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Abstract

In order to illustrate the impact of different vegetation types on soil microbial diversity in the karst
areas of northwest Guangxi, the Chinese endemic plant Z. insignis plantation was selected as the
research site, and well protected natural vegetation was chosen as the control site. High throughput
sequencing technology was used to analyze the composition and species diversity characteristics of
plant root soil bacterial communities in Z. insignis and control plots. The soil physicochemical prop-
erties and activities of soil sucrase, urease, catalase, and alkaline phosphatase were measured in
different survey plots, and the correlation between soil microbial diversity and soil physicochemi-
cal properties was analyzed. The experimental results showed that: (1) Different vegetation has dif-
ferent effects on soil microbial diversity in karst areas, and Z. insignis tree can effectively increase
soil nutrient content, optimize its soil microbial community structure, and improve soil microbial
species diversity; (2) The diversity of soil microorganisms is influenced by the soil physicochemical
properties and various environmental factors of the surveyed plots. Among them, soil pH value and
organic matter content have the greatest impact on the structure and diversity of soil microbial
communities; (3) At the level of phylum, class, order, family, genus, and species, the unique species
of soil microorganisms in different survey sites are different; The soil microbial community struc-
ture of the Z. insignis plot is similar to that of the natural vegetation control plot with less human
interference, but the species diversity of the Z. insignis plot is higher, indicating that the Z. insignis
artificial forest plot has been restored to a good state. From this, it can be seen that vegetation with
Z. insignis as the dominant species can effectively improve the soil microbial environment in karst
areas and promote the restoration of soil ecosystems.
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Table 1. Comparison of soil basic physical and chemical characteristics and soil enzyme activity in different vegetation survey sites
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Figure 1. Venn diagram of soil bacteria in different survey areas

E 1. TRIEEXETIRMEHR Venn

Figure 2. Venn diagram of soil bacteria in different vegetation plots
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Table 2. Soil bacterial diversity index of different vegetation plots

= 2. TEHEHEN TIRMAE AR

FE il Chaol Faith’s Phylogenetic Diversity Observed OTU Shannon Simpson BEER
PR R fa¥ E{F 1 fa¥ Coverage
RD 919.28 63.02 912.05 0.998 0.98
Dz 842.94 59.98 835.47 0.998 0.98
Table 3. Soil bacterial diversity index of survey sites in different regions
3. TNEXEIFE M IR AR L AR
i Chaol  Faith’s Phylogenetic Diversity Observed OTU Shannon Simpson BER
/RS (= fa %k E{=E R R Coverage
YZ 911.72 62.87 903.58 9.13 0.997 0.98
HJ 820.24 58.45 813.64 9.06 0.997 0.98
DA 958.00 65.57 951.5 9.33 0.998 0.98

3.4. TIRMEEEA) Beta ZHM

B AV AN (R it 10 P 40 B VR A gt A T LA o AT 50 %o BV A 5 #4033 AT NMDS 4341, Hh
3 MK 4 W41, RD 5 DZ [M4NE A S AR E Z (@ > 0.05). DA 5 HI. YZ [B40 5BV 45077
TENZE 72 5 (p < 0.05), HI 5 YZ [A14H B B V& 2546 A AE .35 72 7 (p > 0.05).
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Figure 3. Comparison of soil microbial / diversity in different vegetation plots
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Figure 4. Comparison of soil microbial / diversity in different regional survey sites

4. FRIKIAEAE T IRMEY p SR

3.5. HIRAEEELSAOHN

3.5.1. [TKFE
TR R A A AR S S A B 1 1 /K D R oAR o 2 B A b 45 B W26 4, AR KT

5% B

U1 BN BTE T TR BRATEET ] SR BT JRRER ] LIS IR 1. DA MR 15484
B THIARG =E B 20 TN 26.47%F0 7.93%, P HIARG £ & T HI A YZ; YZ B H TS5 EREE TTHIA
XN 31.67%F0 6.70%, FLANPE AN F 5 =T DA F1 HI; HI BR8] A0 W e 1 11 AR A %
FEmT DAM YZ; RD FIBRFTFET] 28551 ERER AN EEHE & T DZ, DZ HiEEH
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Table 4. Comparison of relative abundance of soil bacterial phyla at different survey sites

T 4. TENAE M HIRME 1K AR FE LR

e AN (%)
HiiEayies
DA HJ YZ DZ RD
AF T | ] (Proteobacteria) 29.19 28.63 31.67 30.85 29.69
TR B 1 T (Actinobacteria) 26.47 26.09 26.12 27.15 25.39
BB 1] (Acidobacteria) 19.09 19.24 16.14 17.19 18.11
445 1 | 1(Chloroflexi) 7.93 7.68 6.00 6.49 7.22
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JEEER ] (Firmicutes)

T AL B2 FE TR [ ] (Nitrospirae)
PESLE | J(Verrucomicrobia)
FUFF B 1 (Bacteroidetes)

2 B B ] (Gemmatimonadetes)
%% 1 | J(Planctomycetes)
WS3
Unspecified Bacteria
AD3
M2k

5.55
5.84

1.67
1.21
0.54
0.41
0.29
0.06
0.59

6.06
6.55
1.25
1.51
1.08
0.60
0.64
0.22
0.02
0.42

6.70
6.02
2.56
1.70
1.23
0.59
0.42
0.18
0.17
0.51

5.30
6.19
2.37
1.54
1.05
0.61
0.43
0.23
0.11
0.49

7.07
6.18
1.49
1.69
1.27
0.57
0.54
0.20
0.09
0.48

3.5.2. IKFE

A [7) 8 A A ) R0 - S9N KT I AR T S FE AT 25 R W22 50 AR FEFER T 5% MNA
Alphaproteobacteria. Thermoleophilia. Acidobacteria 6. Actinobacteria. Deltaproteobacteria. Nitrospira £l
Bacilli, 3+ Alphaproteobacteria. Thermoleophilia. Acidobacteria 6 7E 4520 HIAHXT £ KT 10%, &b
s EARE AT, DZ i Alphaproteobacteria. Thermoleophilia #H %} = & & F RD, RD K
Acidobacteria_6 FHXI 5T DZ; EAR X IR EFEHLF, Alphaproteobacteria F1 Thermoleophilia 7 YZ
(FIAH % B e i, Acidobacteria_6 7E HI AAH X FE 5 -

Table 5. Comparison of relative abundance of soil bacterial classes at different survey sites

5. FEPAE T IRAE N TRV ER FEE LR

p—— FERT (%)
DA HJ YZ DZ RD
a-"F % 2 (Alphaproteobacteria) 16.12 15.21 18.30 17.78 16.14
IR HR 1 7 20 (Thermoleophilia) 12.45 12.69 12.76 13.32 12.20
FR AT 1 £M (Acidobacteria_6) 13.85 14.28 10.04 11.47 12.67
Jil£R T 40 (Actinobacteria) 6.72 5.94 7.08 6.69 6.56
5-7% T 5 4N (Deltaproteobacteria) 5.95 6.43 6.77 6.71 6.37
Tl M2 ite T 24X (Nitrospira) 5.84 6.55 6.02 6.19 6.18
58 44 (Bacilli) 5.22 5.84 6.47 5.15 6.75
FRTMAT B (Acidimicrobiia) 5.48 5.14 4.54 5.14 471
B-7% 1% 4 (Betaproteobacteria) 4.48 4.64 422 3.93 4.78
Ellin6529 2.75 2.98 2.22 243 2.69
-8 .18 40 (Gammaproteobacteria) 2.64 2.36 2.38 2.43 2.40
[Chloracidobacteria) 241 1.89 1.98 1.93 2.07
[Spartobacteria] 1.03 1.10 2.42 2.20 1.38
MB_A2 108 1.58 1.83 1.39 1.53 1.61
TR 48 B 44 (Anaerolineae) 1.51 1.25 0.67 0.82 1.15
TR MK 11.98 11.88 12.72 12.27 12.33
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3.53. BK¥E
AN [ A A AR B SRR R H KT IOV AR 2 T 45 SR WL 6. #E RD. DZ.

DA. HJ. YZ

T HAERER A, AR T 1% 0 20 1 WA 3= 2 2 A 73 708 73.75% 74.96% 73.25%- 74.31%.
74.58%, HILH 1% H N Rhizobiales. iiil 15. Gaiellales. Actinomycetales. Nitrospirales. Bacillales,

HARX F R T 5%.

Table 6. Comparison of relative abundance of soil bacterial orders at different survey sites

6. NENAE M IR M E B K FREX FE LR

p— AT 5 (%)

DA HJ YZ DZ RD
H2JR T H (Rhizobiales) 12.15 11.06 13.08 12.63 11.89
il 15 12.40 12.85 9.12 10.42 11.38

Gaiellales 8.78 8.98 9.04 9.45 8.62

2 7 H (Actinomycetales) 6.30 5.51 6.68 6.26 6.16
THALEZiE B H (Nitrospirales) 5.84 6.55 6.02 6.19 6.18
ZEHIFT  H (Bacillales) 5.17 5.82 6.47 5.13 6.74
FR73 i B (Acidimicrobiales) 5.48 5.14 4.54 5.14 471
IR HF 1 H (Solirubrobacterales) 3.67 3.71 3.73 3.87 3.58
2215 H (Rhodospirillales) 2.64 3.06 3.98 3.90 3.09

H & H# H (Syntrophobacterales) 3.06 3.37 3.60 3.69 3.24
Unspecified_Ellin6529 275 2.98 222 2.43 2.69
FEEREE B (Myxococcales) 1.94 1.93 2.01 1.91 2.02
Unspecified Betaproteobacteria 2.03 2.26 1.66 1.73 2.09
[Chthoniobacterales] 1.03 1.10 2.42 2.20 1.38
(NSRS 26.75 25.69 25.42 25.04 26.25

3.54. FKFE

AN [ R A T R AR 0 3 4 B R AT B PR O T FE A i 45 SR LA 7. AT, DAL HI #1 RD
FIAR A B R A AR TR I B R Unspecified iiil 15, FAHXFEEL 558 9.31% 10.17%- 9.04%, . HI
AT = B d ks YZ A DZ B4R 3% R334 Hyphomicrobiaceae A1 Gaiellaceae , FoAH % = 43 514 9.09%
F19.11%. DA HIIXALH BRI~ Hyphomicrobiaceae. Gaiellaceae LA K45 HHE R 0319 6A21; HI IR
K FL N Gaiellaceae. Hyphomicrobiaceae LA AR EL 0319 6A21, YZ [IRILHEFELN Gaiellaceae
AIEBHE AL Unspecified iiil 15. Bacillaceae 1 0319 6A21, RD FIfL# & Fl~ Hyphomicrobiaceae
Gaiellaceae L& Bacillaceae, DZ VX% % A Hyphomicrobiaceae. A$8HHH £} Unspecified iiil 15 PLA
RIGHEEL 0319_6A21. BEBAFERIK b, ARV SR HAE YDA ) L I8 A B B VR S5 A 2 Aok, (R

BHERAE, M FERAZER.

Table 7. Comparison of relative abundance of soil bacterial families at different survey sites

@ 7. FRIFEH MR MR RK R F AL

FEX = (%
AR %)
DA HJ YZ DZ RD
A 22 1B RH(Hyphomicrobiaceae) 8.42 8.29 9.09 9.01 8.46
Unspecified_iiil 15 9.31 10.17 7.30 8.13 9.04
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Gaiellaceae 8.36 8.68 8.69 9.11 8.26
0319 _6A21 5.29 5.52 5.27 5.37 5.36
2 fil FF i BH(Bacillaceae) 4.37 4.86 5.47 4.30 5.68
H.E #F B #H(Syntrophobacteraceae) 3.06 3.37 3.60 3.69 3.24
Unspecified_Solirubrobacterales 2.69 2.99 2.83 3.10 2.69
Unspecified Ellin6529 2.75 2.98 222 243 2.69
Unspecified Betaproteobacteria 2.03 2.26 1.66 1.73 2.09
2142 B Bl (Rhodospirillaceae) 1.40 1.34 231 1.88 1.78
[Chthoniobacteraceae] 1.03 1.10 2.42 2.20 1.38
EB1017 1.65 1.63 1.50 1.59 1.56
5 4 MR 9% B B (Bradyrhizobiaceae) 1.37 1.07 1.97 1.51 1.58
Unspecified 0319 7L14 1.58 1.83 1.33 1.49 1.59
Unspecified Rhodospirillales 1.24 1.69 1.53 1.91 1.26
mb2424 2.16 1.72 1.07 1.39 1.53
/N ZE A B BH(Micromonosporaceae) 1.71 1.24 1.39 1.25 1.49
(EERRES 41.59 39.23 40.35 39.89 40.33

3.5.5. BKFE

AN TR R A bR AR L A3 B JR 7K T AR ARL X T FE AT A5 SR LA 8o AR FFER T 1% B ILEH
174>, Horp K45 B 1 )8 Unspecified iiil 15.Unspecified Gaiellaceae.Rhodoplanes. Unspecified 0319 6A21.
Bacillus DA & Unspecified Syntrophobacteraceae 4 #%-1f 25 FE U WIAR ¥ 1 3 4l o ) JLAL B i, ARG 2 7
BIRT 3%: £ DA\ HI. YZ. RD l DZ i, AHXSFEHIRT 4.70% 18 5 B Unspecified_iiil_15.
Unspecified Gaiellaceae. Unspecified 0319 6A21 PLK Rhodoplanes, H ZitAHX=EE 250N 28.71%-
29.09%- 27.66%- 28.37%. 28.30%. HIMLHI WL, EANIR DXERA AR, HI 035 1 & IR 5 B2 & b
K, HIH DA M YZ; EAFMEGERER S, RD F1 DZ FIHR 5 H @A FEE 0.07%.

Table 8. Comparison of relative abundance of soil bacterial genera at different survey sites

% 8. TEIAEHM IR ME R K T REX FE LR

o X EFE (%)
DA HJ YZ Dz RD
Unspecified iiil 15 9.31 10.17 7.30 8.13 9.04
Unspecified Gaiellaceae 8.36 8.68 8.69 9.11 8.26
Rhodoplanes 5.75 4.72 6.40 5.76 5.64
Unspecified 0319 6A21 5.29 5.52 5.27 5.37 5.36
Bacillus 3.99 4.57 4.59 3.86 4.98
Unspecified Syntrophobacteraceae 3.05 3.37 3.60 3.69 323
Unspecified Solirubrobacterales 2.69 2.99 2.83 3.10 2.69
Unspecified_Ellin6529 2.75 2.98 222 2.43 2.69
Unspecified Betaproteobacteria 2.03 2.26 1.66 1.73 2.09
Unspecified Hyphomicrobiaceae 1.30 2.01 1.52 1.88 1.48
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Unspecified EB1017 1.65 1.63 1.50 1.59 1.56
Unspecified 0319 _7L14 1.58 1.83 1.33 1.49 1.59
Unspecified Rhodospirillales 1.24 1.69 1.53 1.91 1.26
Unspecified mb2424 2.16 1.72 1.07 1.39 1.53
Unspecified Rhodospirillaceae 0.89 0.97 1.80 1.42 1.32
Unspecified C111 1.55 1.48 1.14 1.38 1.28
Unspecified Myxococcales 1.18 1.16 1.23 1.17 1.22
Others 50.21 42.24 46.31 45.88 47.77
3.5.6. FkF

AN [ 75 A A0 38 - S3 4H  Ff KSP (PR X = B A 4 SR L% 9 LT A, Unspecified iiil_15+
Unspecified Gaiellaceae. Unspecified Rhodoplanes. Unspecified 0319 6A21 A4 iA A FEMb LA, H
FEXT = BEIB R T 4.7 % 1EAN A DX 3 A FE A, DA T HY IR 35 B8 R 32 2 oK 43 S5 B Fh Unspecified iiil 15,
FEXF =43 30 9.31%A1 10.17%: YZ FIP A TR AR 43 5 B F Unspecified_Gaiellaceae, FHX = FE 4 8.69%;
EARFEFEP R, RD R A RO AR 2K E R Unspecified iiil 15, FXTFEEAN 9.04%;: DZ ML HE
oA 5 HE Fh Unspecified Gaiellaceae, FHXTFEE A 9.11%.

Table 9. Comparison of relative abundance of soil bacterial species levels in different survey plots

9. TENAEH M HIRME K T RIEX F R L

X (%)
o R A
DA HJ YZ Dz RD
Unspecified iiil_15 9.31 10.17 7.30 8.13 9.04
Unspecified Gaiellaceae 8.36 8.68 8.69 9.11 8.26
Unspecified Rhodoplanes 5.75 4.72 6.40 5.76 5.64
Unspecified 0319 6A21 5.29 5.52 5.27 5.37 5.36
Unspecified Syntrophobacteraceae 3.05 3.37 3.60 3.69 3.23
Unspecified Solirubrobacterales 2.69 2.99 2.83 3.10 2.69
Unspecified_Ellin6529 2.75 2.98 222 243 2.69
Unspecified Bacillus 2.60 2.53 2.50 2.27 2.72
Unspecified Betaproteobacteria 2.03 2.26 1.66 1.73 2.09
Unspecified Hyphomicrobiaceae 1.30 2.01 1.52 1.88 1.48
Unspecified_ EB1017 1.65 1.63 1.50 1.59 1.56
Unspecified 0319 7L14 1.58 1.83 1.33 1.49 1.59
Unspecified Rhodospirillales 1.24 1.69 1.53 1.91 1.26
Unspecified_mb2424 2.16 1.72 1.07 1.39 1.53
Unspecified Rhodospirillaceae 0.89 0.97 1.80 1.42 1.32
Others 49.35 46.91 50.78 49.71 49.54
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3.6. TIRAERFESHEE TR

N T U PR [R5 of - R B R R S A RIS, TGS T 7K RO AR 8 L S T W b 2 A 15
BALR T M S MEREAT BB AT, S5 R 5 ATE] 6.

Overall permutation test: P=0.008

™7 \iVSS
¢ . Ch@mﬂexi
° H
04 Gemmatimonadetes
: 3 Chlorobi
Bacteroidetes Elusimicrobia
L]
Firwicutes
. :
9 TM6 )
X 0 Acidobz-steria
N H
0 .
0 GAL15
—
Y Chlamydiae
5 Az "% W
O 0.0+ © Uc ...
.
Armatimonddetes
WPS_2 ;
Protw)acterla Tt?n ricutes
-0.2 AN
Planct.omycetes
eVerrucomicrobia
SOMm Actinoo®heria

-0.5 0.0 0.5 1.0
RDA1: 34.11%

T SRR, HEREOR IR T, §7 kB K RN R 1 5 R 0 A MR S A AR R L

Figure 5. RDA analysis of soil environmental factors and soil bacterial community structure

5. HREREE TS+ RAMEE S LI RDA 547
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Figure 6. Thermal map of correlation between microbial species and environmental factors at phylum level
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HH UL R, pH HT SOM 5 1 3B 240 TR 7 45 1 S R 73 AT IRAH DG B o s CER MY 4 Fb 133l , URE
S YN BE VR G5 AR AR S M B, UL IX = F XM R B AR S A i K. Hoh, BIRETTS
AN. SOM B IEMXKME, 5 pH 2RFAMK; LRI 15 AN. SOM. SUC 21EHX, 5 TN, pH. £
W EIEFR, 5 MC. URE. AK. CAT 2R3 IEMEME; JEMETS AN, SOM £IEMHKE, 5 pH.
URE 43 5] 00 535 B8 & Sk oS AL e w115 AK. TN. pH. MC 22 EIEMKEME, 5 AP 254
K JEEER]S CAT. AK. URE. MC 2 RE MK, 5 TK. TP RIEMHX; G515 AK BREIE
AR WAFET]S MC. URE. pH. TN 22 Z 7%, 5 AK. CAT. SOM 2R EHAMHKL, 5 AP
EIEMIE; MATHEIT]S AK. SUC. pH. ALP. TK. TP. AP SEIFMKM, EAEE, FEREI1S AN,
SOM. TN Z2IEAHRK, HARE,

4. g
4.1. EIEHFTEIR &P IR A E 2 M AR

AHIF 7T F oS B S5 AR N CARRERIAR AR, AR BE A3 BT SR A — 3. X HERE 32 S Ab T2
NRTFHIEH BRI AR By, AR DLERE A 3, LR AR s . BT
T (Fordia cauliflora). .15 | (Alchornea trewioides)~ ‘KI(Pyracantha fortuneana)<s . & 45K 18]
B, PARESEL, BEREGERR, AR GERS, i EAAEREE AN SR LIRS, XL
THT B F OB J A5 E 5 R o FEAH T, RS L3R4 R Alpha 2 %A1 Bate
ZREMERI AT AR, KR SR 3R AN B A 2 R v Tt R s, L 5 SR A T T 5 A A (DU RS
Bom. U AR HEMBOR Z J5, IRBHEAREE MR SR s LR R, AR RIS RS
BREIWKE, BB RKY . RS NERHEY), JR TR TR[15], BANE, feilnd [F&4E Rk
R E, REFEEH, M G o R AR, oy BRI =7, WA ): DA FE A 2 4%
PhiR . HY AR ERAR, XATRE 5UR. BN IR MIE R A K. fEIR il 2. 7. L=A
B, #e B mg s, ILEAERE, FM XN T WE 26 DIREAEYIREE S0 5 2 3
W ZENARA . R AR S R R, FEAR R B SR AN IR, A E X ) IR A 2
Z BB AFAEZE R [16].

4.2. FEEHIEMRBHRAEFEEEHNEIR

FEIDKP B, ASF R B R SR A P03 M T TN ] TR T BRAT IR SRETT]
JERERR ]S AR ] FEADTTIH, F R Rm AR TR 1. ROV BRAT BT, HAx
FREBIRT 15%, 4R SRR FLEE RARML. TR 112 DAE S AR Bl B b o5 o
B e sy, mIReRE BN AL S MR KR BRI A P B R R LU R, BAT B K& L BE 18] TR 1A
AT RAPETRX AR BRI wEE, feR R0/ T Edirs B S EA AR, KR
L2 AR RENS M TR MEIE BT, JEXT BAR TR . BRI R, G0 B HOAR N R
. ERERIE BRI IR B S M AR SBR[ 19]. MM 1) R PR YRR R A 4 RS KT
Rew, o+ pH H. & KSERER A K[20]. JERERE ] A VR 2 M08 8 2 IRFH T R,
REBSTERCEEIE, HRHT T2 il AE R A RIS MF. BLAh, BT TR S WS 5 7K.
B ORBELRE, i — LS R MR EAT AR RE T, W R KA S VI A HLR; I8 — L4
WIS 5 A E R e o AL, JEEER TR AR L, AT REEWRAE (R GARAS L rh a HL A6 4L
AE A SRR IG 58, Sk 7 A2 R GU DD RE S E VSRR A VR S RE AR 7 o 75 % 7 20K E, DAL
HJ. YZ. RD Al DZ AL R, (B E AT 225, U B SR T 1) 33 MU 25 K 2 A
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AHTFLEIRIEY], 13 pH EA1 SOM WA RE & 45 K HOSE R 25 o pHL AL S Wi 33 P i 1) 7 4
b, AT (R A AR 1R R R A B BN 3R (22], 45 pH {H-5 SOM /2 B2 320 b v 4L Al
Vi 2 REPE DRI 0 A I B BRI R 1 (23] [24], ABTFRTSE RS2 —8. ERNE 4 Fh 38+,
IR I 5 20 TR R Ve 05 R RURURRE 0 AT A ORI S, U B - SRS 0] - SRRl 2 R v S 1) B e 22 e ik
HAEERMM[25], R MIRIEHE T, S W85 AK BAA B3 B, LR MR
JEE 185 TN, MC. URE. pH {HBA &3 IEARSCNE, ARSI 310 4s R 5 88 mim 2605 ML By
2, AW TOAE T8 — I ] SRR, T AR BESR 7 B 7 DX AN [RURE A - S A W v ) 3 25 0
R AL, ASHT TN E T AN F R IR AR S AT, S DD e A A R T R, AT
RERR 1 1 AR ThRENLA TR AN AT DRIE, Qs 25 APRVFRT, W] DU AN R R A T A T A 0 ) 30
MW, FFBSEHZBARRNN LB SIS, By - 13 - A AR 27].
ik

(1) AFFEGO PG AL A st X SRR E M 2 AR B A A RS0, A S ] A R GE L3R i R A
e, DR SRR R 45, 1R IR YR A

(2) TIRBACRFE S 2 FA a8 70 SRR E M SV E BT B, Lrh, 3% pH E. AHLR
R PSR Gy e VS L EZ R R A PN

(3) HEEFH S B RO R H SRR E IR 2L, (B 2R, SRS
P O BB IR

EHEWHE

HEVEALH 77 ZHE R4 5 ) F R 0 B B E (REORHIF[2012] 9 5), T0it 2= B =1 2 RN A R M S 3
R H (XJ2018GKQO016), | i K2 AEBIHT AL Il 2511 %I H (202310605036) .

SE 0k

(11 Z=5E, skigt, Vs, 2. R4 2 E B R SR AR bR 3 A M 2 REME ISR = AL K2
WEREL), 2021, 36(4): 727-733.

2] Wi, Tk, 8 2% DR RIRBIR (Haloxylon ammodendron) Wk 3T M2 BEVE B e 5 HaBEME R 92 2 [0]
th E YR, 2022, 42(2): 207-214.

[3] T fUAN, skngyh, GRAER, 4 KREIEME. BAFES LIMUEM Z R T Rk, KERHE, 2017(6): 10-
15.

[4] XI&75, @R, Tom, %5 NEEESEMEIER SOt H s 2 reth . BEE i  Hag 3 A M R (0 R R ).
AR, 2021, 61(1): 167-182.

[5]1 skAR4E, #r7aTt, skoE, 2 ANEHREFEXTE X R T IRGEMZ R[], R EIR S IR SR, 2019,
36(3): 355-360.

o

DOI: 10.12677/aep.2025.1510148 1344 LR AT U


https://doi.org/10.12677/aep.2025.1510148

MEE 55

i

(8]
[9]
[10]

[11]

[12]

[13]
[14]
[15]
[16]

[17]

[19]

[20]

(21]

(22]

(23]

[24]

[25]

(26]

(27]

TRERE, dkEE, REIE, S5 40 E S B TS P IR YRR 2 R ARSI RT]. A SR AR, 2016,
25(3): 517-522.

XN, TR, MEH, % YT LR K E D S5 2 FE 0 B S AR BRI 7L 0], RETRL 2, 2014,
35(6): 2305-2313.

SRR, . VA VIR E RS A B R 2 R R )], E R3S AL, 2019(4): 193-199.
R, NP, ZEOREE, F AR HIEEEE VS NIRRT SRR I]. AR, 2022, 36(7): 163-168.
XITRM®, BRI, KO, Tl 5 X R AR 20 o A S AR Bin - B2 Bl R B G M s )], 2RSSR,
2019, 39(24): 9171-9178.

Y, DTHEE, XA, 25 R B YDTROR R Rl AR W 45 B R AE B e RS R B (7). AR SR, 2022,
42(14): 1-10.

T, T, DAKYE, . (F SR Y HE AL I E M 2 R SR BT TR LEIR D). AR, 2024,
14(4): 481-488.

il B, BRI IM]. B=RR. dbE: PR R, 2000.

VFeiE, Hoc. R3O F ML, b Kol Rk, 1986: 261-266.

PR, BIHTH, AV, . NE R SE SR TR s m ). WO ERE, 2019, 60(9): 1551-1553.
e, FHEAE, MR, 5. RS OISR bR AN B 2 AR VERIF A, 9 R G K IR (B AR B,
2021, 34(2): 139-147

WMy, 5kEE, AW, % £ T BN ROIEAR R 340 R BREE BT[], MY 28R, 2018,
45(11): 2429-2438.

Mg, WE, 8, & KRB YR bR T B MR TE S5 B I RE 2 BETE[T]. AR 2ER, 2016,
36(3): 740-747.

KEETG, FHERT, Ba{d, 5. VG E MRVD L T 2R (Phragmites australis) TR B HIEGUAEVIRETE 2 R [T]. TP EVDUA,
2021, 41(6): 1-9.

AT, dkB L, FhVEE, 5. v e XOR RIGHRBR B VG b /N B A 855 = SR A W I8 4500 e 2 REE 0 A [0]. PG BAE
YR, 2021, 41(6): 1036-1050.

LTS, fuk, PRALHE, & T PEASRIFR AT R0 R NG v A KRR 0 BRI AR []. B, 2019, 38(12): 93-
98.

R, FAET, SR, S IR 2R SR R e M R AE AR S RS L IR ]. A
23], 2022, 42(7): 2542-2558.

Kaiser, K., Wemheuer, B., Korolkow, V., Wemheuer, F., Nacke, H., Schoning, ., et al. (2016) Driving Forces of Soil

Bacterial Community Structure, Diversity, and Function in Temperate Grasslands and Forests. Scientific Reports, 6,
Article No. 33696. https://doi.org/10.1038/srep33696

Griffiths, R.I., Thomson, B.C., James, P., Bell, T., Bailey, M. and Whiteley, A.S. (2011) The Bacterial Biogeography of
British Soils. Environmental Microbiology, 13, 1642-1654. https://doi.org/10.1111/].1462-2920.2011.02480.x

RER, VPEEE, T, . K TBIRBRLSEMEYIS RV ROL S L B TROMIERE). A3,
2021, 36(3): 345-357.

ARy, R, TR, & ARG FEOL AR PR BR LIRS -5 3 TR A ) B ) o5
F[]. Bl R 544R, 2021, 49(1): 96-100.

HEEFE, BRI, B IR, 55 RS MRPR L SUA IREVE 4540 X 2 REVE 1AL [ 7], AROERY, 2022, 12(3): 196-
213.

DOI: 10.12677/aep.2025.1510148 1345 LR AT U


https://doi.org/10.12677/aep.2025.1510148
https://doi.org/10.1038/srep33696
https://doi.org/10.1111/j.1462-2920.2011.02480.x

	中国特有植物任豆对岩溶地区土壤微生物多样性的影响
	摘  要
	关键词
	Effects of Chinese Endemic Plant Zenia insignis Chun on Soil Microbial Diversity in Karst Area
	Abstract
	Keywords
	1. 引言
	2. 材料与方法
	2.1. 土壤样品的采集及处理
	2.2. 实验方法
	2.2.1. 土壤理化性质测定
	2.2.2. 土壤酶活性的测定
	2.2.3. 土壤微生物多样性的测定

	2.3. 数据处理

	3. 结果与分析
	3.1. 调查样地的土壤理化特性及土壤酶活性
	3.2. 土壤细菌物种Venn图分析
	3.3. 土壤细菌群落的Alpha多样性
	3.4. 土壤细菌群落的Beta多样性
	3.5. 土壤细菌群落结构分析
	3.5.1. 门水平
	3.5.2. 纲水平
	3.5.3. 目水平
	3.5.4. 科水平
	3.5.5. 属水平
	3.5.6. 种水平

	3.6. 土壤细菌群落与环境因子的相关性

	4. 讨论
	4.1. 不同植被对植物根部土壤细菌多样性的影响
	4.2. 不同植被对植物根部土壤细菌群落结构的影响
	4.3. 环境因子对植物根部土壤细菌多样性及群落结构的影响

	5. 结论
	基金项目
	参考文献

