W R AR K B 4R, 2026, 43(3): 562-572 https://zlxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/5.issn.2095-0756.20250305

SR 2 AR, SRAEA, SRR, S5 T PHER N TR S RO L 3% 0 R E WUV 22 REPEXT LU DTS [T]. WA bR
2F24 3], 2026, 43(3): 562—-572. L1 Fuqi, ZHANG Jianben, HAN Junxue, ef al. A comparative study of soil nutrients and microbial
community diversity between artificial and natural forests in Yachang, Guangxi[J]. Journal of Zhejiang A&F University, 2026,
43(3): 562-572.

IR AIHRES XA LSS
MAEMEE S HFEN TR
FEH, KELR, SR, AT, W B, FHI, KRHED
(LW ARy, 179 5 5300043 2.1 PEAERE A K AR K MRS, 178 176 5332093 3. hEHRLAY

TR Bl LR G, TP SEAE 5326005 4. F SRR RLERT ST RS EREEAR, VLR R AU 2100465
5.7 PEREE MeEbe JIURMAE S SR EEASRE, TP MT 530004)

WHE: [ A6 ] @ 5t RRANBMARI, R L EM Pinus massoniana Fo B.rt 4% Eucalyptus urophylla AT % 252
HFARIIEM AN SRR, [ k] A7 BHEK ZH Orchadaceae #idh A AEH R, AE L EMFETHALR, &
HraFmhAe L L R Ao LB mA A A RARE, SATHMESE A 2 RT3 R R 23R M A B LR B % AR £ 749
Hoabuhl, [BF]AIHARDELEE, LR, &8, BT EAE R T4 BERT A LR KK (P<0.05), &%
BRESBABEZR; ATHRBHEBRAESHLBFRT L0 RANRD G TR (P<0.05). LEMAIIREHE M
Shannon-Wiener. Simpson #e3j 4 B 538 2% F Ta 484 (P<0.05), mBE L L RAKALEF Z7, W FEEREL
BEZF; BrHAI@E 43+ % . Shannon-Wiener, Simpson #2394 B 5 X AHRH LB F 2 F, ATHEA
B A E I B FIKT R A (P<0.05), Shannon-Wiener, Simpson #2394 BEH# 5 RAKRLEF ZF, @Hfe
ARABRABRARRARR Y AEEMEE ZF (P<0.001), LI 2HwhEEYAMBBELER (BEEHN A 33.4% 4=
21.2%) An LIEERR B 24 (BFEE DA H 24.8% Fo 7.8%); 2m BB LR £ FE % 13E pH (B A 4 20.9%) ¢ %,
W B A BEE LR 5 L3RR E (BRI A 72%) 9% h, X FRA KT E RMHA (e 47 B4+ Xanthobacteraceae) AKX %
TR EMME (4o T H 1 Proteobacteria, 7% 4% H 17 Actinobacteria. #A4F # I Bacteroidetes) #9485 F ik, V', &
TR A EMME (B AT H I Acidobacteria, %t % B |1 Chloroflexi) #9 A8 %F F F 38 m, M4 AW ek o 54
Mortierellaceae. 7o F#F Sebacinaceae) /£ & BANAR T 3 m, teAt kA A H (4ot & B # Gloniaceae) £ & v Ak W 38 hu |
i KRR B ATAR LA AL (e 26 Russulaceae), & & /2 B EA L (4w EM A A Hymenogastraceae) /£ 2 #F A T
HFRY, MAAREBRERRAMB AR EZF, MARAARERNALETFEF (P<0.05), [#£#] ZEMMPET
AL EASNZRD TGN L L —Fo LEHR>THAOFA, FREIBAR SR T EEIREAA R EBHLAETERT
W, 122mt SAEMF AR EBHHRZINEHa, B2ER4 4541
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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 2 artificial public welfare forests,
and 2 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

CEOY/AE M‘Z@Kiﬁ% BRI B AC AW Z R ORI A5 07 i B AR . B 2018 45,
FEANTAES At AR E X 2 649 J7 hm?, AR I ARIXAY N TAZS A 85K 5 He 2y 1310 BB AL Pinus
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massoniana TN Eucalyptus spp. S 1 Fg 77 i X 35 B3 A - P= i AR Rl . ARE 2018 47, HhRAAFIRE
B TARTE ARS8 252 77 hm? 1 547 J7 hm?, 5350 o5 4 EARARIAR Y 1.15% 1 2.49%" . BfAE Aroll g
MR WIS AN FIRER N TR FIM MG AR 2SN s bk, B K gt e . AR R 3t
WA, BRI, MR S EE S TR ERE . Y2k & - BER A AE @ R,
NTABAN MR B ILE WG ARSI E S8, SO R m 8. BET, T S EMA
Rt N T8 s A S DI RE M98 B TR AEiil . 3SR . KRR SR RIS ) Z RS, +
B A e e S AR S R AR, R E Y ERIL AR IR . R A DSBS R
Giyiaeh kKA R XRHEBEMMERY, RIR, ERUEYX A R NV R, R R AR R R
SGUIREME BGPTSR, T AN AR N T A5 #5K  SEGUE ) 2R P R F 5 19 R DL 412
A WFIE FEEEN T MR A 2 Re 0, JCHR R RS g st 3845 3 2 X
FURZEAR F A PR R SRR 3383 W) Z R PRV AR N TR Z R, (HE58 R —0201 gt S A T
M RIRAR TG AE W) Z R R LU AT 8 B =

PRV A FIREAR N T AR A 25K A P 5 LR 2R O R R, ARBFSE LA PR 22 )
T G SRR XY 2 Bty P SRR (BB T Re AR . L RARAR, BoR AN 254K) AN 2 FP N T AR
IStk (AR S BN . RBMAR E. urophylla N TAR) ABFFERTSR, RIS N TR LR 24
e, PR N TMREY) - HEAN TR A B P 2R MRG0, FFREE G A YIRS A e b M T, e B il AV 2E Rk
SR mALR, AN TARRZRRRFEZE KA Z IR SR R

L I = I

1.1 MREXBR

WS XA T U AR 2 RHE Y FE R 9 H AR X (24°44'16'~24°53'58'"N, 106°11'31"'~106°27'04"E),
Jo P BT FE e, AR RN 16.8 C, ARFIIEKER D 1058.0 mm. WFFEIX A T2 5t i B AR 12
%, AR SRR TR AC 2L, ARSI RE I DIAB 2T | SR W R U LA K
F o WFFE X RIRAR T ZEh A0t 2 FAFS Pinus yunnanensis var. tenuifolia 4G5 Mgk ™ B IK 5 H 3K E
T LR AR AE AR,
1.2 HFHigEREMEERE

2022 4 7—9 A, TELRY X PN B W BT REAR (38 a) 4 1L KARAK (40 2) FEHE, fRIIXAMEILE D2
FANTAK (20 4F2E) FHEEMHE N TAR (14 4842) A, BESARBIPNE 5 A4S 20 m x 20 m WIRE T, AE 7 RIEE
/0500 m, FENFEFUE—ERI N 4410 mx 10 m B/NETT o i8R/ INETT N T A ARAS L 0 424
FR AR e 42 . W TRk DL 72 31 Bl Fagaceae. 425 #§#} Hamamelidaceae, FZE#} Rhamnaceae, &R}
Fabaceae HHYIFI A (A7 b >5%), HHALUEE X Cyclobalanopsis glaucoides . IK3# Wendlandia uvariifolia
T A, I RIRMRUASE SR KERF} Euphorbiaceae, 1 F} Meliaceae . R F} Anacardiaceae, FF}
Moraceae. S RHEY) N T, HA VIR X ¥R Quercus variabilis . YAk Quercus fabri AILHFF . 5 EFAMLA
FA%l Pinaceae, #HF}. HFHALF} Primulaceae, KJFKF} Cannabaceae 7y, HrLIH M ML HEF . Ert
FEMRLAME 4 IR B} Myrtaceae, I T EEF} Phyllanthaceae . KRl . FTHEEl Apocynaceae f 40 E, Hirp
DL AR
13 TEHSRESLE

TE 4 AS/INREJT R BEPLIE SR 3 A/IMETy, BEA/INE T 1B 4 A HERFE AL, SRR JIIEREESR)Z (0~10
cm) HHE, JFME HEREE . KA pHe B FE—/METT I 4 SRR SR R G L AR, R
FEAMRABRAE 15 D HIREAR, 4 DMARAIHCRAE 60 PMREAS, B NREAR 2 5N i 3835 3 AN i A W
kM, AR 2 0 —O AT HTFE L5E5%5, 55— 10 F-80 C vKFEIRFE, FHTHEML1E
DNA. 8570005 J5 k3525 (e Ab ), XA 38R it i b de, A7 H40E
R0, JrzEN 1, HFRE.

fif | MagaBio Soil/Feces Genomic DNA 2GR 7] & (Bioer, #HiM) #2H DNA, FFik Z=] R FEHs I
B A FRA ], 7 llumina Novaseq 6000 ~F- 5 #£47 2x250 bp X il [ . 4HEA 16S tRNA FEH V3-V4 X R
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] 338F(5-~ACTCCTACGGGAGGCAGCA-3") il 806R(5-GGACTACHVGGGTWTCTAAT-3") 5|99 1 ; H
ITS2 XK ITS3F(5-GCATCGATGAAGAACGCAGC-3") Fl ITS4R(5-TCCTCCGCTTATTGATATGC-3")
Sl RO QIIME2 S-S AEE , 4 97% FILE RISHAE /2K 850 (OTU), 15 SILVAAH
) A1 UNITE(E ) B8 B e h A b 2028 . SR PICRUSE #1435 F KEGG K 2 4 40 i kA 7 oh Bk
O, Af A R 7% % FUNGuildR (2T FUNGuild £ X5 B AT DI RE SRR R . S HERR F BE SR Ao
FERIRZNA , A A0 DA R EL B A A 73 i AR BE 22 38 868 25 22 153 450741
1.4 EESH

TR AR 4N A B Y AP E & BEF5 48 . Shannon-Wiener $84 . Simpson $6%% . 5] $8
B, WEARIYSH I [16]. XTEAFEEA, 1154 OTU (Bhal]) mAxT 5, Bi4¢ OoTU (Bheki ) 1Y
FEFER %A RSB T A3 L

i I B F T 25 T LR [RIAMRRL 22 (8] H SR E M 2 etk . DR3RSERE . THRE2SRER R 3L M I
255 . (3T Bray-Curtis 25 1 # 4 2 50 7 25531 (PERMANOVA) FlHE B it 2 4k RUEE 43 1 (NMDS)
Tk, AT HEERUE YRR R 22 5. SRR YRR TR E 25 T 8 7R OTU. i Mantel K556
SIMTE YRR S S AL GE TR ER) . RN Z RIS FE, T HEAE YRR
2H J 1 Bray-Curtis [ 5§ Fl14% 138 K T MR EREE RS . FEYITE V% 2 A1) Bray-Curtis B7 25, il iz B2 13
BT f BT 45 B - . AR RV 2O S A RV A A 2 SR R R BT BT A A BT AE R B b AT
PERMANOVA 43 #7 f#i F vegan £ 1) adonis2 Pk %%, Bray-Curtis [ 25 Al KK [CFE 25 H1 vegdist PR 81T 5 ;
Mantel £ 55 {# ] vegan £ 1) mantel PREL; 5200 P 25 (1) fff B¢ 3 38 12 relimpo £ [ calc.relimp PREUHf E ; +5
FRYIFR MR FH labdsy €0 1Y indval B IR BUE LY EAPR HEIR F R

2 HEXR G M

21 AEHBLEBYERES

TR BREECEESN, 45 BRI e AS R AR () A A7 A S 3 25 5 o W TR AR A R A U
R, IR, N TR KRR BB R 508 B3 5 TN T AR (P<0.05), #HAL
B R A BUAE L R SRAR R AR R B, SRR 2, W TR I . 1 SRR ) s 4 o
OYRC R, W TR MO TR A AR T T R IR (P<<0.05), TS S RERAMRTC B 255 o WEITEEAR
F14) 3 305 46 I 0 0t 3 v T LR (P<<0.05), 1l K ARMR 2 TR M RAAR (P<<0.05), 15 HEM
TR E 25 VIR pH B 2 T e KT A AR (P<<0.05), HA = HRITREZES.
MR AR KR S I T AR (P<<0.05), HAA=FM LR EER . &1, BRESEHL, ATHEY
FHEFR AR T RIRAR B 5 AR MAT S

x1 AEMETEEBHER

Table 1  Soil physical and chemical properties in different forest types

A Bz kg™ BENg kg B (g kg™ MR (mg- kg ™) B (mg-kg™)
BN 58.38+2.20 a 4.53£0.17 a 0.77£0.08 a 0.90+0.12 ¢ 90.11+10.67 b
ERIIFR/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
Rt N TR 14.06+1.39 ¢ 1.03£0.10 d 0.45£0.04 b 3.68+1.19a 60.54+2.52 ¢

R RS/ (mg- kg ™) R/ (mg- kg ") pH JERE/C &K%
STV 6394.514260.01 a 437.57+26.29 a 6.25£0.14 a 23.34+0.16 b 13.1240.77 a
ERIIFR/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
R 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

BB [RIFIARRNG FRER IR AN R ML ) 22 5 i 25 (P<<0.05).

22 AEMEBTIEAESHEEMBEEZEARESREZMEZE
T M YA S R BN AR (] O B 2= 5 (K 1A). S E A AY Shannon-Wiener Fl
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Simpson $5 4§ . 3 = T W AR (P<<0.05), (HHA=HF R LR F2ES (B 1B, B 10), SEMMM L1
FKARARAY I &) BEFRE 0 3 3 TR TR AR (P<<0.05), H 5 RT3 28 5, TIRRMR . MK,
Bk bk G 3 25 5 (K] 1D). PERMANOVA F1 NMDS 43128 . AN [A] R A 40 B RV 4 AR AE b 35
£S5 (F=12.23, R*=0.40, P<<0.001, [&2), 1E& 2 FlbRmL 2 (] i 20 & R 4 a3 AR TRl .
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; : B
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4{\1920 Z, 06 a JD:( 0-6
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p it Pt h St p it

O 3 7l
KF. WEHIE AR, NKE. L RRM: PMLID R A T EURMHA T . ASFE KNG T8 3 5 40 5 AN 2L 2 REETE
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B 1 R LI e 5 AR A

Figure 1 Diversity indices of soil bacteria and fungi in different forest types
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Figure 2 NMDS analysis of soil bacterial and fungal community composition across different forest types and the influencing factors of their

compositional differences

FENTAKT b, RS 4 FlobRAY B 40 T8 322 B R A AR [R] , (ERE X =F B2 A AS [RI AR B[] A7 75 b 28 22 57
(% 2). EZRBIBEMRATIT] Acidobacteria A X} =F B 7E T R AA M 25 3 TR HTREAR (P<<0.05), HY5
T RRMFRE M A TC B 22 5%, Hap = F MBI E 25 . BRI ] Proteobacteria FHXTFETEN T
b B R T R AR (P<<0.05). 4425141 Chloroflexi MR F B 7E R ebk b e, DREMMIKZ, KK
MR . T T] Actinobacteria A X = B 78 W& B R MORT R A bR b S 2585 1L DR SRR 5 R A AR

&2 VK FLEABMRBETBARNERR SN EERE BNEE>5%) REENEE

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
AHXSF /%
S ]
LESETE YN ERIIPSAYN LM AT AR N TR
AT ] Acidobacteria 29.23+1.60 b 34.99+3.30 ab 40.15+3.02 a 36.130.98 ab
AL | I Proteobacteria 26.91£1.32 a 27.1942.01 a 21.44+1.44 b 22.32+1.17b
- PEMIA T TVerrucomicrobia 14.1042.08 a 13.15+1.21 a 12.90+0.98 a 12.32+1.65 a
£ ] Chloroflexi 5.45£0.42 ¢ 5.58+0.36 ¢ 8.52+0.58 b 11.13+0.67 a
JilT£E T ] Actinobacteria 9.58+0.49 a 5.45+0.51 b 6.13+0.59 b 8.08+0.96 a
AT T [ TBacteroidetes 9.45+1.04 a 6.07£1.04 b 3.77+0.69 ¢ 2.65+0.24 ¢
7| IBasidiomycota 49.95+6.46 a 48.79+8.99 a 53.37+3.53 a 48.79+8.99 a
HIH BAFET IMortierellomycota 33.8447.45a 32.03+7.38 a 27.96+35.01 a 7354422 b
T4E5 1] Ascomycota 12.70£2.53 b 16.35£1.61 b 15.99+2.44 b 41.50+6.22 a

YA RN PR AR BRI RAR R A0 A R AR E] 22 55 2 3% (P<<0.05).
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(P<<0.05), {HIEHTREAR S AR . I RS BRI Z M To 0 25 5 . SUAT T ] Bacteroidetes 4
XA TR P Ry, RIRRMIRZ, N TAMRIERAK . JERLERT] Verrucomicrobia AHXS = BETE 4 FhAk
R JC 0 % 22 5

TEFRKE B, AN FEMREL A 40 R AE BB 22 5 (55 3)0 M MR ke iR s B AT R AT B0 3
BE, T A A L R ARARN TR A L. Horb, 22T R Ktedonobacteraceae A & i #E K 1) 5
ARBEF, Bt FE R G, LI RAMKMD BMMRIRZ, IR EIK. %@ F
Pyrinomonadaceae F1WJL T it A #} Chitinophagaceae ZFE TR REAT LR}, w& HrRp b b2 s R R X 3=
JE W 2 e T HAARAY (P<<0.05), L ARRAL ) T 2 25 S5 o LT BT AR S BEAE MR TR AR R
T RAMIRZ, N TAAREAR ., K EFHARE Ry 4 Pk A, BRVGR B ICE B Chthoniobacteraceae
Gh, XA SAR AT FE BN IR M B A 3 25 7. Hih, R IJJIRIEF} Solibacteraceae 7E 1 111K
SRR A bR S 28 8 T TR AR AT D R A AR (P<<0.05) ARAIEL 2(BRATF I 1)) 76 S bk B3 5 F
HABAMAEY (P<0.05). B FFEF} Xanthobacteraceae 76 N T Ak A g K F R IR (P<0.05). ARFIEL 1(FRFT
1) 1EWE TR AR p S 2R T H A AR AL (P<<0.05), M HABAREL A JC B & 2 5

®3 MKELAEMBETREFMEREENERER BENFEE>5%) REENFEE

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 FE /%
ESii ] B
MR RIRIRAR BEMATA R TR
RAEH 1.5120.37b  10.70£1.77a  11.90+1.50a  13.14%1.13 a
KR ] Acidobacteria K IR F} Solibacteraceae 51240.23b  6.90+0.80a  5.28+0.25b 6.48+0.38 a
RAER2 6.33£1.35b 6.2+121b  10.04+£0.86 a 6.06+0.54 b
p— A FPyrinomonadaceae 8.83+0.78a  0.60£0.13b  0.51£0.15b 0.40£0.18 b
K B I TProteobacteria AT Bl Xanthobacteraceae 10.08+0.44a  11.15£0.65a  7.45£0.77b 7.60+0.50 b
PEMET T Verrucomicrobia  PYR B[R EFIChthoniobacteraceae  9.39+2.15a  9.20+1.33a  8.14+0.93 a 8.83+1.54a
L5 | ] Chloroflexi AT B FHK tedonobacteraceae 0.37+0.18 ¢ 3.28+0.66b  3.47+0.86b 8.12+0.85 a
PIFT [ IBacteroidetes W JL T BT A} Chitinophagaceae 6.0940.43a  3.80£0.66b  2.02+0.41c 1.44£0.23 ¢
Al # [ IMortierellomycota #7185 FMortierellaceae 33.81+7.48a  32.03+7.38a 27.95+5.0l a 7.35+4.22 b
£1%5FRussulaceae 13.28+3.55ab 27.4248.69a  5.96+3.45b 9.31+4.29 b
Ui5E Fo Rl Sebacinaceae 7.7243.97b  2.19£0.61b  30.82+594a  11.16£1.93b
HEH T3 IBasidiomycota i} Thelephoraceae 331£1.06ab  3.78t1.44ab  0.18£0.03 b 8.05+2.67 a
J7 WAL Amanitaceae 6.01£3.32 a 1.39+0.65a  1.73x0.74a 0.80+0.56 a
JZ 5 FiFtHymenogastraceae 6.252.48a  0.10£0.05b  0.00£0.00 b 0.04+0.01 b
T4 ] Ascomycota Mi5e Rl Gloniaceae 0.07+0.03 b 1.2140.74b  5.194261b  24.58+5.71a

Yl R/ NEFREZORMIR AR PR AR ] 22 53 .25 (P<<0.05).

FRYIF TR I . VSRR 4578 OTU A 314 /> (https:/zIxb.zafu.edu.cn/fileZINLDXXB/journal/
article/file/d5ea9075-6056-4245-a017-66¢5a061609¢.pdf), 1 (A7 tb>5%) i THRER . HRE KK
Bl WILT AR, BT EAR G RERE, SR 5.4%~10.2%, TILRRMA R OTU 124, i
BONER . SRIMHA 821, EhFRAEL 2. LIEFFL Pedosphaeraceae . ARHFFF 1, R IJIRHBHAIAR
HEF3CBILE]), SR 6.1%~159%. REMHEMA 754, £ TALITHEF . RIJCER. REF
1. 53T A Mycobacteriaceae PG &R BUKERE, & LR 5.3%~26.7%. X458 OTU, B 2> OTU 1Y
HHXF R 1.10% 71, HA<1.00%.

Mantel £ %6 it 7R« A [F]BR I 4 TR 7% 2 i S AR Y E 95 4L (=0.76, P<<0.001). +IEPHF (=0.81,
P<<0.001) ¥ 24 W F MG . B EUHAT BN« SRR A0 B REE 41 22 53 2 B2 2 AH Y R VR 4Lk
4 B SVEUBT R A BOR pH S BRI, R RERE 430 R 33.4% . 24.8% 1 20.9%, G TR T REVR 4K
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79.1% W) 5tk (8] 2B).
23 AEAHBETBEEFRSHUENBEEARESEREZRNES

T B R RSO TR BT Rk AR (P<<0.05), {HAERIAMZ A, AN TARZ[RITE
#2:5 (Kl 1A), Shannon-Wiener Fl Simpson #§ Z(7EA R MR E] TC 2 22 5 (K] 1B, C). HREMMIIHE2L
JEFREE F AT B AR (P<<0.05), B 2 M RMMIEEE2ZR, HA=HRIRLEEZER (K 1D).
PERMANOVA 1 NMDS 43 81 &7~ AN [5] bR R (%) B B B VK 4 A7 76 18 3% 25 5% (F=7.33, R*=0.29,
P<<0.001, & 2C), HEE 2 FlpRmLa] A FEE 235 2 AN

TENTKSF b, 4 FobRBL BB AR SRR R (35 2). e AR rb s 05 DA X = 32 I 25 IR T Ho A Ak
Rl (P<<0.05), T8RN 250 T HADAME (P<<0.05), HABARRIE T H & 25, 7ERVKFE F, KFE
MBI PEIARIATE 22— (3R 3). RN IS i RS A7 e DR 38RE, 1T S R A MORT 1 1L AR MRTC R
AHEFL BB R OLARE, HARXT B B3 5 T SR (P<<0.05), {H5 2 FRIAMIC
W2 R REIRZIE R R R L SARE, R R AR X = B AR AN (AR ] TG b 3 2%
S, EE AP FE S WrrE A b 3 T AR (P<<0.05), HAA—=HM LR EES . (HRZHUL
PR R ZA MBI, X BRI AIT AR Z A e g 225 . Hob, B @R E e R
AgpRor I 25K T A AR (P<<0.05), TS BRI BHAE X == B2 0 4 25 1 T HAlMR Y (P<<0.05),  HoAt ARy
[0 3 25 5. ZUas RN 32 BEAE LD R SR bR 1 25 3 T N AR (P<<0.05), Tl S5 M IR bOE 3 25 5
HApR=HNIC W AE2E R WS H RN B R D A D 35 8 T A AR (P<<0.05), AWML A IC i
EES

TEARYF AT B WEITRRAR TR HE78 OTU A 24 4> (FHXT 2 0.029%~9.30%), B /3 A TER R
TR (15 33.3%) FIEERSHR) Herpotrichiellaceae (/5 8.3%). +1LFKIRMA 19 4> (FHXF K 0.03%~3.60%),
EPIELAHER (5 15.8%). D REMMA 25 4 FXTFEE N 0.019%~26.90%), T IEHBER, 5T
Bl 223548 Inocybaceae FIZLZEFRF, (5K 8.0%~16.0%., FMHAMA 19 4 FHATFEEE K 0.03%~9.20%),
EPTERFE B (4 31.6%) A1 EERL Tricholomataceae (14 10.5%).

Mantel K5 35 7R« AS [RMRY B0 TR B 7% 41 0% -5 A8 0 B 7 4L % (7=0.56, P<<0.001), 3P+ (=041,
P<<0.001) ¥R R EAHIC o B I AT R . FEP RS 2H ) 25 5 2 T SO [R) AR TR S oA A % 40 i 2 5+
I EZNER, PIMR T 21.2% M5B, FHUChy B850 F i 0410 (7.8%) FURE (7.2%) S, —
FHATHRFE T 36.2% By S TE (K 2D).,

24 ARAHBETEAFRMEREEHREBENES

R ARAT T 6 JAEWRIHE K DI RE M (R 4). 4SRN SAREY DRI TIBER I (B Gk LA
PG . 2R wES SIS G . PR RTACAE) et pi s, HUCh B B RE, HA
DIREERE T o LelBefik . R D Re R E AR FRMAL Z MIfEE e it 22 7, HE 22 R8N (<2%).
SRS, N [FI 4R D) RS £ PR 22 ] A 25 S N i 3

BT 7 M EREE SRR (K 4, S5R BRSO DL AR A AR A AR A B B O
AR AT = B 2 (R AP 0 25 5 o M8 SR 2 UM 2 e AN R AR A () E eI, LG I 3 2
Sto Ho, MAERVE A R R, BLTE D R AMRP B3 S TR (P<<0.05), TS
FIRIRMIC B E 225, 2 FhORIRARIBITC B35 22 5% o B A - AR AR G =5 8 7 JRe i e b (i 251K 2 AR
MR (P<0.05), iS5 DREMMITREZER, HR=HFRTREER.

3 ittt

FREHEPEAS N TR A 38R e Y 2R, ARBIFGE e 2 RS A b P RIRMAE N S 1] —J2
RFFE MAER RGN LI RERIR, IR AR RGN i 55 A w8 Bk AR MR (L R IESS i 2 . +)2
R EAE AN, XA A B SRR AL N TAE S A RS 1 IR ) B Tt s . SREMmA
TASA TR IR R AR 3 S TR HTRRAR, iS5 RILRAAM T B2 5; BN TAERA S
MR R ZAEPE S 2 Rl RARMIS T 25 57 0 2 M N TA S A 2R E) 1 BB A B IR R
SRR BEAR, TIEANRREE A AN R B MAEE E 25 5, MRESRFAE S M 3 22 5 FLA
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Table 4 Functional groups of soil bacterial and fungal communities in different forest types and their relative abundances

ES TIReRt MR
S TES N RPN RN T AR =l NN
R 82.47+0.12 a 81.76£0.14 b 81.17£0.20 b 81.45£0.15 b
BHE(F B Ak 11.09£0.15 b 11.2320.14 b 11.85£0.14 a 11.55£0.09 ab
- 2 i o 3.98+0.12 b 4.55+0.16 a 471+0.14 a 4.64+0.13 a
Wi fE B A3 1.93£0.03 a 1.91£0.02 a 1.860.01 a 1.91£0.02 a
N 0.25+0.02 a 0.21+0.04 a 0.14+0.03 a 0.18+0.03 a
AHLRSGE 0.2640.01 a 0.31+0.07 a 0.2740.01 a 0.26£0.01 a
LAz 24.07+4.20 ¢ 39.59+5.85 be 44.03+5.00 b 64.06+4.83 a
JEHE -k A R 31.69+4.81 a 34.38+5.14 a 20.32+2.76 ab 8.43+3.92 b
P B A A Y 2.68+1.02 a 1244027 a 1.48+0.20 a 4.74+3.08 a
N JE A 2.09+0.48 a 4.57+1.00 a 474£151a 3.42+0.52 a
S - AR TR 2324038 a 2.55+0.44 a 2.58+0.75a 1.69£0.37 a
Jps -3 0.13£0.05 a 2394220 a 0.13£0.08 a 0.13£0.04 a
g il 0.61£0.20 a 1.44+0.87 a 0.50£0.10 a 0.14£0.02 a

UL AE/ING TR HR R S RESE I A IR AR ] 22 53 2. 35 (P<<0.05)

FETE AL R T BE S BEFEAS R AR AL (R B A7 35 25 52

ARFGERY . AR A AR WA E R AN S R E BN R, SILaiira—5" 2 KRRk
R RHE YR TR AR (5 HE 6.8%) 14 1L KRB (5.4%) i L4 B B AN (2.8%). FEMH% (3.3%) AT
M, X AT RE S EUE AR (AT RRN 7E SRR RO 5 . 458 pH AR U 43 HR s 5 i 20 TR A
AR, SEAEMRE—SC, M. &8RN AR BRERETT. B2 7
PRBRAE RS TR AR . S R B R I I R s MM, 28 SRR (ERFF R ], gt
BT e miatE . S RERMR AN TR E NS, 7ERKE L, AR AE: RER, BT
FERMAIE LT AR AT S 3 pH, BRI RE IR, R NEM, WERM, ERRMAP
WERN, AR, KRR, BIRER. RAEL 2 LA ERHAEN F RS 1 pH . MA B E R
I, RICHERR . FEFER, HEANTHPBERI, X BB T ARMAEPIER OTU 225, fi
wn, WEHREEMRAYTE R OTU LU E RSt Wi £, LI RARMR LA E R0 32, 1 2 AP O TR 2L
FEIRPERERE N o X BER R R Bl A R E AL, AN 2R . DU R,
U ZREPE SR ZRE P K - R R A BUE AR SRR H M PR h 2 AR i YL BRI, ISR
KB REWE TR R R ELm B, AN 2 RE A . T RE DR P SRR 2 HL -
Z, SRR, WM TNE SR MBI R SRt 2 R AR E, hES H 45
pH AL 5, 1 pH JE 52 M 41 B 2 RETE A S N 72, SRRSO, S50 L. MW
MR SRR AL, SN 2R FRE; T LAN 2802 00 % 0. it P 5 2 58 25 7 Ademd A A i) 1 3
FRIY A0 pH, M0 ZREPE . ATREH T A T A S5 MR M AR ELAL T E A8 RS, O AN £ 4
PERWE TR, XEWANTHASREC AR . RN RERBEAE A AR 22 R 2, dE—
TX—&518 . R IR AR LT DR A T ARG B DI RESEHE S RARMRA X FEBF S iaE , B B
RS RERAR BT BTt I BRI, RIS D) BB i fl T2 S 007, 100 L 2 22 [ ) 400 o D
KMLFIFAEZE . Wik, %F PICRUSt IREWIN 7k (R BRI, AR BB ST I 45 A 72 3 DR AL e A K
RS TC R MG IR I RESE IR (0 408, LA B R b A N T8 35 S T BE RO PR BRI .

FIELANE, HHEE R SR RE I E R, Y BEE AEAR R I 5 e o 1 4
BN 2 R KRR, ARIEAIEAM R, SRR R SR R R E N, D
BN TR, SR s m AL | 2 BRSSO R A TR, SRt
A RS B R R, A ML R OTU S5 HE S i A 6 R o 38 AU i BOR R
R EERE A RN E, SEAMREERE -0, ARUF5E A0 38 R Rk H
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IR AR, BESRA . BRI (NP 1Y) s, MISEEIRA . AR (T
M1 3. AERKF b, i B B2 I A R AR X =F B2 5 b S i 0 B0 R TE R O T - - Sl
RO, RINEEFRYHER, £ BRI B B v iR ARoh 2 . A
B, WS HRHRIAT S A AR X R RS B R B OG5 R ARG, RN EEE
FRRHER, 7R ORI R B N TR . 5 LR LR A
P ZHENE . A RO B S BRI R AP S A e e — 2 ARRSE B RV N AR R A
=, H TR S H R R RO, BRI AN, AR R A A
K, HHYFEFE AR T s, R ZHMEEeE. Mk, ZHU S5 L8 EEAYT
Pl 7 AR AR LR 2 . 28 0, N TR A S — e e S H R 2 A T
FERYCHEN R, EREIIRERIFRR A A 7E TR, JLA R B35 TR ARAK, AT RESE i T
NTAREL— A0 32, RIPEASC R AL M i —JEAE R, Rl e —BRBE A A T B AL 1R, iE
B AR, X RE BN TS RGN REM B b TEAHITE R Rl 2t b 10 % B S5 Ry
FARIARBIBITFE A R G, 1 SRR Al b e S A R L B AR X 2 B 28 v T R AR SR, 0
DRI A MR, AOTTEETR S DR IMMAFE2E 5 o ASHTTE A BT A LS g bk b A B BCPR SR 2 1
W R TR, M WU SEE S0 S8 Bt s R B W 2 5 AN B o 3 X Pl 2 5 19 T AE A
&, TE WU SR FSCHE B R, R 2R R, (B A TR (R . AR
HY)) B9 LR R A, TR T 1O AE R RO IS A A X 2 . [RREHL, 8T FUNGuild D REN
TIERRIBRIE , AR RS & 2 HE D I P45 B, LS R Al N T S5 AR S T RE RO SR DL

4 Zik

AW S ERIAMAH L, D EARFIR M #e N T At A I RETS A — . R 8E3R 00 T
W, WFREAR T LRSI ORI RESEAE, (H AN R 2 R M BESRE R R A R
foo i, a5 HAL S LR RNR S, @I, $Re ALYy, AR TR YR D R R L R
PN T ANt R 2 e
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