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Abstract: [Objective] Long-term mining activities have caused serious damage to the ecological environment in the mining
area. Soils near mining areas have reduced quality, decreased vegetation cover, and changed microbial habitats. Stripped soil
and coal gangue are mixed to form hillocks and the exposed surface of the hillocks is highly susceptible to wind and water
erosion, which has resulted in increasingly severe damage to the ecosystems, including changes in plant species composition
and community structure, reduced biodiversity and productivity, deterioration of soil and microenvironment, and changes in
the relationships between organisms. Hence, the ecological restoration of the coal mines is an urgent task. Interestingly,
vegetation types may affect the composition and diversity of microbial communities in rhizosphere soil owing to the growth

conditions, vegetation cover, root turnover rates, and the chemical composition of root exudates. Therefore, it is important to
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explore the response of microbial community composition and diversity under different vegetation types in mining ecological
restoration areas. [ Method] The rhizosphere soils of five vegetation types (Platycladus orientalis, Picea asperata, Pinus
sylvestris, Pinus tabuliformis, and Sabina chinensis) were collected in this study to detect the soil physicochemical properties,
enzyme activities, and bacterial community structure. Also, we identified key environmental factors affecting rhizosphere
bacterial communities using redundancy analysis and conducted a mantel-test analysis between dominant bacterial phyla and
environmental factors. Structural equation models were established to explore the interactions between plants, soil, and
microbes. Furthermore, the soil-integrated fertility index was calculated to analyze the ecological restoration effectiveness of
different vegetation types. [Result] Vegetation types had significant effects on soil physicochemical properties, enzyme
activities, bacterial community composition, and diversity. The P. sylvestris field had significantly higher total carbon content,
total nitrogen contents, bacterial abundance, and diversity, while soil alkaline phosphatase and soil urease activities were
significantly higher in the P. asperata field. The Proteobacteria, Acidobacteria, Actinobacteria, and Bacteroidetes were the
dominant phyla of soil bacterial communities. Also, the dominant genera were RB41, Streptomyces, MND1, Ferruginibacter,
and Variovorax. Total sulfur, soil bulk density, and soil alkaline protease were the key factors affecting the structure of
rhizosphere soil bacterial communities. Our analysis revealed that vegetation types can directly affect soil physicochemical
properties, soil enzyme activities, and bacterial community structure, as well as indirectly affect rhizosphere soil bacterial
community structure through soil physicochemical properties and soil enzyme activities. Soil integrated fertility index indicated
that P. sylvestris and P. asperata were superior to other vegetation in the ecological restoration of mining areas. [ Conclusion]
Vegetation types have significant effects on soil physicochemical properties, soil enzyme activity, and bacterial community in
the rhizosphere. P. sylvestris and P. asperata can improve the rhizosphere soil bacterial diversity and soil fertility, which is
beneficial to the ecological restoration of the coal mine reclamation area. This study provides a scientific basis for vegetation
selection for ecological restoration of coal mine reclamation areas in semiarid regions.

Key words: Mining reclamation; Vegetation restoration types; Soil enzyme activity; Rhizosphere microbial community

2022 FREBER - ELIN 44.5 A0k, Forb L purER - i 13 0, SR =02 —,
FE N E KSR AR B RRUR R [RII 9774 1749 2052 km? IR RS X RFE I 1, S 1 88
RIFR M H A S R GG ™ E T8, BB ERIERE SRR, R 0 AR AR & TR
W, AR, SETA AR A A A2, B R ER ) L3 5 2 B R
PRRK IR IF R A B S, BRI LB R SOV X AE S R I B ), g ie R R X
Al R EEBE Tz Ol YA KR RS RERE VI R AR FR A
B2 AR, AT RESZ IR 3 rh G M) BN 22 RO AR D9 5 A LA ] RO, AR
B i WA HLBR AN 57T B ) T S5 R 5 A s I e 4R, R RENS (et I v 0 A - 3 AL K 2
fE TS A - L3R AL S RGN AEIAUSL, Db, R TR RN U EMIREVE S A R G REM
oM, WX RSB R R EEE

MR DU L E Y BRAG 2 AP AR, 70 5 A 3R A P L0100, o) B v SRR T
B DX SRR 2 AR R RO TE R, REARLI A S 25 SR T OB [X SR E ) 2 R PR A R 45
U, KRB R 10 FE B A S RX LRAS IR ORI, HYME R AR B ok 1%
WEMER A TR, SR _EIR T T 2 b TARR PR L35, K2 B - L 3R-RUE Y AR AR A R A4
FEBRESARER 1 mm (ARS8 0S), gedh, (LA AR PRl i ARl A2 S R G E R
KAER,  tetmd s fe gt R0, s b, M s om0 o WAL 85 07 ik R AR R AR BT O AR A
KO, 1 i KRB DAV Br A PRI S5 48 5 D et Br L B Fe e ), AR s - 33 b i)
DL EEREL v SRS ARSI, R, SR T3 i~ T2 BT A B BRI i2 EX R
IV TS 2

ABEFEAM 16S rRNA il &I FFEOR, ST KRR 2 R AR 2 B S HRER

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

TIRMBEAE GBI BT AR BR EARR R WD AN, AT 2 S A B A g A
YIEIE . dEIL, AW B H AR M AN RIS A B BAE O 1 B A SRR B S A P 1
SN, BB (R 2 R AR A g s A e . RIRAE T MR PR AR bR LR A T R I,
PP RXEY 2 RIX AT B E R POE FHR SERHA R

1 MRS 5k

1.1 R XHRR

TR TR FE AR b, ORI eRRIX, MERERD, Z2ohE TE . 44808 N40°4
~40°10', E113°6' ~ 113°14', ¥k 1200 ~ 1 400 mo A XA PG ILHX, i s KR ZE XS %,
SRR R R 400 mm oA, AZERZFEFRN, AURFEA T, EAHRE R A LB BRIX T 2005 4F
SERER, FERMEMIAD. RETAS . A AR DUESIEE.
1.2 HRRESHH

F 2021 7 AEMAA . BEFRAL A ARG MRS E 3 NEE R, A
ML 3 FRiE Y, AN TERE BT 30 cm 4L 5 ~20 em YO Bl A A I 3 SAR IR A RER, Phiign
M5 e R PG R AR R B b3, PR N TC B A IR IR A o R AR A oy o] 528 =8 J5
4% PBS % (130 mmol-L!' NaCl, 7 mmol-L"' Na;HPO4, 3 mmol-L"' KH,PO4, pH7.4) , fii %
IRERIRG G, FHEBE TR, &5 s OUERIRPR LI, L2 LI EH A T 148
it PR A E i s, A AR TR RO 43 ) 3 5 - ER AL R
1.3 T RANEEE MBI E

TR E (SBD) M IIENE: 158 pH {EHBIEHN pH i1 (STARTER300, Ohaus, 3
ED s, £KE1 2.5 48 (TC) « &% (TN) . 4fi (TS) iH LR (Vario MACRO
cube, Elmenter, fE[E) W8, - IERGHE M09 2 A TAY TR R B BR A = i)
e, AU I TEAE. b, IR AR (S-ALPT) SR HAE AR Lb (320 5 5
T IR PEBERRES (S-AKP/ALP) KA BFRRA AN Lh ikl e ; H3EMREE (S-UE) KA SN th ik,
TIEBERE (S-DHA) KH 2, 3, 5S-— R EEPUME A L i (TTC v 19,
1.4 tIE DNA RS S@EENFF

R B A AR 7 sl B 7 R AR BRI R PR A7) (7R 58/, 7928 K Advanced Soil
DNA Kit T35 & 520 DNA, LI DNA SR, 7 barcode HI%FS 5149 TaKaRa Premix
Taq®Version2.0 (TaKaRa BioTechnology Co.Dalian, China) 17 PCR §'4%, 4iE 16S rRNA & [K V4-
V5 X KA 51#%1(515F: 5°-GTGCCAGCMGCCGCGGTAA-3’; 806R: 5’-CCGTCAATTCMTTTRAGTTT).
{8 Tllumina Nova 6000 “F- & 147 PE250 WllJ7, MF45RE fastp (V0.14.1) JiidE )5, FIH usearch-
fastq-mergepairs (V10) #H1T7HfE2. OTU K H Uparse {452, X Silva 16S IRNA il 2 (v132)
FERRIFEFE
1.5 BBAES 5

o F B DR 3R 7 2 AT R R A AL N I B b . AR PR A . A0 o 2RI A
125, MHAEEEZ4E R (NMDS) MRPR-HIBA RV B 2 FE1E. A IUAR T (RDA)
T S AR s L SR T AR 1) GBI XA B T T S R 1 2 (83647 Mantel test 4747
A8 i /> — e BR AT 3 AT ASE AL A3 AT AL A - L B B R VR (A AR o 8 8 0 (PCAD THE %
FHIEE R DTER R, R4 RaEoT R € & E UM EE (e » 0 & v E (Zo . M
MiFRSEE ERVENE, BIZEEAE /14845 (integrated fertility index, IFD) 2021, AU

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

IFIZZ(ZLZ /Zai
i

it 522K H R 4.1.3 1] ggcor. vegan. ggplot2. factoextra £ 5¢ {12223,

2 45 B

2.1 FEEHEEITEY XER RS R SEIEMHFN

AR RN LM R LR 1, AP AA AR TR E (1,36 g@rmLY) W I F- AR Bl A 4,
5 M RAE W AR R 8 pH SRENIE, ZAZMARE TR pH AL (P<0.05) o RS, 24
S EEEE T AR, 22508 2991, 1.38. 1.82 gkg s MIAMFIIAA IR 4 A4 b & B 5 K
THARREH,  H AR AR S ETME T H AR, (P<0.05) .

MR B LIRS VETE A FIRE B P P SR I 2 e (3R 1), JAR MORR s - 338l 1 2 Y B Py
0.271 pmol-d g, W& T HARM M, MR ZERAC (P<0.05) o« ZEMHEA DZE m IR
A IRBETEE (P<0.05) , 735124 20947 pmol-d--g 1. 933.5 mg-d!-g!. A I SR B I 2
fgiE e (0.051 mg-d'-g) , AR BARKIIREEREYE (355.5mg-d gD « HIEEBAMENFAER
TER AR R LI A 22 S A 3 (P> 0.05)

=1 FEMERRE SRR X IR RS S

Table 1 Soil properties and enzyme activity in coal mining areas under different vegetation restoration scenarios
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vegetation reclamation rhizosphere soil samples (P < 0.05, 7 = 3). The same below.
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Fig. 1 Alpha diversity (a) and NMDS analysis (b) of rhizosphere soil bacteria in different regeneration scenarios
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Fig. 2 Bacterial community composition of the top 10 phylum level relative abundance in different regeneration scenarios
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