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FEE AR SR R A 22 vivRE T AN R] , B TR TE 38 R 0 rp 7yl o A 0% € X S TR T 9 A RN A B R b Y
KREREZHRABIGY , LU RGO FEMIZ I T AN EEAR (Pi) T T BN SR Bl 5 B B A SR (Ci) R 4K (Se) | D B in-F
B ASAR(Pi_Ci) KL B R AA- AR AR ACHR (Pi_Se) AIFFERT R, B AREL IR 5B 4 4> 20 mx20 m BYREHL , 70501 5% 4R i 4 =
(0 2) MR )2 (A J2) R3EIEAT 30 B X B R b, LARTTR TN X ARk - S B V5 5 2 3Rk e R, TRk
Wl.(1)5 Pi AL, Ci TR 1L 1 92 (= pH Ik NH,:NO,) , HRE AR M T 285 (TP) &k Sc MR+ 48 pHH 5 Pi %
A2 (A3 (P<0.05) #4551 NH,:NO, , H EREAL -+ TP 440 (TK) & & (P<0.05) 5 (2) AN [ ARH + 3 SR TS £
FEVELL Ci il £, HARAE LR AL R b5 pH {HL  FH B 738 Hki (CEC) 5 U Z AR B35 1E A ¢ (P<0.05) ,NH,:NO, 5 Z K
P52 HUAHIE (P<0.05) 5 (3) MRBUHI 4 JZH0XT B B S5 H0 A 052 0 ( P<0.001) , BRI K F 2 A5 i ; T -+ 3R 1k
TR TSR B S LT ARV DX/ M R 2. - Ci ML Pi_Gis Pi, Se LA Pi_Sc, (4) Gi AT 45 18 (41 Mortierella) 82, Pi A4
Az AR BT (7 3% ( Russulaceae Russula  Tomentella LA} Sebacina) ;Sc V4 K Pi_Sc W& 45 55 22 1 FE s B T ( Cladophialophora ,
Paecilomyces , Venturiales) W& W2 i# X 7" BRI ( Paecilomyces , Penicillium )  FERR W X 52 53 I FEAR A Pl A A 1012 3+ SR 1 22 4
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Effects of different plantation types on soil acidification and soil fungal

community in acid rain area of Chongqing
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Key Laboratory of Forest Ecology and Environment of National Foresiry and Grassland Administration, Ecology and Nature Conservation Institute, Chinese
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Abstract ; Soils associated with different plantation types have different buffering capacities for acidification, and fungi play
an important role in the soil system. However, there is lack of in-depth research on the relationship between soil fungal
community structure and composition and soil acidification. In this paper, we investigated soil properties and fungal
communities across five plantation types and different soil horizons in a severely acid-polluted site in Southwest China and
evaluated the potential relationship between soil fungal community and soil acidification. Four plots were established in each
of the five forest stands in Tieshanping, Chongqing, including pure stands of Pinus massoniana Lamb (Pi) , Cinnamomum
camphora (Linn) Presl (Ci), and Schima superba Gardn. et Champ (Sc) , and the mixed stands of conifer and broadleaves

(Pi_Ci and Pi_Sc, respectively). Soils from O and A horizon were collected in August 2018, and soil fungal community
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composition was characterized via high-throughput sequencing using the Illumina Miseq PE300 sequencing platform
(Nlumina, Inc., CA, USA). The results showed that (1) Ci significantly improved soil acidity with higher pH and lower
NH,:NO, compared to Pi and also increased total phosphorus (TP) , while Sc significantly ( P<0.05) increased soil NH,:
NO, and decreased TP and total potassium (TK). (2) Ci was characterized by significantly greater fungal diversity
indicated by Chao 1, Sobs and ace; the fungal diversity in Pi_Sc was the lowest indicated by Shannon, Chaol and Sobs;
and soil pH and cation exchange capacity ( CEC) were positively and NH,:NO, was negatively correlated with fungal
diversity (P<0.05). (3) Both forest types and soil horizons significantly affected soil fungal community structure (P =0.
001), and the effect of forest types was greater than soil horizons. And soil fungal community was divided into two clusters
by soil acidification indices (pH, CEC), including Ci and Pi_Ci; Pi, Sc and Pi_Sc. (4) More beneficial taxa ( like
Mortierella) were found in soils associated with Ci; and ectomycorrhizal fungi dominated in soils of Pi including
Russulaceae, Russula, Tomentella and Sebacina; while in soils associated with Sc and Pi_Sc, greater abundant plant
pathogen ( Cladophialophora, Paecilomyces and Venturiales ), acid-producing and acidophilic taxa ( Paecilomyces,
Penicillium) were detected. Fewer acid-producing and acidophilic taxa found in soils associated with C. camphora indicated
that planting C. camphora might help soils recovery from acidification, while planting S. superba might not be beneficial.
Our findings illustrate how differences in soil fungal communities may affect soil-acidification-buffering capacity across
different forest types, which have important implications for understanding environmental functions within the context of

microbial diversity.
Key Words: Pinus massoniana; Cinnamomum camphora; Schima superba; soil acidification; soil fungal community

RS A BRI 1Y 2 2EIRBE ) — | i TR U A S R G S T 52 el , 5 1~ FERBURN 9]
ZXET ) WERTAORE, Tl Pl & R BRI BB — A4~ H ™ 5 A 2R85B U R T —
FIE SR SO, F NO MM AR M HERL |, SO, HEA I 7E 2000 44T i 3 T B, NOx (9 HE i i 78 2012—
2015 4RI FAIR T2 20% " RIS, 347 ok 3 v B BURF T G4 A U5 NH, HERC (R 2 2 S
KA NH 7 PRI R K e 5 B VE T, BT B TR e ) 1M RSP NH /KPR AR T RE 23 in
PR A K A A B b A 25 R e I R T 175 G, 2 ) g 07 R 74 g 3 DX ) 398 22 B 7 ARG TR T I L
JET D Lin PRSI, WSRAE SO, FI NOIEHE 15% R NH, J8cHE 509% AT, )45 i 38 il ok i sk,
FI7K pH AEAEIL DT RRAIR 1 AR 22 22 T R O A R AR 0.1—0.5 A5, L R R T80 AR 2 A N7 2t A Wt 486 o
S I R I )1 3 P PR K T 2R AS 22, BV pH {FL/INMIR T R S A IR I Sy A | IRt TR
UUREE TR [ R 7 T8RS — 7™ J Y PR g ) > 57

PRUTRERT DR 25 R GEE U™ B RS2, U H R 3R A BRAR A S e 2 I A AR A, IR AL 3t
Herh Ca SEBHES T IO AT A MARAS I BeAs + 383 B, 50 T AU 1) 78 R, s AR R0 7R SR
PG AL A B B35 5 b X R FRR TR 5 | IR Ak M i+ 38 Ca BeZ ERBER AR M 52
T WA (Acer saccharum Marsh) W T 3T, (i H e 2 ARG 2 O ] BERRMRIEZE A AE KT LI fb & v i+
Beh SRR AL RHAEY AR BREE , B T IR URAE 1T rh ARk B T g BRI 1 R A % K N TR B I AL, B
ﬁ'ﬁl@{fﬁﬁ*ﬁ(Picea rubens Sarg)xq/ﬁ\{m%iﬁt%ﬂ%?&jﬁj] ,ﬁfﬁ/ﬁ\ﬁﬁiﬁf@m] . RUKR S S HED R G =
MR B SR sk B, A AR AR A TE 5, TS I AR AT NO (N, O S8R &= SR M HERC ™ A HF5E
T R DTS A AR, o T e P R SOT A D7 sl A7 e (AR Ak - R A2 ek A - 0 BB i
BAFFE R B, 76 T DB L7 3t X B0 R B R pHL (00 T (6.58—7.33) 77 R RbR L 4 pHL (RT3 SR D R 1, 76
3.80—4.84 Z [ UL RPN 20 fH 20\ A AR AR I SR IR i A8 A1 P ek AU HE T, AF R A - 4 14 R 52 A7 AE
i e RONE

HPRER LR TR E R TR 78 (S 3 IX 22—, F 2000 4E LK, 8k L BEsE L BCh A8 A 5 R 1T RA 25
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AR MBI 55 H i A 2 — " BRINIE R FRAR E B IR T 20 142 60 ARARRARARE MRS H 4%
SRR Y S FRAA R A bR, DR 32 BT Rt e 3 e AR PRSI, R, 20 122 80 1 90 AEAR LI | Bl AE By FEFAAK
R HER ARG L | G A M T AR R B4 S BRARBI JORAEBRME 1B IR AR I E I T R
4li K ( Pinus massoniana Lamb) A& Cinnamomum camphora (Linn) Presl] Aff#K( Schima superba Gardn. et
Champ ) LSBT RR TR S RAE Z2 R BRARSE AL i o0 A (0 25 AV sy . T 388 pH (B TSR BUE I — D S K5 A
¥, LRI R T I IR RUE R N, SRR YT IR R AR ST R R BOCEEMEN, 5
TIEAEERBEVIARSC . A RIS B Y -3 A0 TR R 7% 22 5 T RESZ el IR AL 22 v B ) o WFST & B, e IRk 1L
P2 401 1 FE ARG W A A AR Bl B AN - IR AS MRS | G 1 38 v — S R T 1 9 AT SR A 8 %) 240 T LA %
SR PRI 30 P AN TR AR S B RGE  TT FR AN RS TR T - BRI AR L2 T, L AN BRI AR A AT 1) 1 8
pH [EFA, FLP= W2 i FIE R b e ™+ R ) — S B0 IR b, A G T A0 T, BB B
MRS T JR V5 AR 8 R AR VF 2 B e — AR A R s S A 2 5 L B S A 1) R P A
B IR AL X T AR, PG, T AR AT B TR RIARAL () + S B R PR S5 A BT
FEATTEE Gty gk AN [ 5 AR it X6 1R A 198 e MR B B X 52 , A R IS DX AR PR A 25 R e i B T - 282 i Jre i it
Flaifds

ABFFE DL E BRER 1L PRI I H AN SEAR (Pi)  FFRELEAR (Ci)  RATAIM (Se) 5 RBAN-F R IR AR (Pi_
Ci) AL B RN - A (Pi_Sc) IRASMAIFFEXT G, 3l b %) I B BT | 138 L B R VR 45 A 1 20 BT, SR FE TR
T XK LD R AN AR ISCES S TR S AR bR 5 0T S99 1 N 13 L RF PR A5 A i 52 ml , LA B R R AR 25 2R
LI RE ] REAFE R TR AE I

1 #R57EE

1.1 BRI

WFFEH R E R TR IL AR (N29°387, E106°41") A0 T R AT 0 AR AL T7 1 29 25 km AL, Ja 79 ) 1] 234
Rl BE X R AR 242—579 m, YR ARALAE 5—30°, %M W GRS , AR K B 1100 mm , 4E 1Y
iR 18 C, B A EARF I I JRE 50—80 om, HIREE 1.25—1.64 g/em’, HIERAL HL B
FEH (pH H 3.80—4.84) 1% RILIEEAMIZ I FRAK 1200 hm? | LA 20 HH22 60 4EACBEIR G K AR B BRI &
AR AE MR 3 | T BB AR GEMAIE X0 62 4F , ARk 20 t40 80 AR 78 5 B A MR AR 8 1 i N T
MO AREE L Ry 37 4F , ARfa MO 20 4D 90 AFEARHITE D R A MR BRI Hb 138 35 A N AR, MRS 2458 29 4F, 5
A -FREIR M 20 22 80 AR 7E S R AMAR T il ik AR AN B REIE B , S MRE 50 4F, Eh AR - A faf
TR AR 20 HHE40 90 ARARA I A W Bl K B B P I, 7 B R AAAR T HP IR AR A A AT JE B, - 2IpR S 45 4
1.2 Wk
1.2.1 FEiRE

2018 4F 6 H , e -4 HiIE S 3R — SR Qe st 5, AR AR B 5 B HUA% 4 20 m x 20 m () HLRURE 3
% 44,4204,
1.2.2  HIEHURE ) 5B

2018 4F 8 H , FEAS RN H S” RIAT IR 10 ANHURE £, B BURE S A2 B — A~ 3 50T, 0 1) >R 4R J 4 ot
JZ(0 2) Mk 2 (A J2) i B3RS AR 10 00 10 2R G B2 — R A T RS, 3 EE
RA Pi_O( HREMALIAK O )2 1H8) ,Pi_A( D EINEIM A JZ214E) ,Ci_O(FRaaitk 0 )2 +3) , Ci_A(FFE4iMk
AZ ) Sc_O(CAKRPFAitk 0 2 +3E) ,Sc_A(KAF4litk A 2 +3E) ,Pi_Ci_O( BREM-FHRIRELHK O Z 1),
Pi_Ci_A( D EM-FRHRASH A JZ148) ,Pi_Sc_O( B RM-Am iR 0 JZ2 H3E) ,Pi_Sc_A( D RBIA-AfiR
A JZ L) o REM LR P S, — BB ria i 2 T BT AT ; 5 — 385 -80°C IRAE,
T R E R IR 255317
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IR BTN E - T3 pH I E SR ALY BB 7S i (CEC) SR R B - AL B iR 32 J5 2 i
FILISE BE I AE ; T IEAHLER (SOC) FHH B PR A 75 - I 5 £ HE2 A (TN) A H,S0,-H,0, 18 &5
e fli i AE I GE ; 13285 (TP) SR NaOH #5Rl-FREADT L (4125047 5 1328 (TK) FIH] NaOH 45 Fill- KI5
JEREENE s A FNAY E R 0.01mol/ L S8 ALFS RS R AT AA3 T sh TSt o HrA3GHEA T 43 Hrilll 2

DNA $EBUFIER & 5% 2 [ 0 (PCR) 978 MR R & E.Z.N.A.® soil DNA kit ( Omega Bio-tek, %55 %
Hr ARIAM, SE ) UL F AT E RIS S DNA il , 60 7 19 9 S5 ig B 58 IS FL ik Az 0 DNA. A i U 4t
{81 Ff] NanoDrop2000 & DNA ¥ J& Fl 4 )& ; i Fi§ ITS1F (5'-CTTGGTCATTTAGAGGAAGTAA-3") F1 ITS2R (5'-
GCTGCGTTCTTCATCG ATGC-3") X ITS1 ZE K 47 PCR 44, 9" 8 FEFp a0 F . 95°C F 8P 3 min, 37 PG ER
(95°C7EME 30 5,55°C IR K 30 s,72°C HEAH 45 s) KT 72°CHLE L 10 min, FJ5 7E 4°C AT (PCR 1 ABI
GeneAmp® 9700 1) . PCR RN AKZR N :5xTransStart FastPfu 22 4 pL,2.5 mmol/L dNTPs 2 pL, 5[4
(5 pmol/L)0.8 pL, Fi#514(5uM)0.8 L, TransStart FastPfu DNA B4 0.4 pL, #A DNA 10 ng,ddH,0 #b
AR 20 pL, BEMEAR 3 AEE,

Hlumina Miseq )% . ¥ [F] — A B PCR 72918 G )5 81 2% 3 i B EE e I PCR 79, A 0 &
AxyPrep DNA Gel Extraction Kit ( Axygen Biosciences, WA T, INAIEJE WM |, L) #47 B =H4lifh , 4 2%
B fig W &8 1l K A4S I, I A Quantus™ Fluorometer ( Promega, 32 &) X [B1 U 7= 9 4t 47 46 ) 58 &, i FH
NEXTflex™ Rapid DNA-Seq Kit( Bioo Scientific, 3 [ ) A7 & . (1) B3k 8588 (2)  FH A BRI ik 25 bR 32k A
R B (3) AT PCR P4 HEA T SCEBEAR A B 4 5 (4) REER DI PCR 7= W75 B i 2 A9 S0 . A Hlumina 2y
1) Miseq PE300 - £ HEAFOFE (L5235 B 25 RHEAT A 7))

1.2.3 Bl R geit o ar

(1) L SEMEEAE

ARSCH B Z— BB RIS IR AR Y G R, O T B BV SR A [R) AR RS 22 1) L 3k o ) 22 5=
B A MREUAN ] L2 0 L5 IR IR 32 1 SPSSI8 X - Mtk Bt A7 H N 3 77 2250 (ANOVA) il Tukey's 2 3% 1
K30 (HSD) | 45 AN [a] A ] -+ S8R Al i b A - 398 5% 03 2 1] 2 2 MK P

(2) TIEE R ERE

{8 HH fastp' ™ (hitps : // github. com/OpenGene/fastp , version 0.20.0) %4 X} Ji 46 I % 2 51 647 R 45, i 1
FLASH'®' (http ://www.cbeb.umd. edu/software/flash , version 1.2.7) B4t 7 P (1) b 8 I A AR N B
133 LT 51 (fRTFR P 5 reads” ) FEHBBT AR 20 LA BB , 1% & 50bp MY T H, AR % 1 N i34 B e E
T 20, N O IR #R 2S5 smfsi 3 , 1 8 B2 5 S0bp LA R Y reads, 555 & N R FE Y reads; (2) MRIE K BB
W PRI R ) — X} 7 51 ( PE reads) Z [0 A TE & (overlap ) & &, B LX) reads $F4% (merge ) B— 25 7 91, /)
overlap K 10 bp; (3) FHEF I overlap X ARV IR REEIC LA 0.2, FEEAFFE P 5 (4) IRIETF 5 E
FE Wi (1) 2504 ( barcode ) 15 [ #7IX 434E i, HUEHE P51 77 1], barcode S HIASTCECH 0, B RS WIS TCE N 2.,

i F} UPARSE "™ #5c4f ( http://driveS.com/uparse/ , version 7.1) , # ¥ 97% > (R AHARLEE X 7 8 A 7 B A
SPEHIE(OTU) BEEIEHIR SR, FIFH RDP 232525 (hitp ://rdp.cme.msu.edu/ , version 2.2) it 4§45 4]
BT A3 SR, HEXT unite8.0/its_fungi , & HEXT BI{E N 70%

AR EEH AW =5 (hitps :// cloud. majorbio.com/ ) 5¢ A% 5 18 &0 7 2005 40 1. Al Mothur X {4F
T8 Alpha ZFEEFE %0 ( Shannon , Sobs , Chaol , Ace) , >~ T 55 B U [R] R FRY 2 6] 358 B e RE V5 2 FE R Y
225 KM 4 2 1 158 A F 5 12 Bl SPSS18 X Z R ME R Bt 17 B Ry 2240 M, I R B
(version3.3.1) #ETF Bray-cutis 725 B iE AT A BRI HT ( PCoA 34T ) IX 43/ [RI AR TR - 398 5 71 1 2 435 M SRR 11
454 PERMONAVA ZpHrif e AR | 420 IR B R S A2 . 97 % AU PR RIREAS OTU RAATIHER
AR BLIMHT (DCA ), HZE 3R 7R L3 EC R B 5 I TCAY 73BT (RDA 2304 ) #3 H3EvE Jot 5 R 3 A V%
SERRYAHEOC R o A A [ AR - 38 BRI Vg 2 S 1) RS RRAE, R SPSS18 X5 0T 12 1Y EL & /K
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oy A AT L R T 22 00T
2 HERE5HM

2.1 HIERAL RO

W PiBE R Ci LA Pi_Ci Ji, 13 pH {8 E 35 0.43 A7, 1 NH,: NO, D) i 2 R =435 5 i e s il
Sc F Pi_Sc Ji pH H% A B# 721k {5 Sc 1) NH,:NO, 5 Pi Mk & 25 T2 35%., Pi Ak %) 13 Soc #
TN A RAT B H S L Ci B 85 T TP & i, MG A Se 1 Pi_Sc Ji TP TK &% 53 B ZK T
Pi(%£ 1),

®1 FEAETEBRLERRIERS

Table 1 Soil acidification and nutrients in five forest types

A CEC R S0C TN TP TK
pH NH,:NO,

Forest Types /(emol/kg) /(g/kg) /(g/kg) /(g/kg) /(g/kg)
Pi 4.07+0.04b 8.42+1.11 1.70+0.21b 47.31+£12.23 2.58+0.62 0.39+0.03b 7.79+0.11a
Ci 4.50+0.04a 8.45+0.84 0.55£0.05¢ 39.35+7.43 2.82¢+0.49 0.55£0.02a 7.92+0.12a
Sc 4.09+0.04b 6.73£1.19 2.62+0.31a 40.31+9.24 2.19+0.55 0.20+0.02¢ 2.53+£0.07¢
Pi_Ci 4.50+0.01a 8.15+1.19 0.60+0.06¢ 41.71£10.96 2.74+0.65 0.42+0.03b 7.91£0.10a
Pi_Sc 3.99+0.07b 8.86+1.56 2.16+0.03ab 52.37+12.81 2.80+0.75 0.25+0.03¢ 3.02+0.04b

Pi: Th ARG ; Ci: FARAIAR ; Se . RAFAIHAK ; Pi_Ci: B AR E IR Pi_Sc: Ty RARARTTR AR ARl FRERIR AR B 22 Ji1] 22 57 2.3 (P<
0.05) ; pH:FRHHEE Potential of hydrogen; CEC ; -4 fH % T35 #a & Soil cation exchange capacity ; NH,:NO, : i A& A 54 S H W H(H ; SOC . R3EH L
Tk Soil organic carbon; TN : 13 4% Total nitrogen; TP ; 13428 Total phosphorus;TK ; 13428 Total potassium

22 HIEHFERE

T 3 AN [N [] 2 04 S AR AR R4 T oo i e Y, 4% e/ NREAR P 1) 1 dE AT R A e 5 P b B ) 3
1FEMRALIT S 2105668 45, 253 HT)@ T 7 171,29 49 .88 H 216 #} 451 J& 727 ' 37130TUs,
221 HREHRZFENE

%% Shannon #5844}, Chaol \Sobs M Ace $850) L) Ci MFL 5, H Chaol #8400 % & T Pi Hl Pi_Sc BEAS,
Sobs 5B & T Pi_Ci Ml Pi_Sc, Ace 188U &7 T Pi, IR Sc AHU ) Shannon 188,18 Pi Ci LK Pi
_Ci 5SHEAREEZER(FR2), UL, SHORPE, AR Ci AR IR 2R E & A OC o i 36
B (£ 3), 4% pH {H'5 Chaol F1 Sobs #8402 & IE#15¢; CEC 5 Shannon ,Chaol ,Sobs Fl Ace 35 1EAH 3¢ ; i
NH,:NO, 1| 5 Chaol Fl Sobs % it # fAAHIC; TK 5 Chaol T84 & IEAHC,

F2 AEHETEAHFR alpha SEEEREE
Table 2 Alpha diversity index of soil fungi in five forest types

A Chaol F&%L Ace T8 B R FARAERL
Forest types Chaol index Ace index Sobs index Shannon index
Pi 760+38bc 723+50b 521.25+8.63ab 3.91+0.20ab
Ci 1140+99a 944+65a 621.25+25.73a 3.94+0.14ab
Se 908+75ab 783+80ab 543.00+29.68ab 4.27+0.22a
Pi_Ci 1065+ 145a 779+52ab 474.25+25.15b 3.74+0.32ab
Pi_Sc 582+59¢ 799+55ab 499.25+19.63b 3.46+0.09b

AR PR IR AR RIS 2 [8] 22 5% 1. 2% (P<0.05)

222 HREREA MR

ME T A LLVE 76 CiFl Pi_Ci PIARAL O 2 F0 A JZ2 LR TP R A A R — 2, F 2R
( Ascomycota ) FHXF =F B i 15 (SF¥ K 43.44%) , HR W85 /% 1] ( Mortierellomycota ) (18.24%) , H T &[]
( Basidiomycota ) FlI% 25 [ ] ( Rozellomycota ) A X {fX— £ (SF- I AH X 3 B 73510 11.11% 1 6.06% ) . i Pi.,Sc
L Pi_Sc 19 O 21 A J2 LIERE G ARXS = BEHRTE AT 9 O A E A e — 2, 702 1] (37.72% )
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T B1(22.63%) , TAHXT 3= BEHELESE =i F e O 2R A B RIART, 0 B P 2601 (1
22.83%) , 1M A JZH AN EEHELESE = DR AR T P 8.39% ) . TR THES HEA T 4340 Lu il L
A1 (25.20—63.16% )  HF T8 115045 FL Bl 22 B K, Pi_A FR 43 A3 EL Bk 48.62% , i 7 Pi_Sc_O 437 kb
B HA (6.13%) AT THE Ci_O WA el K (32.33% ) |, [AIRETE Pi_Sc_O W3 il e/l (2.99% ) ; 1iii
Pi_Sc_O W B 251 143 Ll ik 35.12% , T AE Pi_A H4r A Hel A 1.61% , e nl WL AN R AR AL A9 AS ] £
JRHEA Z 8]+ E RIS A EEE S

R3 EHESHMEHSIEERBXES T

Table 3 The correlation between soil fungal diversity and soil properties

e L Chao 551 Ace FEL AR ETR R FAHEEL
Soil properties Chao index Ace index Sobs index Shannon index
pH 0.446 " 0.416*"

CEC 0.337" 0.762** 0.358 " 0.522"*
NH,:NO; -0.495 ** -0.446**

TK 0.361"

# 7 0.05 /K- EBFAMA; + + £E 0.01 KF FBFEMK

u i B BERIT ow ATHET = THEHT]
= B WAET W RARER

10--.—I=l-I.
0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

TIKPREE R E 5 b
Percent of community abundance on phylum level/%

0.1

CiO CiA PiCiOPiCiA PiO PiA ScO ScA PiScO PiScA

F 5 Samples

1 AERBERELELEEETKEEHZEHN
Fig.1 Soil fungal communities at the phylum level under different five forest types
Pi_O, BEMAIb O Z 14, Pi_A, THEARNAIMK A J2 13, Ci_O, FHRRAIAK O 2 138 CiA , FRalibk A 2 3 Sc_0, RAF4IM 0 /2 13 Sc
A RTAIR A 25 Pi_CiiO, BREIA-FERIRACH 0 )2 14, Pi_Ci_A, BEAR-FHEIRACH A )2 13, Pi_Sc_0, BB -KRITRASH 0 )2
A3 Pi_Sc_A, BRIA-ARATIRIH A 2 15,0 2 TR 13 A 2 k)2 L

2.2.3  BEIELER B RIS TR 56 R

FAARIIHT (PCoA ) Z5 5K (& 2) , PC1 Fliffe B T+ HE LR BEVE S5 F0 78 S 2 19 21.97% , HZ ks R IR
T ) 1 45 B VR DX A3 AN K2 RE, ti 1B 2 sh el DL Y, PiLSe  Pi_Se 1Y+ 3% BB BEVE 0 AR 76 PC1 il
FOA I, T Ci A Pi_Ci AR AR, T PC2 Sl R T 498 EC TR BF Y5 25 A 78 S 19 19.68% , HAN TR+ 2 7E
PC2 Bl EIXArTIF2K , 0 JZIEA S TE PC2 Bl T 23053, 1 A JZRAETE PC2 iy b8k, EiZou(H
) 72531 (PERMANOVA ) 73BT 45 R0 | #RMRE AN | 4 J2 Je 9 35 28 B4 F 350 + HE B A 7 25 4 7 A
FRM(P=0.001) ; BRAVFI )23 T AR B R*ME 4 0.84041 , FRAEV RMEH 0.4112, + )2 R* (B K 0.17492 i}
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Fig.2 Principal coordinates analysis of soil fungal communities

PCoA 4347 : EA-HRZHT Principal co-ordinates analysis; PC: T4 Principal component
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Fig.3 Redundancy analyses to reveal soil fungal communities in different forest types and correlations with edaphic properties
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2.2.4  A[FEME 2SR

Wt AT & B, B Pi_Ci Ab, oA AR R ER A — SERRAE R (% 4) . Russula , Geminibasidium , Tomentella .
Sebacina J& J% Russulaceae il Herpotrichiellaceae FFH7E Pi £ 18 i (AR X 3= B I 28 57 F HoAth pO S pRRd | B H A Y
ANBRIY rp ik 6 BB G 2 BEARMR B R AG 1 . Ci -3 Y Mortierella JEARXT FBEJE Pi Se B Pi_Se = /MARA ) =
2 %, H. Hygrocybe J& R BIAE Ci #RBEIH 11 Sc 3 Cladophialophora . Sarcodon . Paecilomyces . Chloridium
Jre Chamaeleomyces PR R 25 8 40 28 = T AW AR . 17 Venturiales H Fl Penicillium J&7E Pi . Sc X Pi_Sc hFEF
HRARXS R, H Pi_Se "X PSR B S R E 5 T Ci M Pi_Ci, H Ci Fll Pi_Ci FRAEH Venturiales

R4 FARRBZEFEEZFNTEARNENFE

Table 4 The abundance of soil fungi showing significant difference in five forest types

if%fﬁ?; Pi Ci Se Pi_Ci Pi_Sc

Russula 10.82+3.99a 0.00+0.00b 0.01+0.01b 0.00+0.00b 0.26+0.10b
Russulaceae 7.73+3.14a 0.00+0.00b 0.00+0.00b 0.69+0.28b 0.00+0.00b
Geminibasidium 3.90+1.51a 0.12+0.07b 0.14+0.06b 0.03+0.01b 0.07+0.02b
Tomentella 2.35+0.83a 0.00+0.00b 0.00+0.00b 0.01+0.00b 0.00+0.00b
Sebacina 1.13+0.27a 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b
Herpotrichiellaceae 0.61+0.29a 0.00+0.00b 0.00+0.00b 0.00+0.00b 0.00+0.00b
Mortierella 7.86x1.47b 22.93+3.96a 7.92+0.87b 13.84+2.53ab 6.18+1.53b
Hygrocybe 0.00+0.00b 1.53+0.64a 0.00+0.00b 0.00+0.00b 0.00+0.00b
Cladophialophora 0.52+0.20b 0.53+0.17b 2.44+0.93a 0.63+0.23b 0.10+0.04b
Sarcodon 0.00+0.00b 0.00+0.00b 4.12+1.96a 0.00+0.00b 0.00+0.00b
Paecilomyces 0.18+0.06b 0.76+0.28ab 1.76+0.69a 0.70+0.26ab 0.04+0.01b
Chloridium 0.21+0.04b 0.38+0.09b 1.44+0.39a 0.16+0.05b 0.39+0.10b
Chamaeleomyces 0.03+0.01b 0.10+0.04b 0.68+0.24a 0.20+0.09b 0.03+0.01b
Venturiales 0.45+0.18ab 0.00+0.00b 1.66+0.64ab 0.00+0.00b 2.17+0.84a
Penicillium 6.54+1.05ab 0.84+0.34b 4.28+0.87ab 0.94+0.33b 11.05+4.38a

AN R B R R R AR 2 ] 24 57 8 3 ( P<0.05)

225 MRME TR, Ci P& & FE M Mortierella Fl1 Hygrocybe 5 138 pH {H B & B NS A SRR
W IEASC, H Mortierella 5 158 NH,:NO, 2 I & A0 3¢, Pi " & i = 1Y Russulaceae 5 13 TN SOC J&
NO,-N & A &, 1M Sebacina 5 pH £ i 3 f A1 &, Sc " A XF =E B &% & B9 Sarcodon . Chloridium K
Chamaeleomyces #5 TK %E%ﬁ*ﬁ%,ﬁﬁﬁ%% NH,-N %E%E*ﬁﬂ‘é;ﬂ Sarcodon 5 CEC [TN.TP } TK &£
WETARK, 5 NH:NO R IEMSE, 1M Venturiales B} 15 pH JCHISGHE 55 NH,:NO, S IEAI N, 5 H A B4
TIEIEAR R B TURCCHR ;s B Penicillium 15 R ZH - JE TR B3 AUHSC, 5 pH SOC, f2 NH,-N JoAfH
Kb,

3 it

IR BRI S — 5 Z R AR — AN SR — Ao A T R 0T pH 2 - R
REBHRFEZ DY I B 2RI RS0, 5 DAk L 3R TR DR o R M bR Bl il A3 2 AR s 5
PA-F B IR AE AR 35 Bt = 3 pH, ULBH B BB A S 2 i R 3R ML . 39 P i 248 RN 4 285 U1 LA 25 )
TSR AR SR NH,NOL IR T 1 B, BB b D) NO,-N 2 32 AR Y NO4-N LG NH,, -
N 221024 4 NH,-N HCfl s i, RS AR 22 Wi NH Bl 1 DUAR PR AR Ak 25 I, W T i =6 40 75 5 i 6
SER T S TEARHIFSE R AR Al ORI ) R A - AR S MR NH,:NO, 2 KT B A slibk HLK T
1, B3 A MRS FR AR LA NOS-N Ry 32 A2l 3R Ak ; 1 5 EAASAR Y NH,:NO, KT 1, H gl it
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AR AR S RN - AT IR SR FUAE R 3500, U WA 2 R AR PR A , 52 Wi £ 3 5 5~ lic, H. -3 TP TK
W FFANCER D) AR TR,

x5 TRMRBEZFESTEERMEXES

Table 5 The correlation between significantly different fungi and soil properties

LRAH pH CEC NH,;NO, TN TP K soc NH,N  NO,N

Soil fungus

Mortiorel 0.515 -0.477 0.426 0.430 0.392
ortierelia (0.001) (0.002) (0.006) (0.006) (0.012)

veroend 0.461 0.431 0.671
YgTocyoe (0.003) (0.006) (<0.001)

Rucelac -0.331 -0.329 -0.312
usslaceae (0.037) (0.038) (0.050)
Sobani -0.314 0.320

Sebacina (0.049) (0.044)

Cladophia 0.430

-lophora (0.006)

Surend -0.402 0.592 -0.328 -0.426 -0.362

warcodon (0.010)  (<0.001) (0.039)  (0.006)  (0.022)

. -0.527 0.491

Chloridium (<0.001) (0.001)

Chamael -0.348 0.358

eomyces (0.028) (0.023)

Venturial ~0.612 0.587 -0.597 -0.710 -0.521 -0.508 -0.384 -0.532
entumates (<0.001)  (<0.001) (<0.001) (<0.001) (0.001)  (0.001)  (0.015)  (<0.001)

el -0.357 -0.389 -0.520 -0.330 -0.381
ererttum (0.024) (0.013)  (0.001)  (0.038) (0.015)

NH,-N: 5 NO5-N M A TE 5 M P 1E

AR E S R G T R B R, HE R AN AR A R R PR DGR A AT B
IR E YR TR R O A E SRS S R R S R R AR, SRR A S5C
BEFRAR S TERRUURE DI, %0 32450 B FEARSUARTE T 1 bR AR SOPRR M Rl 480 AR BT o R S8 i o
M EMATHE" " . DR R IR AR, 075 A Sl MO 5 J M- A M TR S b, - SR A0 AR 7 45 4 R A T
JFERAAlRR AT AL B B AR - AR SE AR 5 F T2 i 3 L™ >

WFTE R B, R albR Y -3 L B A e T AR | 3 0325 A A Al bR R Ak A H A AR ™ A
K5 HZFEHERRECS H MR k4R (pH {H .CEC \NH,:NO, ) &M, ULEA H 3L 2 5 A Al T+ £
FEAL, 33 55 6T 20 P AR R S — B2 3k SURAR DY R, 7R R A 8 v e I A A IR B4R 8 13 pHL 114 1+)
I, LSRN T HE 2R RS R, X S ASSI A R — 2, TR R A R AR R, AN AR R
AR EL TR ARV S A A 2R 1 25 T ELA PCoA PR AT LI 4 O JZA A JZ A9 L R 45149 73 AL W, Stone
A0 [ R B A SRR LR S M A R S A 1) SR PR K R R TR [ IR B - SR R 2 S
JRCA 0 TS R A TR 2 ) 1) 25 S S Sy 0 9 0 R AR R B ok )2 - S e R TR 2 £
HERT N PCoA P L3 ] LA HY AN IR (4 B0 R SR B 2, R ali b o5 FRAA- A RIS AR vy TR A e 4
P EEARARL, T B0 R AALIAR AR AT AR T FEAR - A 15 S AR A 0 TR R 4 445 4 B 0T, 3k A5 T AR L Al 7
TR R I B [FRE RDA 3BT R R W], RO A 38R (LR Y pH | CEC Xof L T R V& 45 ) 14 32 ) e
B HRRE 2R X SR AR IR A OC , R W] L B RV Z RS R 1 25 57 5 AN R AR R Rk
PEREAFAE B UIREOGTE . VR, SOC TN I 3 P A0 [ 0 35 52 i L TR AR P 2, 3ok 15 0] 7 B9 45 %) i BF 5
LR B0, 2108 SOC TN 5 B R 45 A i AL DA SR UONBR IR B B FR TR A
HA S METR AR [T - S (4 Bk SR K - 52 e 2 T 20 ik A B %) I %) 6 S0, DT T T A v 5 A 7 A 5
W SRR, TEIE AR ARRIARGE S b, L3R SOC AT TN 5 ik B 1 2 A8 RT3 v, oAl B
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OIS AT R AR R T PCoA I R 4 O JEAN A JR 00 ELIE VR 454 oAk B B 1Y
ML,

T A X AN [ AR - 39 BB A 1 22 S 8 0 A, R A AR AR 4B AR Mortierella 1 Hygrocybe 3% 19 J& L T W]
R T HAMAREY . Mortierella HVEBER , &2 5 1 ERAG P 19 S GUE Y2 HE, REN N 1358 b 20wl 5 i, X
R A KA R EVE T it HL A )T A Bk et i R R TEARBIRSE R Mortierella 5 + 364 3%
WS B EAOC (3R 4)  RUNZE M 3 B0S TR b B S 2 X 5 RIS a5 Rl — 3, A F
TR, Zhang AU BIESEIE S+ 3ERR AL B E BRI T Mortierella (/AR 32 , X G ASCHF IR 45 R — 2, M
KM MR WZ A B S M pH 5 W35 EAHOC, 3% pHOBRARAY -3 Pz i AR 3L, 73 0h AT ok
W, Mortierella J& AR Z 02 2 5 REMAE M 5l 14 LA K 358 BILTS Y W) 1) ik, B R0UHE 2F S BRI A, (45 1=
R R B HLZ R B AL T BRI A ( Fusarium spp.) 45— BOMEIfE S K, 76 3% 0t
T & FA MR 3B B A8 A5, Mortierella 4= BE R KAR i, A A T LS REFIAE ) A= I, HAE B kb il B AY
Hygrocybe 18 FER T eI AN E 2 |

LS RRAN e SR S AR Bh . A SCHE B B AR AR L4 P A DU 1 Russulaceae | Russula , Tomentella L J
Sebacina WAFRXTF B4 w1 7E HAMAREL oA 5 B2 W B ARBOAR A o Russula AUIESME R ELE , 1208
FRTA A R REE | Tl = TR o A A TR TR Sebacina J& LA RETE 33 B8 rh 82 &5 1 2 A %
IR EFRITT R, AR T E BN TAEESY o Sebacina J& FLIE 2 — B IRTA , 1 AT pH
{1 12 ) o B e S X ARG EE R —2, B Sebacina X FEFE S 43 pH (HE FfUAH G, 5 SOC £ I1EAM
Ko Geminibasidium A JEA T 16 AN SR D F R  IZM AL+ pH (E U2 TR P B, EAE
SEUUTEXRT BT IE AR L A5 (ST T R B N B30 R Geminibasidium X R A W AE A,
TE TR f5c e A4 TR T AL BT JHORH O = B ey, b ARG 1208 LT T DI SO R R W0 - M LR v 45 A 8L 1Y
PRz —,

AR SR AR S BE R S Y LR BT 2 S I LR . Cladophialophora J&—FiAE ) I, T 5 B 1
MR FEABE R 5 Paecilomyces BRAE A B HU JR B TR BE AR e BSR40, 348 AT DA 2 A 76 40 400 5 A ol A 40 9 T 4
BB KA VA A AR S T AR R A R T LR R R T Y R AR AR R RS R
Chloridium 5&—2& 57 IR ML, BETERRTE 38 b 4 T e A /E ] R S R R e i R 2 B 2
TEARDG B PR B R AT L X AR B, Chloridium FJ 5 +3E NH,-N 5 EAHSE, MAS AR
FHR Y& NH; , 2 W RWAAAEA RE L E S A TH AL

ASCHFSE KB Venturiales Fl Penicillium P 7E Hy B AN SR A far 4K 2L K2 B2 b - A TR 58 bk £ 338 vp AR
Xt AR, Venturiales H H/F 22 B AR 2 B2 AUAEIR IR L W0 Penicillium 15 F SR A rp A fl 2L
2 AEHERR A B F 2 P OT RAGIR , R T N,O AR 22— Rt 7E S RS ACAAr 2 TR 58 bk 338 iz
PR 2t E & T RE S ARHE N, O WHERR ., Penicillium 1, )2 Vg R BRI F= R 1T, RE =26 KA A MLIR ™ FE A fof i bk
LH T AN SR A3 v i AR R P R T, 7T k0 - SBERR Ak, - T AR D T U 2 % AR AR A B 7
A

4 #ig

(1) B R P AR AT 1] 2% Ak - e AL, 32 v TR I3 5 T B0 A ] AR ] B HE— 25 i £
HEmR A, AR L3R S i

(2) AN [FIMRE - HE R G v A DL bR R O 26, HL 3 pH {H . CEC A1 NH,:NO, 83 % i H 1A £
*E'éllﬁzo
(3) RTS8 5 B8 X7 X BRI R Vi 45 AR HAT 3 50, PR IR 52— M8 R 88 9 T 0 B O 7 2 40 ™ 2
TR, F AP S T R ALK LS A AR LR o5 03, AR S S T A TR SS AR &
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