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PR MTAAE . LASEI 53 FHAE IR | 5o 75 146 AN OCUE 1 VT LR S DX dnlife I 28 AT 2R T AR AR AN e AT 9 A 3 -
4 %8 Nlumina HiSeq 43T FHR B OTU RIS MR I B KB e LT, 2R 3R T W 307 e AN [ i B B 12 38 AMIF )
FhkebE GERERH . (1) IR AR A BREE ] Glomeromycota OTU A 275 4>, 4@ T 4 H 8 B+ 13 J& 19 1, JE/KF L
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(ACE) 850R I AL T AR =~ F i >TF AR (P<0.05) , (3)Spearman F3ePEHT R W - HE 485 AMF ACE #5503 fati>C, H
5 Chaol #5504 .35 FAH ¢ ; AU 5 Shannon A1 Simpson F8 R F ARG, (4) BLYEXT R 73T ( Canonical Correlation Analysis,
CCA) W H 25 HRA AL RIS AMF BEIE /070 A WA G o 45 L3R W& S R e 3 o A oy 1 A
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Species diversity of soil arbuscular mycorrhizal fungi in karst vegetation

succession process

LIN Yan,HE Yuejun® ,HE Minhong, WU Chunyu, FANG Zhengyuan, HAN Xu, XU Xinyang, WANG Shixiong
College of Forestry in Guizhou University, Guiyang 550025 ,China

Abstract: The karst ecosystem maintains rich microbial diversity, and the composition and structure of arbuscular
mycorrhizal fungi changes with karst vegetation succession. In this experiment, we used a space-time substitution method to
collect soil from tree, bush, and herb communities from Huaxi Guiyang, Zhijin Bijie, and Huajiang Guanling from a typical
karst area located in Guizhou. Using Illumina HiSeq molecular sequencing technology, we performed an operation taxonomic
unit (OTU) clustering analysis and compared the annotated species with those in a database to explore the soil arbuscular
mycorrhizal fungi ( AMF) species diversity during the different karst succession stages. There were 275 Glomeromycota

OTUs in 19 species from 4 orders, 8 families, and 13 genera in the karst habitat soil. AMF abundance at the genus level
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showed that Rhizophagus was the dominant genus, and Huajiang had the highest AMF richness. The common species
Septoglomus constrictum, Rhizophagus intraradices, Claroideoglomus sp. MIB8381, and Enirophospora infrequens were
distributed at different stages of the vegetation succession at every sampling site. The Shannon and Simpson’s indices of
AMF changed at the different stages of succession as follows: in Huaxi, tree/bush > herb ( P<0.05) ; in Huajiang, bush/
herb > tree (P<0.05) ; and in Zhijin, tree > bush > herb, but these relationships were not significantly different. The
Chaol and abundance-based coverage estimation ( ACE) indices showed that in Huajiang, bush/herb > tree (P<0.05).
The Spearman correlation analysis showed that soil total phosphorus was significantly and negatively correlated with the ACE
index of AMF, and it was negatively correlated with the Chaol index. Available phosphorus was negatively correlated with
the Shannon and Simpson’s indices. The canonical correlation analysis showed that soil total nitrogen, available nitrogen,
organic matter, total phosphorus, and available potassium were significantly correlated with the community distribution of
AMF. The results showed that although there was no uniform variation law, the diversity of soil AMF increased or decreased
with the process of karst vegetation succession, which was closely related to the physicochemical properties of the soil, and

the influence of phosphorus was the greatest.
Key Words:; karst; vegetation succession; arbuscular mycorrhizal fungi; diversity

M B AR B ( Arbuscular mycorrhizal fungi, AMF) J£—Z8RE 548 SR A AR R IE AL AAK T2 A T
AR X A K SR B AR R AR L, AMF ZREME 0 G AR ) AE S R GE A
IR L ZREME R T 00 e AR S R G R SR e B v by i 3 R (0

F ] P4 R ST R e M DR T B = R X 22—, HJR o R B i R e AR KA 7 X, el T L ARR R
T2 2 1) - 3R o e A S B2 IX K 3 T IE WA AL, 7 E BELA T XA ST A AR B
Uedr XA S AT A S B A AT R 8 R Ry — T BN AT WS R AR DK B SZ AR R T A 1
Wi, AT B FE 4D AMF ] B8 A W Ry 4 A 1 B PP SR FH TR AR A2 B A IO 194 B B 9, L i 2 0 ok 1
WA TR AMF R BIRT A 5T 3 X TR X AME (58 9T J)8 T — 2L i) A, an AMF
X R A B G A A B VE I OB SR I R B AT R s ) Ay, b AR
TEEBEA TR A8 T 1 AMF JEZS S 9 ZREVE T SOR A ZREME AT S0 T g s A 35 o
(1) AMF ZHEE K A3k 0L, 47 B T2 AMF 32 FI T A BUIAH T A # 8 M FR wRE S R 5 GRS &
Gerhif) AMF ZFEME R UT AMF 8% 23 B35 A 000 1 HERR 10 R A s A i Ak 5200 | i TS AL 1 SR
Brid e AMF Z AR RBF TR AR | W8 30T AR 558 R AN R AR 1 AR TR B BE A 3 AMF 22 AP
SLanT e PR AIFSE 15 e 1o e 1 I R 0 750k IR ST IR AN [RIAEL B 1 AR TR i R rh 1 AMF 5 B
ZRENE, 9 AMF TR 3R A7 A0 AR 5K O 5 8 R AR AR W1 BOR R BE S LR

1 #R57FE®

1.1 RS AR

ARHFFEBEE T 3 A~ B AW Ry [ AR TR IV S B g 4, Herp, B B BE T AR R X (R AR AR,
106°27'—106°52'E,26°11'—26°34'N) , Ay & it 2= KR 1 A 5 S 0b BLAE VIR Bt & (RIFRAEYL, 105°36'30" —
105°46'30" E,25°39'13" —25°41'00" N ) , Ja& 3 #iy 25 XU 5 581 T 21 4 BBk BEL ( fRTFR 2142, 1050447 42" —
106°11'38" E,26°38'31" —26°52'35" N) , J& W #AT Z XUUM , FE BRI WF 90 DR A1 4B Bl 28 AU 1% 40 A R0, DA 2
TR A s 1)y Y40 R Ry [ BB R AR WA S TR 3 i AS [R) R 2 A 7 =5 1) b B A AR i 1, 3R 9 A
FEML(FF—FEHL 3 DEE) , FIFAKR 10mx10m FEA Smx10m FA 2mx2m BIRETT AT REVS 27 2 | 4%
FETT N A28 T BURR A A T A W OR A . SRR A 5 T, A HURE 5 4% Sem  10em AT 15em 432 HURE
W45 2 LIRS R T IR A1 AMREEAS A A0y, — 00 FH T B SR R, — 03717 [] S50 25 B T~ 80°C KR
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VAR ORAE 28 AR AR BRI R 28w W Rt At 5 BB AN 36 1,

R1 HEHER
Table 1 General situation of sample plots
o GOMEE CHE ERRERRE
REL O A 1 e L
. TE3 Rock . Average Average ES LY
Sample . Vegetation .
it Elevation/m exposed overaze/ % annual annual Main plants
s degree/ % coverager temperature/ °C rainfall/mL
& Cii -amph
HX T 1165 <5 100 15.3 1129.5 ﬁ*ﬁ {ANAMOMUTL CampRore
i XIKE Cyclobalanopsis glauca
e L
EUH| Ttea chinensis .
B 1263 20—30 70—80 15.6 1130 -
K Pyracantha fortuneana
H 1106 <5 80—90 15.9 1200 LB Miscanthus floridulus
Sk Imperata cylindrica
R Ailanthus altissima |
H T 951 20 90 16.2 1200.2
! LA Idesia polycarpa
B 844 20—30 70—80 16.8 1200 S Sapim. sebiferum.
’ )N Caulis Fici Tikouae
I Arth hispidus
H 957 70—80 40—50 16.5 1210 < Arthraxon hispidus
Y Artemisia argyt
Y62 ME Betula luminifera |
Z. T 1564 57 100 14.1 1430 )
! < 2K Cunninghamia lanceolata
FUf Ttea chinensis .
B 1437 1 14. 14
3 <3 00 3 00 ERTEEH Dicranopteris dichotoma
T Convza iaponi
H 1437 20—30 20 14.8 1450 FIPLEE Conyza japonica,

I Arthraxon hispidus
HX; f£1% , HuaXi; HJ : /87T, , HuaJiang ; 2] : 214; ,ZhiJng;T:ﬁAfjﬁfgﬁF}/l\fﬁ Tree; B HEATEE [ B, Bush ; H . A BB B, Herb

1.2 AMF Illumina HiSeq i}
1.2.1  +HEENZH DNA $2EUFI PCR $71

K HI SDS ik RAEAS KL 2H DNA #7825, A HI SN B &8 e r DK A TN DNA 19 40 82 Rk 32 G £ A
i TR TCRKFRBRE S 2 Ing/pL, DIR RS 128240 DNA ST, AR P DXl iy e % £
Y Barcode [R5, New England Biolabs 23 F] ] Phusion® High—Fidelity PCR Master Mix with GC Buffer,
MRS R B VAT PCR, 5142 18 Beenhouwer(2015) *') Dai(2014) ') Geel(2015) "' Liang(2015) ™
Xiang(2015) %52 A4t (9 £ 58 AMF 55574519, 57514 . AMV4.5NF (F ) —AAGCTCGTAGTTGAATTTCG |
AMDGR (R)—CCCAACTATCCCTATTAATCAT, i ARBIE A 7 A . PCR P=W{d FH 2% Wk B () B A W 5 fie
PEAT R KA s AR 4l PCR P79k BE 04 7 45 T BT, 78 0 TR 20 J5 M FH 29 () SR BB B8 e v VKRS U PCR 7747, Xt
H i 2417 (1 qiagen 2 B FR AL A4 g [RTIRCGRR) & 11U =4
1.2.2 SCER AN EALIN

fEFH TruSeq® DNA PCR—Free Sample Preparation Kit & 27357 & UE AT SCE A B, 44 L I Y SC R 22 ok
Qubit Al Q—PCR & & , XG5 , ] HiSeq2500 PE250 #17 ALY .
1.2.3  MrgdE b

HR4E Barcode JF 51 PCR 473451915 51 NS HLEHE rh 4R 73 Hh &R S B0 , #8525 Barcode F15 14 )7 91 f i
FH FLASH ) X EANRE B9 e 5 HEAT 902 B A5 B A DHE P 51 285 A 2 S AL B ) 45 51 57 T i Tags B8, &
H# Qiime ( Version 1.7.0) ™' [ Tags i f ¥ il i F2 . KF 2843 DAL L A 3RS 75 8] (19 Tags J7 413 22 UCHIME
Algorithm "*' 5 Unite database $C4E PESEAT XA I 8% & 1A 7 81, 22 B e (4 ik B A4 7 91020 3R A e 2 3%
1.2.4 OTU RIEHAYFERE

FIH Uparse %/ (Uparse v7.0.1001) " X FiAG £ 5 19 4384 R80T R 26, BRIA L 97% iy — Bt ¥
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IR AN OTU (Operational Taxonomic Units) , HCH HLBEE RN G 6 OTU Ho i BUBE B /= 19 77 S14E S OTU
BT H], X OTU FRZRFE A HEAT YA E RS, HT Qiime #44 ( Version 1.7.0) H1f#% blast 771 5 Unit 54
JEPY AT W A BT, 4 A 4543 2K F . phylum (1) L class (29) L order ( H ) | family (F}) | genus
(J&) .species( B ) Geit 4 REA Y AMF BEVR LR, {8 J MUSCLE " B {1 47 B £ 2 91 He o, 45 2T OTU
REFINNRGERELR,
1.3 A m e

S FH R I SRR AL R Y Herp ) 0 pH R B I U SR K A e s A O R
FRENBAPT L (a1 ; 2R AR B DT L (01 ; 2 RURUK i 034 F 1 Sl I EQ 3 s A AT T 78 o S 2 5 R 4 4 Ak
TIE (K 2),

®2 EMIBAOER

Table 2 Physical and chemical properties of sample site

AL R KR HAH £ £
FAER Organic Available Hydrolysis Available Total Total
Sample site matter/ ol phosphorus/ nitrogen/ kalium/ nitrogen/ phosphorus/
(g/kg) (mg/kg) (mg/kg) (mg/kg) (¢/kg) (g/kg)
HX T 10.08+1.06a 7.57£0.06a 0.47+0.03a 0.45+0.04b 17.97+3.26b 0.12+0.01ab 0.18+0.02b
B 11.70+3.89a 7.67£0.03a 0.51+0.06a 0.58+0.06a 27.01£2.39a 0.16+0.03a 0.21£0.02ab
H 13.36+0.15a 7.58+0.06a 0.52+0.02a 0.46+0.12ab 25.16+4.39a 0.11+0.01b 0.23+0.02a
HJ T 9.84+0.77b 7.68+0.04a 0.57+0.04a 0.58+0.04a 28.67+3.09a 0.15£0.01a 0.50+0.06a
B 11.52+0.88ab 7.76£0.02a 0.48+0.01b 0.24£0.02¢ 27.72+2.81a 0.22+0.13a 0.18+0.01b
H 11.54+0.92a 7.49£0.05b 0.35+0.01¢ 0.32£0.05b 8.86+0.37b 0.07£0.01b 0.18+0.01b
7] T 10.04+1.04b 5.44£0.10b 0.26+0.07b 0.26+0.03b 14.653.03a 0.09+0.02b 0.39+0.01a
B 10.06+0.42b 5.96+0.01b 0.28+0.05b 0.34£0.02a 6.89+0.41b 0.09+0.01b 0.16+0.01b
H 12.32+0.65a 7.53£0.05a 0.44+0.02a 0.19+0.05b 5.35+0.23b 0.47+0.10a 0.18+0.02b

AR FEEFRIRTE 5% 00 & PEKE B 255 (P<0.05) ,a b e 7[Rl —IF 58 XA [5]3R5 B B ] - S 3 A A o 2 57

14 St

fiiFH Qiime FX {4 ( Version 1.7.0) 7158 AMF ZHEEHE ;32 F SPSS18.0 ML 2 5 22 0 Bt LL# T i L BBy
Bz [a) Z A4 8] 1Y 22 57, Spearman AHICHE 73 M il 38 AMF 22 R M 48 4005 1 598 300 1 5 A0 A O e 5 R
Oringin8.0 2 il H R HEFH K] fe e AM HEFER s H R BT 805 Principal Component Analysis,
PCA) SUWA R B B AMF BEP5 4 i 22 55 , 9 X W 4341 ( Canonical Correlation Analysis, CCA ) Sz it + 35
FRAEPE BN AMF s 4 B 52

2 HREHS

2.1 CRFER I AMF 4328

27 A HIEREA LA F] 3871 4> OTU, HihJ& T AMF 19 OTU 9 275 4>, Silva B8 E#EAT LR 4E155) 4 H |
Hrh 3k % % H Glomerales ) OTU Jy 249, £+ /1 % 75 H Diversisporales ] OTU & 14 4>, Ji % 75 H
Archaeosporales f OTU & 10 />, KEREFE H Paraglomerales [ OTU 2 2 4~ M 4 /> H 3453 8 B, 13 J& )
19 N43F AMF 43 FFp, Hop L5 %5 )R Funneliformis 1 # H 0 %8 55 J& Rhizophagus 1 1 9% 7 )&
Sclerocystis 1 #f FaEK#ERLJE Septoglomus 1 F JTAEREEELE Claroideoglomus 3 F | E 185 & Gigaspora 1 1,
J& B RE Scutellospora 1 F JCHEERE B Acaulospora 2 Fh . ZHEM PR R Diversispora 3 Fi ZRER B R
Paraglomus 2 Ft SR B FE &/ Ambispora 1 Fi  JR2EFEE Archaeospora 1 F N FF%E%E & Entrophospora 1 Fprlo]
(£3),
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3 AMF 5 F#HRER

Table 3 Classification of AMF molecular species

H Orders #} Families J& Genera Fp Species
ER¥EHE H Glomerales BRPEREF} Glomeraceae S EHERE R Funneliformis JEEVG LA HEEE Funneliformis mosseae
M PEREJE Rhizophagus MR RERE Rhizophagus intraradices
[y Sclerocystis Sclerocystis sp.1
FAERFE TR Septoglomus A MRERFEEE Septoglomus constrictum
B ER R

Z %% B Diversisporales

KBR%E4E H Paraglomerales

JF4E%E H Archaeosporales

Claroideoglomeraceae

E {425 F} Gigasporaceae

TeAEHERERL Acaulosporaceae

ZHEAIBEFEF} Diversisporaceae

KERPFERLFL Paraglomeraceae

XEIHEFER}E Ambisporaceae
JRBERF} Archaeosporaceae

TR R Claroideoglomus

E 4% )8 Gigaspora
JEEfFERTJE Scutellospora

ToHEHERJE Acaulospora

LB Diversispora

KIRFER)E Paraglomus

WHIBERE T Ambispora
JRFEE Archaeospora
WNFHERER Entrophospora

Claroideoglomus sp.MIB8381

Claroideoglomus sp.NBR_PP1
Claroideoglomus sp.W3234
HOREH2ERE Gigaspora margarita
R JE B 2w

Scutellospora dipurpurescens
PG AR RERE Acaulospora brasliensis
FHRKICHE#E%S Acaulospora longula
Diversispora sp.w2423

Diversispora sp.w4568

FRZ USRS Diversispora celata
VG ERBERE Paraglomus brasilianum
P2 ERFE R Paraglomus occultum
7524 WHIBERE Ambispora fennica
Archaeospora sp.M1B8442

AT IR R Entrophospora infrequens

2.2 AREMGEE B AMF J& 5F0KF OTU F 5 K43

BB AETL A& @K b AMF SFREE53 5108 Ao ARSHEAR S Bl AR S TR AR S RLHE  FOHSTEAR S TR A, Bk
AMF F RNV ABR S G HALTLA M AMF F 585 T HR S R, AL H R Lk 3 s 1
AR TR R R AN R AR EERE AR AR D R | ARV IRE AR AR AR S A Jm bR ek
A ER =R R B T IR m (& 1)

JEE VG |- B RE R Sclerocystis sp.1 AXAEALRTTA FEAR MR B BL A, AT WA R A P, 4l Bk 4
B MNARTER | Claroideoglomus sp.MIB8381 FIFf A PN F2MERE L4 AL MU 4341, 1 UL 2w S0kl th DX 118
DA, AR TCHE#e R AR A Tl b d /N AR UG T R S AEVEHE AR T8 B B A . AER 2L Fuk-F |
AMF EFEBPATASTHEA ST ALV TRA S M STEAR . SRR EE RN TSRS L (K 4),

F4 EFEH AMF 5F5 OTU £ERS
Table 4 The abundance and molecular species of AMF OTU in sample site

AMF 470 H 2 HX ait
Molecular species of AMF T B H T B H T B H Total

S
pEp e 30 42 16 88
Funneliformis mosseae

e
*EW)FE@%%@ . 344 35 70 3 210 25 586 63 101 1437
Rhizophagus intraradices
Sclerocystis sp.1 146 28 338 512
b e

%ﬁﬁﬂﬁk%@ . 616 392 815 2 42 18 212 24 21 2142
Septoglomus constrictum
Claroideoglomus sp.MIB8381 666 25 1 61 3 2 61 310 13 1142
Claroideoglomus sp.NBR_PP1 8 1 1 59 1 5 75
Claroideoglomus sp.W3234 25 8 7 3 1 62 103 17 226
< s e o
FiA 1R 505 11 85 17 1 32 140 3 6 800

Entrophospora infrequens
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AMF 43-FFf HJ 7) HX Pt
Molecular species of AMF T B H T B H T B H Total
BEIU(E?@%%% ' 9 14 3 2%
Gigaspora margarita
1= P =d
s %ﬂiﬁ 3 11 5 23 6 3 51
Scutellospora dipurpurescens
=
B P AR o 2 25 27
Acaulospora brasliensts
LERSPs Ve i 1 1 5
Acaulospora longula
Diversispora sp.w2423 178 13 16 4 35 246
Diversispora sp.w4568 9 3 18 7 6 1 7 2 53
TEAE piis
l&?#?’ﬂ%ﬁ 10 89 13 11 123
Diversispora celata
K pkae A
Bk 15 119 7 141
Paraglomus brasilianum
K ERYET
[SES2 e T 2 4 [§
Paraglomus occultum
VL
il 10 57 6 73
Ambispora fennica
Archaeospora sp.MIB8442 15 120 80 215
A1t Total 2344 548 982 460 285 186 1447 600 533
16000 —
[ A
N RETR
O RESR
14000 - A
I KERFER IR
N L HAETR
I TR TR
12000 | W 5 B )R
I B R
I E R R
9 I (R ER TR
w3 10000 [ -
s B A
iy —RyEE
=} é 8000
2
s=
<o
5 6000
4000
2000
0

HXT HXB HXH HIT HJB HJH ZJT Z)JB ZJH
FEH Sample site

B 1 AMF EX¥ OTU £&
Fig.1 The OTU abundance of AMF at the genus level
AM ; MR | arbuscular mycorrhizal ; OTU ; #4432 B 5T | operational taxonomic units; HXT ; #EIZ FF AT WY B, HuaXi Tree ; HXB ; 4E 1% ME A
BWrEE  HuaXi Bush; HXH : AEIZ BOAH MY EE  HuaXi Herb; HIT: AEVTFR AR MY B | Hualiang Tree ; HIB ; £ T3 A3 % [y Bt , HuaJiang Bush;
HIH : AE YT B A2 B BE | HuaJiang Herb; ZJT: 214 77 AR R Y BL, ZhiJin Tree ; ZJB: 414 #E A H B [y BE , ZhiJin Bush; ZJH ; 214 %A W2 By
B, ZhiJin Herb
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2.3 OR[EAERE R B B -4 AMF 1 OTU ZFEMAE L

T A SR A 0 SC 28 A 7 55 BE 4R 51 90% LA L, A48 KB 7 AMF 51 ] LA | 0 45 SR 2L A A g
BN S AMF ZREHAE RO R R . FEIR— A58 KON [R) R I B, Bk 5 3 5 R e S A A e AR —
5, BEALIE LS RE i TR = VEAR S H M, H AR TR AR FE AR 5 5 2 0] 22 573 |0 35 (P<0.05) , 818 Tv R Y
M [R) 25 5 855 (P<0.05) , ULEHAE R TS AR FIEAR AMF 4 Fh Z2 REPERUE WA 345 & F 5o, 814 T2 K AMF
PyFh Z ARV E DA U3 = T Bl s ZE AR VTR S0 R TS HER S TeoR (HR 2 AR 2 . (Vs i
FEHLE) AMF B AR A5 K TAEE A & T8 50, H. 255 3% (P<0.05) , ULBHAETL AMF ¥)Fp ZFEM KT
LR G HHE R B, Chaol Fll ACE F8EUEA B — B A AR b #a 3 B IR RAE S AMF BEIS N TRA
STEAR ST 214 KAFE 5 AMF BEVE EBE MRS TR S B, H 22 SN B35 AR VTR RE S5 0 R K ~ Bt
STEAR, H2ZE 5 3 (P<0.05) o ALTLHE AR AT B B3 Bl 906 25 46 b i 5 FIER IR Chaol FT ACE $5 %%
(F£5),

T [F] — B BEARS RS X, TR AR B BEA AMF & 5 9 5 BRI BB (b a3 N IR =~ Sl > 6T B
AT B B AT S (B =~ 8142 (P<0.05) 5 HEAR B B BEIEA — 30, Fe AR B B AMF Chaol 1 ACE $5%%
FAERESIETL ~ 814 (P<0.05) , HEAFNE AT B fr BEY WALV > IE IR ~ 214, Chaol $54U 2% 5 .35 (P<0.05) ,
ACE fREZEF A E (£S),

x5 AEEEWE AMF 1 OTU £E5 S#E %R
Table 5 AM fungal OTU richness and diversity index in different stage of succession

97% ALK - Similarity of 97%

Sample site FARAGEL EE AR Chaol 5% ACE f5%% s
Simpson index Simpson index Chaol index ACE index Coverage

HX T 5.04+0.21ac 0.95+0.006ac 94.86+10.15ax 100.33+11.42ac 0.92+0.01aB
B 4.8+0.11aa 0.94+0.004ac 94.25+12.97a03 100.71+13.93ac 0.92+0.01ac

H 4.02+0.17bB 0.89+0.02bB 70.23+10.03bB 83.55+11.8%aa 0.94+0.01ac3
HJ T 4.39+0.19aB 0.92+0.011bB 56.22+9.65hy 59.64+10.34hB 0.96+0.01ac
B 4.76+0.3ac 0.93+0.015aba 119.70+22.64ac 108.67+16.98aa 0.92+0.01ba

H 4.96+0.15aa 0.95+£0.011ac 98.00+17.06aa 86.43+£6.24aa 0.93+0.01abB
7] T 5.07+0.07ac 0.95+0.005ac 74.14+8.08af3 75.17+5.92ap3 0.95+0.01ac
B 4.83+0.31aba 0.93+0.027aba 78.81+8.63aP 83.72+10.02aa 0.94+0.01ac
H 4.37+0.31bB 0.90+0.035hB 68.43+10.92ap 71.43+11.22a 0.95+0.00ac

AR RIRTE 5% B EHKTE T A 257 (P<0.05) ,a.b £/ R —0F7% KONREE B ELE] AMF £ EE S 2N ER o, B,y ZRF—
TR BAFEWF R XA AMF 5 5 ZFPE0) 22 5 ; ACE ; ACE #5841, abundance-based coverage estimation index

2.4 AN[FEAEBEE B B AMF #9532 004 b

PCA F3 M7 22 BH A RAF s BR A 4 T AR 5 50 iy 3 25 o B A, LAk 45 SR E AR 1 1) ) B A 3 25 SR BN
T[] —HF 55 DXAS [ B B B« A VT 50 1 5 R TR B B AMIF BV 4L A 25 57 /0N, I 7R A 5 5 1l L A [] AMIF
BRI 2 3K BB TR SRR B AMF B2 5/, SR B A 5K, 8 e T i 5
BB B AMF BEVE N2 T8RP IR — T80 B BEARRIF 5T IX . 55T X A TR AC A B o b T R o B3 24 A
W IE () B 5, 3% B IR — R I BE S [T IFSE X AMF RIS A B R 225 (E1 2) .
2.5 AMF #F& Z e T B A v AR DG

AMF ZHEEFR B S 5 R 71 Spearman AHCHE TR . HIE2BE S ACE #5500 3 7 AHC (P<0.05) ,
H5 Chaol $55% B3 T AHIE (P<0.01) 5 S5 75 A R = AR 46 55U 3 TR DG ( P<0.05) 5 SRR 5 45 24
PEFRBEMIEAH XX R , 2RAA IR S8 SR SR AR  AEFHIAEE (F6) .,

- 3E AMF OTU 55 A 5 A i 760 S0 o 107 43 225 SR HE P PR AT 600 . 28— TR Al RN 28— F2 4l AMF 7% 43
A7 77 22 B R LE 90 40500 R 30.4% 1 20.1% , 5 LA B 50.5% 195 2784k, #e5— 5 b, 38 pH 2w
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8 S % 39 &

RO Ry R R - (AHOC R ECH 0.976,0.971,0.888 ) ; 7E45 — F8h |, 3R A LT K ik ZUR BUK 5
F B KT (A R4 5 0.993 . ~0.887 . —0.883 F1-0.812) . & 4% pH 5 BB A, HA BAL R ST 1y
5 AMF BEVE i A 2 M Hoh A HLBN B A 56 (P<0.05) , HiAy il & M1 96 (P<0.01) . R4
SHAMEYE R AR (K 3) .

£ 6 AMF ZiEMIEH S TIEE 4R Spearman 1855 &1

Table 6 Spearman’s correlation coefficient between AMF diversity and soil physicochemical property

X Eces TR B KRR EERINGs
pH Total Total Available Available Hydrolysis Organic
phosphorus nitrogen phosphorus kalium nitrogen matter
ok
ﬁiﬁ?’aﬁi{ -0.018 -0.009 -0.296 -0.429" 0.068 0.004 -0.128
Simpson index
Sz Mz A B K
".L o *)HE.'& -0.063 0.142 -0.253 -0.425* 0.015 0.093 -0.212
Simpson index
Chaol F5% .
. e %Eﬁ 0.380 -0.510"" -0.230 -0.062 0.206 -0.106 -0.094
Chaol index
ACE #8%
§ %Hg& 0.280 -0.474" -0.238 0.082 0.317 -0.005 -0.136
ACE index
® = HJH
5L ® * HIB
A HJT
+ HXH
51 . £ * HXB
S . ® HXT
< a X TN % ZJH
& 2> s - ¢ ZIB
< = I > [ oN ® ZIT
20 i ’ "o AK .
.2 \ < *
< 9 | e " om
S EXB| S u HN .
e AN -1 ®
*
S A
ﬂ -2 - A A
ZIB | | 1 | Il
EQ -2 -1 0 1 2 3
SO . . i1 Axis 1 (30.4%)
-10 -5 0 5

Bl Axis 1 (12.41%) B3 AMF £#%5 BN %R CCA 447

Fig.3 Canonical Correlation Analysis between AMF community

2 AEIEEME PCA 547
Fig.2 Analysis of PCA in different stage of succession

and soil physicochemical property

TN . 4%, Total nitrogen; TP 4=, Total phosphorus; AK; 2L £,
Available kalium; AP ; 33 2%, Available phosphorus; HN: 7K fift %,
Hydrolysis nitrogen; OM ;:  #LJ5T , Organic matter

3 Fig5itie

ARAFFENFE KP4 T 3 A BRI TRy XSOR [] SRR B B AMF 2 RE 1 | 45 SR R A & A b 2y
AL AME 2860 FlUE KR AME =F B2 AR RSB ARV > 10 > 814, HASHE ML 348 34 AR 76 98 45
J& %S RS ARG BT AT A5 ik B K 2 Bk B i g A — e 22 00 BIR AR R 85 PCR
ARV B BRI L TR ARG A 4 AR 2 i, R BRBE RSB ( Glomus ) M T REJE W5 T 4% L X AMF (14 {3
R, Likar 2507 BFGEWE TRE LI  AMF Z2REE K A3, TRIRE e BRI 7 i 2% e AR B h e A7 AE 1Y
e#JE . A5 E BAEHM T Bk B 40 €7 PCR 5 PCR-DGGE K 454 p&yid 11 7 H AR XK Y]
ANFIEREAE FH T (1 38 AMF B S50 SRl Z REPETEATRIFGY | 45 51 2 IS TR) 5 125 P A5 A R AL 34 0 b LA % Jie
YEMREECH YA BT 22 5, G, 7 A 25 5 IR R AT AR S OR [RS8 B4 1 e o HE R — R I
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KR,

AMF 3 33 T 22 (5 45 8 55 Fa Bl B 0% 45 4 B s, AT R A 28 R g ke B o it L xR R AR R
Zangrao % T 45 AW AR R B Be AMEF Z2 Bk 2 Bt 2 A 40 3 B A 1T AR KR, 5 AR BT 5 R AR TR 5
X AMF A —20 (3R 4) AL R AU IFIE X ) AMF ZFE A RS T s, H s e nT
figde . (1) AR SCRIBRGE NG 02 [ AR B i 458 AMF ZREVE  FWIBETE S S REMEI AR E R (F 1) Ll
XA I S ) S AR 5 AR SR N TR B S RGP R G TR AR R AMF Z 860 1)
ZREMEN 0B 2 RIS X R LI AR [l AMF FEVE 4540 B0 Ll S ) 2 REME 9T 2 B0, R ) 22
PEXT TR AMF ZREPE R 3 0 BB AOVE R, Hilesalu 25 72 HBF ST ih L4 i AMF 90 2 58 SR 9 Fh =F
FER R EIEAHKEI R, (2) Zangrao S5 R TR E M58 AMF Z8E0:  (H R FNZE AMF (977 168 F1 AR 1A
H AMF A2 YL fE S A7 AR K22 5, nTREAS A BL S s ke + 3 P i) AMF ZRE0EDY L ARBFSE I 3 A5
DX T S IR AN RS B BE AMF 2 R AR A 38O — | LR R 0] B8 5 45 WF 9% IX AT — 22 1Y) 1 B 25 405G, Xu
AT 2 R Wb B R T AMF AU RS R B JR , AMF B4 4 A 2552 204 BB il {2 A3

BRI R, AMF F 5 K 2R REE 35500 W LR 00 & A= A8 Ak, AL M Xt AMF JE 7% 25
P S ZREPEA BRI ) AR 245 R R AR S AMF F2 5 BB 3 SO OG MU 5 AME 2K
PEFE B 35 670 O | F2 W] - 30 2 B RN SO R S I AMF EREFI 2 REPERY £ S 1% 45 1 5 7 WA ar-s)
WSR3, AT S PR 205 AMF Wfh 3 2 B2 FAHCC R BEdwdst, —Eil
FEL P AR il 2 (R AMIF A9 A 4K T ol v A0 bl 2 e 5 ) AMIF A K B R B L CCA 43T &
W 3R KR A AL 0 RN AMEF BEVE 2 25 55 W3, pH HI 2 R AR B3 45 RSk Bk
SN 3 pH ORI AMF 2RV 1B N T AR — 20, SEGZZE R B JE N A g5 A S A R
A5, AR OGRS E T pH A BIAUE | 76 7] — X 38k i - 2 R0 pH B2 A28 SRR, A
X AMF Z2FE P34 i 3 52,
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