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Abstract: Soil microorganism is an important indicator of soil environmental quality. The characteristics and
dominant species of soil microbial community under typical vegetation types in the Chishui River Basin were
clarified in order to provide a theoretical basis for ecosystem restoration and management. In this study,
high-throughput sequencing technology was used to determine the microbial community structure and diversity of
soil in five typical vegetation types such as shrub (SH), mixed conifer broadleaf forest (MCBF), evergreen
broad-leaved forest (EBF), Chinese fir forest (CFF) and bamboo forest (BF) and to investigate the main
influencing factors. The results showed that: (1) There was no significant difference in the Chaol index of
bacteria and fungi among the different vegetation types, indicating that there was no difference in the total
number of species observed among five vegetation types. The Shannon index showed that there were certain
differences in microbial diversity among the five vegetation types. BF had the lowest bacterial diversity,
which was significantly lower than that of SH and MCBF (p»<C0.05). The fungal diversity in SH and CFF
was significantly higher than that in the other three planting types (p<C0.05). (2) The dominant group of
bacteria phylum (relative abundance™>10%) in five vegetation types were Proteobacteria, Actinobacteriota
and Acidobacteriota. Proteobacteria was dominant in SH, MCBF and EBF (the relative abundance ranged
from 29.70% to 33.62%). But Actinobacteriota was the most abundant in CFF and BF, accounting for
32.88% and 29.88%, respectively. Ascomycota was the absolute dominant group of soil fungi in different
vegetation types (with the highest relative abundance™>49%). (3) The dominant genus in soil bacteria and
fungi of five vegetation types were significantly different. At the genus level of bacteria, Vicinamibacterales
and Bacillus were dominant in MCBF and BF, respectively. While Arthrobacter was the most dominant
species in the other three vegetation types. At the fungal level, the dominant genus in SH and EBF was
unclassi fied _p Ascomycota. Mortierella was the most abundant taxa in CFF, while Saitozyma in MCBF
and BF had the highest relative abundance. (4) NMDS analysis showed that there was significant differences
in the spatial distribution of soil bacterial and fungal communities among different vegetation types. (5) Redundancy
analysis showed that soil moisture content, pH value and TN had significant effects on soil bacterial community
structure, while fungal community structure was significantly driven by pH, bulk density, TOC, TN and
TP. Comprehensive analysis showed that MCNF had rich soil bacterial community and the growth of soil
fungi in CFF was vigorous. While soil bacterial and fungal diversity were high in SH. It is necessary to take
effective measures to improve soil nutrients of the main stand, to stimulate the growth of microorganisms
and improve the soil environment.
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norank_f _Methyloligellaceae

norank_f norank o Subgroup 2

norank_f _norank_o__IMCC26256

norank_f norank o Rokubacteriales

Acidothermus

norank_f norank_o___Acidobacteriales

norank f 67-14 [ unclassified f Micrococcaceae
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JEA A 13.14%, 17.11% ., 2 Kk L o 1 %5 R
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WAFEI 22 5 . ML .5 FAE w2 AL 4 e B
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e MR (pH {H = 8.03) . HiAY 4 Flvi 4 2 70 34 fi iR
P, pH {EYEFE R 5.19~5.66, %% 5 AT AR B, k& 1
T HAB A B 2B (p<<0.05), - HEFE A3 b AT bk
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PR (p<C0.05) . SBR[ C/N ERARE .
2.4.2 XIEHBEETE LEMAD SR L LS
M i AA—B BT s, Hi M A Sl (db-RDAT #l db-
RDA2) 73l e T 5 AN HE B R A 40 0 0 B B ) o
MY 34.37%0,25.87% . & 4A F]HL &K & TN H
TOC 545—HE Rl (db-RDA1) 5 1F A 56, 4 56 R 50
B4 0.702 5,0.381 7,0.296 9, F2FE X A1 AR H 4 i I bR
YRRV 2 REPE RS R B 0 K. TP 558 —HE P il
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SH MCBF EBF CFF BF
B R
[l Ascomycota [l Basidiomycota
B Mortierellomycota E Rozellomycota
E Chytridiomycota O Glomeromycota
Bl others
1.0
0.8
®o6
H
®
7204
0
SH MCBF EBF CFF BF
R
unclassified p _Ascomycota W Saitozyma
Mortierella B Solicoccozyma
unclassified_p _Rozellomycota
Archaeorhizomyces B Trichoderma
Pyrenochaetopsis B Cordyceps B Tomentella
Beauveria O Sirastachys

unclassified_c__Archaeorhizomycetes
Metarhizium B unclassified_c__Agaricomycetes
Penicillium O Pestalotiopsis

Apiotrichum O unclassified_o__Pleosporales
unclassified_c__Sordariomycetes
unclassified f Pyronemataceae
Fusarium B Echinoderma
unclassified_o__Helotiales
unclassified_o___Hypocreales O Gibellulopsis
Clonostachys B Neopestalotiopsis O Didymella
Lipomyces O unclassified p_Basidiomycota
unclassified_o___Agaricales B Paraboeremia
unclassified_f Nectriaceae O Adpiospora
unclassified_f Montagnulaceae B Cyphellophora
unclassified f Ceratobasidiaceae
unclassified_p__Chytridiomycota

O Clavaria
B Tolypocladium

O Laccaria

ONOEOEN OO0 ONOEO NSO NEON OBON &N

Amphinema O Chaetomium O Talaromyces
Entoloma O Volutella [ Paraphaeosphaeria
Neocosmospora O Clavulinopsis B Shiraia
Exophiala B Humicola B Trichocladium
Mycoarthris B Cuphophyllus

unclassified_f Clavariaceae B Xenopolyscytalum
Pyrenochaeta B Russula E Sebacina
Pseudeurotium O Microdiplodia
Pseudogymnoascus

unclassified_c_Microbotryomycetes Bl others

[ 5]

FRAGATE 5 PR B H IR E EE B ESE A MAR
BRI R P K & (p =0.001) .pH
B (p=0.001)F1 TN p =0.046) % 158 41 B 1 V% 45 #4) EL

AR EERE, A AB AT T A AL AR AR,
TOC(p=0.02) Fl TN (p=0.009) 5 55— HE 7 fill i, 1F 41
K, FEE TR E R 24, i pH H(p=0.001) |
RH(p=0.03)F TP (p=0.001) 555 —HEF¢ih 1 1 71
AHIE HH S BB 00 —0.995 9,—0.423 3,—0.103 7,3%
JUANER 200 HE N LR RV Z AR ok, AR
FRAEAE bt BB RE TR 2R 2 I A B3 (p =>0.05)
ST, RIEFREEH 7 pH H (p=0.00D) | H
(p=0.030) . TOC(p=0.020) , TN(p=0.009) Fl TP
(p=0.001) i & 52 i) BL TR BF Vi 25440

3 W

31 FRAKARBARBEHEE T BEREDHESHF

HER

AN TR) R A T i DR G BT A 7 - 9 B B 199 S 5T M A
MR IR Z R —E R, RATEE
PUAS [F) A 1 2 A S A T 22 ME 1 W 22 L LLEE
TR AR AN T 22 eI A v AT AR de I k1 I 40 T 2
FEPE SRR A 06, BHRR AR & IR 2 2, il
GRS TR R R SN B 9T 3R WY IR A MG o o+
IRBE 3N - G A W 2 T R G O Pk £ O A B SR )
A, AT A B T LA Y Z AR R . b,
FERR T+ 3 rp (pH {H<C6.0) , 3l A= 9 1% A= K 36 1
B pH A 9 REAR TR T B AT Ak £ 38 pH {H Dl 5.66,
AN T B 0 20 T 2 TR Y AR A DR T 3 A B 22 R M R
ik, o nl B8 55 A7 AR Br b 5 4K % 5 47 ¢ Nottingham
SEIE R R A ) 2 AR SR TR S TR
R o LR 2 AR DLAZ ARObR b g L 3R] fiE 5 BLAT 8
R C/N 2.2 % XK. Yao " #F5EIN R C/N
B2 ey ) - SR T v n BB R — S ) T U A
W BT, WA BT 28 R 22 B 28 45, DR T LA 8 v 1) EL TR
A, BORIFSOT B RIR S AR C/N HE (12.98) 48
e AH LT 2 RV AR, X T RE 2 BT AR AR R OIT
3 1 ) A R o R AER T AR DX LR A R 2R
32 FRKARBAREHELB T ERENBEELEN

FFE

A TR) AR 2 B - 59 AR B A VR b B A AR R R
NEA & AR PR ERE . AW 5 R g e
IR e ) N I o R e o S B AR
(Proteobacteria) | JlL £& I '] ( Actinobacteriota) 1 fig
FFE T (Acidobacteria) , 5 K 2 502 # XA [] >k U5 1
HEAN T Z AR o A 45 RS A — B, AR BT T
(Proteobacteria) Z A HEME S iF A M . ) iz H
I8 I PR RE T 7R 5T DX 45 Bk 2 R g rp A A
R . TR TE X T 4E R K BT R B A AR B Y 40
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filt B, FEE T A TE R A B TGV A 0 PR ) i AT
FEAL WY, £ 2 3 3 M 1 110 A ) s R0 2 AR A A LB B
o A2 e ) AR PR M T RS RO R R L
A HLER & 5 (A9 oh 15.09,25.14 g/ke) B8 L AT
H 4k % 1] (Actinobacteriota) 8 F & . BRFF & 1]
(Acidobacteria) BE I [ fiff 415 4 2F 4 25 0 H A 5 4+
REY AR D AR . AN K AR L T A

FEWEZE AL, R AT T 1T A B R TR S bR B g ooy 1 =F 2
H(22.92%) , X Al Ge 2 T HEA &MM TN &&=
(1.02 g/kg) MIAKHY pH {8 (5.31) ., Ramirez Z&M®
W5 2 B IS it 260 3 23 AR RR AT T A AR 2 8, Il
AhERFF 1T 5 T AR IR M 4 e b Bl , Griffiths 481
R LI IE P RATH AR 5 L pH HZH
AT W FHME AR,

0.3 r 0.5 T
N CFFl: stress:0.051 04| BEHEE : stress:0.081
02 CFFL | BF3
CFF2 03 r .
0.1 | 0.2 CRED ! BR2

@ @ 0.1 [ CFF3

A pfee R eaonn g>r . pes N BFI

E - , E 0 S$H3 .~ _EBF1 (A MCBF1
0.1 - ' MCBF3 EBF3 0.1 SH2 : \ MCBF2

Stz ; MCBF2 0.2 [ .EBF2
0.2 . SH1 | EBEF3
+  MCBF1 -0.3 | ; MCBF3
-0'3 _I L 1 1 1 1 : L L 1 1 1 -0'4 _I L 1 1 1 L 1 : L 1 1 1 L
O wvy <t [ag] o — o — o o <t wvy O e~ & n S o0 N - O — N cn <t v \O
S$sce3  Ss3:cS< sédecsscs Se3s3S<
NMDS1 NMDS1
o SH A MCBF ¢ EBF o CFF + BF
E3 NMDSERTHEMEEMNBEMBELEN
xR3 FEAEHEBTEBEIER(FHETIFER)
TE B A/ BANK(TOC), HACTND)/ HE(TP)/
o &K/ % pH {& ‘ B - - C/N
B S$ii] (g+cm?) (g kg H (g+ kg™ (g kg D
SH 16.38+1.36b 8.03+0.05a 1.5040.14a 13.59+2.42b 1.3340.15b 0.43+0.01b 10.22+£0.72a

MCBF  15.37+0.41b  5.3140.37b 1.4240.20a  13.2440.34b  1.024+0.24b  0.2240.02¢c  12.98+3.36a
EBF 25.21+1.45a 5.1940.38b 1.5040.17a 14.5442.82b 1.40£0.16b 0.2340.02¢ 10.3941.55a
CFF 27.29+8.64a  5.4740.29b 1.3740.13a  15.0943.05b  1.2340.09b  0.2740.03¢c  12.27+3.02a
BF 28.4342.95a  5.66£0.43b  0.9640.21b  25.14+4.36a  2.624-0.58a 0.644-0.06a 9.600.62a
1.2 T 2.0 r

CFF1 & KE . +
+ BF2
0.8 | AMHE s n BEA S BR2 15 BHHE P

- %4+ BF1 o B

S o4t EBFlppp, S 10t ayal BF1

S pH B YL S PN BN

S R I e e = 0.5 [ sH3 -

= o SH3 P o smg M ' HKE

< -0.4 e O F-qpp S XT- .. . - ----

g o o SH2 HE ey PP 2 SH2 CFF3 Z‘/\ MCBE MeBF2

Y- L SH1 Mo L O CFF !

3 0.8 ! MCBF3 ) 0.5 CFFl:WﬁtBEI:)“ %CBF3
12 ' MCBFZAA 1.0 F AHE ' EBF1 EBF2
-16 [ 1 1 1 L L 1 1 : L I\I/ICBI:I 1 -1'5 C 1 L L 1 1 1 L : 1 1 1 L

=] < o~ < R o T ~ < ™ < o [+=] (=] (=] < [q\] < R o T ~ (=4 o~ < o o] (=]
T e LSS 3s sSsSs84 T e 5SS $s SsSs4
db-RDA1(24.39%) db-RDA1(14.87%)
o SH A MCBF ¢ EBF o CFF + BF

VE A1 A0 2 (R X A T LA RE B A3 L

4 ETHEBENTRSH(db-RDA) T EFRBERTFEREWHELEHMHXER,

AW 5T T A5 AT S R 4 I L SR D R T
o7 L B L K 5 R AR I Y A R — B, X
Ut B TR D6 AN [ 9 PR B YO R D . F
FETH '] ( Ascomycota) i i 18 S8 1 /Y £ 38 & 14, Xt
TR T FIA T2 A — Sk LA ff 19 A ML B A AR
SRR RE T, R TP E W B R, AT
T IEFR G IR T LI R, AR AR
(Basidiomycota) 7F £ 6 # 1 58 47 & 55 = (B2 Rk

BRAM TR AE SR R FF B AR 2
fiff AR BT R HAZ AW TR g K . AR TR 5
obt R 288 TR 7 A T D L T R K P b DI A 2 S
R F W K V- T 52 A 1 2 2R 1 R i B K, R

P AR
33 IEMRERFHAEAEREE L EMENEE
Al )

7K g Al LASE i R A A AR T L A B
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%29 %

PSSR E FRR B L pH 8 A5 T4 ol a) 12 5+
AU WU R Vi A A 4 I LR A T T K R X
BB e B i M g K
SO ASR R A0 A K . A ST rh oK A X Al £
FEEAT — 5 5% W, AF X B T 22 R P 1 52 e A B G
db-RDA 73 Hr 45 5 22 0, pH (B4 40 B A B B B 7% 24
HARERW, —SiF5R R, £ pH H AU %
M £ T 2 T 1 R 2R A AT e el A A ) B R
S KL VR AR TR VR 54, A W 5T 2 I LR R R
e (pHAAE=5.5) A K AF I AF . ARWFSERR T HE AL,
oA AE 7Y 4 AR S R M pH {E R 5.19~5.66, K Ik
ARTEEARK, kA BEE R 8 g 28 5%
TCER N A G W U 25 1 78 Ak B Y 5 e AR
Mo AU R AR Z TN =R R, X
55 A A I BIE 5 4 R — B0 AT AR B 5 D & R
AR i AR S A0 TR R Y 2 v LA IR
(RN 5 2 U A A e B, A R T e T e 2 R
BEH T BN VA BT S5 A Z R AR, RS AL
T8 % 40 6F -+ 4 EC TR RE VK 1Y) 22 RE M R RE AT B K
MV o - A MRS 2 - 1 TR D A A I ik U B
PR E BB Y 2 K BE5E . Yang 25100 % 8 4 5 I X
(I 5 A & B - B BLAR 2 9K Bl B TR 22 R PR
BLHER., EEREPTHEEFEN S L HEAS &
WUIAH G, B 0 R R e AR i B AR K M e R
FEDO R B o0 2K R R R e BB VR 25 A T £
FEMESCHE 77 . B B S SR B T A
Ak, SXEEE IR R -8 L AR D
MW EENERRNREZ —,

4 5w

AR 5 A A B S AUAR PR b A W B VR
SRR —E M 22 V. BR T S I I ARORTAT AR
F18) 21 T O 55 SRR AARL A , MG Al L R 288 280 240 1 1 L
TERE VA 2 (8] 0 A1 22 52 .3 . A T 22 R R DL JHE AR AT
W R A PR AR e AT R IR AT S L T 22 R M A A RS R
M. 5 M PR H MW T LB IR ET]
(Proteobacteria) . L 2k i ] ( Actinobacteriota) 1 2
FFE 1] (Acidobacteriota) A 4L R , FLEA ] L) F 4
B '] (Ascomycota) e B & ) FAH X F BE A7 7E —
TE 2257 AR 733K b A AR AL+ U E P e 3
FRRESSH 22 S 3R . SR W ie i 52 L3RRI I
At P K pH RN TN Xt + AN 1
AT R E B , F RS 2% pH (A . TOC. TN
TP BYSEMREER  AGE T 4 BRI T 7 B0 1 PR
PR SRR, A SCHE 7R 1 2R 7K It e 7R A e S Y -

A BT 450 S 2 M 1 22 e X AT LR FR R AR
(i) R U S Y 8 A A PR AR A AT A 2 A 47 X 4 S K
HEEMR S ERE . HREX T A F AR T )
7 BT B K i R S U BEAE R R R
REHEAT PR T3 E— L TR AR 5T .
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