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ETeRENFIHNLESEMGEE ST RLX IR
AL E R FRIFN
2, i, KA, Sk, HE e

GLTEHFREERIA, LT PR 118002; Tl R BFMAET RS E S oW 5ish, &7 AR 118002)

L CH MY AR T A 2 A0 AR 5 B0 I 2R Ll XL Ra N MR LI ECE K52, (07721 KM Tllumina-Miseq

I T AR S A FEMRFE E IR E (0~10 cm) AR E (10~20 cm) 33T Eeardir. L4551 ] HL3R18
572932 2 LB I TS J7 41, (£ 97% 7 FUARBME LAt ErTRiI% 2y 9329 4~ OTUs: ¥4 1# 1A 4EF Bl ] (Basidiomycota). ¥
FR ] (Ascomycota). #HIET (Mortierellomycota) F K B[] (Rozellomycota). B[] (Mucoromycota). Frf ]

(Chytridiomycota). BRFER ] (Glomeromycota) FZrFARHIHAMI ] HELHT 10 MMLBAHEBHETHE (Sebacina). #ii
HWE (Mortierella) 21%5)8 (Russula) FLANEE (Suillus) Geminibasidium. EAMEEE (Leucoagaricus) TR
J& (Tylospora) . #EWE (dmanita) Delastria. EEJ& (Tricholoma); REBEWFEEHERNTIRE; AFEAMRHER
LR MR E R IR X > 55 B IX >R A >R X > X 7 20 s R, AR L Z AR R
AP EAERT R R R EZ R, HEEAKT B, ARTZEEARMER (Leucoagaricus) FIFAHIFEE (Tylospora) HIAHMT
ERGFEREEER, NAERMRELEAREE (Leucoagaricus) ¥EEWEIE (Amanita) TR (Tricholoma) HIANNTFE
EAERE ER: RESUERZ. WIS 59X P RAENT, AR5 5 55 5 DRI X HE ZEAH A% B2 v T v B AT
Xo D450 Y FEILZR I IX Z0R NTTAR, () ai B2 A R v e — AR _ B mabk B 3B A 8 B 2R AR AL

KEEw: N AR mEENY; JEFEEE; RBEE
TG SCHRbR &S A SCE GG

[oF 5 Y FE N TRA R T E AL, P20k (Pinus koraiensis) 5&FRIE ZRALE AR MR X EEZ A
TiEMm Az —, RABREGHAEFNAESTE. LTERREEN T SLRm RSG5 1949 FEERH
I E A TR N TR, Je A REs IR 73 4, MR N TARRAT RE N, a2 N AR ) B0 7 4 it
FIERAES ARG A I EEFER, 5 AN THROSEWE R, Tk T R/, N TG HR—, #
JiARSENZ, B N TR E ARG, SN TR E A H EEE .

bR AR LA sy, IR LA N TS B3 P e A B B A g s . o, IR ]
CAE AP 358 2 2R (K 58 B AR 4R b, R A Fh B FEAR 2 40 s 35 T R i L T B VR 5 R 31, o+
e A R SRR A A KO TR AEAE T, RIS B AT 48 A 0 HUi v L68Y, T A e BT B A A A PR A
THAESRG R, WY EBIH . WEPIEMET AT ARG L e s oy m o v\, 7
TIEEN ZREVER TR, RS0 8 e IR AR Y 7 10 AR IX A S AE MR 2 1 0.1~10% (100, i g i
MFEA B HebE S REUEL . FEARR RS A, PRI IR A 2 B e iy vk 12,
JiZis IR E Y Z RO SR, U AR Tt ] R A 253N vl s e 7 VR AT A T T i
A R FRIG BRI L B VIR DG, TR SR04 o vl B 40 8 B R ORIR AL 7 AN FIA e e LI i i =
FEVE, 15 H w8400 € B R R FEA AT A VI REVE 4510 o VI SIS v i & I 16 75 7% 23 i
T 2 B P AN [ R 5 A S SR Pl AR B SR A M BB R AR, R IR AN [R] AR A xS i AR s 3 S R W A
TE L[R2 163z P el 2 0 5 1) 7 4 A0 W i N TR AR B = 3 S B V5 45

CAHE TN r IAR T B 0 ek 5o A (7] ) A3 3 P58 (1903 R L X0 A N CARbR N 438 BL T 2847 Tllumina-Miseq
T AT, A RZ AR JZ K 5 PRI ABREEN KM R E H bR N 20 Ra A AR 458 B0 1) J0 S 52,
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CHUfR R i O I R ] B AE T MR AN [R) e J2 R0 B A o B 338 BT R 5 AR AAE , B T X608 MR Tt n LADEAY - DA
WINIZ AL LR N TTAR SRR 440 . RARA N DARE B M 2 D e 25t 32 (B iR 4k 4

LS

11 F5 X4

AFF 5 3 ) SR AR A0 T 3L 7 48 AR T AR I H VR BB EE (40°53'N, 123°51'ED, J& T KB
ZENRMEANRE, FIIREKE 926.3 mm, HHONILHIAR AR L, pH EA 5.3~6.3, RAKMEZE, FHEHRLA
645 m, K, FHE 6.5 Co MBELLAMANTMONT, HTEDME, XADESLZE (Clematis
florida Thunb). KM4& (Cinnamomum parthenoxylon(Jack) Nees). KWi& (Arisaema erubescens (Wall)
Schott) 5161,

TE B (AR50 DUR B AR B TEAR R 2> T 59X 1. AKX 2. 3R 3. WERAEX 4 KX 0 CRA
%) 5 AMbHE, H AR 0.1hm?, 3 RITE 1959 4F. 1967 4F. 1987 4F. 1994 4F, 2005 4F. 2012 4F
BT T 6 YR B MMk . £ 2019 A FHME, SREEHIEASRIE WL 10,

| M EARFIE
Tab.1Basic characteristics of the plot
KA Mhiie/a #4k/m Wr 4| W Hk/hm? PR /cm
Thinning intensity ~ Forestage  Altitude  Slope position Aspect Density Mean breast diameter

0 70 530 e NE 1100 23.52

1 70 530 e NE 470 30.36

2 70 530 e NE 310 36.34

3 70 530 e NE 210 38.27

4 70 530 e NE 160 41.56
L2HmRE
SREEMTA] 2021 42 10 H o U 4 oA FMARREE X IRA CRIAED scimpkbriiih, ANFELE%E

SN ZE 2 b AR R FEARUER N BE ML B S IL MR R, B R HIER B KR,
FEHARUERL 2> R R E (0~10cm), WEZE (10~20 cm) HIFEM, EHUT SEUREE R B ERE VR &
¥I5), WK A Bt LR R T e, IR seih = R IE R . MR RS, E-80 Cuk
Frh, HTRCEY 2 B B A .

1.3DNARE K S@ =M F 574

FIF OMEGA Rl &2 BUFE[F 4 DNA (E.ZN.A™ Mag-Bind Soil DNA Kit), 5 g #H it i #

DNA 8%, Qubit & &AM DNA FEAHEE . FIF Qubit3.0 DNA Al 7 &t J K4 DNA K5 € & )
HEAT PCR 18, H 35|98 ITSIF (5'-CTTGGTCATTTAGAGGAAGTAA-3") U7, ITS2R (5'-
GCTGCGTTCTTCATCGATGC-3") U818 Fr B K 0y 300bp . 38T 2% 35 S B Bk 2 v A N S 2 KN, Ak
FH Qubit3.0 %% E EIX (Invitrogen A 7)) BEAT SCEWRENE . HIEFERBLAETAEMTRE (Bl Ky
IR EEAT DNA $2 BRI & 87 .

1.4 BB IBS 54

FRIRAH N LR & J5 3E(T Miseq SCEEMEE . PR R . OTU B3, ot 515 Bz, K

FRETE ZRETEY K ] SPSS17.0 #E4T 0 #7 .

QERS D

2. 1 HE G RRIE D4R

PL Alpha ZFEME R N NG, BEALIMEC EE S B m M2k, B 1wl an, FERFR R 2
PP RS sS4 AR S R0 RS BRI BB, ARl AR IR & 2% B L BER
BAEED B AR IWCEY T RetE, (HI A 45 SR ] S SRR 46 K 2 EHE R .
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B 1. TIREREERShZ%
Fig. 2 Rarefaction curves of fungal under different plantation forests Relative

22 EEMKRE R TR IREE S M

AT 572932 Sk ITS [ 51, £E 97% P FUARPAE R fifi R %l 5379 9329 A~ OTUs. % L 4BHE i A
T 78 o LR B T 99.60~99.92%, Ui BN FF 8l B G B, PP A o 1 A0 N AR b pirfy e 2R
W, ARSI ECSEM 200 N AR LR R AE

MR AR, AF LR BRI RRE Ace REURIIETY 770.16~1213.04, Chao R EAELYE
N 775.38~1207.68, Shannon FEEARALTE I A 3.29~4.82, Simpson FEEELTEREIAN 0.03~0.11. AF 12
ITS ¥4 %1, OTUs. Ace. Chao Al Shannnon f&¥(¥)FR I ANFEKE>WEKZ: Simpson FEHEIAEKE <
Kz RYISWREZ LM, RELRAEEEEE. H7ESRER, “HSRBEMERARE (P
>0.05, N, Bl =AM,
*2 RESTRETRERFIIG IR ZHMEER

Tab.2Sequence statistics and diversity indexes of soil fungi under Surface and subsurface

ERE 2k Shannon 8%  Simpson {84  EHEEEEE (%)
OTU % Ace 1531 Chao F %
Sample name Reads Shannon Simpson Coverage index (%)
OTUs Ace index Chao index
index index
0-10 65220 1022 1182.43 1174.32 3.98 0.06 99.72
0-20 58034 832 817.94 815.76 3.72 0.10 99.79
1-10 56733 1069 1160.42 1160.1 4.55 0.04 99.92
1-20 51162 833 937.66 945.01 3.45 0.11 99.74
2-10 59222 964 1045.20 1045.67 3.97 0.04 99.75
2-20 58739 754 770.16 775.38 3.53 0.15 99.92
3-10 54157 1073 1036.7 1038.59 4.28 0.07 99.60
3-20 50062 741 909.92 899.55 3.29 0.10 99.63
4-10 63822 1138 1213.04 1207.67 4.82 0.03 99.88
4-20 55781 903 962.51 967.81 4.18 0.05 99.87

M 2 AT, ANEN A e B IR RS Ace FR BTGy 907.68~1087.78, Chao FRENAZLIE
FEl°A 910.53~1087.74, Shannon F5 5281k V5 H N 3.75~4.50, Simpson F5 A LTEH N 0.04~0.10. A EK
SR ITS P AR N 0>4>2>1>3; OTUs. Ace #£%{. Chao 8% Shannnon F8HFEK I N 4>1>0>
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3>2; Simpson fREERIIA 2>3>0>1>4, RPFAEAFR ARGRER LS, WREX HEMERES,
MPEX EEEEFEEERMK. HTESRER, AEERE RS HREIERARE,
%= 3 AEELBEETIEERF TSGR ST H

Tab. 3 Sequence statistics and diversity index of soil fungi at different thinning intensities

B4 5 Ace Chao Shannon Simpson #f Bt IR
i # ‘{OTU # Rl R # Coverage index
Sample Reads * Ace Chao Shannon Simpson
OTUs
name index index index index

0 61627 927 1000.18 995.04 3.85 0.08 99.76

1 53948 951 1049.04 1052.56 4.00 0.08 99.83

2 58981 859 907.68 910.53 3.75 0.10 99.83

3 52110 907 973.35 969.07 3.78 0.08 99.61

4 59802 1021 1087.78 1087.74 4.50 0.04 99.87

23R R ELIBMB E R B RS H R FAE

T 2 AP ERAGRERRZE (0~10 cm), WEZE (10~20 cm) HATARLZZ 708 . PSS
MR, AFBIREARLEAIR 73 FK VR SERREE, FEECLTTRE 73 K AT oA, FEAR T
FE IR TF—@ el (1%) IR E R B Fh .

230 2 IR A R AR T K B s B A

e 2 fis, ERBEAERZENA LA B EREAAT K e HEFE
(Basidiomycota). T ZER[] (Ascomycota). #ffiZ ] (Mortierellomycota). % K ]
(Rozellomycota). %[ ] (Mucoromycota). 4z [ ] (Chytridiomycota). BKFER ] (Glomeromycota)
R T fER)E AN 48.26% 26.51%. 10.78%- 1.15%-. 0.93%. 0.79%- 0.58%F!
10.57%, TERJE G EEAHN 57.18% 24.88%- 9.17%- 0.79%-. 0.69%- 0.36%-~ 0.20%F 6.34%. J7%
MR EIR, TR EMREMTERZEAFE I TENEEY LR EZER, WHRDSTZETTKE ER%
A - 9 FUTE B VR R AH N F

S0% unclassified

Glomeromycota
70%
B Chytridiomycota
60%
® Mucoromycota

50%

B Rozellomycota

HHFE R
Relative abundance %

30% = Mortierellomycota

20%
B Ascomycota

10%

M Basidiomycota
0%
0-10cm 10-20cm

TE
layerof soil

2. FRILEHREREEE VK FENFE

Fig. 2 Relative abundance of Fungi Community in different soil layers at phylum level

2.3 2R LR RIS HE R AL R AT B 8
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3 i, EREMERZHALZFEAT LHEA T 10 A EERECRE: HiEE
(Sebacina) WM EHEE (Mortierella) 21345 )E (Russula) FLANTW @ (Suillus). Geminibasidium. H
WEEJE (Leucoagaricus) B E (Tylospora) « ¥&EWJE (Amanita). Delastria 11055 &
(Tricholoma). fEFRZHEED RN 14.90% 10.77% 5.96% 4.55%. 5.83%. 0.30%-+ 0.89%. 1.93%.
2.71%K1 0.28%, {EWERE S 5N 13.04% 9.15% 6.53%- 4.81%. 2.49%. 7.22%. 4.90%-. 3.84%-
2.88%H1 0.64%. J7ZESITEEREIR, JBAKN b, WA L)E B AR 0 JE A A 7R B 8 ) A X
FEMIIAAAE B35 72 R (P<<0.05, FA) , HABSEH @M FEEHZ R ARE .

100%
Tricholoma
90%
Delastria
B0%
Amanita
70%
Tylospora
60%

ce %

® lcucougaricus

50%

EHFE %

Relative abundan

B Geminibasidium
40%
W suillus
30%

B Russula

W Mortierella

B Sebacina

0-10cm 10-20cm
iE

layer of soil

3. FRILEHREREE BKFHEMNFE

Fig. 3 Relative abundance of Fungi Community in different soil layers at genus level
2. 4AXN[E] (B0 B T IR L B R R A A 4H R AE
2.4 VAR AR5 P - S B B RV AE T 1R B EE i

WE 4 Frs, 18 S ANEARSRE R A B E ALK EAFE: 07§17 (Basidiomycota).
FH 1] (Ascomycota). #2177 (Mortierellomycota). ¥ %K@ [1 (Rozellomycota). EF1]
(Mucoromycota). 4z B[] (Chytridiomycota). BRFER [] (Glomeromycota) FI4rZEABHHT. 0 A
Ebr 5N 56.82%- 29.63%-+ 6.08%-+ 0.88%-. 1.26%-. 0.20%- 0.20%F1 4.55%, 1 4+ 55N
47.06%- 31.14%-+ 9.58%- 0.52%-. 0.81%-. 0.32%-. 0.63%A1 9.65%, 2 ZH 575K 52.57%-
21.20%-+ 16.33%-. 1.33%- 0.52%- 0.68%- 0.23%7F1 6.83%, 3 4 &5 th7 7N 62.64% 20.56%-
4.71%- 1.28%- 0.56%-. 0.52%- 0.22%7H1 8.96%, 4 ZH (5L 514 44.51% 25.94%. 13.20%- 0.86%-
0.92%-. 1.17%- 0.67%F1 12.40%. J5 2= tr& R B, 11KFANE AR50 T I8 B T A FE B2 35 6
E2E5, U B AMGR FE T T7KSF AR el 35 B VR AR X R B
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HAFE %
Relative abundance %

100.00
5000 " unclassified
8000 -+
N Glomeromycota
7000 -
B Chytridiomycota
60.00 -
B Mucoromycota
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H Rozellomycota
4000
3000 | ® Mortierellomycota
2000 + m Ascomycota
1000 -
H Basidiomycota
000 -+
o 1 3 4

1532
Thinning intensity

4. FRIEWLIRE HEREFEES K PAEXERE
Fig. 4 Relative abundance of Fungi Community in different thinning intensities at phylum level
2.4 24N [ 1) A i B 1 A 35 T R A 9 7 JR /KT b B8 FE by

Kl 5 B, A8 S AN R E K EHEZ T 10 B A R E A iR
(Sebacina). #iEWE (Mortierella) 2145 )& (Russula) FLAFEMH B (Suillus). Geminibasidium. H
R (Leucoagaricus) fHIH & (Tylospora)  #8E W& (Amanita). Delastria FI P&
(Tricholoma). 0 HA 5EE35IA 2.67% 6.07% 14.68%- 9.15%-~ 7.39%+ 0%+ 12.07%- 0%~ 0%F!
0%, 140 HEE 5 4.28% 9.58%. 4.30%- 0.82%- 1.67%. 18.28%- 0.21%. 0% 12.50%F1 0%, 2
A BN 22.24% . 16.24% 2.22%. 5.79%- 5.88%- 0.05%-. 0.78%-. 0.01%. 0.06%7%1 0.24%, 3
AR 5 HEAr A 32.33% 4.70% 4.41%- 6.70%- 3.81%-. 0.48%-. 0.72%- 0.45%-. 0.02%%1 0%, 4 21
HEET N 8.32%- 13.19%- 5.64%. 0.94%. 2.07%- 0%+ 0.68%-. 13.98%. 1.40%F1 2.06%. J5Z5Ht
SEREIR, AR 8 35 R VR AE B R %%ﬁEﬂD§EMWH$EEﬁﬁEE%%EQ

100%
W Tricholoma
00%
80%
70%
u Tylospora
60%
g ¥ Leucoagaricus
=
2 W Geminibasidium
Z o 40%
30%
20%
W Mortierella
10%
W Sebating
0%

EfEEE
Thinning intensity

5. ARIEKEE TR AEEEE B FHEMNFE

Fig. 5 Relative abundance of Fungi Community in different thinning intensities at genus level

25 HIEMEMER D DL
FERA T (PCA) BT A FIREAR RIS AL, 2 WIS [F) Ak 3 ) 398 B Bevs e 22 200, ARk

BHEE %
Relative abundanee %
&

E
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A R B K AR o T 22 B AN RR AR, A AR 4L BB AL, SR IR 7E B P R B AR . I 6 1]
G, RIEEBEBEE D R 1 (PCL RIS 2 (PC2) Z SHRREFE /Y 5N 23.29%F1 19.51%. [A—[al{k5%
&R RIZEMRZIE S AT, UL R ARGREE T P2 AR SR . 15 4 RS AEIT, 1B
W 5 55 P X R AL ARG s 1 R 4 2145 0 ZHRR Bt 2 A 3 4R, d WA R SR 55 5 X A5 ok R 2 A o 21 i
HHOR5i B X B AR AR

06

04

(S]]

-
RO
L Lg L
838 5

)

0.z

PC2 (19.51%)
vow
3

0.0

-
5
i
3

prow oo
boa
B3B8

o
Ut
=31

-0.2

-0.25 0.00 0.25 0.50
PC1(23.29%)

[ 6. TIEE PCA SH[E
Fig. 6 PCA diagram of Soil fungi

3 1Hig
A Sk St A [ ) 4 2 AR T 22 2 L AT @ W 5 5 SR AT 0T, R A A R

Ace 18EU5E 4 MRS R ERIUCARER T ERZELIE, W HIRERHESHEEERZES, X558
BRI RS R —8, FRAEYMEEG 2 fx 25D, ER%EAGT, ZEZERRE RS HZER
BTgE B —ay

FEAS[F] AR E IR H i A, RIIGR R T 9 EEIX, SR TR, /N TomEz X,
BYNT R . A [E] TR A P A) R L e A 22 e AR 3, WA WE IR IIPAIE 11 48 5 A AR 3 i
Yk, LIEEEER 2R VEAEAN R [ A B A 22 e AN 2 . B TG T A Aons S U AR M sE e IS
— IR, FEACRIG LTS N TR b R 5 B X L R AR SR E R, X AT B A FH T AT X AR
VREAR, BEYG7E, HLBEERRGREERIN, R R Ay R 0 Sme sty g S S w 26
Pem. WHEIX LR A FERAR, AH AR XN Z0AA KA M 1 B R e L, X AT RE R H T Hh B2 XA AE XS
LU AR B ) B MM E AR BB, SR R A, 3R R BOMb R E AU

ANFE A SRR IR 1 K EAE TR FREN. PiE]. PRE
2 8 AT R, IR 5 XS R SV UL AR 1L DX A T A bR - B AR A R B A% A A
HEALET K BB EEZE R, BN A EL BB LT KPS B EAE SR, ANE L2
TIRERAE R K B, R B RN AR R AN AR EZE . Ko A3 g T 54k
ATERAMA R, 1 PO e iR I R WA L AT RS m s e . eI A2 . s e T kA AME AR B
TR A 9 B P ) RUFE R Bh s A8 Ak s R 31 e o R AT A L3 b () EcMF I3 20 AflE g . A
FE LI E KT E, aER. EEEM BRI EERSFEREES. BERE
JE R W AMERE, R 2 AEE R RS2 — KA RN R EE, HEBENERE Z R A
T, OB R AE N SRR A, AR PEROE R S R TR S IR RE M R T, R
PEML B 7ERMH TSR AR E M (HTB, 8-9 HAB) MRS JE LI JE & LL 42.16%, K08 BRI J 4334 1L
XEZEHAESHERNHEOE BT HEK OB (Tricholoma terreum) 72N ZR 1L X & H-FA R N 5L 4 [
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TRAEHR
3 &5ip
FEIT AR L X 200 N AR ) (B P - 38 S B R iR AL b R B, A 5 99 P X R AL AT, B
TS 3 X5 0F JWA ZEL R SE R 2 T o R R X o () P b B T o 20 P N Wb 398 320 T 0 o 2l o 1 2
S, (HARAE—EFREE LM T B AR L. AR AL TR R E L B AL N TR T L A
£ ZREE R R 2 R, R R N T AR R IR B RS I 45

Effects of soil layer and thinning intensity on the fungal community of Pinus
koraiensis Plantation in Liaodong mountain area based onhighthroughput
sequencing
LIU Qing, XU Yang,ZHANG Yan,LI Hong-yu,PAN Pi-ke*

(Forest Management Research Institute of Liaoning Province, Dandong Liaoning 118002;Liaoning Liaodong Peninsula
National Forest Ecosystem Research Station, Dandong Liaoning 118002 )

Abstract: [Objective] In order to explore the effects of different soil layers and tending and thinning intensities on soil fungi
underPinus koraiensis Plantation in Liaodong mountain area, [Method] illunima miseq high-throughput sequencing technology
was used to determine the soil surface layer (0~10 cm) and sub surface layer (10~20 ¢cm) of different thinning degrees. [Result] A
total of 572932 high-quality its sequences were obtained, which can be divided into 9329 OTUs on the basis of 97% sequence
similarity; The dominant phyla include Basidiomycota. Ascomycota. Mortierellomycota. Rozellomycota. Mucoromycota.
Chytridiomycota. Glomeromycotaand the phyla with unclear classification. The top 10 dominant bacterial genera areSebacina-
Mortierella. Russula. Suillus. Geminibasidium. Leucoagaricus. Tylospora. Amanita. Delastria. richoloma; The abundance
of fungi on the surface layer was higher than that on the sub surface layer; The richness of soil fungal population with different
thinning intensities showed that the extreme intensity area > the weak intensity area > the control group > the intensity area > the
medium area; The results of variance analysis showed that there was no significant difference in relative abundance between different
soil layers and different thinning intensities at the gate level. At the genus level, there were significant differences in the relative
abundance of LeucoagaricusTylosporain the two soil layers, and there were significant differences in the relative abundance
ofLeucoagaricus. Amanita and Tricholomain different thinning intensities; The species composition of fungi in the surface layer and
sub surface layer, the extremely strong and weak regions and the control group were similar, and the similarity between the extremely
strong and weak regions and the control group was higher than that in the moderate and strong regions. [ Conclusion] In Pinus
koraiensis Plantation in Liaodong mountain area, thinning intensity and soil layer can affect the richness, diversity and species
composition of soil fungi under the forest to a certain extent.

key words:Pinus koraiensis;tending thinning;high-throughput sequencing; fungal richness; dominant fungi
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