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cota) , AT F FE 5] 4 56.20% .63.58% , ™ cha003 &5 A % %17 4 42-F 1 17 ( Basidiomycota ) , 48 %+
F 5 A 42.83% ;cha001 #9 E 1 % 4R 4 unclassified_Ascomycota , 48 3t F E 4 34% , cha002 #9 A
R IR A A AHE 20 (Archaeorhizomycetes ) , #8%F F B 4 25.45% ,cha003 & A A K% 4 90 4 4
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continuous cropping, the Illumina high—throughput sequencing technology was used to compare and ana-
lyze the rhizosphere soil samples of contrast group ( cha001), first year—continuous crop for Gastrodia
elata (cha002) and second year—continuous crop for Gasirodia elata ( cha003) in Qiaoshan town, Yil-
iang county, Zhaotong, Yunnan Province. According to the results, a total of 1342 OTUs were obtained
from 9 soil samples in which they belonged to 165 genera, 107 families, 57 orders, 27 classes, 9 phyla.
To compare with cha001, the abundance and diversity index of rhizosphere fungi community in cha002
were increased, and the abundance and diversity of rhizosphere fungi community in cha003 decreased
significantly with the increase of the continuous planting years. The dominant phyla of cha001 and cha002
were Ascomycota, with a relative abundance of 56.20% and 63.58% , and the dominant phyla of cha003
was Basidiomycota, with a relative abundance of 42.83% , in which the dominant class of cha001 was un-
classified_Ascomycota, with a relative abundance of 34% , and the dominant class of cha002 was Archae-
orhizomycetes, with a relative abundance of 25.45% , and the dominant class of cha003 was Agaricomy-
cetes, with a relative abundance of 38.77% and the dominant order of chaO01 was unclassified_Ascomy-
cota, and the relative abundance was 34% , the dominant order of cha002 and cha003 was Archaeorhizo-
mycetales, and the relative abundance was 25.45% and 15.49% , in which the dominant genus of sample
cha001 was unclassified_Ascomycota, and the relative abundance was 34%, and the dominant genus of
sample cha002 and cha0O03 were Archaeorhizomyces, and the relative abundance were 25.45% and
15.49%. The Principal coordinates analysis showed that the distribution characteristics of the soil fungal
communities between rhizosphere and non—rhizosphere soil under the continuous cropping of Gastrodia
elata were significantly different. The continuous cropping of Gastrodia elata resulted in the change of soil
fungal community structure and the destruction of the original soil microecological banlance may be one of
the reasons for the reduction of yield of Gastrodia elata and the formation of the continuous cropping ob-
stacles.

Key words: Gastrodia elata; the continuous cropping; the rhizosphere soil; non —rhizosphere soil;

fungal diversity; high—throughput sequencing
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AT T 25 4 W 2 M X KRR -5 AR P S E AR AR T R B B 4, RRAE A K ad fE b
AR PR U A AR T BOL A AN A, DR, AS 01 5 30 i o 36 530 7 5 AR B 5 A () ol A 50K IR
WRPR LS ECRE T, 0T FLAL A BE RN Z AN, B 7 F B34 A L e vh AU S5 FL TR 2R A 2 T AR
W R A5 A BE TS R RRAE A PR T A I DR , g KRR 1 e i By 167 12 (R B AR A
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1.1 hIEEMEY

ARAFER G530 T 2= 48 W E T 5 R BT LB IR (14K 1650 m,27°39/33"N,104°16'14”
E) AEEAIR 11 °C A EIRE KR 860 mm, J& W #HE Z2 S %,
1.2 TEHFREFE

RIS 3 AN I A A B 7E R — et b R AT - e RUAR [R] , B 4 0 AH AR F AR ] R
30 em, B AL ATBURE 3 4, 28 9 AN ML 2 F AL A R AR KRR 9 £ 38 (cha001 ; CLZ019
CLZ020 .CLZ021) #7 #: K B 13 ( cha002 ; CLZ0015 , CLZ016 . CLZ017) . T # K i 1 4 ( cha003 .
CLZ079 ,CLZ080 .CLZ081) , H#ERKET 2019 4E 12 H PR, 2020 4E 9 H 155 U 82 K BRAR B 1 1AL
A A RFRT 2020 AETEHTHE KRR L AL MU 220 T KRR, 2021 4 9 7 W88 3 7 KRR P 4 34
A ARBR AR S ORIk 25 7 35 KRR R T A9 5 MR R W S H A 24, 12
2 RIFRBARTSAL , K & B FOR S N5 IR TR R 0~5 mm JuF N AT 158 e AE K
B 04 (50 mL) iR BIRR S S5 PR bt H D RCRAES BT -80 CvkF - AF, I TR L
HEETH DNA,
1.3 R AE
1.3.1 X3 ¥ DNA #9425 & ikt

S H 3 AN HE Y SRR T E.Z.N.A.© soil DNA kit( Omega Bio—tek, Norcross, GA, U.
S.) 145 DNA 50 & , 4% BRG] B T i P RF i 5 DNA B, A8 T 19 (9 B BE W6 s Fla VAl
DNA AUHEHUT H:  DNA ¥ B 14l B F NanoDrop 2000 848 AT UL 436G RETHI E
1.3.2 EEARITS A9)4 PCR ¥ ¥ & @205

BHHRBURY B DNA VR AR, SR B @ F 519 1TS1-1TS2 (ITSIF; 5'~CTTGGTCATTTAGAG-
GAAGTAA-3' ITS2R; 5'-GCTGCGTTCTTCATCGATGC-3") §"4¥  § 4% Ky 95 °C FiZEE 3 min,
95 CAEME 30 5,55 CiB 2k 30 5,72 CHEfH 45 s, 4L 35 NI, 72 CLIELEMH 10 min Z550, FAMFE
P 3 W IRATE R PCR P28, J5 8 2% B s e iz (R PCR 72477, FIF AxyPrep DNA
Gel Extractin Kit BE IS & EAT =W 44k , 2% 3 NE BHEE AT B i , R QuantiFlu-
or' " =ST X ES= P A TR 5 it Miseq SCZEAS AN 34 7E A6 5 i AR BOEARH e A A PR F
AT, M FF 54 Tllumina Novaseq 6000,
1.3.3 A3 850

XF Mumina Miseq il F7 B A5 450H #4740 31, 45 2005 513647 T 50500 . (8 QUIME2 1%t
JRAR L AN A TR L 97 % WAL MRS PP 91 R 25 R OTUs , kit 3= B e K P S E AR SR 24T
OYRTERE B Ao U ROEF TR B b A QUIME R4 E 47T 286 v 40 #r , 11
A YD Z REE S E, R A AN [ R AT B R AR s 3 B 2461 . I QUIME R {4 A s
[Fl 4 28K LR R 2R TR R 1B T T T BRE AL 45 70 284K T B BEE Sh M 18,
QUME 34T Beta ZAEMEI T, LU [RIRE S 2L PR 22 RE 4 Ty 1T A AR RURR B

2 RS

2.1 M
JE T 8 ph 2 ] P S e R 1 R TR e s R S T A R R R, M BT
S22 I 15 I R e e R Y AR I BRI £ (1 1) B OTU B H B
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Fig.1 Dilution curve of fungi in rhizosphere soil sample of Gastrodia elata
22 HE#EEEESHESRITOW
AMFFEE T Nlumina WFF- G ERASHT 9 A AR IRAF 1 957 704 2% eads, BAFE S 220
7= 30 891 £% Clean Reads, F-¥77 4 186 984 2k Clean Reads, 1E 97% ¢ 5AREIEFEAE L nT R 4K
1342 4~ OTUs, 3 ZHAE 0 IIr & EL R OTU £ 43310k 723,675 210 A, B AN [ FE 55 R RR (1 AR P 1 138
OTU i HEF 4 cha001 ( ARFPHE ) >cha002 (GHT ) >cha003 ( FHE) ., Alpha ZFEMEMHTEE R (F 1)
FE AN R AAE A ER R R AR B - 8 FL TR R 7% = 58 BE 4R 20 (Ace #6848 Chaol $8%0) FIZHE T8 4L
( Shannon FE%% . Simpson $5%0) FEAEUN T AL : cha002>cha001>cha003 , Bl 3 4N FEAR 5 28 1k 34t
BEIETHE G TR FEA cha002 (1) Ace F8EUAT Chaol F8EUN & , 8/ I%ZFE i PR PR £ 3EfUE
Y5 B A i cha002 Y Shannon 3457 BE 48 B0 K, 3R WIZRE & TR MU E WU RETS 20 A i 39 50 B
B3 AR E SR EEY O 1.0, HE—25 BRI P 25 S BB A1 26 37 1L BE KRR AR B - 38 1 2B B 1) 5K
T, S5 B 7E KRR 1398 b 1) U T 22 R P HE AR FRE KRR A AR B 4 =F &, 1T o 2 KRR 1 358
HY ) L T 2 I IR T A IR RT A A KRR 4 0, G R B PP AR RE RO 0, = L B
FRECE W T R MR T SRR R I 0 R AIR T I R 2 AR SRR AR - R R R Y
Fhie T —Ak , H AR AT,
x1 XERERITEFRER Alpha S
Table 1 Fungi Alpha diversity of rhizosphere soil samples of Gastrodia elata

Qb OTU ¥/ 1 Ace FE5K Chaol ¥5%k Shannon 8% Simpson 840 35 Coverage
cha001 723 353.000 0 353.000 0 6.212 3 0.962 0 1.0
cha002 675 380.469 9 380.666 7 6.598 6 0.968 6 1.0
cha003 210 159.426 4 159.333 3 4.914 2 0.846 6 1.0

23 TEERERBELEMOW
23.1 ENAKFEGIIEAABRLEFE EIMN

LT RIRAN [R) bR 2 TR B 1 38 1) EL VR AE T 1K AT 04, I 2 R 3220 Ascomy-
cota , Basidiomycota , unclassified _Fungi . Mortierellomycota , Glomeromycota , Chytridiomycota , Rozellomy-

cota , Mucoromycota  Kickxellomycota 9 ], H:H1 Ascomycota , Basidiomycota , unclassified _Fungi 7l
Mortierellomycota “H 5 L], Ascomycota A AFIAE KR ( cha001) FHT#E R BK ( cha002) 4R Fx
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I E VR SR — OB T, XS E 50 R 56.20% F1 63.58% , R AR 7 B0 I AH XT3 4 52 5
Tt 15 J5 B A #5; Basidiomycota Sk FE 78 KRR AR P 1 498 008 HF 7 09 505 — DR 8T 171, AH 6 3 B 3k
42.83% , H=F BE BRI AR N 2 _E TH#E3; unclassified _Fungi 78 A i R 38 BT o Eb 55
55,35 21.98% , =K B Bl EVEFE S I B ; Mortierellomycota 1) =F B B EVEZE B N & e T = 5
S =E2

B2 ARRFRLEEREEEITKELHENFEE
Fig.2 Relative abundance of fungi in different rhizosphere soil samples at phylum level

2.3.2 ERAKF L8 IR ARHBEFEZSH

A AN [T R A AOR BRAR B LS /KF- 9 230 Hr (1 3) |, s s LR REVS 0o 27 S 2REE i
152U K N Agaricomycetes | Archaeorhizomycetes | unclassified _ Ascomycota , unclassified_Fungi,
H1, unclassified_Ascomycota 4 AFAH K JFR 1 58 FCTRHE IS (1505 — DL S8R 49, ARG F BE IR 34% , i A RE
2 BE Bl R RV EFER ) 38 0 {2 35 FRAR , oYK unclassified_Fungi , #8X} 32 B 1k 21.98% , AH X} = 5 Fi
FRAE ZERIH I 12 B IR 355 Archaeorhizomycetes AT FE K PR B - 198 10 3 BV 19 28 — IR 3 A 40, #H
XF I 25.45% ,3EAEHE T Archaeorhizomycetes Y =F B | I it Ffi AR 75 55 A4 386 T 52 R A1 4 345 i
Agaricomycetes A 5 £ R PRAR PR 1= 438 FLPA R V% IO 56 — DR S48 TR 4N, AHNT 3= BE 3k 38.77% , i TR 4N AR G 3=
JIE FEFPAE A 0 2 BT
2.3.3 EBAKF Loy RIEAGREF LS

FEF R [F) R O MAR PR + 58 BB AR 7E HKF L (B 4) BEoe 7R - ook 59 A28t
B H i E 2RI R Archaeorhizomycetales unclassified_Ascomycota , unclassifed_Fungi , Mortierel-
lales, H:H' unclassified_Ascomycota Fl unclassifed _Fungi 7£ A FAE PR T3 b 5 B, A 252
53K 34% 21.98% , - B A FE B N 2 PR IE 3 ; Archaeorhizomycetales 755 75 K JFRFIHL £ KPR
AT B, 1K 25.45% (15.49% , W] LIE AR B E R T Archaeorhizomycetales [ XT
FERE BEAAE ZE RO 0 BB W AR 5 1A KRR R P Y Mortierellales = i TR A AE KRR + 158
AR 2, HLBERMARAE RO N F B B A, FAE R PR 13 Helotiales 11 Polyporales AHXf =
JE 5 12 B AR AR A AT E R - 338 b AR BEAR I, Polyporales 78T 7 K BK 18 HhAH X =
JEy 0, AT UL RIBREVELE H K- o 1 b BB R 251
234 FEBAKTF LG LEAAEF AN

XA R R AE FE RO AR PR - S BRI R K B (181 5) 23 R B . 363y 165 A 68F, L3
& e 2R AR R Archaeorhizomyces . unclassified _ Ascomycota . unclassified _Fungi , unidentified 7/
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Mortierella, H:H' unclassified_Ascomycota 1 unclassified_Fungi “A A< FiAE K JBR 1 38 A A0 X =F e
AP SR ARXS 8 34% 21.98% , H. A= J3 BEAAEFEE 38 I 5 18 2 PR MB35 s Archaeorhizomy-
ces A HTAE AN AL K BRAR PR 1 S R B0 50 — DU BV TR, AU 2 B 3K 25.45% (15.49% , 3 AF -1
RIS B 1 T R A KRR 1) - 38 | B R A 2E R0 n 52 R AR 3 SRR 32 8 1 19D Mor-
tierella W=FFE | HAET A RIFRAR PR L35 i BT 258 Sebacina 1 Paxillus

B3 FAERERLEFEREEERKTE EHENEE

Fig.3 Relative abundance of fungi in different rhizosphere soil samples at class level

B4 FRBRTEFSEEREBKE EMNENERE
Fig.4 Relative abundance of fungi in different rhizosphere soil samples at order level

24 AEERIBEFEEHNSEZHRS T

SR R AS [R) B R A ER O RAR B L B 7R 11K 1 A B 4 5 e AR 40 28 B e 1 =F 8
TNPAZRZE I3 o ] S A M4 S (TR 6) |, 3 e SR 28] LUK 3 = B RIS 32 B 1 0 2t IX 4y
I LAB (6 135 S WRE 5 22 1) A BE TS LSRRI RE T G SRR i 1) BT B P AR IR UL SC R 2 h
MRS, Hod cha003 4H BAM 38 o —28  FE 5 cha001 Fi1 cha002 4 2 h 95—, % £ B cha001 FI
cha002 ZHFERETE S50 43 AT L AHIE , 55 cha003 41 (% FL I TR RF 4500 70 A A I S 25 5% . 9\l OTU [] 2§
PR IR AR S S RIEEA BRI L3 4 25 288E (1) £ cha001 41 7P BT o LU AR, #E
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cha003 20T o5 L 19 B i s 258 ( 11) #F cha003 20 H T 5 L A%, 76 cha001 20 JiF (5 B 6] 45
cha002 2115 ; 58 (1) 7€ cha001 41T (5 FL B4 0, 7E cha002 ZH 1 cha003 2H H T f HE 1 g 3
REAIG EBECIV ) 7 cha002 2 HP T 5 HOAG1I%2E 7, 7F cha003 2H T & Bb 3] S S R AIR

B5 ARRELEFEREBEERKTE ENENFEE

Fig.5 Relative abundance of fungi in different rhizosphere soil samples at genus level

Eo6 FRMBRTERRDEEREITATELHELEAE
Fig.6  Cluster heatmap of fungi in different rhizosphere soil samples at phylum level

2.5 Beta ZHMES
K B-Z M S HTIR AR IE A IR B A 22 [ B 7 2854 AR , S A8 AR 408" ( Principal coor-
dinates analysis, PCoA) Z5 KW (18 7) . PC1 B TTHRFEN 46.72% ,PC2 [N TTRRFE K 17.55% , P& 3k
ff R T T 22728 B 64.27% . cha001 ,cha002 Fil cha003 A . 22 [6] Y B 4503k , 156 WA AN [] b 7 80K
JER MR L T R P 25 4 2 ELT I 25 57 5 cha002 i1 cha003 ZH & B0 HE W I 0 20 ) SR A4 | F X W 4 13
i B AR B R 450 . UPGMA 43 B 4% o | R Sl SE T | A K M, 18 I PR
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PRl AL SR B, anlET 8 B , AR RMEAE RO RRIR PR L R 2257 5 PCoA &R — 2,

E7 ARRRTEEGREFRHEN PCoA O

Fig.7 PCoA analysis of fungal communities in different rhizosphere soil samples

8 AERRTIEHREFEERR UPCMA 547

Fig.8 UPGMA analysis of fungal communities in different rhizosphere soil samples

3 g S4ie

SR TR RS EI A K R A BRI RS RGP, A
FEPEAZ Z2 PR 22520, QA A R b AED YR AR AR R S AR SE, Hoh SR XT i
AW BER Y AT 25 A Y O R A T S | R AR A R AR, Bt
S YRR 2 L SRR A | X S 1 VR B AR MR A SRR 22 SIS SR el ) R T
JEE T AT R R %A R AR s 1 458 I T 22 1k S T A LR A o3, 4 SRR W L R iR KRR
R OTU %0 2 TR R IFRAR PR 38 572 RIFRAR P L EREASAY Chaol $5% Ace $5 %A1 Shan-
non T8 ECEE B T APV MR T 3EREAR (A0 FH 25, AR RIRARPR +EREAR A Chaol 84T Ace

54 Shannon FE¥0F1 Simpson 5 FCEUE ) & FRAK , AR /R BT 12 R RAE — 2 Bt T HIEEE
IS ) ZAEPE (B EIEFME 2 3 b B 2R, BRI BB R T, RIBKGEVE T AR
AR PR - AR 1K AN 2 B, O3 e 1) T 11 K2 B, 5 3O [R) EL TR S B LL 7
AR ERR P 2O 225 11T I AE R RR S AR PR KRR PR 1 58 L AN Ascomy-
cota NIV , X 5 8 A EHFIELE R —F P | Ascomycota PN HBJ3 A B R £ 398 b R B B fige (1)
GO AR, TR SRR T H A SRR 250 Ascomycota AT ARER (1) G B4 ik
AT LA KA AR P K FE e b S PRI AR Ascomycota FE AR ZAHYIMRPR
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T o R R PSR, ARBFSE T Ascomycota ZEBF L ZEAY  H | J& 7K I unclassified FL 3 (7 Lt
éwnH%é%rﬂﬂmzﬂﬁkﬂme%%ﬁE%% PR RIRAE KR E A BEE W, DS
FIRFEAE B i 1) B PR 2 5 R T A TR A 5T . 117K 3R 2R 45 5 B | Basidiomycota |
Chytridiomycota 2 Rozellomycota #Y = 8 37 8574 K R - 48 b B E 5 /0, M7 Ascomycota , Glomeromy-
cota ,Mucoromycota , Mortierellomycota 2 Kickxellomycota 4= & 75 85 £ K bk 1358 Hp 45 1 3% PR, A
WHFE M B, unclassified_fungi 75 -3 FCRZRIE T (5 Lo, HBER FRIEAVEZERAY S, R
%?V‘ﬂi,iim%i‘ﬂiﬁ%ﬂ%ﬁ?tﬁﬂEﬂ%Ffj:EE4“747*jt§%ﬂ€%ﬂﬁiﬁﬁﬂgﬁiﬁi]VCBIiﬁ?§ﬂ§3§§¥,fii¥j:ﬁgét
DIREAS RIRAE KR B Z B B 8l K R A itk — B 5e

1§E$§t§§3iﬁﬁﬂ<qzﬁfﬁ?#§ﬂ<é§&_ﬂ¥E@EiEﬂﬁt&?EﬂEﬁ??Ygifjtigﬁi,chaOOl Ak PR AR I
unclassified_Ascomycota , cha002 il cha003 B J& N Archaeorhizomyces, unclassified_Ascomycota
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