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0.05) . (4) Mantel test J-HT45 KM L3 pH (8 A HLER LIRS M A HLIK | TS8R Y o 13 R Y B 22
R Z RN R 7, ORI — 0 R I IR A A AL 3 R 5 IR DAV A LD P 25 S OGS R
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Abstract; Moso bamboo ( Phyllostachys edulis) is crucial for carbon sequestration in subtropical regions. Its distinctive
rhizomatic growth allows it to continually extend into surrounding ecosystems, a process associated with the decline in

biodiversity and the deterioration of ecosystem functions. Soil fungi, essential to global biogeochemical cycles, facilitate key
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processes like carbon fixation and decomposition, bridging soil carbon inputs and outputs. However, the influence of moso
bamboo expansion on soil fungal community composition and function remains unclear. This study investigates the impact of
moso bamboo expansion on soil fungal communities across different forest types within the expansion zone, including pure
p- edulis forests (PE), mixed p. edulis-broadleaf forests ( MEP, with 20%—30% broadleaf species), mixed p. edulis-
broadleaf forests (MEB, with 60%—70% broadleaf species) , and broadleaf forests ( BL). Illumina MiSeq high-throughput
sequencing and the FUNGuild functional annotation platform were utilized to assess the structure and functional guilds of soil
fungal communities in these subtropical forests. The findings demonstrated that the OTU counts, Chaol indices, and
Shannon-Wiener indices of soil fungi in moso bamboo forests were markedly higher compared to those in mixed bamboo-
broadleaf and evergreen broadleaf forests. PCoA analysis, coupled with Adonis and ANOSIM tests, revealed significant
differences in soil fungal community structures among forest types ( P=0.001 and P=0.002). A total of 13 fungal phyla, 50
classes, 125 orders, 283 families, and 619 genera were identified across all samples. Basidiomycota, Ascomycota,
unclassified fungi (unclassified_k__Fungi) , Mortierellomycota, Rozellomycota, and Mucoromycota comprised 99.17% of
the relative abundance of soil fungi. With moso bamboo expanded, the relative abundances of Basidiomycota and
Rozellomycota significantly decreased by 28.4% and 15.8% , respectively compared to evergreen broadleaf forests, while the
relative abundance of Ascomycota and Mortierellomycota increased significantly. The predominant fungal functional group
was saprotrophic, followed by symbiotic. Moso bamboo expansion led to a 19.21% increase in the proportion of saprotrophic
fungi and a 31.72% decrease in symbiotic fungi. Within the saprotrophic group, wood-decaying fungi exhibited the highest
relative abundance in the PE forest, whereas soil saprotrophic fungi dominated in the BL forest. In the BL forest, the
relative abundance of ectomycorrhizal fungi increased significantly ( P<0.05). Mantel test analysis identified soil pH,
organic carbon content, dissolved organic carbon, microbial biomass carbon, and microbial biomass nitrogen as key factors
influencing fungal community diversity. Redundancy analysis further indicated that dissolved organic carbon content was the
primary factor responsible for significant differences in soil fungal community structure (P<0.05). In conclusion, the
expansion of moso bamboo not only alters the composition of dominant fungal phyla and genera but also significantly impacts
the relative abundance of saprotrophic and symbiotic fungal communities. These findings offer critical insights into the

carbon dynamics of subtropical forests and the ecological management of moso bamboo.

Key Words: moso expansion ;fungal community structure ;diversity ; function prediction
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— RN BRI R B B IR AR | ST - SBA BILBR I 7E I HILER Y (8 15 5 AR e h P O B
TR AN R Y R R AR T O U, S 5 R MR 7E 3 LA
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AR REE LI RERIA AT IY . AT AN, B e MR B b A B p sk R,
AT BATY I A [RIIRSE LE AT R TR Sk ( Mixed forest, ME) (BAT4lMK ( Phyllostachys edulis ,PE) L}
f# K ( Broad-leaved forest, BL) - 338 B 1& iy WF 52 X 52, 45 & A 584 o, XoF = 458 0 o AF i 0E 47 s 2 3000 )
FUNGuild T3 , 73 A AR B AT 36T 3 LR I 25 A AT R 0y 52 0 , LU 4 J5 38 D AT H X AT 4™
st B b - SRR S S AR AR IR S |

1 #R57EE

1.1 FEHBAE
WITT A 24 241 B8 o3l 6 R AR MRS I (29°72743"N, 12000

120°05'32"E) (& 1), Bim Lk 733 hm?, VR z
500 m, + BT B, AR B Tl A L 18
FRIX B I3, AR R 16.2°C  SFRIAEREK | eof® .
HE1346.7 mm, JCAEI 236 d RS X IR B O AR § “ y“é 1 §
3 I 7 S N L ol U P T N I U S Do )
( Castanopsis sclerophylla) FEAT ( Phyllostachys edulis) .7 § L ; *gjﬂfiﬁ o | ;
XI ( Cyclobalanopsis glance ) FI A ( Schima superba ) %, EE _111482 o 1ok
HM T Y 32 F W1l 21 ( Rhododendron simsii) 3% & 120!,00,]5

2 ( Camellia fraterna ) | R 25 ( Preridophyta ) o R
( Symplocos sumuntia) 55 ,
1.2 BT SRR A

2022 4 9 7 T EI AR Bl % BRB AT 3K 5 1 e OB B AT AR (PE) AT RETR SR (15 2 Ff
IRZC LB MEP HI MEB ) MR 2R [ AR (BL) 4 FARG» 2SR KA 240 m B3 1E 45°—50° Z [8], 1R A HBil#%
I i g e A 552 T RR 2 R o5 R D TR B T 20 FE R AT 40 53, 209010 209%—30% T 60%—T0% , A 105 4 Ffbk
SRR E 3 AEE AN 10 mx10 m, I3 12 AFEHL, AR IEACRBL L 1,

1 FRXMBAE
Fig.1 Geographical location of the study area

F 1 EEHERR
Table 1 Conditions of sampling plots

TR PR

sl ez Weray %73 PR A

Stand t Slope/ (°) A t  Altitude/ Mean tree Mean Dominant t i

Stand type Slope, spec itude/m height/m  DBH/cm ominant tree species

FEAHk PE 45—50 FH 242 10.62 9.98 TeARJZ BT (Phyllostachys edulis)
TR JZ: B AT ( Phyllostachys edulis ) . 77 ki# ( Castanopsis
sclerophylla) | K faf ( Schima superba ) . 7 X ( Cyclobalanopsis

7 RIR 3E Ak MEP 45—50 8] 230 12.28 11.18  glance) ; /K & 4 8 . 3% 88 45 ( Camellia fraterna ) . Bt 1L £
( Rhododendron simsii ) . LI B ( Symplocos sumuntia) . Bk 2%
( Pteridophyta )
TR JZ: B AT ( Phyllostachys edulis ) . 75 ki ( Castanopsis
sclerophylla) . A T5f ( Schima superba ) . # X ( Cyclobalanopsis

7 iR 3 Ak MEB 45—50 8] 222 16.43 1432 glance) s Bk T 8 9. 7% 88 4% ( Camellia fraterna ) | Wt 111 £1.
( Rhododendron simsii) . LI Bl ( Symplocos sumuntia ) . BR 2%
( Pteridophyta)
Fe AR 2. 3 K ( Castanopsis sclerophylla ) . A T ( Schima

/ pivy
Wbk BL 45—50 ] 211 1976 1617 vperba) B (Cyclobalanopsis glance) s R FAELBL: I &R

( Camellia fraterna ) . Bt 111 ZI. ( Rhododendron simsii ) . 111 Tl
( Symplocos sumuntia) %3 ( Preridophyta)

PE: BAYTHK Phyllostachys edulis ; MEP . JR38 tb 20%—30% 77 IR M Mixed Phyllostachys edulis and broadleaved forest with a mix ratio of 20%—
30% ; MEB ; IR 3C Lt 60%—70% 17 IR 3k Mixed Phyllostachys edulis and broadleaved forest with a mix ratio of 60%—70% ; BL: & Ak Broad-leaved

forest; DBH ; JfJ#% Diameter at breast height
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12 A FEJ H IR S TEBURE R B 5 AN EE SRR AT (1 mx 1 m) | ZEREAN [ 2 R AFE s 75% 05K M 75 )5 1) 1
BRI TCR R A 0—20 em VREEAEMRPR HIEAEGR G0 1 0 A 2051 12 0 e sh o TR AR R 58 iR
VU BIR G5 G 510 2 03,1 2 ATCIA A E4%0 IS0 %, HAAXT I, RERAIAR A S rmg 8 524 ) ,
3 2 mm G FHF R BTAIIE ; 5340 1A 10 mL B4 T Sr BITURORAE 4 I SC B0 = $2 3L DNA J5 , 1 F
I
1.3 THEMEENE

+3% pH SR HA R (KA 1:2.5) T 5E ; 34 HLIK (Soil Organic Carbon, SOC ) >R FH 5 8% FRET -F M4
BRFR S AL I 72 5 4 3V f# P A ML ( Dissolved Organic Carbon, DOC) FH /& 4 2 B T /K Iz $2 , B 3% Wit
0.45 wmJE M, R FEA HLEK /714 ( Multi N/C 2100 Jena 75 & ) 1 52 ; + 52 534 £ 4 2 fk ( Microbial Biomass
Carbon , MBC) Fl{s{ £ #) 1 % ( Microbial Biomass Nitrogen, MBN) %Hﬂ%fﬁ@%i{ﬁo“&%%{m%[ 7
1.4 +HEEE DNA ST

K E.Z.N.A.® Soil DNA #2574 ( Omega Bio-tek , Norcross, GA , 55 [F ) #4171 18 B HE K 40 DNA #h
2R 1% 35 NERHEE RS FL Pk A DNA | 5% ] NanoDrop 2000 %} DNA ¥E475E . K] Barcode A E #5575 9
ITSI1F (5'-CTTGGTCATTTAGAGGAAGTAA-3") Fl ITS2R ( 5'-GCTGCGTTCTTCATCGATGC-3") ") %} . [ rDNA
B ITS [XI#H4T PCR §734 . PCR W AR R 20 plL: 5xTransStart FastPfu Buffer 4 pL,2.5 mmol/L dNTPs 2 pL,
Forward Primer(5 pwmol/L)0.8 pL,Reverse Primer(5 pwmol/L) 0.8 wL,FastPfu Polymerase 0.4 pL, %4z DNA 10
ng, *hE 20 WL, PG :95°C FAEME: 3 min;95°C AR 30 s,55°C 1 Ak 30 s,72°C ZEAH 45 5,35 MEH;72°C Fa
FESEAH 10 min, JTFH 2% B AR HE GE RS FBL VKA I PCR 78, X B 08 455 (8 FH B A [l Wi 0] & Il ™= i
TruSeq® DNA PCR-Free Sample Preparation Kit #47 3CZE# &L, ffi il Nllumina HiSeq 4000 “F % (1llumina Inc.,
San Diego,CA,USA) AT, o | i 3675 A= Wy s 25 RHE A FRA Rl SR LB AR S 4E
1.5 Hdusrr

FIFH R 157 (version 3.3.1) T HGE I HIZEH] Venn B, TG0 4 FAREEA BT A5 FIA (17 OTU %4,
i MOTHUR #4315 o 224644 ( Chao 1 84X, Shannon-Wiener #5850 F1 Simpson $8%0) . i/ T K50 R K 56
AEMSr T IEE RS o ZREEFEEE R . 1 H R 15 (version 3.3.1 ) vegan 4, FETF Bray-Curtis e e
PRarHT (PCoA ) TIEETRBER Y B ZHEME  RHIAESEZ 50 )5 22 73t (Adonis ) AHAUPE ST BT ( ANOSIM ) £ 56 5
HREVS B 2R 22 X BATY KB N . A FUNGuild BEFT S RE T | 43 A AS [RI AR A0 39 B 1) 7 37 2 8
MXTEE2R . B R 155 (version 3.3.1) ggeor £, Mantel test #HICPEKE 56/ T 38 F 2 H B 1] 585 K+
AIARSCHE™ S ] Canoco 4.5 B4R 3RS IR 7+ HE U R - A7 TU A 0 (RDA) |, TR 3 BC TR B EVR
R AR R ¥ MO AR BE . s SPSS 22.0 HEATFRLIAIZR J5 224317 ( One-way ANOVA) WA [RI AR 53+
Ve 2E 5, ] LSD 2 BT 31 (P<0.05) o Z2EIXITE Origin 2021 W58,

2 HREHSH

2.1 BATY IR B3 B

BT XS e B AR T AR (R 2) . BATY SKIE LA S 148 pH B 1IN 47.70% ( P<
0.05) , HHEFHLEK (SOC) B E AR 17.59% (P<0.05) , B ffEA MUK (DOC) R 40.98% (P<0.05) , ik
YrEmk (MBC) FIAE P& A ( MBN) 35 411K 19.01% F1 14.51% ( P<0.05)
2.2 BATY IR IR AR AR 0

I 12 A HEREA Y ZREPERR AT, 253045 774662 S ML F A, -1 5K 239 bp, #4531 13
17,50 49, 125 H,283 F},619 J&H1 5108 OTUs, Venn [EA] LWL B OTU /KF b 38 B0 5 F S 10 A [) pho
1] B AR R B 4 S BT SRR T LI R A OTU B (181 2) . 4 FhbksEAG I %) 5108 4~ OTU, 4
B OTU 30k 123 4, 5 OTU B0 2.4% , BATAR(PE) A 1Y +3E BB OTU B £ M 1580 4>, i OTU i
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B 30.9% , M HAR(BL) 204 19 H3EECE OTU $d /b ok 723 4, 15 OTU BB 14.2% . 1IBAEH 60%—70% 1R
ZEM(MEB) FEAS H 20%—30% R3S ( MEP ) A5 ) 3 EL TR OTU 043510 843 F1.827 4, 5 OTU & 44y
S 16.5%F1 16.2% ,4 FhhkHs + 3 sH B # OTU 404 % H i K3/ K . PESMEB>MEP>BL,

x2 AEHSLEER
Table 2 Soil properties at different stand types

sy ALK R LB Tl Py ik A A
Stand type pH SOC/ (&/kg) DOC/ (mg/kg) MBC/ ( mg/kg) MBN/ ( mg/kg)
EAH PE 5.70£0.33a 43.84+1.84b 30.43+0.80c 466.83+20.68b 38.77£5.40¢
P REHR 2Pk MEP 5.10+0.19b 44.67+1.68h 43.18+3.49h 493.83+10.71b 35.68+4.67hc
P REIR 3SR MEB 4.37+0.12¢ 46.88+1.72h 45.18+3.49h 496.17+15.12b 40.19+2.05ab
i@ itk BL 3.86+0.10d 53.20+1.84a 51.56+1.92a 576.42+24.77a 45.35+2.15a

pH: FRB8E Potential of hydrogen;SOC : £ #lLf Soil organic carbon; DOC : %5 fif: 14 7 AILfKk Dissolved organic carbon; MBC.: ff{4: ¥ it filk Microbial
biomass carbon; MBN : f# /£ #J i & Microbial biomass nitrogen ; & FEUIE A FEIE « FauE2E  NEVNG FR LR R FE RIS Z A E B E 25 (P<
0.05)

MEB

(30.9%)
1580

(16.5%)
843

MEP
BL
(1.7%)

85

(16.2%)
827

(1.6%)
84

2 FR#MSTEAREENTMANFEE

Fig.2 Venn diagram of soil fungal community species composition at different stand types

EMY IR HRE AR R 2RI R 3 PR, BT R R 2 MR U A 2 R (P<
0.05), THEEFBEYEFE S (Chaol 18%0) (2% (Shannon-Wiener $5%0) ¥ Ffi 5 BATY 5K B E 1440, PE k¢
Hir Chaol $8%5F Shannon-Wiener 5 %043 511247 910.67 F15.00, {23 15 T BL H:H1( P<0.05) ,Simpson $5 ET7EA
[ 4% i 2 [8] F2 30 K . BL>MEB>MEP >PE
2.3 BAY RN R EETEE S5 Z AR R

BT IR T IR FARBR AT (PCoA) R (18] 4) 55— s (PCL) iR T A RER 451728 5
1) 21.67% %5 — F 5> (PC2) ik T 748 S 1 17.20% , PC1 Fl PC2 B T 828 5110 38.87% ., FE: T Bray-
Curtis i B1% Adonis F1 ANOSIM 41 [] 22 57K 50 8 7, - 48 L B HEVE S5 MR B 119 5K & B3 s (R =
0.452,P=0.001 1 R=0.784,P=0.002) ,

2.4 BT RN EERE A SRS R
241 TRV EERIEA K

TEAYEAREN 13 DA 2Kt AR > 1% M EEIE 6 T8 T 1% M EHE 5 0.83%, & IFH

others (&1 5) . A M +3EOL 3 BB T 13 M40 F 1# [ ( Basidiomycota) . F#E B[] ( Ascomycota) | A7 KRB (]
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Fig.3 The a diversity of soil fungal communities at different stand types

Bl s o wowox SRR TE P<0.05,P<0.01 ,P<0.001 /K225 1 2%

(unclassified_k__Fungi) . #f45# ['] ( Mortierellomycota )

% 25011 ( Rozellomycota ) F1E %% ] ( Mucoromycota ) , 73 04 ! o Bl

W 24 EL T AR A B 32.13% . 26. 53% ., 18.39% . or

10.50% .9.75% 1 1.86% ., 1T 17 ( Basidiomycota) A 02} LR MEP

X BB BT B HREAC 76 PE MEP MEB fTBL n

FEH A 00 4 B 4 B0 24.8% . 30.4% 37.8% M & | S

53.2%, H. BL ¥R 523 % T PE #E4(P<0.01), F § o0

PETR 1] ( Ascomycota ) FHXT = B 25 5 W 5471/ [ THH ), s

BN PE M 35 T BL AL (P<0.05) . BEAUERT] ' .

( Mortierellomycota) #£ PE #£ i AH X =F B 4 14.76% , = &

F BL FEHL(6.11%) . % 94T 1 ( Rozellomycota ) [ 1% 04} | | i | |

SRR BATH WU, A F AR PE A BL B v e

Hu 250k 1.109% 1 16.9% , H. BL #:4h 58 35 5 T PE £

Hi( P<0.05) . 4 EF Bray-Curtis 55 {74 5 HHEE B 447 5 47
(PCoA)

242 JEKVHEREE 4

JEAT FAXTERES1% e/ HIEE R R S
KART 1% MEHE 5 24.4% , 5 IF R others (I 6) ,
BRACTUA %) B P JE B (AH X 35 B 1.80%—18.40% ) , FT A AR Hb + 38 B T8 #F 7% 18 3 5 JE 0 51 o 1 o s
( Saitozyma) Wi FEEE & ( Mortierella ) 2145 )8 (Russula) \AREH & ( Trichoderma) Al 52 H-J& ( Sebacina ) o V0 i

Fig.4 Principal co-ordinates analysis ( PCoA) of soil fungal at

different stand types on Bray-Curtis distance
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(=3

S
1

0T ‘ HiAth: 0.83%
m B Basidiomycota %‘glgjés()%/‘ﬁ
m AT ] Ascomycota BRI 9.75% ‘ pr e 150
607 B /)] unclassified Kk Fungi  BEAUHTT: 10.50% T 32.13%
B WfET] Mortierellomycota

B B %] Rozellomycota
B BRI Mucoromycota

r uHAl RAF KT 18.39%

20 + —— FHEEI]: 26.53%

FLH T TR
Percent of community abundance on phylum level/%

PE MEP MEB BL
432 H Forest type

E5 AE#STEERTKENEEENFEE
Fig.5 The relative abundance of soil fungal phylum levels at different stand types

J& ( Saitozyma) 2145 )& ( Russula ) FNUE 72 HLJE ( Sebacina ) 1£ BL FE M JE B0 H B @ AR X 252, 439000 15.45% |
12.5%%17.5% , WA BT 5K MG 0 2B T 158 v 8 & (Saitozyma) \Z145 & ( Russula ) 152 H &
( Sebacina ) #HXFFEJE (P<0.05) . B fFEJE ( Mortierella ) FIAK B 1 J& ( Trichoderma ) WIFE PE £ b v 26 B S o8 =7
AR F B2, 5 BL REHIAR HE 22 53 .35 (P<0.05) .

100

N B K45 H)R unclassified k_ Fungi

B iR Saitozyma

B HIREE Mortierella

B HETEIRSZKE unclassified_p__Basidiomycota
B B %HE 1R 28 unclassified_p__Rozellomycota
[ unclassified_o__GS11

W 41358 Russula

W KREHE Trichoderma

W 55 HE Sebacina

B HERAR S IR unclassified f Thelephoraceae
W A

60

40

20

FHX B
Percent of community abundanceon genus level/%

PE MEP MEB BL
k43 Forest type

6 ARE#ASTEEEBKEHENEE

Fig.6 The relative abundance of soil fungal genus levels at different stand types

25 TEHEAERESWS HEERCR
251 THEEE]S REMBTE Mantel test 2347
PI#H F B 1] ( Basidiomycota ) . T 2% B ] ( Ascomycota ) . #% 71 B '] ( Mortierellomycota ) . % 2% B I']
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( Rozellomycota ) F1IFEZEE[ ] ( Mucoromycota ) #HXF = B A4 >R FH Mantel test J7i% AT T IE B R IE 45 5 +
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