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PE DS>RS F1 DA<RA. TCIRHEARMIEZTRAM, A ZER 522 R L ORI 40 R & 7 ) (1) LEAH ELVE R R o, RT3 DA
HAERXRRNES, THFRRBISRMPNEHHE, (4) CCA /T FAHK M T 8, IX3h RS, DS. RA F1 DA B RHFIE R
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Abstract: [Objective] To explore the impact of seasonal changes on soil microbial community of Loropetalum chinense
community in different restoration stages of Karst Plateau rocky mountains, so as to provide scientific basis for in-depth
analysis of the feedback and response mechanism of soil ecological environment to future climate change in the process of
Karst Plateau rocky mountain vegetation restoration. [ Method] The study focuses on the soil of rainy season shrub forests
(RS), dry season shrub forests (DS), rainy season tree forests (RA), and dry season tree forests (DA). High throughput
sequencing technology is used to determine the structure of soil microbial communities, and physiological and biochemical
methods are used to determine soil chemical properties and enzyme activities. Study the structural characteristics and
diversity changes of soil microbial communities under different seasons and recovery stages, as well as their relationship
with environmental factors. [ Result] (1) The dominant fungal groups of RS, DS, RA and DA were Ascomycota,
Basidiomycota, Mortierellomycota and unclassified k Fungi; The dominant bacteria are Actinomycetota,
Pseudomonadota, Acidobacteriota and Chloroflexota. LEfSe analysis showed that there were significant differences in
relative abundance of 41 fungi and 26 bacteria among RS, DS, RA, and DA (LDA>2.0, P<0.05), and seasonal changes had
a more significant impact on species differences in soil fungal communities at different recovery stages. (2) The Shannon
index indicates that regardless of the dry and rainy season, the diversity of fungi and bacteria in shrubland forests is lower
than that in tree forests. During the same recovery phase, from the rainy season to the dry season, fungal diversity
significantly decreases and bacterial diversity significantly increases. PCoA and NMDS analysis showed that seasonal
changes had a more significant impact on the inter group differences of soil bacterial communities at different recovery
stages. (3) The analysis of microbial network showed that the complexity of microbial network of soil fungal community
was DS>RS and DA>RA; The complexity of microbial network of soil bacterial community is DS>RS and DA<RA.
Whether in shrub or tree forests, the positive interaction between fungal and bacterial communities increases from the rainy
season to the dry season, indicating a gradual dominance of symbiotic relationships and a weakening of competitive
relationships in response to drought stress. (4) CCA analysis and correlation analysis showed that the main influencing
factors driving the changes in fungal communities of RS, DS, RA, and DA were significantly different, corresponding to
AK, URE, CEL, SUC, URE, pH, and SWC, respectively; The key factors affecting the changes in bacterial communities of
RS, DS, RA, and DA are also significantly different, corresponding to CAT, SUC, and SWC, AK, TN, pH, CAT, CAT, URE.
From the rainy season to the dry season, the interaction between soil microbial communities and environmental factors has
increased, manifested as a significant negative correlation between the shrub soil fungus Basidiomycota and CEL, TC,
SOM; There is a significant positive correlation between soil fungi Calcarisporiellomycoyes and TN in tree forests. There
is a significant positive correlation between soil bacteria Acidimicrobia and SOM, TC, CEL, and TN in shrublands.
[ Conclusion] The sensitivity of soil fungal communities to seasonal changes during different recovery stages is stronger
than that of bacterial communities, but the network complexity of bacterial communities is stronger than that of fungal

communities, and the community structure is more stable.
Keywords: scasonal changes; Soil microorganisms; Karst Plateau; Loropetalum chinense; Recovery phase; High

throughput sequencing
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AIERIER (Zhu et al, 2022; Kappler et al, 2021), fEAERM BRI T A E BHA, Hoxk 43545
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o IR E IR IR R IR A LA B AT AR AR A, SR IR Y R TR
SRR (Korada et al, 2013), Kk, AREIZEN TRV TR EY TR R 5 W20 080 815 115
h 2 53R G T RS M BEVE S R 2R 22 S, BEIITONT 3B AR WD R I P A e o S R Y 2H
B ZREE. FRERATIRR S LIREAER . LIEREEE . RSB R SRS R R E VI (Gao et al,
2019) o 4B BB AR 1 1E N A 0 =K R, HOBEVR S5 MR 2 BT ) ARG T S R i
IS4 R0 A P B U K OB AR b, TSR O B A A AT 9 11 ) 8 (2SS, 2022) .

IR R E AT S g R R AR R 2 —, BARGE . WRGE R, F. WETRERKERRK.
wE R X R A SR Y, R, I RS HL kKRR ) 2%, X AR A AU E AR 52 RE 55 (B
A&, 2022) o HAGSS MRS RE — BIRZHIR, M milEE 5 R SR & B A EAVERS . 51t
[, AHFFER (Wang et al, 2023) BEHREA A E R ZMERGAEERHNSGR, €5 XR
MPRFC H AT LR E BT, WG — P BIA R S g AT A « ZET B 2 4 H AR b i B
BE VIR X I AR, B Y. 2. LR A FARER T RIS, CKa BT ATEROE
RS A AL AR AN S A AE WL RN T . BT, BN A EE X FN AL P s LA S R
GLATE AT L. Wu et al. (2020) F 703K W ARt A S 2 W0 35 P18 0 J b 398 o PO B L s
Sonj et al. (2020) iff 7t 3 W 7E A BRA AR AR AL N X6f v Rwe 745 4t X I 47 (L R AR FG NO™ IR HE 28 5 2 3 B 22
T-5HI5200; Sheng et al. (2016) X 4 A1 54k 133 K 43 23528 Ak (R 25 20 A WE 72 28 W B 22K 43 1 T 43
W 025 2K ORI 25 T] AR Ak 2 28 1 i Sk S Rl 338 /K 4 ) (R DR 4%

MK (Loropetalum chinensis)VE W& IR A= SEHE MWK E LA AR A 2 —, 1EBE W ITREA 1A
B dEFFYIRD 2 REERAR RS RGRRE ST E BB AR R L GHE 5, 2023) . HETA RHEAR
W % ik AR 5 (38 tk, 25 MM E (Song et al., 2022) . EAHI (Qin et al, 2017). MR (Cai
et al., 2023) % 7T, i AHEA LIEIRBE R B AL AN BE G HOE . 58 Tk, AW 8 DAME A EE AR MR AN TR AR I bR
TEEONB AN G, @it 11lunina HiSeq myil &EMFFHEIAR, BFFEA FZ= A EK E B BT LA
BEVE A MRAE . 2R R S TR 7 2 A0 R, RS H IR L3R R VBV A 1) R 1Y
M A, BRI 2= AR e SR A LU AN TR 52 B BN A 9 L S A M BV (R VR, DUIRIR N AT
e ST AR A L AL K S I e B8 A S B BT AR A AR A 1) B AT i [ ATL ) B (LA 2 A 4
1 B 55 XA AL

UL T PR B VA XEEMR T B0 X 8 £ Bk (110° 157 E, 25° 127 N) FIBH B D4IREVN
WA (110° 31" E, 24° 55' N), HukbJTPEARALES, Wik 150~280 m, FAG MY EE RS, 8T
A PR R XS i, BRI 18.9 C, AN 1 A-FRIR 7.8°C, BIAK T AT
IR 28°C; MR TR, T HEEKE 180072000mm, FFKEENAY, EWEERIE, HERL,
AAETCRE 300d, AP R & 14907 1905mm. AIF FEREHE AR A RN D4R A B A T DR PR £ 5 5 WD 1
IR AT, IAE (RN AT V& b oAt A AR b 32 BEHRSE (Wallotus philippensis) JEZifkE (Bauhinia

cjampionii) « FA% (Cinnamomum burmanni) %% .
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PGk SR I W A (B 2), 201872022 AEFAX WZE (57T H) MFEZE (8710 H) kK =5
£ 2022 42 6 H AN 10 H R AL R R B i doe e e (L AN e IR B . %68 Tk, 20000 T 2022 4F 6 AL 10 HAET
PEH % G XCREMR T Sl X 3 2 P4 (110° 157 B, 25° 127 N) FIPH 3 B SR/ 34+ (110° 317
E, 24° 55" N)FEHL A PR A BEAMAN TR A L AT W T

2 T 98 5 v

2.1 R R AR H Ak PR

DIHEARFEARMMTE AR MR Z LN TE G, EMZE (2022 £ 6 F 10 HA 2022 4 7 A 10 H) &2
2 (2022 4510 3 5 HZE 11 J 5 H)BUE, 5 BN A L3 (RS) . FREAM LI (DS) . FETR A
3% (RA) A1 R Z=TR AR 148 (DA) DY 38he it o S5 G W iR Ll stoR F 28 B | 38 SR RURIRR B A 0 A
BETE 20mX 20m MR AT A HEAT SR . BB UCEE 0-20cm RI-F 388, B A 6 - JBERE i S B 3 7 G 1 RS
i, JEEQRIRAS P AT, BEEEBBLIE TS, WREMREREL 120 MER . FTE LR E LI = AT
BRI 0y BT Z RS T AT SR RAR . AR LA 2 1 5B, JRIEIE 2mm (10 H) 567, 95350 H=A
O E ARG DE IR BT AR X SRR 0. 125mm (100 H) #fi 7 # ik ORA7 s D7E T3 igs
PERTE G RIS 4 CUKAE IRAT WU E 33 AR Ve v 45 A6 0 22 R 1k ()BT i e T80T IR IRLUK A (=80°C) fk
17 o

2.2 BRI AT

2.2.1 A B

445 pH MG pH i (Mettler-Toledo, S40 SevenMulti™, Greifensee, Switzerland)l&, /KtEk
N 2.5:1(w/v) Qian et al., 2015); ARG IEBA AT IE 135K R (SWO) s LI HLT (SOM) & &
5T K FH RS TR AR P BB (TC) B iRV (TN) & R A s i Al e s 3 4k (TP) & &Il e
K HC104-H2S04 i fih——fHERPLLL ik, 70 ETHINRE; KM 0. 5mol/L NaHCO3 IR, 73t itiE
THIE A R0 (AP) 5 >R HI NHAOAC VBR 3R )m,  KIEIGRETHIE A 28 (AK) (Qian et al., 2014).
2.2.2 LIRFGIENEN E

FIEIREGEAE T R 2 RN . EE A E S . IR IREE S IR AE S R AR
W, ARG EEIEMKCUART, 1986) . i A AREE — e LR BT IR R R
A DAZRAE L 38 JET BRI Ak 3 B KN WL FEAG Y 8 E (Narendra et al., 2023). -LIERERERGZ TR 2
(g —Fh L3R, RS IR R AR . KA YE A HUR A RRL & A K (Meng et al., 2005) . L
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SRR VE R LR BRI AL, R WIE LSRRI ORI EEAE AL, o R
HEEFE W ER Yao et al., 2018); TIREFAERBEE VEAT AR /R TIRAHUR S B 2oLk T4
NESMBACKERE, 5 HSRBUEY AR TR (R4S, 2023) o XX oAb L3R BRE MR AL ORIT T, REN 2>
Hr L IRGCE R AR A SR AR AR . LSRR Bl (SUC) 274 XM (CEL) i VER A 3, 5- i KM
FRLE gl g, FE TR I LLLARE R 24 h ) 1 g THEAREE 2w ks ng/ (g 24 h) TRIEEIR 72
hjG 1 g FhRAMMEEREZ B R g/ (g+24 h) 1; BEVERERREE (ALP) 3 1R F BERR 2K — B EL (200
€, HARTELIRTR 24 b J5 850 KT RS AoR RO 1B (1 5 (mg) KRR [mg/ (g + 24 h) 15 JIREE (URE) 3%
PER AR B AN — R RN L BRI E ,  HFPELRE IR 24 h R4 e KT 3 NH3-N 122 58 Bk 30K [mg/
(g +24 h)]; AN (CAT) W& MR H B AN J7 350U E (Chen et al., 2018).

2. 2.3 =48 DNA FFR BRI /7
FIA T1lumina MiSeq i & 7 AR S 398 40 B8R B0 B8 BV AT 007 . ZERIE R I I BI4R 5 T,

1 FH -4 DNA 1074 (OMEGA Bio-Tek, Inc., Norcross, Georgia, USA) M 0.5 g iR+ 4REUSE 2
DNA. FIFH 1% e WHER E AT A6 00 DNA [ 5288 P, NanoDrop2000 A&l DNA &0 FIRIE . 415 514 (Fan
et al., 2014) /5% F 338F (5" ~ACTCCTACGGGAGGCAGCAG-3" ) il 806R (5' —~GGACTACHVGGGTWICTAAT-3' )
XF 16SrRN FE[R V3+V4 [X#E4T PCR #7H%: HE 514 OMukherjee et al., 2014) FPHI{EM ITSIF(5" -
CTTGGTCATTTAGAGGAAGTAA-3" ) Fl ITS2R (5" ~GCTGCGTTCTTCATCGATGC-3" ) XF I1TS1 X #4T PCR ¥ # (PCR A
54 ABI GeneAmp® 9700 B) . FAFEA 3 ANE L. (E5I VAR FFHEk, BEAT PCR &1 90 H =4
BEATAL . E BRI — (O PE SCPE, R 0 X SC PR SR AT SCREAS,, DA &k (KSR A Tl lumina (1
LT AEMEHRFARATD BATMA. lunina WFHEEIN PE reads HATHEAIR G, HACHRAEM
JF B R Reads HEAT 4 AII 98, [RIHS A% XU Reads Z 18]/ overlap X REATHIHE, SRAFIIEHHE
2 JE WAL B - 4R J5 45 e 1 412 5 93 (DADA2/Deblur %) AL BRARAL K, 38453 ASV (Amplicon Sequence
Variant) [REFHIF LR L, HeT 700 MRS RBHTREE M Z REVENT, BE /2R 0HE 9T%I Rl — Pk
Hefih BT 2, SRJERE ASVs I SEAT MRl B TS S0 AT

2. 2. 4 Bds ot

i Excel 2022 BEATHHRALPE, RHI SRR T %2 70 M (One—way  ANOVA) F) & /) 55t 2% 7232 (LSD) A6 46 Al
Duncan #7575 2 B HLBLE I T AN R ZE5 AN RIS I BN AT 08 2 A0 2 V5T L B s PR AN E ) 22
FEPER 22 53 35 (P<O. 05) , Geitsr# e SPSS 23 B A sg . Kb A BE s LAFIME £5D £oR. o £
FEE (Shannon 5 %, Simpson 540 « 3% & (Chaol FH%0 HI¥AF mothur—1. 30 BEAT /34T (Schloss et al. ,

2011); gehbh, A R BAFE vegan (3. 3. 1) BEAT AR HT (PCoA) « ARFE&R 2 4EFREE (NIDS) MIZE 4 71 7>
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BT (LEESe) 4347, 78 AN R 2715 AN [l R 52 A B - 33 0 A= M Bk 9 45/ 22 7+ Cannoco 5. 0 B HEAT 25 a3 3 2
73 M (DCA) FHBFEXS B 73BT (CCA) s UAEMIMZR A RUAE R F (V 3.3, D #4770 M5, Gephi 0. 10. 1 %4
EHEAT AL
3EER S0
3.1 ANTEI PR ST i B 38 A S AT () T AR A
30101 g R

FES W TS M B AT 10 310 2R BT R SOM AN TC AMAFEAE B2 257 (R 1. Horh,
Y ZEHEA PR AN TR AR A3 pH. SWCL TN Z B 2w T 72 (P < 0. 05) o R AFEIWR Z B BN, 1235 SWe.,
TN BURBEARMS FRAMK, 13 pHy TP AR <TrAM (P < 0.05), RFEEFIIAWE. LI,
[FIZ745 T 14 AK SR BUNEAR M > TRAR M. RO A L1 TP, AK 396 BE W, RINE
Zi T2 56. 88%HINT B TR 221 45. 36%, Mt FRAMRBMIA G . Mk T HAh N1, A0 L1
AP SZZE AR AN AN R IR S B B S 3 LA FH ) S S

2% 1 AR BAB AR V& T HEBLAL I B bE 5 2= M 2= 22k

Table 1 Changes in soil physical and chemical properties of different recovery stages of Loropetalum chinense with dry and rainy seasons

AL TS KA TIFEHL RT3 ! e THA b Y Eei
ESa) pH f&
Forest sSwcC SOM TC TN TP AP AK
Season pH value
type (%) (9 kg?) (9 kg™ (g kg?) (g kg?) (mg kg?) (mg kg't)
Scrub Rainy
28.70+2.56Aa 6.6040.21Ba 72.8748.19Aa 46.9745.28 Aa 7.63+.00Aa 0.20+0.06Bb 8.34+3.95Bb 362.1+120.92Aa
forest season
Dry
12.08+2.03Ab 6.2240.16Ab 84.20426.61Aa  54.27#17.15Aa  3.29#.20Ab 0.8440.34Aa 11.7544.79Aa 197.86+25.03Ab
season
Arboreal Rainy
25.4643.67Ba 7.1940.10Aa  85.33%26.04Aa  54.99+16.78Aa  5.99H.47Ba 0.8540.24Aa 13.5045.21Aa 114.91428.53Ba
forest season
Dry
12.5042.00Ab 6.3040.15Ab 79.27426.82Aa  51.09+14.98Aa  4.12H.55Ab 0.6940.13Aa 7.18+1.92Bb 130.01432.74Ba
season

e FAMMERR PR EE . ARRKE FRERR R — AR R E B 8 3% 2 57 (p<0.05); FER—KEM B, ARZEWHR/NEARFE, Z
FA G X (p<0.05).
Note: Each value represents the average + standard deviation.Different capital letters indicate significant differences among different recovery stages in the same

season (p<0.05); Different Minuscule indicate that there is a significant difference between different seasons in the same recovery phase(p<0.05).

3.1.2 R

& 2 WRLE W, AR RIS BB A BAER 352 7 SUC. CEL Al CAT &P <
0.05), TMiXf URE 1 ALP iEPEIFTLRER M., BAERIA: ABEAMIE R TR, W SUC iEH#H
TRZE, HAFTHEERL T, SUC iEMEEVRERMK > TR . W, FrARME CEL G 2 & T3
KRR, HRZFETRARME CEL WG R Em T 52, b, TIRFFERMNTE, CAT GBS NEARK L E 8T
TeARM: R IKE BT, CAT WM N R FRER TN UL LR, CAT iHHEX =5 K i B Az A
FR) W) )5 SE AR o
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Table 2 Changes in soil enzyme activity of different recovery stages of Loropetalum chinense during dry and rainy seasons

A = HEWEE AN Jix it L B R It U AN
Forest type Season SUC (mg-¢ 17 CEL (ng¢ 17 URE (g 'n7 ALP (¢! CAT (umotg' 07
Scrub forest Rainy season 14.3745.30Aa 0.23#).11Ba 0.4740.27Aa 1.4340.20Aa 6.5742.12Ab

Dry season 11.9244.35Aa 0.3940.32Aa 0.4740.15Aa 1.5030.26Aa 22.6542.93Aa
Arboreal forest Rainy season 13.5244.94Aa 1.0840.55Aa 0.4740.14Aa 1.4830.20Aa 4.11#.03Bb
Dry season 7.1242.01Bb 0.3140.20Ab 0.5140.23Aa 1.4730.18Aa 16.114+2.11Ba

Ee BMEREPIEbREZE . AFRIKRS T B R A — 2 AR R R BLZ [ 235 2 57 (p<0.05); TER— KRB B, ARZEWR/NE AR, Z
FA G L (p<0.05)-
Note: Each value represents the average + standard deviation. Different capital letters indicate significant differences among different recovery stages in the same

season (p<0.05); Different Minuscule indicate that there is a significant difference between different seasons in the same recovery phase (p<0.05).

3. 2 ANFEMRE M B LI A IR R =T 8 AR AL
3.2, 1 I A I B AR X T

X AN [F) 2715 AN [F) PR 2T BT ) 3B U A e v =R BE R AT 0 b (B 3) o ASHIFFEAE AT ke rp 348 5
FRHRE 16 1753 49 130 H 311 £ 774 J&, 4R 35 11123 44 291 H 452 £} 803 J& .

FEBEHABRKIT KT (B 3a) ,RS.DS.RA A1 DA ) 4 Mg BARHF#E N Ascomycota.Basidiomycota.
unclassified k  Fungi 1 Mortierellomycota, S A143 ) 5 RS.DS.RA A1 DA Frfg T 94. 26%.96. 62%.
97.01% A0 98.55% . i #E ARMILZTF AM, FZFM unclassified k_ Fungi F & T W2, 1
Mortierellomycota FEM R ; 5. FIPZER Ascomycota Fll Basidiomycota T M NTRAM > BE A .
Hd, DS i unclassified k  Fungi A1 Mortierellomycota FEAHELT RS A1 DA ZREZE (P < 0.05),
FEAHRZH R T 1K 1 (B 3b), RS, DS. RA Fl DA IfREBHEN Actinobacteriota(20.95% 30. 16%) «
Proteobacteria(22. 62% 27. 34%) fl Acidobacteriota (12.38% 18.09%) 1 Chloroflexi(6.91% 11.42%) .
TEFEARMRFTT A, FZER) Actinobacteriota. Proteobacteria il Verrucomicrobiota fJ3- ¥ m+

ERE MG HEEARME KL (E 6c A 6d) , unclassified k  Fungi M
norank f Xanthobacteraceae 7378 RS, DS. RA f1 DA HIZE —MBAEFH BN EE. EEFEHBET,
2T RS MDA, DS [ unclassified k  Fungi & (41. 05%) , Morituerella 3= F A& (1. 6%) « 1
P REVR A IR R 22 e AN 3 o BRI Rl D, A [ SR B3 38 S T = P50 L 200 T v o 215 A4 g i)
B AR o

1427


file:///C:/Users/Administrator/AppData/Local/youdao/dict/Application/10.0.4.0/resultui/html/index.html%23/javascript:;

EFNGLUER N ES S S17 AR BEAL EFh > 235

T - - mAcomycon
09 M unclassified k__Fungi
' M Basidiomycota
038 Mortierellomycota
M Rozellomycota
0.7 [l Glomeromycota
3 [ others
806
g
S 0.5
i
= 04
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0.2
0.1
0
RS DS RA DA
Different simples
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M unclassified k_ Fungi Pochonia
B Morticrella Clonostachys
09 W unclassified p_ Basidiomycota I Cystofilobasidium
Metarhizium unclassified o Glomerales
08k B Neocosmospora Myriodontium
W Penicillium Nectricladiella
_— W Trichod Pilidium
P 0.7 I [— [ W Cladophialophora others
Q = E— BN W Choctomium
'g 0.6 F = I Saitozyma
g [ unclassified_p_Rozellomycota
g 0.5 [ unclassified_f Nectriaceae
E I unclassified f _Chaetomiaceae
= [ unclassified o Venturiales
2 0.4 B
g V- unclassified_o__Pleosporales
Ganoderma
03 Apiotrichum
[ unclassified_f_Herpotrichiell
0.2 Mycoarthris
Leohumicola
unclassified_o__Hypocreales
0.1 I unclassified_p__Ascomycota
I unclassified_c__ Arch
0 unclassified o Helotiales
RS DS RA DA unclassified_f __Aspergillaceae
Different simples
(c)
lr B norank_f _ Xanthobacteraceae norank_f norank_o_ norank_c¢__ MB-A2-108
M norank_f_norank_o__Gaiellales Candidatus_Solibacter
09} W norank_f _norank_o__Vicinamibacterales [ norank_f norank_o_ norank_c_ TK10
Candidatus_Udaeobacter Nocardioides
08} B norank f norank o Rokubacteriales norank f norank o norank_c__Alphaproteobacteria
B Candidatus_Xiphinematobacter norank_f JG30-KF-AS9
W norank_f _Gemmataceac norank_f norank _o__Elsterales
0.7F W norank_f_67-14 Bryobacter
Q
Q I norank_f__ Vicinamibacteraccae norank_f norank_o_ norank_c_ AD3
5 0.6 ] = [ norank_f__norank_o__IMCC26256 others
g B &z
3 — | I
<05 : ‘ B W Gaiella
o S
= [ = | I Bradyrhizobium
=
% 04 I RB41
4 unclassified_k__norank_d__ Bacteria
- =] Acidothermus
03F norank_f__norank_o__norank_c_ KD4-96
I unclassified_f_Mi
02F Mycobacterium
norank_f norank o Acidobacteriales
0.1k norank f norank o_ norank c__ bacteriap25
’ I unclassified_o__Gaiellales
[ norank_f norank_o__Subgroup_2
0
RS DS RA DA

Different simples

(d)

Sphingomonas

Bacillus

B 3 BUEM D RAE R T IS @R E, OE: J8: ©ORE, d). 2RFE<I%IRA b

Fig.3 Microbial taxonomic compositions showing the microbial successions at phylum: (a) fungus, (b) bacteria; genus: (¢) fungus, (d) bacteria level The

taxonomic abundance <1% were classified into “others”
3.2.2 HIEFAIREE T 2
F IR 2R B LEfSe 7041, 45 R41E 4 fon. RS, DS, RA A1 DA PU4LE 735384 41
ANFEA 26 AN WA X E AR B3 % 7 (LDA> 2.0, P < 0.05). RS (132 B2 53 B3 A 4 310N
f Chactomiaceaec H c_Acidobacteriac; DS (1) 32 %2 22 7 1 & M4 € 4> 7 4 p_unclassified_k__ Fungi.
f unclassified k  Fungi. c_unclassified k _ Fungi. g unclassified k  Fungi F1 p_ Actinobacteriota -

c_Actinobacteria; RA M) F % Z F L B N p_ Mortierellomycota . g Mortierella . f Mortierellaceae
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¢_Mortierellomycetes 1 o_Mortierellales, 3 %7 74y ¢_Gammaproteobacteria Z AN 4= #; DA [#) 3 %
ZRHEWMAE N o Hypocreales. f Nectriaceae fl o_Gaiellales. HH1, DS [IZE R HF E L E LT RS Ml
DA, i DS [ 2R MHE N EEZ T DA; MLILT RS, DS MDA, RAMEEXERHFHMMEEE, HRA
MZREEMAEE EEZ T DA b W, ZE95 2800 AN A 1 S B S L TR T VR (R b 22 3 5 i B

1 mDs

] WRA

DA

¢ unclassified p_ R

¢ unclassified_p_ R

s_ Ch ium_sp
o__unclassified_p,

R

p__unclassified k_Fungi
o__unclassified k__Fungi
f__unclassified k__Fungi
c__unclassified_k__Fungi

g unclassified k__Fungi

s Fungi sp
s__unclassified_k__Fungi
o__Chaetothyriales
f__Herpotrichiellaceae
g__Cladophialophora
s__Cladophialophora_sp
s__unclassified_o__Helotiales
g unclassified o Helotiales
g__Leohumicola
f__unclassified o Helotiales

s_unclassified_f _Herpotri

d_{ Herpotrichiell
p__Mortierellomycota
g__ Mortierella
f_Mortierellaceae

¢__Mortierellomycetes
o__Mortierellales
s__unclassified_g__Mortierella
g Neocosmospora
s__Ncocosmospora_rubicola
f__Alphamycetaceac

o__Hyp
f__Nectriaceae
£ Mycoarthris

f__Trichosp cac
g Apiotrichum
o_ Trich 1

(b)
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05 1 15 2 25 3 35 4 45 5 55
LDA

] mDs

] HERA
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¢ Ktedonobacteria

o_ Kted

f K
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Fig.4 Species difference analysis of soil fungal(a) and bacterial(b) communities from phylum to species level (LEfSe analysis)
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3. 3 AFEIWK S B B S5 A MR U 22 FEIHE R 2R 1 AR A
3.3.1 Alpha ZFEMESHT

FELL 9T%IK 7 51 % 8 AT B BT IR JS , TR A LA 46631 AN LB 7 51 R 19465 AN 40T
FFARAE K 786 B ASVs M1 2160 NN 4HE ASVs. Fl Chaol 8%y &4)F =+ F %, Shannon Al Simpson &
Bt &R ZFEPE (GR 3) o Chaol FRECR B, 4HE FREAETAMN B2 mEE P < 0.05), &
PN FEE> W AR E AR TR AR B B I F R W82 31 5 35 22 5%« Shannon FEER B,
Tk PR, MAEKESMBRABES, HEMAEN 2R m, HESEFEERESE. It
bb, F—EM BT, FE 2R B R B2 I, A 2 A AT ZE2 2R B E 8 0. Simpson fi

Kt — DR BRI U LA R A B8 5 52 12 112240 5 2 (1 P AR IR L AR A IR 520
2 3 A ST BTG T SEEC AN BV RV B R R0 1L

Table 3 Changes in Soil Fungal and Bacterial Communities Diversity of Different recovery stages of Loropetalum chinensis with Dry and Rainy Seasons

MR =T Chaol 5% Shannon #54% Shannon #5%{
Forest type Season Chaol index Shannon index Simpson index
Rainy season 146.50+6.36Aa 3.28+0.03Aa 0.077+0.004Ab
Scrub forest
Dry season 130.38+3.00Aa 2.74+0.04Bb 0.173+0.005Aa
Fungi
Rainy season 155.56+17.77Aa 3.3440.12Aa 0.065+0.006Ab
Arboreal forest
Dry season 152.93+1.31Aa 3.02+0.05Ab 0.107+0.009Ba
Rainy season 2125.08+108.47Aa 6.74+0.032Ab 0.0028+0.00052Aa
Scrub forest
Dry season 2378.37£199.91Aa 6.87+0.020Ba 0.0022+0.00050Aa
Bacteria
Rainy season 2068.95+£159.26Ab 6.75+0.003Ab 0.0032+0.00007Aa
Arboreal forest
Dry season 2585.74+120.65Aa 7.05+£0.049Aa 0.0018+0.00003Ab

Ve MR AR . RRNKS 7 REOR R R BN 10 B 52 5 p<0.05); RN, RRFEWH/NE AR,
ZERA G R L (p<0.05).
Note: Each value represents the average + standard deviation. Different capital letters indicate significant differences among different recovery stages in the

same season (p<0.05); Different Minuscule indicate that there is a significant difference between different seasons in the same recovery phase (p<0.05).

3.3.2 Beta ZFEMEHT

NV B ZFEME, SRA 344855 4 (PCoA) (] 5) AT NMDS 4341 (B 6) J7 X BEAR HEAT ASV 7K 5K
J5, fHH AMSOIM JEAT 20 18] 22 S A 56, WF 90 2705 48 A o W 1 e A LLoAS (R A2 Y BB A A T v - 3 8 R 40 1
TR SE M R 22 5% o 5T Bray—Curtis [ PCoA WFFE R B, 1E 13 B BEE (] 5a) FI4H g #E7% (K 5b)
H1, RS 5 DS, RA I DA £ PC1 77 1A 1564273 %, DS 5 RS RA Fl DA £ PC1 %77 [F) b 5844385, 1 RA
H DA HLA FERCR, 1 VPR 438 BB BT R A T R VR 2 1T ARG SR 22 S 122 (P=0. 001), TR AR AR
B MR R AR R S AV A . AN, HE R (R=0. 73) <4 (R=0. 74) , £HIZFTT
AR AR K AN R P 2 B 3 S A T T S 2H 2 S VR SR B O B2
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Fig.5 The PCoA of soil fungal community (a) and bacterial community (b) depending on dry and rainy seasons
5T Bray-Curtis FEZS ) NMDS 74T, TIBFCEE A& (B 6a) FIAN R LV (K] 6b) 1 1hom 544 Stress
739079 0.082 A10.063, Ui EELF, Hik— BRI IR REAR p ZHMEER BT S
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Fig.6 The NMDS of soil fungal community (a) and bacterial community (b) depending on dry and rainy seasons

3.4 ANFEIRE I Be S E Y IR 2% 1215 224k

N T ARIEZE A AN [ PR i B Sl A e v 1) E AR A )

Wi, 7k 7 5 4 1 R R 447K (A

X E>0.1%) 2 A T R /R S AR R E(P < 0.05), 70 7I7E RSy DS, RA Fll DA H3Ld g 1 7S A= 1 9 2%
(K 7). HEEHLAEMZ T (B 7a), RS BE 41 AN AR 55 2600, HAIEAA K 54.55%, 510K 45.45%, “Fi
BREON 0.662, FEIEN 2.683, TFHMAEKEN 3.727(F 4); DS W& 42 AN S 89 4514, HrIEH
5 79.78%, FiAIFE 20.22%, “FHIRIEHCN 0.728, FHIEN 4.238, FHIBEKE N 2.163. KA LN Z,

LI HHE AR - B I 4 ST RN, INeE T ARV M RIERR . FIRDBLE A A, TETR AR MR
I LR VA A R AR M 8 SRR R T TR, R S W B EIEEAT, S R Al
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B RIGAAE R IR % . ok, MLHET RS, RA KPR E T, T B A0 B E, £ RS
LR AEVE (B W SR FERR, G2 AP ARABE I T I, BEE SRR E T2 o T SR I TR AR 0 T AV 5 A0 A X A
5E o

AP FAE M (B Tb), RS BT 49 ANTTARI 117 453k, P IEAHDE 52.14%, fAHK 47.86%, P
BREON 0.677, VYN 4776, FHHAEKE N 4.337; DS B 45 NS 144 &30, HApEHX
56.94%, MK 43.06%, “FEIFEHCN 0.567, FIRN 6.4, FIYHAAKER 3.4, RN ZER) T =
AP - S B R P RS AR /), (EE 58 T BEVE T 2 UIRR RS, ELAE IR A TR I I 3 I o T A TR A ARBRY
B, MR ZEE) R T b B S AR K, HOPIBRAR KBS0, 15200 B BV (R EC R TS o b 4h,
S HE A PR B AV 485 M) (R R PEAR T TR AR

TR HEARMRIL AR TAMR, IR ZE 3] 2% Je P v 0 B 0 200 1 % 94 10 10 L R ELAE PR B i, 5 i DA
ERRANTES, THRRWT, KENTRME. BARZFETRARKENBAER T, T3y s 2=
SRR, EERIAFEE GS01 UAETF A Z SHEVE A TAEFH ; 405 Chloroflexi 7EEA KA &7 s i,
{HAETRARM Ay Acidobacteriota

F 4 M4 R
Table 4 Network properties
Vol J=3 bul IR FHRERH FRBRARK L
Group Node Link Average degree (avgK) Average clustering coefficient (avgCC) Average path distance (GD) Modularity class
RS 41 55 2.683 0.662 3.727 0.748
DS 42 89 4.238 0.728 2.163 0.721
Fungi
RA 35 55 3.143 0.711 2.905 0.739
DA 48 101 4.208 0.694 4.99 0.754
RS 49 117 4.776 0.677 4.337 0.594
DS 45 144 6.4 0.567 3.4 0.533
Bacteria
RA 47 116 4.936 0.589 4.296 0.614
DA 50 107 4.28 0.486 5.102 0.615
(a)
0
( I\I -
)
o 4
. p ¢
¢ b o :
. y : o {
L,l Q h ) )
X F % O
[ = _ : ¢ ) =~
Ol @~ " Oa _o@°
OO0 “0oe DO “Cope -
(RS) (DS) (DA)

1434



EANE RN e SN S17 MRIBAL H R 23

(b)

PNt N et W g2 %%%

W ¢ Chloroflexi
P

D, ;
o :‘ L =
S - e s
. —f = ) o
L & ) { o )
4 \ @ P
Q [ Y% & ) s
- 3 [
; s 3
¥ . :i lassified k
OO0

~ D¢ O0n

: X

(RS) (DS) (RA) (DA)
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(p<0.05), ALFOITR IE(ELE)N G (RO
Fig.7 occurrence network of fungal(a) and bacterial(b) communities across four species of the Loropetalum chinense soil based on correlation analysis. Nodes
in the networks are colored by phylum. Connections represent strong (Spearman’s p > 0.6) and significant (p < 0.05) correlations. The edge color represents

positive (red) and negative (green) correlatio

3.5 AN RIVK S B B L 38 Tl A P v PR 205 s T [R] 7 B AH DG

8 iz, KA DCA Il CCA JiiEar M A= 15 84 T AN F IR E B By 13 = AL Mo . T P X
VB AEFIIEE I, 35T ASV K FEET CCA 04T DCA W45 RE M, HBEFEKE N 4.4614.2.8872.
2.7184. 2.0155) M4 B (B K 54 4.4614. 2.8872. 2.7184. 2.0155) Sl Bh & K # K T 3.5, ik, CCA
(1) BB ASE TR A A A R 22 0 LB B B A WT () B i R P 5 LR BETE 28— 28 HEP R MR 2 N 12.68%
A1 8.3%, RAFEF A 20.98%, AK. pH. CEL. URE. TN. TC. CAT 1 SOM 7t 5 B BEE M FE b &
FECREVE I (K 8a): ZHTERFIEEE—. 28 —HFP R RE R 2009 11.81%M 7.46%, SEREERN 19.27%,
SWC. pH. SOM. TC. TN. TP. AK 1 CEL = Z/E4H 5 BEvE 41k P2 /E F (B 8b). AK. pH. CEL. TN,
TC H1 SOM X 4 B 1 5L B B 1) 2E e 3 A B 224 H
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URE
24 24
15 A1 0.5 0 0.5 I 15 1.5 1 0.5 0 0.5 i 15
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(a) (b)

8 ML T (CCA) SRTERFMMZWIE], MEARBAMATEAM b AR ()M 1 O) K B ASV M1 SRR 2 M KK K. AR
REFHEAL: BOARNEFIEAL, HORRNERAN - ROREEFRMARME 1%
Fig.8 Canonical Correlation analysis (CCA) shows the relationship between ASV distribution and environmental factors of soil fungal (a) and bacterial (b)
communities in Loropetalum chinense shrub and arboreal forests during the dry and rainy seasons. Red represents dry season shrub soil; Orange represents the
shrub soil during the rainy season; Blue represents the soil of the arboreal forest during the rainy season; Purple represents the soil of dry season arboreal

forests.

I T SO G 1 5 Wl TA) 1) B IR AR SRR OC R, A A S IR % SR BE N A Y 2R R A
(RS) - FEFEAM LIE(DS) . WEFEF AN LIE(RA)VF R ZTET A L IEDA)FIZETT 2 E 7, WK 9 fis.
IXZ RS H B K A EE K14 AK. URE, AK 5HIBEEEEFHETAERZ NIEMHK, 1M
URE 5 38 BB 1A] A BLAE FH 2 8 A OC . DS BB FEVR AR A0 1) 32 B2 ma K1y CEL(& 9a). MEARM 115
H 4 Basidiomycota fl Zoopagomycota M R Z=F| 5 2= it #2 o 52 2= 715 A8 b 52 A 5 20 855 DR A A 1
Basidiomycota 5 CEL. TC. SOM #l Zoopagomycota 5 SUC. TN. URE #ff 2 fi#5¢; Dothideomycetes I
Ascomycota HHEL K FAEH RS : RA HEFVEN EZEME 74 SUC. URE, DA HEEHE I 2520
K74 pH. SWC, pH 53 B (8] U AH BLAE ARV IEAROS, T SWC 55 358 B 18] (1 AH ELAE R AR 4 fAH
K(KE 9b). FTFARM TEAEE GS10. Tremellomycetes 52 Z= 1 4% 1k 52 W 5 34 55 K 7 /E H 9 55 »
Calcarisporiellomyceyes SR F/EH G, 5 TN 283 EMHX.

HMILLZ T, RS dUREEFE LI SR T CAT. SUC Al SWC, SUC 5 -4 1l () A BLAE F 2 350
TR (B 9¢); DS 4H1E B V& AL KB A 7O AK. TN, AN LI Acidimicrobiia Al
norank_p__Desulfobacterota 5% 7% 11 22 500 55 IR 55 K1 FH 1S58, Acidimicrobiia 5 SOM. TC. CEL #1 TN
2 HFIEME, norank p  Desulfobacterota 5 SOM. TC Al CEL £ # IEM<; RA Fll DA 41 B 24540
IR BER T pH. CAT M1 CAT. URE, 53840 5 1A) fAH TAE FH 2 NIEAHSR (& 9d)o TR AR 3840 11
EXZETRHNESRERFIEAANRE . 25, WENANREARKRLZTTAM, URE FHEM CAT FEits
)9 A b R R B R VR A A R A R T AR A ) 2 A R -, HARORAR T, R AR R B R R AR AL
R CAT JETEMIEE 20, HAh, RS, DSy RA Fl DA 1) 5 B FETE A2 B 3 v AR A 1 219 ks i R - 22 S
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1436



% )\Umh E RO AR K2 S17 AR BEAL EFh > 235

Muc"cota

pH

e — CAT: §
Pez’mm&ﬁn‘a_clsrmcmaewsedis AP N

ZOOP.{cetes Orbiliomycetes Orbiliomygetes CEL

Basidiomyceta-.| Roze]lomycotina_clswlncvéinae?sedis i

Geoglossomycetes
URE 2l 4

Agaricostilbomycetes

Txé}xl ycetes
\ P Calcarisporiellomycetes
/ 0 agomycet X A:rc’haeal‘hlzmn eles 3

Leotiomycetes g J  *
M\)m y \ - i cetes = I ~_(gs19" URE Saccharomycet )
Leotiomycetes \ _/|Rhi ophydwmycelbs 7 N -
\ / AN\ ~_Glomeromycota = /
‘.;‘g. | TN \—5_"050]) < ]

Rhizop! 1yceles ©(Gsu |

Saccharomycetes
Mucoromycoti ycetes > . AR Agancumycetes / ” S /t 7
Sord'cetes Kickxéllomycetes yc?/‘A SWC | fn}yce es
Kxckxellomycm CEL / = / T Tlemellom y SOM
A | \ / o}ﬁom God sUC Mortierellomycota b
\ \ B —— PO lvhcro n'yomycetgg &2 /
ALP) \ $ < unclassified k Fungi suc —/— : 2 o /
Cyistob b < <A B 3 \ / Lobulomycetes
| / Zeopagomycetes |/
o URE - Y z
Ascomycota § \\_ SWC ~ /
. Tremellomycetes GS19 X suc)
TC N ] ) CEL( 3
Glony 3 N N jOlpidiomyce‘es
X Glmmrcmycota B
Bet cota Romllumycola
(@) (b)
. Clostridia Polyangia
SubdfOlp-25 % Hotophagae ic it
{ \ AK N . Acidimicrobiia
s : Sacchmmonad\a\ Ni.rm / “Alphaproteobacteria
N\ /e i Desulfuromonadia
Ammatimonadia g LN .\ apz /. —oMIST | ———gwe
= g\ —/ MB-A2-108 / Chioroflexi — /- Vss?
Aud.cnac Kledl.cl eria / - AL / = _/';\/R“\JlobBQC\ \\ ™ B
\ % N p.
Acidobacteriac Meliylomirabiia ‘ PH MENTys HOgPhRee o SAENS Ny \\h
/ N\ . o | s ubrobactenia lastocatellia
unclassified_k ~d__Bacteria ———__ Vermucomicrobide NI SOM/ \ e\ | .
. / L/ / / NBLi/ B \ Verrucomicrobiae
o 7 b / &
2 ‘ o< z o / /l Anm’nndia Subgroup 11 ALP A Acunobacwr[@, } » URE |
Gammaproteobacteria P\ V™™ )/ Anua‘olmeac 7 B » /. @ \ Ktedonobacteri
i /o T ot \
- a \ iy / \
suc X AN rankJr Desulfebﬂduola } ) i CM66 N L HehaldlR oidia
Vicinamibacteria | norank _.niﬂ]j_lvs; ,‘k G5 N'Bi § /B,lﬂj’ellm Myxococci \ e suC 7
-\ abilia \ ATl 1 I g
¥ ALP
. Phyclsphanae Subggeup 22 Zl;byoup 5 ! /LD4 -96
s : CAT
norank_p__Armatimonadota /';r ap.)aclena e i [0 Myxococua —7
Jassifi Chibrofl u’ AriogRgpiia unclassified_k / noraik_ d Bacteﬂa Gitt-GS-136
unclassi md‘ hloroflexi 4 iy v irabilia
Verrus robiae' Planctomycetes ./ Entotheonellia A
Bdell.mma \ 3 " a N Sacchanmonadm SWC pH
Nitrospiria y Ch muomona letes

Acti eria MB-A2-108 Thermoleophilia

/nomlk’WPS 2 i 1G30-KF-CM66 Nitrospiria
. Gm.l 36 Anaerolineae

‘ M'B.ms K.6 norank p_ MBNT15
©) (d)
[ 9 -4 BT (a) (b) FUAH B (c )(d) BRI (UK L) SIS R R A . R EOACRE N AR L3, EEMRREFEA LI AERENERAMKL
B, BORREEFAMLE., ARFREHR, GFLRRAMR,

Fig.9 Correlation between soil fungal (a)(b) and bacterial (a)(b) communities (Class level) and environmental factors. Purple represents the soil of the shrub
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KHEFEEE RAUESE, WAV B EANRAE 4 AREARREARFRE, DIRRARETITIATERT]
(Ascomycota) . fH T [ '] (Basidiomycota) . #% ff1 % [ ] (Mortierellomycota) F1 A& % & X B[] (unclassified k__
Fungi), X5 Ma etal.(2021)%}# J& i 9 T 3B A= Ve v 2= 1 8 A Ao 8 SRAR L. 7 ZE 0 FH4H T R o R 34
12 H T 7E 3 A DB B AR AR SR VEVE L, 5 A BB 1 B A R D B Ak T RSB 41 4 3R 1) 70 il
HEATTEANT, ERMET 7RET], HTETEEMA B (He et al, 2022). IR ANE T AR
I'J(Actinobacteria). ZS/ZH | ](Proteobacteria). FRAT B4 1 J(Acidobacteria). £%%5 14 |'](Chloroflexi). X1 Shen
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et al.(2013)X < F Ll 3 ST ORI W ONATE BT TS BRAT B T TR 1 1 T Fe 4 2R — 2.
H, ARTER T RS A — R S A AR A TR [ R i, BENE R B [ 2BE 0 RRAT I ()8
TRHEFRME], 7RI AR 2 5 4 4 5 (Pankratov et al, 2011); SRE W [ IRAEY RN
PRESHER, T KeHE RN 2 8 K B A HLER A Z (Podosokorskaya etal, 2013), M INER 148 oG ML R 45
fipp S WA o (L 3 T I N AT R AR 0 R = PN R AR AL R M B 2, R SRS 1 S U e R AL R AN [ AR
(E 3,18 4). TR FEERNE, AR I H 7 B T2 1A R TR, R T REZ TR
MFTE R AR AL, S 7 B0 T TRE T 58 [ 1) 2 AR EEARMAN TR A, R BRAT 1 1]
AR L [T HOARX = e T 3. i T REpba i LR B =, 7 Z N 40 i 4= Bk i de fit
T B B B KT S F2Y) i (Han et al, 2021a). 768KV I, TR HEVE AT 40 5 74 5o AN ) 2 4 A
ANRIVR B B i w82 SO ARAR (B 3¢, 18] 3d), BT ATTKF 2IM0UKF BB LEfSe 704, FATAIMZE 148
WA RV S B B B R VA A Z R SO R . T L, I TR A N 2 T AR AR
o, X5 He etal.(2017). FRIHW(2022)%5 0 78— 2.
4.2 ZENTARAL S AN R S B SR AR M) VR 22 R VE R R

ZETARAL 2 s LA W) 2 K 1 (Bossio et al, 1998; Keetetal, 2001; Mergeletal, 2001; Samaritani
etal, 2017), FEIELIE AKX FHEEYIE A7 LR (Du etal, 2018). MEFHLL T, [F—HE K40
W E TR, AU I 2R S T R GR 3), 5T AR 45 R —F(Han etal, 2021b).
FLA AR 2 FEVEAEAN R 2= 2 AR AR B3 22 0, B LB S 35 22 e M S0 T2 T . L D) ] e 2 1 1) A
YA, SRR LIEREE S R A Y (Kaisermann et al, 2015a). [RlIt, F& LCANEBEE EA 5%
B2 5 A B KRR EE AL IR i . W TCIE AL, A FEIRE BN, WRZERIFZ3, HE 2t
B BRI, T B 20 A 35 T, 0 P R R 4 X M B AR A 3 S AN [F] (Ferer etal, 2003). 4 i f
FEHH A REVE Shannon 2 FEEMI A LA 5 Ren et alQ018)FHML, 40 B 2 #F 14 (1) 250248 i 34t 5 2 /T 1)
Bt F A ABL (Wenxu etal, 2021a). 37K 73 /2 1 S 40 1 A 501 T 75 A0 SRR A S5 AF, 255 340 3 A0 T
(& M A G B0, B B K a3 2% A1 T 9 40 R NI L BT D 2R G B A 3k B O DI B ) 2% A (MR AR
2019). MY Z=FEK B 3K 70 M0 AT BE 2 301 R EVR AN PRV - 5 EE R N 0 R K 2 — (Chu et al, 2011).
PN E R 2 AEIE T B, XA RS T T R AR BRE IR 26 2 BUN (Smitetal, 2001). SEHTH
FURN], SO IR R L A B AR 2 S UM A 2 FEPE R (R (Hogbergetal, 2001). MIAEAHETTH, 4
ZREVEE R M LE R 2 AT i, X ATREE TR R T MR K S e gk, T ERRRE K 2 AT
HIER BT s B SR 20k k. RIS, R R IR Y R R, T RO RN B BE R B 2 B R 0 i,
JIT LA T 2 FEPE ] 2 92D (Kaisermann et al,  2015b). 40 2 RS I HLAE BE ARMRB Be 41 8] 22 5 S 35 1 53—
MRRE AT RN T, W 7 R P AN . 5 SRR, Y IR 1 R
b, HTE 2 RN S R K R AT A5 IR 2 1 b0 i A .
4.3 Z= AR AN R R S B 338 A= 1 19X 2% ) 5 Tl

M A A 2 T 2 50k AN [] 28 =50 A0 AS [A) 52 B B S A 2R W 0 A AR D 5k R AT 0 A, 2% o
AR AT ACER 1 R 48 B R DL B 5% 3 B A R B2 o O 2% 25 g b A AR P TR IE AH SR AR LR &R
T A7 AH 5% W AX 3R 35 5% 9+ 95 & (Hernadez etal, 2021). —MEARFIAERZHEERE M SEFE M, XKW
AR A ARE M 5 AP X 2% 1) B2 2% 1R 2 1) A7 AEAR 58 B AH 55 4 (Okuyama et al, 2008). b4, AH AR IS 0T LA
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SR AR IRV B AS e AR ZE B0, LA RO AR s ) BT /) (Faust et al, 2012), X AR BT HIE
YR B RPN ORI B J7 o ARBEFEry, JRATTAT DU 38 =715 38 4 A S i B st 38 T AR v 48 B
FUECE (1) I 28 F A1 (GR 4, B 7)o AHEL TR 2R, 52 2RI JHVE APRRN 7 A ARt 198 T R T 9 1) D) % A2 2% R 0
FLPAREVR (R (IR R T AT T 2= EAR PR 1 138 S0 B B V& LU RN R T A bR e R R AR, (R VR S M ARoE PR 22
M 2 5] 5 2 AR AR L 3B  A BE V RASE AR /), AEL I i eV T ) 25 DORE R, LS TEAH ELAE FH BB 14
MR A S o BUAE, TR RE AR G V& 25 A AR e TR T IRk K. — DAL G, E AR
EIMARAT AR B IR LG . B NI 2 B AR BE B8 i gek2 b, TR B A el s s RO ELAE 3G m s an s
NP EAE A 8. =P MarE(Zhuetal, 2020). BAh, —SSHF5R, AW S A EAE R AT DA
SRGHAE ) ) A28 VE(Banerjee etal, 2019). BFFCR I, LB HEARMIL BIRAMN, P01 35 B FIGH R 5 1
IR IEAH AR o T EE, RUIRZEN LIEMAEYRE DA R RN TS, TP RRBIE, RN +57
I8 . LA FEVE () AH B AR FH EU 40 G R % BE B PR N 2T AR A . P AT R B R S MOE A IR, TP
PRATEE B R R A5 WX 2% A5 B AR J R AR R, A0 IR B AR {5 15 R A 4 8 i B L i 52 B 358 4 A4
(Wanlin et al, 2023).
4.4 ZE AN IR AR A U 2 A R B R B S S e

IR YR I A5 S a5 T A | B R O | R 1 S A B A A R 5 D) AH 9% (Xun et al,
2016). HI AWFFEFRE] SWC X 1 388 f3l A= W 1) B v &5 A0 AN AR 3% 70 51 252 Wi (Wang et al, 2021), ASHf
FH, & CCA 73t (B 8)FHAH G 14 M 2% 1 43 At (B 9) AT &1, SWC 43 Jil v DA 3B 74 FI RS 4H B B 7%
FIEEEN R T2 —. WAL SRR, 138 pH {E X 54 Y 1 521 5 K (Jiang etal, 2019),
35 p HAE T/ AR A 38 2 0 B0 AR A Tt e g, 1 T S W AR ) 1 B S AEE R . pHL 23 il
N RA H V& F DA QU I B 12— R AT RE 2 TR R AR L 2= 3] B 2
ph {0 % 7 240 B AR 22 m 2. NS5, RS SIS E A
1B FH 3G 58, 3 BN AR MR+ 1% B Basidiomycota 5 CEL. TC. SOM #ff &2 2 3 /1 fH 5%, Zoopagomycota 5
SUC. TN. URE 2 &3 FAHK:; TrAMLIEHE Calcarisporiellomyceyes 55 TN 2 13 IEAH . #EAM
+ 34N Acidimicrobiia 5 SOM. TC. CEL 1 TN £ 3 IE4H5¢, norank p Desulfobacterota 5 SOM.
TC 1 CEL 2 RF IR, FWRM SR LS /KE, o SEm 3% SUC, CEL W&, #Emifs @it
VIR FEVE S5 A FIA G 2R, o AR A8 S, $2 H3E & (Yangetal, 2021). B 5T R I, BK3) RS, DS.
RA Fl DA (W LR K AR FE 2w 2 R &, 77X 85 AK. URE, CEL, SUC. URE, pH.
SWC; [FIRf, §20 RS. DS. RA Fl DA (4 RS A AR GBI 7 2 BB R, 70 5 XS RN CAT .
SUC 1 SWC, AK. TN, pH. CAT, CAT. URE. X5 Guoetal.(2019). Liuetal.(2018). Frossard et al.(2018)
WA SR R LS A MBI I R 3 A WA L3835 70 - ARKE B B L3 K SR A S5 R 5L
H®, ©AEEEZHERN 5 LRUAEZ MAEERRPIGE, Gl 2.
545

FIA NMlumina w3880 PR, 87T 2528 400w 3R A LU AS (RIS B Bl A R v L S5 i R P
WHIZIEE R, AL RER I

Q) EAFZFET AR KGN BT, 38005 51 W B3 8 7 % 1 '] (Ascomycota) « 1 T 5 [']
(Basidiomycota). #%#1%%](Mortierellomycota) Fl A& 4% 7€ B J(unclassified k  Fungi); 0340 5 R N ik
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B 1 J(Actinobacteria) “Z ¥ [ [ J(Proteobacteria). FRAT 1% | J(Acidobacteria). £t 2 B[ J(Chloroflexi). LEfSe %
M 22 B 2745 AR A AS [ P 52 Bt 1 438 T T 0 1 A0 22 S 5 e L 3

(2) Chaol $RHEUEW], AT FLAETT AR B2 Z AR 2 (P <0.05), RIHFEE>WE. HE
WFEE R #E %R, Shannon FRER Y], TibFWZE, FREAMMREK 2 FEIEE AR <TeARMK. [F—
WEM BT, WNWZERFE, HE SRR ERK, AR EEEN. PCoA I NMDS 4 tr& 2=
ARAN o AN [E] ik S i B - 498 4 T A v P 2L 1) 222 S 5 e B W 3

(3) A 28 3 HT R B, ZE AR AR T AN R P 2 B B 3 T TR 9 R 20 R A 9 T B A B AR AR,
MRTZER R, =08 3G N TR ACPR - 458 T T RN 20 B B %) DX 2 RUBLRT BV IC R 92D 1 EAR PR LT A4
PR RN, (Emas 1 B R I A & 1E . BAR A FRIREMBUER T, TSy m ez
S o AN[E) P SR B B 9 L TR R 2 AR A R U i T AR RS, RN TR AR 1 R 28 S R It B T
FLREE, B S5M S INARE .

(4) B R ZEREAR . FZRREARM . I ZRTRARMON 5 Z2 T AR 358 BRI TV A A2 AR I T2 5 i ] 1 22
S, »HI% NN AK. URE, CEL, SUC. URE, pH. SWC; Wi ZREAM . BEFHEARK. WETF
ARPRAN T2 TR AR L SR A B B V& R AR AR GBI 1 22 S BB 2, 23 70 i CAT. SUC Al SWC, AK.
TN, pH. CAT, CAT. URE.
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