
endemic species Floccularia luteovirens on Qinghai-Tibet Plateau. Acta Ecologica Sinica, 2016, 36(10): 2851-2857.

C13] XUPHFE, EIHE. B or B3R R BT FU ik e, & AT, 2021, 40(1): 1-6.
LIU X Z, WANG R N. Research progress on the Armillaria luteo-virens. Edible Fungi of China, 2021, 40(1): 1-6.

(141 IR, ¥R, MI5F, fIHE. JGTmH Fk . hE A, 2019, 38(5): 1-5, 12,

LIU K, JIANG J, ZHENG Q P, HE J. Research progress on Floccularia luteoviren. Edible Fungi of China, 2019, 38(5): 1-5, 12.

http://cykx.lzu.edu.cn


https://doi.org/10.3969/j.issn.1003-8310.2007.06.002
https://doi.org/10.3969/j.issn.1003-8310.2007.06.002
https://doi.org/10.3864/j.issn.0578-1752.2020.13.008
https://doi.org/10.3864/j.issn.0578-1752.2020.13.008
https://doi.org/10.1007/s11104-019-04141-7
http://cykx.lzu.edu.cn

% 53 ZIHTE A i ) 0 P R A A R A 1121

&

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

GAN X, BAO X, LIU B, LI Y, CAO D, ZHANG H, ZONG Y. Chemical constituents and molecular mechanism of the yellow
phenotype of yellow mushroom (Floccularia luteovirens). Journal of Fungi, 2022, 8(3): 314.

LIUZJ,JIAOY C,LUHY, SHU X L, CHEN Q H. Chemical characterization, antioxidant properties and anticancer activity of
exopolysaccharides from Floccularia luteovirens. Carbohydrate Polymers, 2020, 229: 115432.

P, SO A S 1 P X MR A A IR RS b RO B A (F AR R EEAR), 2000, 21(35): 42-46.

LEI Q, WANG W Y. The growth of fairy rings of Armillaria luteo-virens and their effect upon grassland vegetation and soil.
Journal of Northwest Minorities University (Natural Science Edition), 2000, 21(35): 42-46.

TR, WUIT, EARM, Briltde. 2 TRZERESREBE RGN E 5% /M2, RRAYSNHAYY, 2019, 38(7):
3057-3064.

XIN R, XU M X, WANG J L, CHEN S L. Phylogenetic and phylogeographic analysis of Floccularia luteovirens based on rDNA
fragments. Genomics and Applied Biology, 2019, 38(7): 3057-3064.

IR, WL, BV, AR, S, A, KHIR. MEGREAR MRS BN AR E S FE BT, YRR,
2019, 35(11): 109-117.

GUOJ,XIEZL,LUO T, XUE Z F, GUO J J, LI F X, ZHANG X J. Comparative study on endophytic fungi diversity of Kobresia
humilis in Floccularia luteovirens. Biotechnology Bulletin, 2019, 35(11): 109-117.

FENREE, AR, PHEESE, XIGEES, RIREE, XIBGE, XI5, A0 275, PO 6 B B E R MRS AR, WY+
R, 2022, 41(6): 906-917.

REN L Y, Baimayangzong, Danzengjinmei, LIU X L, ZONG T K, LIU S Y, LIU X Y, Pubuduoji. Composition of soil microbial
community in the habitat of Floccularia luteovirens in Tibet, southwest China. Mycosystema, 2022, 41(6): 906-917.

B, WG, IRISME, S5, FEER, WOKH, EBeDT, 0 5TE, RN, AR TSGRk mY K. 5
KRR, 2022, 40(1): 1-9.

MAO Y J, XIE Z L, XU HY, MENG Q, GUO J, DAI D R, WANG X F, SUN Z Q, ZHOU X Y. Study on the plant diversity of
Floccularia luteovirens community under different altitude gradients. Journal of Qinghai University, 2022, 40(1): 1-9.

TR 2, OO, PR TR B VA T 4 ) RO B AR VR IR AR E, 2005, 24(3): 269-272

WANG Q L, JIANG W B, CHEN B. Effects of fairy ring growth of Armillaria luteovirens on soil fertility and plant community.
Chinese Journal of Ecology, 2005, 24(3): 269-272.

XING R, YAN H Y, GAO Q B, ZHANG F Q, WANG J L, CHEN S L. Microbial communities inhabiting the fairy ring of
Floccularia luteovirens and isolation of potential mycorrhiza helper bacteria. Journal of Basic Microbiology, 2018, 58: 554-563.
X, FEEE (1—4 %), Fif: FiA R AL, 1996—1999.

LIU S W. Flora of Qinghai (Volume 1—4). Qinghai: Qinghai People’s Publishing House, 1996 —1999.

MRA, BREE, XI5FH, sUARRE, B0, 2908, Bikls, M 0. ANEMTIR bR LI UEY A AR I AR 00T, 2RSSR, 2021,
41(10): 4120-4130.

CHENM, CHENJZ,LIUJM, WUM Y, YAN Q, LI P, HUANG L T, XIAO X F. Diversity analysis of rhizosphere soil fungi and
endophytic fungi in Ampelocalamus luodianensis. Acta Ecologica Sinica, 2021, 41(10): 4120-4130.

HE, s, w08, FFS, EEAR. SDS A CTAB EFEHUF B FF il = T/ DNA Al SSR 2 #r. Pujsity, 2011, 8(8): 9-11.
Danba, HE Y, Zhuoga, MENG X, WANG J L. SDS and CTAB methods were used to extract DNA from yellow-seed rapeseed of
Tibet for SSR analysis. Tibet’s Science and Technology, 2011, 8(8): 9-11.

P&, T SNSRI N AR 2 FEIE. Y5, 2021, 40(3): 531-546.

LUO X, YU C. Diversity of endophytic fungi from Pinus massoniana in Guizhou Province, southwestern China. Mycosystema,
2021, 40(3): 531-546.

AFF, VIR, BLE2E, XUERER. AR 88 BT B AN R FEBE A RO R R 2 REVE RO, ZE 35244, 2019, 39(15): 5584-
5593.

SHI D, NI J P, NI C S, LIU J C. The effects of different restoration years on plant diversity in Wushan's alpine emigrant region.
Acta Ecologica Sinica, 2019, 39(15): 5584-5593.

SRZLTS, T, VS R, ZEBELL, BRPR R, A 0T, FRSEan, MRME. ob VL PG e % () BE TV AR h R 6 b A AR T 2 RV, T
2£4R%, 2021, 40(10): 2700-2715

ZHANG H F, HE G, SUN Q B, JI X H, OUYANG J P, HE Z Y, KANG M R, CHEN Y. Diversity of dark septate endophytes in

http://cykx.lzu.edu.cn


https://doi.org/10.3390/jof8030314
https://doi.org/10.1016/j.carbpol.2019.115432
https://doi.org/10.3321/j.issn:1000-4890.2005.03.008
https://doi.org/10.3321/j.issn:1000-4890.2005.03.008
https://doi.org/10.1002/jobm.201700579
http://cykx.lzu.edu.cn

1122

ok B ER

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

cliff-top plant roots in Longhu Mountain, Jiangxi Province, East China. Mycosystema, 2021, 40(10): 2700-2715.

HANSEN D L, SHNEIDERMAN B, SMITH M A, HIMELBOIM 1. Analyzing Social Media Networks with NodeXL (Second
Edition). San Francisco: Morgan Kaufmann, 2020: 79-94.

LIM, TAO X, LI B, DU Q, ZHU X Q, HUANG D M, YAN S Z, CHEN S L. Spatiotemporal distribution and dynamic changes of
myxomycetes in subtropical forests of China. Fungal Ecology, 2021, 53: 101078.

RUEDA-ALMAZAN J E, HERNANDEZ V M, ALCALA-MARTINEZ J R, FERNANDEZ-DUQUE A, RUIZ-AGUILAR M,
ALCALA R E. Spatial and temporal differences in the community structure of endophytic fungi in the carnivorous plant Pinguicula
moranensis (Lentibulariaceae). Fungal Ecology, 2021, 53: 101087.

BZDYK R M, OLCHOWIK J, STUDNICKI M, OSZAKo T, SIKORA K, SZMIDLA H, HILSZCZANSKA D. The impact of
effective microorganisms (EM) and organic and mineral fertilizers on the growth and mycorrhizal colonization of Fagus sylvatica
and Quercus robur seedlings in a bare-root nursery experiment. Forests, 2018, 9(10): 597.

MADSEN A M, CROOK B. Occupational exposure to fungi on recyclable paper pots and growing media and associated health
effects: A review of the literature. Science of the Total Environment, 2021, 788: 147832.

CROOK B, LACEY J. Airborne allergenic microorganisms associated with mushroom cultivation. Grana, 1991, 30(2): 446-449.
GUO J X, BOWATTE S, HOU F J. Diversity of endophytic bacteria and fungi in seeds of Elymus nutans growing in four locations
of Qinghai Tibet Plateau, China. Plant and Soil, 2020, 459(1-2): 49-63.

YANG Y J, WU P F. Soil bacterial community varies but fungal community stabilizes along five vertical climate zones. Catena,
2020, 195: 104841.

FENG HY, WANG C Y, JIAP L, GAIJ P, YANG Z F. Molecular diversity of arbuscular mycorrhizal fungi associated with two
alpine plant species in the Tibetan Plateau. Rhizosphere, 2021, 19: 100384.

AR, RHTH], B, SRiE, TR, TRZE RO EIR KBS R SR U E MRV G5 S RS, RS AR, 2022,
42(12): 4998-5008.

ZHEN J H, ZHAO M L, WANG Q, ZHANG F, ZHANG B, ZHANG J. Effects of management regime on soil microbial community
structure and diversity of Stipa grandis grassland. Acta Ecologica Sinica, 2022, 42(12): 4998-5008.

CHER X, WANG Y F,LIK X, XU Z H, HUJ M, WANG F, RUIL Y C, LI L F, PANG Z, CUI X Y. Degraded patch formation
significantly changed microbial community composition in alpine meadow soils. Soil & Tillage Research, 2019, 195: 104426.
VILLA-RIVERA M G, CONEJO-SAUCEDO U, LARA-MARQUEZ A, CANO-CAMACHO H, LOPEZ-ROMERO E, ZAVALA-
PARAMO M G. The role of virulence factors in the pathogenicity of Colletotrichum sp. Current Protein & Peptide Science, 2017,
18(10): 1005-1018.

HUSSAIN H, ROOT N, JABEEN F, AL-HARRASI A, AL-RAWAHI A, AHMAD M, HASSAN Z, ABBAS G, MABOOD F,
SHAH A, BADSHAH A, KHAN A, AHMAD R, GREEN I R, DRAEGER S, SCHULZ B, KROHN K. Seimatoric acid and
colletonoic acid: Two new compounds from the endophytic fungi, Seimatosporium sp. and Colletotrichum sp. Chinese Chemical
Letters, 2014, 25(12): 1577-1579.

CHEN, ZK, XU XL, RENJW, WANG W Z, LIU X Z, L1 E W. Trichopeptides A and B, trichocyclodipeptides A—C, new peptides
from the ascomycete fungus Stagonospora trichophoricola. The Journal of Antibiotics, 2017, 70(9): 923-928.

GORZYNSKA K, RYSZKA P, ANIELSKA T, TURNAU K, LEMBICZ M. Effect of Epichloé typhina fungal endophyte on the
diversity and incidence of other fungi in Puccinellia distans wild grass seeds. Flora, 2017, 228: 60-64.

SRFTLL, AT, dBElT, TR, SEECR, XL, ROCT. DIRGUEY 2 re il S 4 R R MR R R R SRR L )
BeE. A 2524, 2022, 42(7): 2542-2558.

ZHANG J H, WANG J Y, MEN Z X, HE J, DONG Z H, LIU K Q, CHEN W Q. Soil microbial richness predicts ecosystem
multifunctionality through co-occurrence network complexity in alpine meadow. Acta Ecologica Sinica, 2022, 42(7): 2542-2558.
GAN X L, CAO D, ZHANG Z Y, CHENG S, WEI L, LI S M, LIU B L. Draft genome assembly of Floccularia luteovirens, an
edible and symbiotic mushroom on Qinghai-Tibet Plateau. G3-Genes Genomes Genetics, 2020, 10(4): 1167-1173.

MARI T, CASTANO C, RODRIGUEZ A, IBANEZ M, LOBO A, SEBASTIA M T. Fairy rings harbor distinct soil fungal
communities and high fungal diversity in a montane grassland. Fungal Ecology, 2020, 47: 100962.

(AL 3 %)

http://cykx.lzu.edu.cn


https://doi.org/10.1016/j.funeco.2021.101078
https://doi.org/10.1016/j.funeco.2021.101087
https://doi.org/10.3390/f9100597
https://doi.org/10.1016/j.scitotenv.2021.147832
https://doi.org/10.1080/00173139109432006
https://doi.org/10.1016/j.catena.2020.104841
https://doi.org/10.1016/j.rhisph.2021.100384
https://doi.org/10.1016/j.cclet.2014.06.006
https://doi.org/10.1016/j.cclet.2014.06.006
https://doi.org/10.1038/ja.2017.76
https://doi.org/10.1016/j.flora.2017.01.008
https://doi.org/10.1534/g3.120.401037
https://doi.org/10.1534/g3.120.401037
https://doi.org/10.1534/g3.120.401037
https://doi.org/10.1016/j.funeco.2020.100962
http://cykx.lzu.edu.cn

	1 材料与方法
	1.1 样品采集及标本鉴定
	1.2 可培养内生真菌的分离纯化
	1.3 DNA提取、PCR扩增和测序
	1.4 相关指标计算方法
	1.5 统计分析

	2 结果与分析
	2.1 黄绿卷毛菇蘑菇圈上植物内生真菌的组成
	2.2 黄绿卷毛菇蘑菇圈上植物内生真菌的定殖率和分离率
	2.3 黄绿卷毛菇蘑菇圈上植物内生真菌的多样性及相似性分析
	2.4 黄绿卷毛菇蘑菇圈上植物内生真菌的宿主和组织差异
	2.5 黄绿卷毛菇蘑菇圈上植物－内生真菌互作关系

	3 讨论
	3.1 高寒草甸黄绿卷毛菇蘑菇圈上植物多样性
	3.2 高寒草甸黄绿卷毛菇蘑菇圈上植物内生真菌多样性
	3.3 高寒草甸黄绿卷毛菇蘑菇圈上植物−内生真菌共现网络分析

	4 结论
	参考文献

