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great scientific significance for understanding soil ecological functions, and helps to reveal the interaction mechanism
between vegetation and soil microbial communities. In this study, two typical vegetation types were selected with similar
altitude, wide distribution, and less interference from human activities in Shennongjia National Park, including coniferous
forest dominated by Pinus armandii and deciduous broad-leaved forest dominated by Quercus aliena var. acuteserrata, and
analyzed the effects of different vegetation types on soil microorganisms based on high-throughput sequencing and molecular
ecological network analysis techniques.The study results indicated that; (1) There were significant variations in the relative
abundance of dominant soil bacterial phyla, including Bacillota, Actinobacteria, and Acidobacteria, among different
vegetation types ( P<0.05). Similarly, significant variations were observed in the relative abundances of the dominant soil
fungal phyla, Ascomycota and Basidiomycota, across vegetation types ( P<0.05). Additionally, the soil fungal Shannon
index in P. armandii forests being markedly higher than in . aliena forests (P<0.05). (2) Functional prediction of the
soil microbial communities showed that the relative abundance of soil chemoheterotrophic bacteria was significantly higher in
P. armandii forest soils compared to (). aliena forests (P <0.001), while the relative abundance of soil nitrogen-fixing
bacteria was significantly lower (P<0.05). In the fungal communities of P. armandii forests, the relative abundance of
plant saprotrophs and wood saprotrophs was significantly higher ( P < 0. 001 ), whereas the relative abundance of
ectomycorrhizal fungi was significantly lower ( P<0.001). (3) Molecular ecological network analysis indicated that the soil
microbial community in Q. aliena forests had higher network total nodes, total links, average degree, and modularity
compared to P. armandii forests. (4) Partial Mantel tests revealed that soil available phosphorus and the Shannon index of
plant diversity exerted the strongest influence on soil bacterial communities ( P<0.01) , whereas the plant Shannon index
and species richness had the most significant influence on soil fungal communities ( P<0.01). Soil pH had the greatest
influence on both bacterial and fungal functional groups ( P<0.001). Partial least squares path modeling (PLS-PM) results
indicated that soil pH might indirectly influence the plant Shannon index and species richness by affecting soil nutrients
such as available phosphorus, total nitrogen, and organic carbon, which in turn influence microbial Shannon index and
species richness (P<0.05). In conclusion, this study demonstrates significant differences in soil microbial community
structure and function between different vegetation types, primarily driven by soil pH, available phosphorus, and plant
diversity. These findings have important implications for understanding the plant-soil-microbe interaction mechanisms in

forest ecosystems.

Key Words; dominant tree species; soil microbial community structure; functional prediction; molecular ecological

network ; influencing factors
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Table 1 Soil physicochemical properties and plant diversity indices of different vegetation types

W T LTIV N BLUTHARAR p
Environmental factor Pinus armandii Forest Quercus aliena var. Acuteserrata Forest

13 pH Soil pH 6.44+0.29 6.01+0.28 0.001
4% Total Nitrogen/ (g/kg) 4.11+1.40 3.31£0.60 0.315
41 Total Phosphorus/ (g/kg) 0.79+0.23 0.43+0.11 <0.001
487 Total Potassium/ ( g/kg) 19.71+3.68 19.74+4.80 0.579
A Available Potassium/ ( mg/kg) 175.77+46.48 178.73+52.73 0.971
B Available Phosphorus/ ( mg/kg) 9.36+4.02 4.28+1.54 0.001
FHEAHLHK Soil Organic Carbon/ (g/kg) 43.38+14.79 32.38+4.95 0.143
YR BE Plant Richness 30.20+8.01 22.30+6.22 0.024
FE4 Shannon #5 % Plant Shannon Index 2.70+0.26 2.44+0.35 0.123
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W11 (Unclassified) JERLE ] ( Verrucomicrobiota) (LT 5[] ( Bacteroidota) . 2F "l 7 [ ] ( Gemmatimonadota ) |
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http ; //www.ecologica.cn



45 %

&t
B
=

4846 H

i R S TS 98.41% F1 98.98% (&l 1) .

AR DU R RS B B I KA 30037—67275, 45 1R 26000 F4 {1 3T BORE SE % E 15 8] 15338 AN EL
ASVs SrJE T 16 N ELBE T, WA A B 28 A Y S R AR S T T A it R — 8, FE A T RE ]
( Ascomycota) . fHFT# ] ( Basidiomycota) . E% 1 | ] ( Mortierellomycota ) . % 2% 1% | ] ( Rozellomycota ) F1 432 Y
BT, XS FLRR [ 7E A6 LA ORI 15 M AR A H R R X 2 B 400 o LB BT 810 A 99.26% 1 99.05% (&L 1)

T Lefse 704858 1T HIEAMBAAEA FAEBE A BA B E 25T T(E 1) . TEARET 1K B il
AR ZEARAT B8 TR B T AR X = B2 1 B 3 5 T B A MR AR (P = 0.003 ;. P = 0.003 ) , T 838 147 AR b o i)
BRAFRR 1 1A ARDG 252 18 35 1 TR ILAAMR (P =0.008) o FEELE T IKSF- AR LA AR A B 1 BE R 1 ARG = B8 I 25
= T HA AR (P=0.001) , 86 MR AR o B $E B T TR D6 32 5 B 28 3 AR LA AR (P =0.001)

m Pseudomonadota  ® Unclassified m Bacteroidota m Basidiomycota m Unclassified
m Acidobacteriota  m Verrucomicrobiota = Gemmatimonadota M Ascomycota = Rozellomycota
W Actinomycetota m Chloroflexota w HAl B Mortierellomycota ™ At
m Bacillota m Planctomycetota
n=10 n=10 n=10
1.0

n=10
I
[—

T TTK AR 2
Bacterial phylum-level relative abundance
© o © o © © o © ©
- 38 w E-N wn [=)} ~ o] =}
BT KPR R
Fungal phylum-level relative abundance

0
e lia BLTHR Aeiliks BLTHAR
Pinus armandii Quercus aliena Pinus armandii Quercus aliena
Bacillota A1l I I e
Actinomycetota BLTHR _ I Bt teR
Unclassified __
Planctomycetota
Chloroflexota _ Ascomycota _
Acidobacteriota - [INEGEENEGEGEGE Basidiomycota | [N
1 1 1 1 1 1 1
-5.0 2.5 0 2.5 5.0 -3 0 3
AN I TKFLDA 184} B TKFELDA 184
LDA scores at the bacterial phylum level LDA scores at the fungal phylum level

E1 AEEHEETTEGEYNITKEESEERFAER LDASSERE
Fig.1 Stacked bar plots of phylum-level relative abundance and histograms of LDA scores of soil microorganisms across different
vegetation types
Pseudomonadot ; {5 1. ifg 1 1] ; Acidobacteriota; Fi& ¥ B ] ; Actinomycetota; i 28 I []; Bacillota: 2 7 #T B |7 ; Unclassified : A 43 2% [ B 15
Verrucomicrobiota : JEf# 1 1] ; Chloroflexota : 4% %5 [ | ] ; Planctomycetota : 1% 5 & [ ]; Bacteroidota: | T & [']; Gemmatimonadota ; % ¥ il 1% '] ;
Basidiomycota: T#E 4[] ; Ascomycota : #1F [ ] ; Mortierellomycota : E & | ] ; Rozellomycota: % 2514 '] LAD : £k ¥ HIj 437 Linear discriminant
analysis; LDA ;. 2 M504

T IERA P B alpha Z2REVESE B LLERE SRR DI (18] 2) , R ILFAAR 5 B AR AR A 1S40 1 Shannon 45 %X
YR B TC R 22 5 (R AR LA AR+ S ELTA Shannon FE40 . 3 = T BL VAR AR (P<0.05) . PCoA 452
Bs (FE 2) , AFHEHSE R S ERAE YRR AW B0 B . S5 T Bray-Curtis JH 25 BOANFHUEE 73 Ml SRR3R
B (3 2) AR ILAAAR S BLIA R AR LB RE My AN T 5 L BTS2 () A 12 3 22 5 (P<0.001)

http ; //www.ecologica.cn



10 441 gl A PRI E G B S R R WS B SR A MR R 2 R S D 4847
Shannon## PR R Shannonii % bR R
1100
n=10 n=10 . n=10 n=10
_q;, 7000 | ° %E 5t
g & 2 I
ﬁ > eol =5 900
HE H . .
Z2 £
®n5 | . 6000 RS 4
i &=
Efrs %3
2 5000 23t 500 |
@
. . |
#2583 R~ R 3~ R~
= = = == = = = 5 =
S 2 N = N ¥ S
s ®E : ®L < 3 < 3
= S = = = S = S
< Ql < Ql < Ql < Q
T L e Al I 3 o el
L BLUIER 3 ° BLo iR
0.2 ! . 02 |
i D 1
' i ' . . 3
T bt e eeomnes L0 e gomeeeeees beosesccceeny o
o} . i . O . i .
& ! . &
02 . -02 |-
! ! [ ! 04 7 ! | L
-0.4 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2
PCoA2 PCoA2
2 AREEHER TRAEYA Alpha ZHEISHHELE R PCoA K1
Fig.2 Boxplots of alpha diversity indices and PCoA analysis of soil microorganisms across different vegetation types
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Table 2 Analysis results of Bray-curtis dissimilarity of soil microorganisms in different vegetation types
1 1 24 ) 220k ] A i R 53 MRPP 122 51 93T ANOSIM 2677 257t PERMANOVA
Microbial category F) P R P F P
ZH A Bactirial 0.57 0.001 0.78 0.001 11.23 0.001
E 1 Fung 0.81 0.001 0.86 0.001 4.36 0.001

MRPP . 221 i B 3 F2 50 Multiple response permutation procedure ; ANOSIM ; £ [&] 22 531 43 A Analysis of similarities; PERMANOVA . ESTWIE-Yin)i
Permutational multivariateanalvsis of variance ;6 R .F 3 TR 2o B B M AELI) 22 50 A B A2 0 22 4B AR S M
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Fig.3 Bubble plots of functional group relative abundance of soil microorganisms across different vegetation types
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BAR AR Y 56.13% F1 17.05% , 4 il F1EL 1 ) 2% ) 32 12 K073 531y 24496 F1 1996, 7353l &5 1 63.86% FiI
19.61% ., S U AR B9 41 B8 AN B BT 35 BE RO R 61.05 A1 17.79, B4R 1AM AR 1 17.63% F13.10% , IEAT, %t
VAR 0 2 PR RS i e T AR LSRR, 4 T 5 L T AR B BE 3 531 e 1 28.57% F1 23.71% , PRI, 38 145 M AR A
() -SB43R LA LA PR 52 2% 1) I 28 4544
2.5 TIERUEYIREIE SR 0 E 2 e R
3 partial Mantel 5387 T S0P ST FIAT ) 22 W 14 55 P05 DR~ X - 498 41 D 0 0 81 A 9 2354 1 s e (1
5). AEREW, 15 pH | 2Bk HAHE A VUK AP W) R A RS - A TR T A5 A 0 AR DG M W (P<
0.05) , A5 + S AN TR RE 7R S5 O AE O ME e (R = 0.344, P =0.001) , UG AEY) W) A 42 5 (R = 0.323,
P=003) ; 3 pH 28 28 MDY R EEE K Shannon 4805 + 1 EL R BE 75 S5 /AR G ME B (P<
0.05) , HerP Y Shannon #8405 + 3 EL R RE VS 4540 0O AH G P f = (R=10.287,P=0.005 ) , LYYV Fh - &
B (R=0.267,P=0.006) ,
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Fig.4 Differential analysis of relative abundance of soil microorganisms functional groups across different vegetation types
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Table 3 Molecular networks of soil microorganisms in different vegetation types

2l Bacteria HTH Fungi

MR B B MR AR

iy Eili LT LR i LIV EER
Topological index . . Quercus aliena var. . . Quercus aliena var.

Pinus armandii Forest Pinus armandii Forest
Acuteserrata Forest Acuteserrata Forest

JGE 558 Total nodes 290 661 146 176
SFEPEEL Total links 8852 24496 1299 1616
SR EERL Average degree 61.05 74.12 17.79 18.36
B Module 3 4 4 4
FEHLEE Modularity 0.15 0.21 0.27 0.35

Partial Mantel 5387 P45 PR X6 -+ 340 RN LA DI RERF 052 M (181 5) , 1458 pH 2B 8ol A Lk A &
TR E RS AN B SRR ARG, e 4 pH 5 - AN A DD RE R AR G M B 5 (R =10.442,P=0.001) ,
HYR A HEL#E (R=0.401,P=0.001) ; -3 pH 4% 28 SREE LA VUK -S5 FUR Dh e AR Se v w2, o
4 pH 5 +IE A FH e R MR (R=0.334,P=0.002) , ik WA HLER (R=0.319,P=0.003) ,

PLS-PM Z AT i B 4 R 2 A 80% I8 Ak R B I 2 AE % 43% (78 Ak BRI B ol 0.65 (1 6) o FEIZAE
R 3 pH AR L0 X 41 P A B 9 22 R0 B RS ) (EE 2 5 ) 3R 43 Forh MR A HE A |

M AR FIA HLEK (N =0.42,P<0.001) , [B] 520 BT Shannon $8 40 WP 3 & FEFE (N = 0.43, P<0.05) At
¥ Shannon $EE0 5 Fh F 5 BEFEEUL (N =0.96,P<0.001) , I, 13 pH il I AE ) Shannon $8 U Fh 4 &
FEFEAL I H5% M Shannon $8 405 W Fh=F & FEF8 4 (N =1.04,P<0.001) ,
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Fig.5 Correlation analysis of different environmental factors with the structure and functional groups of soil microbial communities
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Fig.6 PLS-PM analysis of the correlation between pH and soil microorganisms alpha diversity
5k B T2 B2 R 7R bR AL SO, Y5 B2 5 Sk b BB IR AR R A, AU : 5 5 % P<0.001, * P<0.05; ¥ (3 FIZL (B2 Jk 43 5 7R
TE RN RN 3 R A 2R MR J7 22 LL B8l ; GOF : 380 &t B Goodness of Fit; pH: + 3 pH; AP ; # AL Available Phosphorus; TP ; 4>/ Total
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3 itig

KAL)+ M BN B ] R AT T 1D R TR 1] A5 A T 1] 6 A9 A S B 5E , BB I NV 22 b 2R AR 3E
B2 R EAE AR LA AR D AR A - 298 b R 8] 4 = S A0 SR 5 A WRTEAR L, BF 5 P A 2
TR ST R TRET ] BRI K15 4R R AR AR S DL B 2
X VTP JFOR AR 28 3 ECT R R BFF AR (B0 S SE S SRR ) L 3 A R 34 0 1 X A 4 S 280
IR B GRS E AR, A FRLHEE T, 9% AR R 0 W) 1) 22 S o S BCR SR RUE Y A
XEFEEMAEENT BRI RVIRAT I R IR , R 7E MR 37 BR5E h HL A5 305 (¥ W ORI AR 5 37 4

http ; //www.ecologica.cn



10 441 gl A ARG R PN R R B - MRl E MR T A b e g 4851

JRABES S AT ZE B D AR 4 pHL | 2l & A B KO AR AR ( P<0.05 ) , — e FRJE U6 BB iG
RARARAR R T A LLAAARAY T SRR XT S0 TITRRAT T 1 1R B bR AR b b A B R A R S RRAT I T T AH
B, B L RABR 358 b 1 ZF SR BT )RS T T TR = 32 2 25 B /& (P =0.003) |, REAEHA HILA e AL 17 Ak
BV B FE T, T H3EAE 7 B B, A LI PRGN BRTRE % 3 AT B 14 18 T RE DR 456 145 AR
Mo ELRAEE P, BOAHHRAR b R T AR R 2 R TR LR AR (P =0.001 ) , IR LA AR T2 B T T AH
Xt R T X RS PR S R A R A S R A O R MR A, HA R A L
FEREfRRE T e T IEE TR B AR AR T T T AT RE S 5 T 2 i A A, SR R AR R B
Sy — 7 AN AR L 2 T T A S A AR R AT U AR AR ) BB A T AR S A
Z I AR SR B B

TEARMFFT T, PIFAE B2 B A A B TE V% Shannon $850F1 =8 BEFE B0 0 3% 25 5%, 4 1Y) alpha Z2REPEE W
32 S oA K S A DR 2R S 988 7K 3 3ot 7 4 9 8 K ek a1 5 i - S A T R SR A R TR Y i
AR SR PR Ry T b 5 T AR LR TR BRI M 25 A R S X A TR 2 AR PE s i A/ ML Z R R AT
TR I XA D de-VE , O S5 R 22 B B DD AR G . A LA AR+ 3 FLTR 1) Shannon 18 U ) 4 5 &
R T HUA MR AR 138 (P<0.05) , 5 FUAE YR 22 70 RGRC i DL e 138 30 00 EL R B3 T R R E
FERE ML T A HEYE alpha ZFEMEREETHE S

S A A0 T D RE R AR AR W) R AL SRR b R HEE BV E ] o TR B | R4 T D RERE AR X
JEREE2E 5 ) FEARBIIE o SRR P (1 (L BE 5 35 BRI AT AL B S 3% 7R 1 T RE A G 2 13 I 38 i 80 o
HHERAKR (P<0.001) , X SL A0 B A A ALY SE AL AR B IR A5 92 0 R Y IR L, 76 37 43 00 7 A2 B 4 L LA AR
REZERS HA MMRIBNE 3, [ 2 D REREAS b A 80U A A A R 1S3 = W vl R A LS AL, R 44
- HEAE Sy FAE AR A A K T AR G EE ) AT B O MR AT BE LA SRR Y AE IR BE T, A BT oA R

Xof 2 v B A R AR (P<0.001) |, fE LA AR HHEFR A g 5T, 3k e MH A8 LR AR P 3 5 0 )8 A= 1
REREIEE T A MBS 4R 8 T L3R o0 S it 1 B0 16 WA AR A0 A BT AR AR G = B8 0 25 T o (P<
0.001) , Zhao %5 & B & AR A 3 A FCR AR RS 32 8 38 v AT AR FE LR PR I LR, K
XoF 7 AR B LA K A AR R P T 3k vl R B AR R A AR T s B SR,

A0 50 F W 45 43 BT AN AT DR BRI P9 AR ELAVE D, 38 o] LU T IEM B ARV O B 2R AT
FEH, B PR AR OR T s B B B T BRI AL 35 v AR LA RR, 330 S B T B O AR AR ) B B
VA EAE RS R B 2 E ", w5 A ) R ) 22 R R B O S8R A R A AR AR
AR FE AR LLAAAR A RE A 0 b =F 5 BE A ELTR Shannon F5 805 &7 , LB 146 MR RSR M B0 falc 2 40 T 4 B 2 PR Ao o
Tu ZF7E HLHCHHT MRS N - S0k ) 26 st & B, 48 i3 B AR ) alpha ZREPE I AR —E BRE B 24
AIEIM ) X AR 45 R — 3, WIFh-RE R C R ENE A M R, X 0T e R LA MO & ik
= B R = 10 R N U E AR AL T AR R AR R UR , DD T 2% B R B A B R SR 4R A
AN BeA BRI R g ol AR O R A T R B 2R T RE A S T R 9 D BE T
A X R MRl 2 ) AR AR PR T 22 R a0 O 4% 45 R T Ry R R

FEARFIRIGRAE T, S e MR R N R 45 5, B e R oA s e R =z — of:
—ERRRE R AN G R v AR S A B T A O R ) AN s A W 2R DY AR ST P R
S TN RIS R R AU R T (R=0.3442,P=0.001) , & Wit 540 RS B EAH I (P<0.01) , IHeAh, M
TR AR B Y 100 £, U0 B rT RERR T T RN E RIS B e s S A . R pH B R R I
IR AT SRR T FE R pH A& T, RSB b TR AR R AR ST A 1Lk
AR pH SF-2 R b 2RO ) pH S BT 0RO PT E AR A 5  AS [) AR A TR - MR R 1 G
SRR, I BB RIS AR A AR T A AR 2R 2 W R 2 AT BT, B T i A - A AR e tE Y pH
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] RE S 38 1 S0 TR AR alpha 25 BR8] 4552 Wi (30 A W0 1V, PLS-SEM. A8 R — 20 IiE 17X —{|
i, AR, pH 38 I A R LR RUSE L ESR 0 R AR YY) Shannon 45 BN E B (P<0.001)
2E T ) 423041 35 240 B AL T ) Shannon $8 B AH 42 6 2 (P<0.001) o eAh, 13 pH B8 52 o 5 B0 AR K
5 BT PR - S 200 R L TR S RE A W35 2 S i e B A IR (P<0.001) , iX—&52 R 5 Guo S8 NHYHFFE—
B MR pH 2R BRI RERE I GBI RO DR, R pH NG A I T R R S R A
alpha ZAETERZAEY) alpha ZAR1E | ICTEA [RIAE BT A0 A= WO RE 7 D E 22 57 Rl 3 G BEFE

4 g

ASBIRFE A P e 308 0 PP AR TR R TR - SR A W v A A I RE RSN, 25 R R AR LA AR
T3 pH B E R HRHE K (L Shannon $EEUCHUE I RH 4= 55 BE W35 o T BUHIHERAR , ELPTAAE i 2 1Y
(9 L I MUV AP 28 5 . AR DA b IR B B A AR T e o, 2T BRI 1] IR T IR
FFRR TR 2 B AR 35 25 52 H ARV P, 3 [ T RNAE o T T AR R IR A 5 22 5 o LA Rl
TR T A My D RETUIN 45 R 7 | A TR ARV P AL BE S R B A SR AL BE S AR 2 DR 38 70k B R 3] S E BE AR )
AR 28 2 ANTR], TR P AR A R R AR TR A S AR AR 2 B R FE AR, T Ry
Prad BRI, BN AR T 40 -5 R RO A A R R S o HARE . Z2o0ngeit A R W, sl i 2 5 i
TSR GRS I SRR DA 3R AR ) 22 P X S L TR ARV (R S 5K 1386 pH UK folc 2 1 DT RE A 14 52 i e
N, SRAEYRES AL, SRR Y S RERE X 1 pH AL SRk, H. pH 3d i 98 LR (R
HI) alpha ZFEME, N ITHE— LR A=) alpha Z2RE0E, ASHETE 0 B A [RIAE R BT I RUE DI VE 45
Fy R A= A D RESR AL 1 H R BB I
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