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ARITE D RS T #wE Y AR A
FAMR . RHELTRABR . Z0AS N TS MRS 3 B 1
YN Z AR T T s, (AR TR R F Bk
IFoEm . MR REEE K, FEEE, %
SO Sy RPN ik i w LA REL (Y NE % @R
ME DL e BB VS R ) o BT, xR —
Wyl i AN [] 400 ol 140 AN [D R AR D) 2 47 L 1 4 A M 0
RGBT H ST, G R AR 5 S )
F% (Internal transcribed spacer, ITS) #5255
HEAT LA ) L BATlluminaZy H] AR F I Miseq
TARMWFEAR, B EEMT . AR
TR AESM A . ITSEDNARE 5 X (45 5
R, BEA AKX O R R BB I bR
B2 W T3R8 2 0 B S A S 5 U

PN i N A A/ N B = o A [ s w32
PR RS 5, T RESs 5| L TR A % 2H LR 2 R Y
Ao ASHIFGE e B g T8 A T 0K B 5 4 E AR
545 X P R R S R T WA TR AE AR ( S RS L0 R
FUBBLTARAR ) | DA N TARFNZT A AR UK A AR
AR, R HIllumina MiSeqill )37 A, 43 #rix 4
bk 5) A 38 L R LR AR AR, DA AL
PRI RS . N AR 52 R0 B 9% 8 % O % 1
PEALAAE

1 MRS T

1.1 fARXER

WEFERE LA T /NS08 K E R A SRR X
W, AR SRR VT AR AT X . M B AR AR AR £
128° 53’ 20" , db&h4a7° 107 50" . %X M
FEE IS HIE LALTAN S TR SR, 580 11 s A%
o N SR S 3P < & SR U LY AR S 3 il - =10 i W
RUARE S ' 09 -0 1 W LRTE R S s U 5 R W= R R TN £
TR KB M A RRAE, AR R A IRT.S C,
BARRIR-6.6 C, F-3C, FEXWHEL1.2 ¢, 4F
YR K 5667 mm, AFIIHXMLEET8% . fEIZIX I
P, o R ol LR G SRR LT AR (= A R LD R AR
HRARFLTANAR ) o 20 N TMRAIZT A TSR VR A A D o
IR A GEXS G2 o AEREFPARTL G PR -, 1% & Uk
MAA25 m x 25 mAYFERL . POFPRR AL Ao I AR 1L
CIAME B BERFD , S AEH ARG B, a0
N TMRAE B 25 A6 LA B — |, TR R A 28 0O

v B T A = AR AR L bR AR Y e A A
W) BB R ERE (Actinidia kolomikta ) FZ
% (Lonicera japonica ) . EAAHY) F 2 DL E R
( Dryopteris ) . WEBREGTEHR ( Athyrium multiden
tatum ) . WF ¥ ( Filipendula Palmata ) N3,
1.2 HIEMHEREMBAEFRNE

PEPEIA: W) 1% Bl dc o 1% BRI 7 H R AR 1 JE S
o FEREASFEHL, VH ST B BEHL I E S
e, /ND R BB HURE SRR A Y, (]
WAEHS emf HETAI100 em™ 5 J], K40 ~ 20 cm
FZ LIRS, B E S R, KRS
VIS RIATCH A B4, sr i RAr. Hh—0r
TWE T EE R Z R, -80 CUkAl T IRAE
gy —An HIERT LB e ki, T AR
I E

R - LT 7 0 A A R
fit FHpHiTHI & + 3 pH 5 fiff I BF JT I a1 25
AL LB 5 SR B2 00 5 4 4 B K A EIL IR
FE AR AE AR A LR 2 0 >R P B 1R 1 41
ks SR HTERBR DL LL 0 50 A0 20 O BE v I o A &
o BEOIRE A TR b E A E 3K
1.3 TIRAMEYIDNARBURITSE EN

FRURO0.5 g 14, RHIFast®DNA SPIN
Kit (MP Biomedicals, CA, USA ) #&H 1
MAEY R SADNA, )5k HPowerClean®DNA
Clean-up Kit (MoBio, CA, USA)X{EHUADNA
AT A Ak, 2 TR BE B R L Uk E ME AR DU )
K FINanodrop 2000 ( Thermo, USA ) Jll &
Hoe gg gy, e T-20 CokAhIR_ A7 &
o XTEOYRES, RASI®ITS1/ITS2 (ITSI:
5-TCCGTAGGTGAACCTGCGG-3), ITS2:
5-GCTGCGTTCTTCATCGATGC-3 ) ¥ ¥4ITSIH
Bt 1B PCRAFBEALARF G UL B HEA T #0, FI2%
(4 3 B FEL VKRS DU A IR RE AR TR & 5 A9 PCR ), i
JHAxy Prep DNA & i [n1Wgia 551 & Ui a1 sk PCR 7™
Y. FHQuant-iT PicoGreen dsDNA Assay KitX}
PCR7=¥) 1 Microplate reader ( BioTek, FLx800 )
AT, SRS 4R BRI R T 0 B A
FTiRFE, MHEMiseqC# . R M lumina’Zy 7]
TruSeq Nano DNA LT Library Prep Kitiil £ ¥ ¢
o MR ZEG & Ul A T AR, sk E S
1) S PR 28 338 2 9 B B W5 e FiL KA I /0N, X ST
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Table 1 Basic information of the sampling sites in the four types of Pinus koraiensis forests

IINETE
R Pinus koraiensis

ARV S Sl e
Pinus koraiensis
Forest type

density average height

/ ( plant-hm™) /m

EAR A SR (s
Average diameter at breast height of

Pinus koraiensis

I P4
Canopy FEAEA M)
closure Main associated plants

/em 1%

A 156 +40 25.27+1.51

B 128 +39 26.37+1.67

C 920+ 168

15.69 £ 2.81

D 212 +87 7.03 £3.92

50.33 £4.25

54.45+6.26

16.66 £2.97

7.59 +4.36

& k2 Abies fabri, =i2
Picea koraiensis . LA
81.5+4.5  Acer ukurunduense, it
W Acer tegmentosum .
AW Acer mono .,
Wk Tilia tuan . 2% Tilia
AWHEMK Acer
ukurunduense , 75N
Acer tegmentosum . .M

amurensis |

84.5+5.4

Acer mono,

TEREB Acer
ukurunduense . F5HEHK
94.0+4.2 .
Acer tegmentosum . T ffiHk

Acer mono.

WHE Betula costata . HEH

Tilia tuan . S8 Hk . FERE
79.5+5.8 W Acer ukurunduense .
MW Acer tegmentosum |

LAWY Acer mono.,

W A BN, B: B, C: LI TR

D: ZIMARIRIKAHMK., T [F Note: A: Picea koraiensis and Abies

fabri-Pinus koraiensis forest; B: Tilia amurensis-Pinus koraiensis forest; C: Pinus koraiensis plantations; D: Natural Pinus koraiensis

secondary forest. The same below

HEAT B2 Bk £ 5 alik

1.4 SBRENFETHHIELE

WAHEPCR™ UL, K5 BT A7 97 48 i Y PCR ;™
YERIRA, RAHllumina Miseq - {5 #FE47 BUK ¥
250 bpllJ¥ . B THLE, MilbarcodetnZE )y 41
HUHTS 7 2 0 38 A0 51, £ BRReads 3k A
barcode/F 41, [A]it FHFLASH M X 5 4 K dh it 47
SR, RIS A N E AR B D
FTQ20., FAKIE/NTS50 bpfh 551 LUK 2 BR & N
HHreads. MWIEPE readsZ ] AJoverlap R, ¥
WO readsBHE N — 45791, Fe/hoverlapK A 10
bp. K Usearch (vsesion 7.0 http://drive5.com/
uparse/ ) KBRi GARIFH], IFXGRUT 5 #EA T ER
it
1.5 £MERESH

fdi FHQIIME %k 14,

P UCLUSTX — #4311t

XﬂLIﬁ“(", XFARAG ) Ly A, 97 % MY
G ARALLEE 4T U9 - MO TU(Operational taxonomic
units, OTU)ﬁ'JﬁJ\, FE A OTU 5 e i

M SIE RiZOTUMMR R A . B, RG4S
OTUYE RN BEA BT AL 55 1 5 51 8, M OTUE
BREA TR F RSO (BIOTU table) o 7
QUMEH i fli HER NS 8L, W HOTUREF
H1 55 B ITSEE 72 Unite ( Release 6.0 http://unite.
ut.ee/index.php ) MIBLHR T 51 A L X, AR EAE A
OTU T X B (43 24 A5 B o S MK E AR F 4
RAEATN P B 50.001%AOTU Bk, JFLIOTUFE
JE A 4 P SR INBE A I SN B AT T, R BR R A
OTUMOTU - FEH B H T e 22730 Hr o

i FHQIIME %k 1, %O TU = J 41 B w4 4>
FEA ) 7 5 B BCE S TR BR JE F B LA AR . DL AR
AN TR BE T i R 0 7 5 A S HE Y A O TU Bk 4
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il 5 B il 2 . AR BE O TU X 43 Fil 43 28 Hb 7 46 e &5
A, MHQIIMER M, Al LIARAS B FEALE 4 47
FAFEGE. 1T %, B, B B o EAR4
B, Jf AR E AT R s . RIERIMOTUF
JEFE R, il IRAAF A () S 8%y
AMOTUR &, JFRMH BEJE/R . I8 o fif
REAE, 2Tk R @ KR 5 Bar &l . i H
QIIM E # A 53 531l % s A FE A 3 55 08 b oo 22 4 1 4
. Chaol FH EAMITEEL. Ace FHEMITHR
B, FARIEE (Shannon index ) Fll 5 2R 454K
( Simpson index ) o AT REAE, XF PUFp AR Y
LR BE S 41 AL AT 3 T UniFraclE B 505 PCoA SY
# ( principal coordinate analysis ) FIANOSIM
( Analysis of similarities ) Z3#r, i X4 A]
L H BT AR AS 22 57 K/ . T fEZKLEfSe (LDA
Effect Size ) HF{F X} U ff AR 4 22 55 BB HEAT 3

ro RIEAFMAT AR EEZRNEFEY
., % ELDA (Linear Discriminant Analysis )
scoref I {E N2, >R FHHEXS B 70 #r ( Canonical
correspondence analysis, CCA ) FllSpearmantf X
PEEAT A 1 B A PR R0 L BRI 7 2 DGR 437
AT R Ge it o3 Bk FHSPSS v16.048F it 47
38T .
2 45 R

PO Fh AR BY ST AR AR AD T I IR AL M R

VR ol D T 20 A P 174 - 3 3 A B R K 43
MSALBE 22 5 B &5, pH, BAMK . 24 .
e, TEAEH TR EER (K 2) . AMX
SRR AE AR5 H Al = b Ak A8 2 ] 22 850 S 3 Ak ] 1
(pH. BAHIK., A . &) ZR D&,

2.1

2 DA RN EY TR IB UM R
Table 2 Physicochemical properties of the soil under the four types of Pinus koraiensis forests
it N ) ) N
Forest . K> BATHLER 2R g S ALBRE i £25
ores p
swc TOC/( g-kg™") TN/(g-kg™) TP/(mg-kg™") TOP/% SBD/ (g-cm™)

type

A 6.13+£0.15a 0.62 + 0.04ac 213.7+21.3a 4.48+0.18a 5.46 £ 035a 46.46 +2.27a 0.89 +0.06a

B 6.11 £0.25a 0.78 £ 0.07b 216.3 +20.4a 4.69+0.07a 5.17+0.29a 51.86+1.63b  0.93 +0.06ac

C 5.86 +0.34a 0.59 +0.04a 102.9 + 18.6b 2.75+0.32b 3.69 +0.35b 39.37+4.57¢ 1.10+0.12b

D 6.80 = 0.38b 0.56 = 0.04c¢ 154.8 +26.7¢ 3.50+0.37¢ 6.96 = 1.44c¢ 43.91+2.29a  0.88+0.04ac

T BN E I « drvezs s W =S8R A R/NE PR ZREE (P<0.05) o SWC: LK &4k; TOC: SAPLEK;

TN: &%; TP: 4Wf; TOP: BfLBE;

SBD: +1#%# . T[A Note: Values in the table are means + standard deviation. Different

lowercase letters in the same column represent significant difference at 0.05 level. SWC stands for soil water content,TOC for total

organic carbon, TN for total nitrogen, TP for total phosphorus, TOP for total porosity, SBD for soil bulk density. The same below

2.2 HIEMHRNFLSRKNFRE TG

Tk % B AITS F BO R, 164+ 1EkE
i — LR 534 359K A BTSN, Ll it pE Ak
B AR E505 29955 H T4 o Ak 4 HERE S
IR o . RIUARTGHEIT%MARLE T 70TU
R, AR —IERIFT 31610TUs., WEI1F
N, 16 - ERE SRR R A B T 22, DR IR
JEE FEAR f8 S e DU bR RS 3 B REV

AR AR A+ HER T TP R OTU%L H # Venn &
ALES (E2a) , aBRZLMMESHOTUEH
% (629) , HUCEWBLLMMA (544) R0
NTHAR (392) , ZIRARRIRAMEAR (302) .

JfF H o ApopR i LA OTUS H#& 2 (59
), RITAE K- Venn & 2 7x, DU Fp AR R R
AT E 1740 (F2b) .

2.3 MFMHRBIMKTIEEERE ZoSHM

A5 R FH R B L TR RE VS =F & 8 1 Chao 148 5K
FlAceda 8, FLIAREVA 2 FEPE B B AR 15 HOR % 38 2%
FEECA B 7 55 JE ) Coverage 6 50, o ZHEVESR
BGITa R I 3.

& 3HEL, ZRZAMMEChaol 1541
FA ce g B> MM 21 A8 BR> 200 N TR > 200 K2R
WA (H AP AR AR LE A RN = ¥ R LL A AR ) Ace
FREC. Chaol IEEHAM KRR EMZE R BFE,
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P<0.5) o WRBURETR ZREVER B ARAR BOM V- AR EE B T BRI T DA B O
B BZIAMS DR LML N TARSZIRY 24 MM EBEIMHRETREEREEHRRER

RIRAEM, H2EFARE . AU Fr 8 5581 M+
TE99%VA I, it — Uk S Fp 4 SR B AR 1 4 P AR B 16 A A HEAE A AR O TU A 3 7 41
400}
350
_ 300p
m 2 5
& E 250 ® 2
=g 3 g
200} =]
©5 & 5
=
150} e
100F
50
0 . . ) . . .
095000 10000 15000 20000 25000 30 000 0 500010 204\ 1;(’:;) v ;;’ 0002500030000
FARETIFT "
Sequences per sample
Sequences per sample
I RS R A R 2
Fig. 1 Rarefaction curve of each soil sample
C B
A D
131
28
a) OTUK P+ BE b) kP BE
Venn diagram of soil fungi at OTU level Venn diagram of soil fungi at class level
(ESPAUNEE b i EAR /i 7 N Bt = SN R SN |
Fig. 2 Venn diagram of the soil fungi of four types of Pinus koraiensis forests
R3 FRMBLIMMKTIZEERCSHFMIER
Table 3 Alpha diversity index of the soil fungi in different types of Pinus koraiensis forests
A OTU%H TAARRL Ace FREL Chaol F&%L TR AL i
Forest type OTU number Shannon index Ace index Chaol index Simpson index Coverage
A 267.38 £ 106.98ac 3.96 £ 0.44a 296.55+94.98ac  302.80+ 111.81acd 0.030 £ 0.040a 0.999 + 0.000a
B 244.50 + 53.09a 3.19 £ 0.40a 269.20 £ 59.62ac 279.80 £ 60.02ac 0.040 £ 0.003a 0.998 £0.001a
C 140.50 + 72.14ac 3.58+0.62a  172.11 +74.91lacd 176.30 + 84.27acd 0.050 +0.002a 0.999 + 0.000a
D 84.50 +37.05bc 3.20+1.02a 98.99 +33.35bd 105.25 +33.38bd 0.017 £0.033a 0.999 + 0.000a

W R EUE B £ bR 25 R — SIS AN FRERR 2R W E (P<0.05) Note: Values in the table are

means + standard deviation, different lowercase letters in the same column represent significant difference at 0.05 level
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S XTSRRI TIT. 259, 79H . 166FH.
290J@ . 44150 1 E R YRR AE R o DU Rh AR
THARBEIIKE L REE TS (F
3), FEMLFEFREI] (Ascomycota ) .
HF W] (Basidiomycota ) | /M K%
BB (unclassified-k-Fungi) . & HI]

FkE! Forest type

( Zygomycota ) 1% 25 ] ( Rozellomycota ) .
HRYGLEfSe/r Hr I LDAHI B /A (K4 W AR . 1E]
SPAKOF b, B ZEAA AR g R T H A =
PR 22 S i 25 . A, P 2ETR T RAEL0AS N AR
AR, TMTE R R AZLLRAMR . BB LLAN PRI 2T
ARV A AR P R B I 2]

[} Ascomy cota

B Basidiomy cota

I Unclassified-k-Fungi
M Zy gony cota

B Rozellomy cata

I Others

0.2 0.4

0.6 0.8

—

FIKPREH R E 4 Hes

Percentage of community abundance on phylum level

K3 PR ARBYZOAR AR B T TR L AR

Fig. 3 Abundance graph of the soil fungal community of four types of Pinus koraiensis forests at phylum level

TEJR KK B, RBRAHX FE/NT0.02%
MHAL RS, AR A& 238 R (&
4) , FPPARIIIS A K AR S I B, A
FEETE15.20% ~29.22% ., [A R HE LEfSe /3 #r
LDAGME (£4) , 7EJEFHAKF L, MUAhbRE—
HHI19M 2T HWE, HP R 2Okt g 2
MERWEFEBRE (104) , IR KKK BT
B 1) .

2.5 MMHBINKTIREREEPSHM

Xof Y b AR+ 3 JL R VR fEOTU K i AT
3 TFunweighted UniFraclf 287 19 3 A8 bR 40 M7
(FES) WoR: AR 20 A% AR 1%+ 58 BB I % 1T LU
HH A =R AR B AT, v S RIS A
ANOSIM F3 B DU b bk 7Y A 59 B34 BF 7% 1 AH DL M
SR NN EFIEREYAFEMAZ KT b
FEES A5 OL T, OTUZK Y- DU bk AL 21 F bk 1 4 &

WRE A 22 7 3% (R=0.537, P=0.001) ,
{EL W DB AR (25 48 A2 21 i b AR 5 21 s bk
P=0.064) . N THMAKRKAMZ](P=0.181)21
WA, 2R AEE.
2.6 MFHRBEIMHKTIEERES TIEETFW

P

K CCA S HT R 5 5% i 0 o Ak Y + 498 B 7 A
MBI F o e 7 DR YR A A B
fER R E AL T (pH., Koy, RS
B, BHEAE. AN, 2R, &) 46
OTUsEM AT NI kML . BA LK.
pH . 7K R0 4 5L R S HRAR IR 7 4 358
FLH VR AL W R (P<0.05) o [RIAF AR 4
BB FAEE — R R, AT
S DU AR ORRRY - TR R IR A B -, HAR
KEAENK (B 6) .
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st

Forest type

s B unclassified_k__Fun gi
. II B unclassified_p__Ascomy cota
W Leptodontidium
B Simplicillium

B Sebacina
B unclassified_c__Sord ariomy cetes

U Russula
B unclassified_o__Arch aeorhizomy cetales
BB Penicillium

~ Cryptococcus
I Archaeorhizomyces
Pichia

I -

B Suillus

B Geminibasidium
Malassezia

Wl unclassified_f C eratostomataceae
Aspergillus

i unclassified_f_Thel ep horaceae
} B unclassified_f _Seb acin ace ae
! B Taeniolella

| | | | |

B Candida
U Tylopilus
0.2 04 0.6 0.8 1 M others

BRSPS B E 4 b5l

Percentage of community abundance on genus level

K4 DUFfRRBY LR bR + S FLE TR K P b RO REVE 2

Fig. 4 Abundance graph of the soil fungal community of four types of Pinus koraiensis forests at the genus level

F4 HIMHHRBINMKDREEMZERARMENLDANE

Table 4 LDA scores of fungal phyla and genera with significant difference in soil of four types of Pinus koraiensis forests

b AR BEEZ R AR LDA%MHE PfH
Number  Forest type Fungi with significant differences LDA scores P value
["J Phylum
1 B JH-FHi ] Basidiomycota 5.21 0.04
J& Genus
1 A 4AiJE Chrysosporium 3.35 0.02
2 A JE R FF AR 43288 Unclassified_f Tulasnellaceae 3.54 0.02
3 A Tylopilus)g Tylopilus 4.11 0.02
4 A W EE Taeniolella 4.42 0.04
5 B 475 % Umbelopsis 3.41 0.01
6 B T #E AR 72288 Unclassified Pseudeurotiaceae 3.65 0.01
8 B Odontialf Odontia 3.30 0.05
9 B Cladophialophoralg Cladophialophora 3.25 0.01
10 B HH PR/ Unclassified f Thelephoraceae 4.12 0.01
11 B Oidiodendron& Oidiodendron 3.75 0.01
12 B FUIF S Suillus 4.42 0.01
13 B A H K 4r 288 Unclassified_o_Acarosporales 3.49 0.02
14 B Tomentella)F Tomentella 4.01 0.02
15 B WK EE @ Amphinema 3.93 0.04
% c Archaeorhizomycetales H A 4r2%J% Unclassified_o_ 164 0.03
Archaeorhizomycetales
17 KAAR 58 Staphylotrichum 3.99 0.05
18 C IR J® Pseudotomentella 3.40 0.04
19 e BEEEE Guehomyces 4.01 0.04

H: g J&, fF, o HNote:g ,Genus, f . Family, o , Order
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PCI (14.58%)
[l S DU Fh AR T 2T Py Ak - 38 B 3 75 2 Tunweighted UniFracl &5 1) 3 AL FR Bt

Fig.5 PCoA analysis of soil fungal community in four types of Pinus koraiensis forests based on unweighted uniFrac distance

° A
3 — AB
e
Al D
[ ]
5 -
—~ 1
S
(o))
~
S
g 0 pP3
O
Q
-1
2
3 | | I I 1 I ! I
-1 ~05 0 05 1 15 2 25

CCAI1(11.27%)
Kl PURRZLANAR b S G RV A b SR PR ] B4 B 13 237 (CCA)

Fig. 6 Canonical correspondence analysis (CCA) between soil physicochemical factors and soil fungal community composition of

four types of Pinus koraiensis forests

[F] B & FH Spearman#H JC Pk 5 8050 A [A] -
AN TS FEER200 HIERFEEMAN S EZ
[ A OGP, A OCPEAEI L E 7. INIE 7TH AT LU
th, THEpHYS D (A a8 i A S 5 B E
&, YHunclassified-o-Archaeorhizomyces I} %
AN, +HEK & & 5Sebacinaflunclassified-
f-Thelephoraceae it ¥ IEAHC, I SSLIES
ol s Jm MEL AR S B EAC., LEalS
unclassified-o-Archaeorhizomyces it & A 5¢, +

BAADLE B SRR A G HReRS
AR BE A

lumina MiSeqy i 7B AR 1Y & e de fit 17—
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Fig. 7 Correlation heatmap of soil physicochemical factors and composition of soil fungal community of four types of Pinus
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Community Composition and Diversity of Fungi in Soils under Different Types
of Pinus koraiensis Forests
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(1 College of Forestry, Northeast Forestry University, Harbin 150040, China )
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Abstract [ Objective ] To investigate community composition and diversity of soil fungi in relation
to type of Pinus koraiensis forest, a field survey was carried out in the Liangshui National Nature Reserve,
where there are four types of Pinus koraiensis forest, that is, Picea koraiensis and Abies fabri-Pinus
koraiensis forest, Tilia amurensis-Pinus koraiensis forest, Pinus koraiensis plantations and Pinus koraiensis
secondary forest. [ Method ] Soil samples were collected under the four types of Pinus koraiensis forests
for analysis by means of ITS (Internal Transcribed Spacer) sequence based Illumina miseq high-throughput
sequencing. [ Result ] Results show that out of the 16 soil samples collected from the soils under the four
types of Pinus koraiensis forests, a total of 505 299 high quality sequences and 534 359 effective sequences
and a total of 1316 fungal OTUs were obtained. In the soils of the four types of forests, besides a huge
number of unidentified fungi, Ascomycota and Basidiomycota were found to be in dominancy. Distribution
of the latter varied from soil to soil (P<0.05). In the soils of the four types of forests, besides a huge
number of unidentified fungi, Ascomycota and Basidiomycota were found to be in dominancy. There were
significant differences in the distribution of Basidiomycota in the four forest types (P<0.05). And at the
genus level, Leptodontidium, Simplicillium, Sebacina, Russula, Penicillium, and Cryptococcus were the

dominant ones. The LDA scores of LEfSe analysis show that there were 19 fungi genera with significantly
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different abundance in four forest types, among 10 genera in the soil under Tilia amurensis-Pinus koraiensis
forest and one genera in the soil under natural Pinus koraiensis secondary forest. Alpha diversity analysis
shows that the soils under primitive Pinus koraiensis forests (Picea koraiensis and Abies fabri-Pinus
koraiensis forest and Tilia amurensis-Pinus koraiensis forest) were significantly higher than that under
Pinus koraiensis secondary forest in fugal community richness index (Ace and Chaol index). Beta diversity
analysis shows that the soils differed significantly in fungi community composition (R=0.537, P=0.001),
but no much difference was found between the two primitive Pinus koraiensis forests and between the
Pinus koraiensis plantation and natural Pinus koraiensis secondary forest. Soil pH, moisture content, total
porosity, total nitrogen and total organic carbon were the main factors influencing soil fungal community
composition in the four forest soils (P<0.05). Correlation analysis of the top 20 dominant genus of fungi
and soil physicochemical factors shows that 6 genera were significantly related to soil total nitrogen
in relative abundance. Among the six genera, Russula, Suillus and unclassified-f-Thelephoraceae were
positively related while Malassezia, Simplicillium and Penicillium were negatively. [ Conclusion ] There
were significant differences in the composition of soil fungal community composition of four types of Pinus
koraiensi forests, but there was no statistically difference in the composition of between the two primitive
Pinus koraiensis forests and between the Pinus koraiensis plantation and natural Pinus koraiensis secondary
forest. Soil total nitrogen may be the main factor affecting the composition of soil fungal communities of
four forest types, followed by total organic carbon. All the findings in this study may serve as a theoretical
basis for protection of primitive Pinus koraiensis forests, artificial rehabilitation of vegetation and
exploitation of the fungal resources in the soil.

Key words Primitive Pinus koraiensis forest; Pinus koraiensis plantation; Natural Pinus koraiensis

secondary forest; Soil fungal community structure; Diversity
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