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Shannon-Wiener, Simpson #2344 Z 34 2 & 3 T 5454 (P<0.05) M5 L LR ARAREZZF, W FEHEBUALE
FEF; Bt AT hmd eyt F 5 5. Shannon-Wiener. Simpson #2394 B 5 X AR L EF ZF . ATHAR
8 Y g F AR H B F AT R Ak (P<0.05), Shannon-Wiener, Simpson #2354 B3 # 5 X AMAREZF, WMAMA
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Abstract: [Objective] This study aims to explore soil microbial diversity in artificial ecological pubic welfare
forests of Pinus massoniana and Eucalyptus urophylla by comparing them with zonal natural public welfare
forests. [Method] Soil bacterial and fungal communities were investigated in the two artificial public welfare
forests, two natural pubic welfare forests (karst, and non-karst natural forests) in Yachang Orchid Natural
Reserve, Guangxi. The influence mechanism of plant communities and soil factors on the composition and
diversity of soil microbial communities across different forest types were analyzed. [Result] The contents of
total carbon, total nitrogen, total phosphorus, available potassium, and available calcium in the soil of artificial
forests were significantly lower than those in zonal natural forests (P<<0.05), while there was no significant
difference in available magnesium. The available phosphorus in artificial forests was significantly lower than
that in non-karst natural forests and higher than that in karst forests (P<<0.05). The Shannon-Wiener, Simpson,
and evenness indices of bacteria in P. massoniana forests were significantly higher than those in karst forests
(P<< 0.05), but there was no significant difference in non-karst natural forests. There was no significant
difference in species richness index between P. massoniana forests and zonal natural forests. The species
richness, Shannon-Wiener, Simpson, and evenness indices of bacteria in E. urophylla forests were not
significantly different from those in zonal natural forests. The species richness index of fungi in artificial forests
was significantly lower than that in zonal natural forests (P<<0.05), while no significant differences were found
in the Shannon-Wiener, Simpson, and evenness indices. There were significant differences in the composition
of bacterial and fungal communities among different forest types (P<<0.001), and the main influencing factors
were plant community composition (explaining 33.4% and 21.2% of the variation, respectively) and soil total
nitrogen content (explaining 24.8% and 7.8% of the variation, respectively). The difference in bacterial
community composition was also influenced by soil pH (explaining 20.9% of the variation), while the fungal
community composition was influenced by soil temperature (explaining 7.2% of the variation). This resulted in
a significant decline in the relative abundance of nitrogen-fixing bacteria (such as Xanthobacteraceae) and
copiotrophic and alkaliphilic bacteria (such as Proteobacteria, Actinobacteria and Bacteroidetes) in artificial
forests, while the relative abundance of oligotrophic and acidophilic bacteria (such as Acidobacteria and
Chloroflexi) increased. There was a significant increase in pine-associated symbiotic fungi (such as
Mortierellaceae and Sebacinaceae) in P. massoniana forests, and eucalyptus-associated symbiotic fungi (such as
Gloniaceae) in E. urophylla forests. In contrast, the symbiotic fungi (such as Russulaceae) of oak trees (the
dominant species in natural forests) and copiotrophic, cold-adapted fungi (such as Hymenogastraceae)
decreased in both artificial forests. There was no significant difference in bacterial functional groups among
different forest types, while there were significant differences in fungal functional groups. [Conclusion] The
artificial public welfare forests of P. massoniana and E. urophylla still face the problems of a monotonous plant
community and declining soil nutrients, resulting in a significant reduction in fungal diversity and significant
changes in functional groups, but bacterial diversity and functional groups have not been significantly affected.
[Ch, 2 fig. 4 tab. 41 ref.]

Key words: ecological public welfare forest; artificial forest; Pinus massoniana; Eucalyptus urophylla,

bacterium; fungus; biodiversity
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massoniana N Eucalyptus spp.s= 1P FE e 77 i X =3 A £ P= i R Rl . #RE 2018 4F, LR AN FIFL
PN TARIRIA 350 252 75 hm® F1 547 75 hm?, 0551 o5 A ZRARTETAR Y 1.15% F1 2.49%M . Bt Aol fms
BB, R T A T FEAA A N TAR el A RS g A2 25 0 bk, MO N R AR AR,
IE M, SR, MM LG E FBECT W FERL . YRR & RS, P,
NTABN S HRIER NI E WG NASTIRIRE 517, ok mi, HEr, T DEMM
R N A s MRA ST RE R BIF Y E A R AEmIl . 3584y . KRR SR M) 24 r =7, +
AR SN A S BRI L, TELERRE IR AN L BRARAE Y 2R DL S AR R
SLuiferh kK iEE 2 OCEZEMEMY, FEF, RIERA Y PR AR R N SR, RV B R AR R R
SURERYHBARART . SR, OC T b AN RN N T AR A 23 AR I W) AR PE A RIF G 1 R DA
A WF9E EZCEN T MR H IR RUE Y 2R, U RA R E MRS R 52 m U0 &R 3 A5 38 4 %
FOAEART A MRS AR PRI S G ) Z PR MDA N AR 2R, (B85 R0 Mgt R AT
MR RIRAR SR W) ZREAE RN LU ST B B =

ARV By A MR N T2 i bR AN 5 B 2R S HSE R R, ARWFSE LA PO 22 R )
B 2 G F SRR XY 2 Bt s P R IRAR (LRI b . I RARAR, B 20 2 ) 2 AN T2 2 Ak
(BAG SR . BMAL Eucalyptus urophylla NTHR) HWTFER G, A RIRMS N T s bR+ GRAE D)
ZREE, PPN T S AR I AN RN L 2 FE RO, JF 45 BV A e T, A e
REVR NS Z R 22 S B2 b, O N A R RO B2 2008 KAy 2 RE e R AP S AR A

U A

1.1 W HEIR

WSS T ) PUAE R 2 R E G 1 SRR X (24°44'167'~24°53'58"N, 106°11'31"~106°27'04"E),
JE LA U, AR RN 16.8 °C, ARFIREKER S 1058.0 mm. WFFEIX A T 2 5% i I AR i
S, VEWER SRS TR S AC 4 AR ER S AR AT | SO RNEE E, mEERHS N LUA K 1R
Fo T XA RIRMR 2 h A0 2 FA#S Pinus yunnanensis var. tenuifolia 46 Mpk ™ B IR 5 A IRIKE
TE BB KR U AE AR,
1.2 HHiEEREYEERAE

2022 45 7—9 A, TELRYIX Y B W T REAR (38 a) Al 1L KARAK (40 a) IR, PRI X A1 RS
T RAAN TR (20 4F48) AR AL TAR (14 4:42) I B0AE - . B SAREL YIS 5 4> 20 m x 20 m [9FE T,
FEFT IR Z /D 500 m, B RETHE—25R143 K 4 4 10 m x 10 m BI/NEETT o A8 A/ IMEDT T AR A A
WY W) Tl 24 BR B M AR B AR . W TR AR DL FE 2l Bl Fagaceae. 4 26 #f Bl Hamamelidaceae. fR 2=
Rhamnaceae., & F} Fabaceae FHHF K (5 b >5%), HLIET X Cyclobalanopsis glaucoides . 7K
Wendlandia uvariifolia NICHF . 1 KIRMRIFEBE . KEEl Euphorbiaceae . BHEl Meliaceae . A # )
Anacardiaceae, B} Moraceae, HFHMEYI N, H & KR Quercus variabilis, F¥k Quercus fabri M1
FHh. G EMMLIIAEL Pinaceae, #F} . HiFHAEF} Primulaceae, KJFKF} Cannabaceae 3, HriLIH
P R A B Bh . R M e AR LBk 4 38 B Myrtaceae. MR £k Bl Phyllanthaceae. K i Bl . I 45 Bk Bl
Apocynaceae fa4) 0 3, Hor LR A H5F
13 TEHERRESLE

TE 4 D/INFEDT R BEHLIESE 3 AS/NETT, B /DETT I 4 A HHERFE R, SRIMNNERERE (0~10
cm) THE, JRIGE HIERE . EOKEEM pH. B Rl—/DETT N 4 A SRAE SR HHER A 1 AR, IR
REAMRIRAE 154> BIEFEAR, 4 DMOHSRAE 60 MREAS, B MREAS 23 51 0 3857 0 R UE I REVE o
HARML, ALK 20 —O KT HTE LSR5, 5 —0-80 C KA IRFE, HTHI L5
DNA. 55005 I ik S (R Ab i)™ XA~ 8N A 5disbr e dl, A3
R0, FERL1, HTREH.

i | MagaBio Soil/Feces Genomic DNA $2BUR 7] & (Bioer, #HiM) #2H DNA, FFik ZE ] R EMILH
BHEABRLA R, 7E Ilumina Novaseq 6000 5 #E47 2x250 bp AU ¥ . 405 16S rRNA R V3-V4 [X %
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H 338F(5'-ACTCCTACGGGAGGCAGCA-3") fil 806R(5'-GGACTACHVGGGTWTCTAAT-3") 5|#)¥ 1 ; H
B ITS2 X% H] ITS3F(5'-GCATCGATGAAGAACGCAGC-3") 1 ITS4R(5'-TCCTCCGCTTATTGATATGC-3'")
Sl IR EE ST QUMER SE- S4B, 5 97% ML RASHAE /2 HIT (OTU), It SILVAN
) T UNITE(EC ) B8 22 L AT 90 R0 7025 . SR A PICRUSHE2 #1435 T KEGG $4s 1 X 4 1 117 ) g
T, /] R 7 % FUNGuildR £ T Funguild $0408 FEXT B HEA T DD RESSHEIERE . W HERR F B slUR RO
FERISEI , B4 BRI EC R AS 53 1) B 22 38 868 451 22 153 %)% 41
1.4 HEHH

TR AR AN A B ) Fh=E & B2 45 %0 . Shannon-Wiener 8%, Simpson f5%% . #15]JF 18
B, TEARBYSE R, SRR, TR OTURME ) AT B, RIS OTURLER ) AP
FIVBOE ZAEAS B 5B 43 L

L B R Ty 25 0T LU BOR IR 2 6] - S A Wy 2 ek . OREESSHE . Dh BB AN IR R B Y
25 . fifi 7 T Bray-Curtis ' 2§ 19 & 0t £ 5C 77 22 47§t (PERMANOVA) FlE B & 2 48 RO 7 iy
(NMDS) #7 ik, /8 H S E MR iy 22 5 . 3678 W0 FP 20 BT i 45 MR FR 7R OTU. fifi
Mantel £ 35 730 AT (8L VI RETR SHEDRFS A8 GE TR EE) . IR 2 Rl e e e s [WIRE, BT 4 )%
A W RER 4 Y Bray-Curtis F 28 14 38R F RO RR QI 25 . A% 40 Bray-Curtis FE 8, i %
AN IR A A7 25 TS DK . AR R T 2RO G e 2 2 S AR R BT BT AT R A
17, PERMANOVA 43 #71di FH vegan fAY adonis2 pR%Y, Bray-Curtis 25 FIRK FCHE 25 H vegdist PRELTT
5 Mantel K568 FH vegan £ i) mantel PR%L; 520 [R £ A9 ff BF 2 3 1 relimpo £ 1Y calc.relimp PR EX A
SE; SRR TR labdsy 40 Y indval B, B FEEE DL A AR EIR RN

2 HREHAAHM

21 ARMHBETEBAERES

1R BREAEESL, 2 HIEHAL D AR AN R [B] I AA A 0 35 25 57 o W IR bR A e AR A R0
R, RIRARMIRZ, N TSR, RIS T o 0 8 35 5 T N AR (P<<0.05). 33K
W T S0 AE I AR R Rk b e, S RRMAMIRZ , WS IR MR I o 1L SR MR ) s Ak B o o
S8, VT REMGHE BT i AU 2 TR AR (P<<0.05), 15 S EAMMIC L E 2 5. TR
) RIS o i A B 2 v T A AR (P<<0.05), 1l RARM 2 TR MR (P<<0.05), 15 DR
RT3 25 5 W HTRRARAY pH I 255 T iU 2 I T LAY (P<<0.05), Hip =F ML EER.
BRI REEARIP) 75 K I I T A AR (P<<0.05), HAR=HMIREZES . 25, FRESmEIN, N TH
TR IOART R A5 KIAMAR Y

F1 AEMAETRBUER

Table 1  Soil physical and chemical properties in different forest types

A BN/ (g kg ™) ER/(g kg B (g kg™ A (mg- k™) A (mg- keg™)
LESIER YN 58.38+2.20 a 4.53£0.17 a 0.77+0.08 a 0.90+0.12 ¢ 90.11+10.67 b
ERIIPR/SN 28.73+3.62 b 2.71£0.32 b 0.71£0.04 a 5.45+0.63 a 174.85+12.17 a
LM AT 19.17+1.21 ¢ 1.51£0.08 ¢ 0.51£0.03 b 2.58+0.29 b 77.15+5.30 be
N 14.06£1.39 ¢ 1.03£0.10 d 0.45£0.04 b 3.68+1.19a 60.54+2.52 ¢

AR HA/(mg- kg ) HALEE (mg- kg ™) pH TR/ C BIKEE %
LESITUS TN 6394.51+260.01 a 437.57+26.29 a 6.25+0.14 a 23.3440.16 b 13.1240.77 a
ERIIPR/SN 942.85+176.42 b 422.35+20.07 a 5.01£0.04 b 25.92+0.27 a 12.40+0.85 a
LM AT 631.85+54.39 be 360.43+22.45 a 5.15+0.06 b 26.45+0.06 a 14.36+0.46 a
FEmt N Tk 484.56+57.32 ¢ 371.09+16.05 a 4.94+0.03 b 26.42+0.07 a 9.38+0.25 b

Y [RISIAE NG TR R AN R AR E] 25 5 2.3 (P<<0.05).

22 REHETHHE S HEMBE AN 2R ELYMER
L 0 0 AR R R IR MR 1 G 3 22 5 (181 1A). TR AR AR HY Shannon-Wiener i
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Simpson $ £ {2 3% & FRE AR AR (P<<0.05), (HHA=FHM TR EZS (K 1B, K 1C). SR+
KRR &) FEFRH 0 35 5 T W ST R AR (P<<0.05), [HSRMAZMTIC % 225, TIIRAMK . DRI,
M kbR TG B 25 5 (K] 1D). PERMANOVA F1 NMDS 43 Hr B R [G]AKE 0 40 B B V& 2H UFE A B o
Z5 (F=12.23, R*=0.40, P<<0.001, [ 2A), {175 2 Rk 2 [a] ff) 20 B T 74 428 S AN TRl

Shannon-Wienerf§ %
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Figure 2 Non-metric multidimensional scaling analysis of soil bacterial and fungal community composition across different forest types and the

influencing factors of their compositional differences

FETTKE b, A 4 Flobkosy o) 4 81 35 B SR A AR [R] , EURE X = B2 78 AS [ AR B (] £ 7 0 25 22 5%
(£ 2)o ETRBLHRRFT AT Acidobacteria FHX) =F B 7E T BAA M 35 & T g B kedk (P<0.05), HY
H I RARARF R AR TC B 5 25 5, Hay —# R o i #2257 . L] Proteobacteria X} FJEE N T
M LT R SRR (P<<0.05). 425141 Chloroflexi A%t B 7 BT i, SRR, KR

55 L

RYREE SR R
FAUBSES
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R2 IKFLEAEAMHBETRARMERREENERZEE BENFEE>5%) REENFEE

Table 2 Major groups (relative abundance > 5%) of soil bacterial and fungal communities at the phylum level in different forest types and their relative

abundances
AHXS T BE/%
pSid I
LS UES YN ENIIPS/SIN RN T = NI
AT 29.23+1.60 b 34.99£3.30 ab 40.15+3.02 a 36.13+0.98 ab
IHIT] 26.91+1.32 a 27.1942.01 a 21.44+1.44 b 22.3241.17b
- PEIET] 14.10+2.08 a 13.15+1.21 a 12.90+0.98 a 12.32+1.65 a
ST 5.45+0.42 ¢ 5.58+0.36 ¢ 8.52+0.58 b 11.1340.67 a
JERTAT] 9.58+0.49 a 5.45£0.51 b 6.13£0.59 b 8.08£0.96 a
HFFIAET] 9.45+1.04 a 6.07+1.04 b 3.77+0.69 ¢ 2.65+0.24 ¢
HFHI] 49.95+6.46 a 48.79+8.99 a 53.37+3.53 a 48.79+8.99 a
FH WA 33.84£7.45a 32.03£7.38 a 27.96+35.01 a 7.35+4.22 b
TR 12.7042.53 b 16.35+1.61 b 15.9942.44 b 41.5046.22 a

ULHH . $HF 1] Basidiomycota; #¢{f1%[ ] Mortierellomycota; T#E[ [ ] Ascomycota, N[RIZ/ING - 1:Z 7R AH [ BB T T FIAH R 240 18
AR ] 25 52 B 3 (P<<0.05),
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MRIAR . HLZETE ] Actinobacteria AH X = B2 7E W B 4 MORN B2 i e K v fi 2258 T 0 1L SR SR BPRORN 5 R A AR
(P<<0.05), {HREHTREAR S R FpR . T I RS BRI Z M To 322 5 . SUAT AT ] Bacteroidetes £
X R TR R R, RILRARMIRZ, N TMERAR . PERLIET] Verrucomicrobia FHXT = BE7E 4 Flibk
RUA T 35 25 5

TERKE b, ANFEMREL R A0 R TE 22 57 (GR 3)o MR AORIE B ke pR s B HA AT B O 3
Bh, 0 EAAMRA A L AR TC R A L3RR, Horh, 4TI EL Ktedonobacteraceae 2 J& AR 1)
ARHEF, Btk axr FE R, LI RAMNME BMMRRZ, BRI, % E R
Pyrinomonadaceae I JL T BT #} Chitinophagaceae ZWE TR AYREA LR, 0 Brkp bR 4 BB X 5=
B S 2 v T AR (P<<0.05), AL AARAY ) 0 i 25 25 S5 o W LT DR R G = BEAE MR TR AR T R
TR Z, NTHEAME. KEBSLEFE S 4 Pk sg , BrvE R A K E AL Chthoniobacteraceae
Hh, XL IAR AR B AEA MBI B A B 22 5. Hr, RIJICHEF} Solibacteraceae 7E 1 111K
SRARAN R MR bR b B 3 T TR AR AN S B AAMR (P<<0.05), RANEL 2B AT H 1)) 76 S B B Em T
HAAMA (P<0.05). HFFHF} Xanthobacteraceae 75 TR 1 i IR T R AAMK (P<0.05). ARHFFF 1(FRFT
T ]) 7ERE Bk i 2 A% T AR AL (P<<0.05), T HAU AR HY (8] JC 12 3% 25 5+

®3 MAKFLEARAMBELRARNEFRENEERE BENFE>5%) REEMFE

Table 3 Major groups (relative abundance>> 5%) of soil bacterial and fungal communities at the family level in different forest types and their relative

abundances
AR FBE/%

ESi ] Bt
SR ENIIPR:S N RN T M T AR
RFIFH 1.51£0.37 b 10.70+1.77 a 11.90+1.50 a 13.14+1.13 a
— FIRAEF 5.1240.23 b 6.90+£0.80 a 5.28+0.25b 6.48+0.38 a
RENER2 6.33£1.35b 6.2+1.21 b 10.04+0.86 a 6.06+£0.54 b
p— WA 8.83+0.78 a 0.60+0.13 b 0.51£0.15 b 0.40£0.18 b
TG HAT R 10.08+0.44 a 11.15+0.65 a 7.45£0.77 b 7.60+£0.50 b
PEIE ] PUR B CH R 9.39+2.15a 9.20+1.33 a 8.14+0.93 a 8.83+1.54a
SN LA TR 0.37+0.18 ¢ 3.28+0.66 b 3.47+0.86 b 8.12+0.85 a
HUFFIRT] W LT A AR 6.09+0.43 a 3.80+0.66 b 2.02+0.41 ¢ 1.44£0.23 ¢
BIATE ] gk S 33.81£7.48 a 32.03+7.38 a 27.95+5.01 a 7.35+4.22 b
I 7ER 13.28+3.55 ab 27.42+8.69 a 5.96+3.45b 931+4.29b
Ao HA 7.7243.97b 2.19+0.61 b 30.82+5.94 a 11.16+1.93b
HE WA R 3.31+1.06 ab 3.78+1.44 ab 0.18+0.03 b 8.05+2.67 a
FEF R 6.01£3.32 a 1.39+0.65 a 1.73£0.74 a 0.80+0.56 a
R R 6.25+2.48 a 0.10+0.05 b 0.00+£0.00 b 0.04+0.01 b
FHRAI] e AR 0.07£0.03 b 1.21£0.74 b 5.19+2.61 b 24.58+5.71 a

Vil . PRl Mortierellaceae; £I%E£} Russulaceae; I5¢H-Fl Sebacinaceae; H:pf A} Thelephoraceae; #3%E FF} Amanitaceae; 2
Jl #Ft Hymenogastraceae; M7 FF Gloniaceae, NIFl/NGFHERRHIF B R, 4R FAAL ) 22 5 8 2 (P<<0.05).

&R PR B . E TR AN B AU FE R OTU 4 314 4~ (I 3R), B (& 1 >5%) 40 i TR IR
PIRBRER, BILT @R, SEFFREEE I RER, & 5.4%~102%. T I RAMA TSR OUT
124, SAERER. SREMMHA 824, T RMEL 2. LEFF} Pedosphaeraceae, ARMEL 1, K1
B RARTRL 3B HTT), AN 6.19%~15.9%, BMFMA 754, Eh FALFER,. RIKH
B RAE 1. B REFF Mycobacteriaceae FIPT R BICEERF, &N 5.3%~26.7%. XE458 OUT, R
2/~ OTU (AN EEE N 1.10% 41, HAH<1.00%.

Mantel £ %5 i 7%« N [R)BRAY 48 TR 9% 4 0% S AR W E I 4Lk (=076, P<<0.001). +IEPHF (=0.81,
P<<0.001) ¥ 2 BFEFE . B RUHT BN« AN R A G R 20 25 57 32 B2 A 0 RV AR
I8 SRS B A3 BORT pH S SR B SE e, R 430K 33.4% . 24.8% F120.9%, ST HERE TRV 2H L
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23 AAMETEEFRSHENBEEEARESEEYMEE

I B R A R A TR IR T ORI (P<<0.05), [AZERSRMZIE] . A TMZ [H] G 2
255 (81 1A). Shannon-Wiener Fl Simpson 5 Z(7E AN [RIMAY B 0 it 2 22 5 (K] 1B, C). SRR L]
JEFRBE AR T B AAR (P<0.05), H5 2 RMRMIEE E2R, He=FRBIRLEEZES (B 1D).
PERMANOVA 1 NMDS 43 81 7~ AN [6] bR R ) B B B V% 4 % A7 76 8 3% 25 5% (F=7.33, R=0.29,
P<<0.001, [&2C), {F& 2 FlpRmY ] paE 7 4 i) 2 AN

TENIKSF b, 4 FiobRA) BB A PR A EARR] (3 2). 8 M AGbk b e A0 2 1 TRF D 3 32 1 3810 7 ol vk
B (P<<0.05), T 25105 E T HAME (P<0.05), HABMBIE LR EES . ERKFEE, A
RIS PEARIASTE 42— B (3 3)o R MAAORIE TR bR A7 R DL 3ARE, I 2 AN AR 4= 1 R AR AR T4y
ARHEFE, AP RMEMEEA L ERE, HAXT B B3 S T SR (P<<0.05), B5 2 FpRIAMIC
WA R RERZE R SRR L SARE, RS TR AR X = B R AN [RUAROR R) G i 22
5, R BT R rrE A b 2 = T A AR (P<<0.05), HA=HE TR EES . (HRZHUL
PR Z A MBI, SRR FEEAR M Z A e g 225 . Hoh, B @m R E R
AR A T AR AL (P<<0.05), T A7 R RHAH T 2 B2 ) 4 3% 5 T HA AR B (P<<0.05), HAth Ak
[T 2 22 5 . 2L R 32 BEAE B I R SRR B 3 5 T N AR (P<<0.05), T ST Re e i 2 5,
HoR = H NI 2R WeERHE B 7R 5 AR i 2 & T A AR (P<<0.05), AR ] G
EER

RPN AP ER . VRETRAR ELEEFE 7R OTU A5 24 A~ (FHXT=E B K7 0.029%~9.30%), 42 43 Fi 19k 7
FRF (5 33.3%) MRS fIRF Herpotrichiellaceae(/5 8.3%). T ILIRIRMA 19 4> (FHRFEREH 0.039%~3.60%),
ERFEAER (5 15.8%). DREMMA 2540 FHXTFE BN 0.01%~26.90%), HEHERBEER . HTH
BE. 2235 FF Inocybaceae FILLEERE, 1 8.0%~16.0%, FMHFehkA 19 4> (FHXTF N 0.03%~9.20%),
EPTERFE B ( 31.6%) A1 EERL Tricholomataceae( /5 10.5%).

Mantel #5355 7R« AS [R]AR Y BC TR RE 75 4 8 S5 A B 7 A1 8 (7=0.56, P<<0.001), +IE+ (=041,
P<<0.001) ¥R R FEAHOC o B I AT 7R . FEI AR 2H A1) 22 53 2 T SO [R) AR TR S 1 A 9 40 ol 2 5+
M FEER, MR T 21.2% 5tk HCOH 88 R R340 (7.8%) AR E (7.2%) 2R, =
HATHRRE T 36.2% (5B (K 2D).

24 ARAMETEARMEREEIELBENES

R ARAS T 6 FEW I B DI RE S (R 4). SR E R SR DRI DI BB (R dERoK LA
YA . A EERRACH . WER IR SR PR RTRIAE) AR ILE, U B EE SRR, HA
DIReZSRE AT (5 H Bl ik, AT DI RE R EE R RIM AL Z [ AFfE et 25 5, (B LR BN (<2%).
SRS, SR D RS 45 PR ]9 22 5 A8 1o 2

B T 7P EREE RS (L4, SR TR A DL AR A R R A A A ECR O
FUAR RIS F B 2 (R AP A B 25 5 Al 8 SR 2 AR 2 JEAEAS R AR B rp () E A, FLJE I 3 2%
5o Hop, AR ECREADG EEEE R AR i ,  EL7E S AR B3 S TR IR AR (P<<0.05), TS
I TIRMTC B 25, 2 FORIRARIAITE B 25 57 o A A RUAG 2 B AE R de bk rp i 5 F 2 Fh R
SRR (P<<0.05), S5 DEMMIEEE2ER, HA=HENILEEER.

3 itit

SPREHETEAR N T/ SR R M 2B, AR ST S I 2 A SR sy M TSR E A S R — 20k
R AVE B RGN IR, TR RGNS AR R AR L s . + 20
FLRE AR, X EfFoE 2 B0 : S ERAS AR I HE N T/ 25 MR H AR ) 22 R Rk . SRR A T/A 25K
(1) £ HEAN TR ARV 0 8 T RRAR, S R I RARMOTE B 25 5% R N T A SR MR i e S
2 P AR R AR RIS TC B 25 5% 0 2 PPN T8 3 RAY 18 B PR 2B 5 IR AR MK Be4h, L HEAn
BRI BUAEAS AR () A A B 3 22 5, RS AR AR F) T 0 3 22 57 5 PRI RF % 2 BORN D) BE 2R A
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Table 4 Functional groups of soil bacterial and fungal communities in different forest types and their relative abundances

HERT = BE /%
B i eSS i
LRSI ERIIPR/YN LA TAH AR A TR
R 82.47+0.12 a 81.76+0.14 b 81.17+0.20 b 81.45+0.15 b
BHEE S b 11.09£0.15 b 11.23£0.14 b 11.85£0.14 a 11.55+0.09 ab
- A ek 3.98+0.12 b 4.55+0.16 a 4.7120.14 a 4.64+0.13 a
I RSP 1.93£0.03 a 1.91£0.02 a 1.86£0.01 a 1.91£0.02 a
NLB 0.25+0.02 a 0.21+0.04 a 0.14+0.03 a 0.18+0.03 a
AILRGE 0.26+0.01 a 0.31+0.07 a 0.27+0.01 a 0.26£0.01 a
LAY 24.07+4.20 ¢ 39.59+5.85 be 44.03+5.00 b 64.06+4.83 a
Jo e A= 7Y 31.69+4.81 a 34.38+5.14 a 20.3242.76 ab 8.43+3.92 b
S HL- 8 A LA A 2.68+1.02 a 1.24+0.27 a 1.48+0.20 a 4.74+3.08 a
N} Jig A= 1Y 2.09+0.48 a 4.57£1.00 a 474151 a 3.42+0.52 a
o HHL- T A AR 2.32+0.38 a2 2.55+0.44 a 2.58+0.75 a 1.69+0.37 a
B e AR 0.13£0.05 a 2394220 a 0.13£0.08 a 0.13£0.04 a
g LAY 0.61£0.20 a 1.44£0.87 a 0.50+0.10 a 0.14£0.02 a

VLW AIE/ING TR IR S RESSHE AN IR AR ] 22 53 1235 (P<<0.05).

AN [RIRBY [ AR 35 25 o

AR AR AR R A R R AL S R BN E, HIaiif s —8 Y ARk
PG RHE Y TEE AR (5 HE 6.8%) Fl 4= 1L KARMK (5.4%) i L3 B R # (2.8%) . FEM#E (3.3%) AT
MR, AT RE S B A AEAT R FE R PR 5 . 48 pH AL AU o B s e 40 B R VR
AL, SCAMR 2, S, &EFRAREEE AR RETT . BERWTT. 1) 78
TR TR AR . S AR S I RRMOT B MR . SRR (RFF AT, g
BRI | fE IR YE . AR BARI N TRy E . ERKE L, AR R RER B
FRHRIE L T BB AR S 3 pH, BAM B IEMHE, RINEM . 58FRM, fERERMT
SR, AR, REIR 1. RAIRER . RAR 2 ML RATER AR F RS 13 pH, MAN B ER
M, RIKHEM ., FEHEFRA, FEATHPBER, X W/ T AREME PR OTU WS, #
m, EHRRAAGEE 8 OTU LA A M BBt R 32, H I RAR AR R 6, 1 2 AL TR L
FERVETAEN T X SRR R B A R AN RIS ARG, SR RN SR AR R B,
YNER R S A ) 2R PE B 4 R U R S B A OGP ELAs IR b ZRE R = Y, RN, ARBIFSY
KB R ITREARNY R U ELIR B, NP AR AR . T RE DR R R s TR bR R S HL -
2, SECERHE Y, WS T NE SR AR E 2R L R AR, RS H I
pH AHRIA &, i pH &R M40 8 Z AR M A SR R 72, SRR 4 AN, 2RSS0 K. #em
MR TG, SBUNE ZRE M TR, T LAN 2502 00 R 30 . it AT S 2 2 T ey FE A vk g - 45
FRAY R pH, MG INANEE ZREPE. AR T A T A S8 MR AR ELAL T E AR B0, IR H 4 24
PERBE NI, XERPATHAESIHBECABIKE . MENRERBES AL R AR E, 3
TIX—558 . AT ILET M AR A & T DR A TR B D RSB S AR BN LURF X438, (H R A4
MG RIRMR AT B IE L IR EE B2 IBLGPY, RIAR BT BB i 4l T2 S 07, 1T L 25 22 ) %) 400 o )
KMEFIEAEE . Kk, %T PICRUSt URETIN 7 ik i Jm B, AR BURIFSE I 25 A 7 3 DR 200 e A
RS CRIEI M I BEIE R A AT, DA T R M A A T MR S T BB AOIR EIR I

FHECANEE , AR SR A RIE R, WIS fEAR R T 52 m BB % i 41
BEPY, 2 FRARMT, MRICN PR R, SRR R A SRR R TR R S
RSN TR, S g g LY | S BB SRR AR R R N TR, SR
AR R BN . MR A FE R OTU S HARHRYIE it A 6 R . HHEE A2/ BUiR
WIS R AEE AR EE N R, SOAMRE R 80, R . 8RR RSB H.
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IR R R, EEIRAL, B RYERE (ARt E 1Y) s, MISEE SR EAAR R (T
P13 FERKF B, sl B R R Z I R A AEDOT F B2 5 88 i 0 B0 R TR T 5 - S 3
RO, RIOVEEFRMEER, 750 R B | R BRI A
B, e BRI e A BAR R RS B R SO OG5 IR R, RN EE
R H B, AR AT B . RO N TR . 5 LRIy IR E R RS
WP ZAEE . R R E B IEA SRS A S & — 0 ARBFT AL RV N T R A
v, (H TS L R AR 0 Bk, ERESAEEER. M2, KA IR B4
%, EAREF S B E R s, B2 Hiiim . Mk, ZHU S0 L. @A+
Pl T AR IR AR LSRR M 2 . 25 0, N MY B S — Mo B R W AR T
FERYCHEIN R, HRREIAF b A A et . RN TR, AR RIS I 28 TR IRAK, mTREEm T
N THRELR R0 3, RIPEACOC R e 8 i — AR R R, Al — PR A A T SR AL, of
MY BEFAERE, X RE R BN TAHA B RGBT —1b . LEASBIFE Y R A A 2 bR e (9 8 305 Ry
FIMARBIWFFE A R G0, 1 R SR Al bk b A A R L G AR X 5 B B35 v T R AR SR, 0
RN, AHTTEERS B RN IMMAF 2 5 . BT R B D AN s b LA R ORI SR 2 i
W TR, T WU SR L Segg SEE A ST 0 2 I P 25 S N 3 o T X R 22 S ) AT RE A
&, 15 WU SR FSCE SEH B R IRbR R, SRR SRR R, (H3E ALY (NS RHEY) . AR
FY) B 7 LT RE AR , IR T T IR R BB ERE AT 2 . [ REHL, 42T FUNGuild IRERi
JTERJRIBRTE , AR RLEE G B I P45 T8, LS ERR L ITAl N A S AR A S T RE A R DL o

4 Hi

AT R, SHAFERAMARLL , D RARFI R M #e N T A i AR IR P o — . R FR o0 R
W, BRI ER SISO T I REEAE, (E A R S AR M BRI B R R A R
oo i, i 5 HAL S LR ANRSS, EREAE, $e REILT), AR TR Mg TR . B
RN T AN i R 2R
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