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Abstract

Soil microorganism is sensitive to the change of the external environment in the process of material
circulation, and it is an important index to evaluate the soil quality, which is of great significance to
the research on the restoration of mining wasteland. In order to explore the characteristics and
driving factors of soil microbial community in mining wasteland, we used web of science and CNKI
database system to collect data until January 13, 2021. A total of 2678 literatures were retrieved by
using meta analysis method. In the last 24 studies, 2549 metadata sets of observation values were
obtained. The results showed that: (1) the population and quantity of soil microorganism changed
greatly after mining; (2) Compared with iron mine, zinc mine, magnesite mine and rare earth mine,
coal mine, antimony mine and copper mine are more suitable for soil microbial reproduction; (3)
In the study, we found that the effects of different vegetation types on soil bacterial abundance were
as follows: Shrub > Joe grass > arbor > herb > Joe shrub; (4) With the extension of mining area rec-
lamation years, the plant coverage increases after mining area reclamation, the flora secretion may
affect the soil nutrientlevel, the cooperation between environmental factors and flora is enhanced,
the stability of soil environment is significantly improved, and the bacterial abundance is signifi-
cantly increased. In conclusion, the characteristics of soil microbial community can be improved by
vegetation restoration in mining abandoned land, and the results of this study provide a certain
theoretical support for mining restoration.
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1.2. IRARE

1.2.1. EHEHRSIET XLIRMABRNEDOFRNZ S

ER XK S R, TR A LI s f ke s B . Bk, TR E
WXL LR YR R S oA, AT DLTRAN A BE 25 A € RGL DD Re MRS R 284k . T HAE—
ERMT, FEERBMAEYIEEMEZESAMEFRE, A E sy XMk E. A, TiX
PR IR AE ORI RIS AL T B SR a6 B B, HLE A A SCHIF SR AR A5 A 2285 . i 2020 4,
Jing S50 BRI PR BN X AT O 78, RIA RN X b LI A A B A R ZE 5, R 3
FERVARIR I H N Proteobacteria (BFHZE1]), 18 KIEH XA Actinobacteria (JI{Zk 1) [3]. 1fi Zhan 5§
NNF ARV IR X PR AN BT X bt o A, R BH - SR O0 354 B8 2H i 22 7+, Proteobacteria (2T TR [])
A1 Actinobacteria (BUZLH | 1) A FERPLH TN, HART XA EFEZZERTRK[4]. Btz sh, ARZEH
™ DX A 35 Ak A M 4 R 22 5 T B &2, T Tong 25 A PRI 9% 26 B Proteobacteria (381 1# 1) . Actinobacteria (i
2814 171). Bacteroidetes (JUFF 1 [ 1) Al Cyanobacteria (¥ 40 ) NHIH X = B (AL BE[5]. Jiaojiao Deng %5
FIAE N N X A0 3 AL 34540 1# N Actinobacteria (FXZE [ ])+ Proteobacteria (B8 1% [ 1)~ Chloroflexi (4%
L) Acidobacteria (BRAT 1 1)F1 Gemmatimonadetes (A HLMI R[], — 8522 [IREA 40 )[6]. DAL,
FAVBBAEA R 8™ X IO A Y 2 AN - A AE W3 I 22 5, T i 8 3B 0 3l AR o 3R] A7
TEFE LT AR AT X, XPRER X L35 5% A ) G A BB AR A .
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RN B0 R S0 A0 B LR REVE (52, 25 SR W AR P AR S A ) T 5 I L RV TR 2 AR
T 5 P 2 A S A ) T 03 SR AR T VA 2540 5 2 REPE[10]0 [ER, R3O0 S50 Hrxs B BASE =y ey 12
W53 5. Wi: Chen Hong X H" X B AR, HEANAKE BHALL, TeARKE B A E IR & Pro-
teobacteria (B[ 1)1 Bacteroidetes (FUFFH I DNIEREE, 1 Acidobacteria (BRAT B 1) HI=EEHAK[11].
Xiaolong Hou %% W], Proteobacteria (TR )MFERIA: FIARMERN > EAMREHEL > FA
WER, MTRARF ) Acidobacteria (BRHT B 1 1)FT Actinobacteria (FUZR B 1) A3 & LU AE FOAR BB &= 12].
Ak, Youfa Luo SEXTEHVEER B AR TR AN S A T B A W 25 A BT AL, 45 R AR TR R
34 Alphaproteobacteria (a-Z8 X )1 Actinobacteria GRZEE | NFE LR FEEEZR, HE, FAREET
Acidobacteria (FRFFB T )RIFEEE[13]. 5 BT, AR SR O0T 388 Gl A= 0B (0 R i) ) B 9 45 SRATI A7
TES . BRI, FRATVEBEAS [ R Pk S ABE X 250 L S5 A DR 1) 5 A R =5 B2 7= A AN IR g s, AL A A
SR IR 1T 2 7 n) Hh 8 IR A AE

FiAk, BEREAE VR I A B K, AN [R] 338G A P P 2H RORD 22 FE R A AN R B e 2 [ 14] o a0 2245 1
TF 5 U B - 3 240 7 AR - 458 B T B R A A VK SR R R 3 O B A P R I LRI 3 AR 15 ]
[FII RO ZL AV ] SR AE A IR S i gt — AP A s 1 AV S I R S A R B v S i ) A4k, S5 R3R
ILE R AR VRS A0 30, 3R A0 o1 2 5 N 22 R 52 B PR PR S i 369 0m, 17 31 17 J5 BT AR ek [ 16] (177
2 A HO SRR LA DX A B VA OB A AR TR S5 L, B SR B R R 1 2 AR VAN T R T S
B PR ZE A TAT FEAIC[ 18] b4k, Li Yuanyuan ZEXPREAT L BT B, P 2N ] 458 5 R i P AR #44H T Pro-
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IR/ [19]. T Li Junjian 6K, EVKSE VMG B, 13E+ Proteobacteria (R TE 1A | ) F R A H B
PR A AN T E W B, Actinobacteria (2R [ 1)F1 Acidobacteria (AT B I I E E ik sh o g, HEE
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Figure 1. Flow chart of Meta analysis
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[T BEAH B AR BE R 1] SRR R 1)\ 2R BRI ) (— 2R 22 IR R 40 1R )« 7% 85 B | J(Chloroflexi Cyanobacterias
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Table 1. Distribution of microbial species in different mining areas
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, . X KR
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BOX  BX @ SFX O ErX FHEIX BRI
Chloroflexi (BB 7) 1 1 1 - 1 1 1
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Nitrospirae 1 1 1 1 1
(R ALABTERE 1]) i i
Firmicutes (FEBEEG []) 1 1 1 - 1 - 1
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Figure 2. Influence of reclamation years on Chloroflexi, Cyanobacteria, Nitrospirae
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Figure 3. Influence of reclamation years on Firmicutes, Gemmatimonadetes, Planctomycetes
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Figure 5. Effects of vegetation restoration on different bacteria phyla
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T2 A, % AD3. Gemmatimonadetes (3 $.}1 1% [ 1)+ Proteobacteria (ZE B (1) TM7 iX 4 F
MM, WROREEARTO R . XS LE R B, N &R X IR B L A R RIS B SR T AR
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Figure 6. Effects of vegetation restoration on bacterial abundance
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Figure 7. Effects of vegetation restoration on bacterial abundance
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TIRGCEVAEY AR R E B, SR YIREVE 5 A 1AL AL e SR b S - 3 5 & [26] [27]. AN
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SR NS o B, BT TR Y], BEE AT PRI ANHEBON (MK IE S, pH A IZHT R,
M T IR IR, TERL TS RRR ML RK TS e, SRCHEN RS . 308 & &/, H N. Py
K B8 R[29], —J7 T AT LAY BIAE SR X o AR A7 1 S A P e 6 B B A1 SRR BRI AR 4k, AT AT LA
AR B S PRGBS AR 53— J7 R W X A o R A A i, W) DU S A& AR R PR
HE RV F[30] B SERT TR IR B 1] J5BE G T TRIAST B 11 r 988 70 48 1 e 0 1 A= M AL 1
PEARE B Jm AR E (3 1], TERD X 2R R T RPN ISR E YR, 125 Deng 55 N HIWT Tt 45 1A 40
MZER, EHENESERPRAMECIERLHETT IR SEHEIT. BRITE[6], Hrb, mLRien
IIAEYEACRE B R, T ORISR B NN A, [ 5E CO, LU & B 5 RE R ANRR 5 R [32],
IR A I3 AT R AT BRRT E A2 A SRR AN [RIAE B P S 2R TR ) A R 97 0 5 AR A FR B 2R A I T
KA EREMMAEMN AR, SEMEMA RS AT A, BT R R33]

4.2. DIRGEEYRESHELNREIET

e 3 0F 7 SCRR IR FERT LAOACIL, 6 - 3l A W v 45 A A2 A PR S B 0K PR T LA g BUR LA
TV AL AR SR PTACHER R . A ONRE . AR IR A LA R SRR ) 2 R

TR R IR E YRR I B R R . AU S B oI R, R M R E) X A
IS e ELR B BRI A K (3300 3 — AN PRI E R IR B S A ()3 R 4%, AT S R AR Y
kAL, NS, SWCEMIRAAEM AR, EAIZ KRR MMM s, TSt
BRI R T - S B RN S 1 R (] R T G A DR [ 3410 BRILZ Ah, TEIEBERIAYRS, FRATIE 2 B B 7Y
AR W2 A BR At R i) SR U E MR S M AR I R, AR TR 7 1 BB B RAE BR AR 488 - 3584k
AR SR TR, MUK R R TR 2 BT, IR Byt = BT DU
o PR SIS, IR 2 PSR O B, AR S A, A R A A, AR
K IIRE RN E [35]. Helingerova “EWFTERI, HER5ARE R SEAREY LY HEIN (5 (4452 5
(361, TR KA F R R AR, BR SR R37]. BREE . SRS AT FUCR IR
VEAMRBE 2 08I0 IR E I PSRN, S R - R - R RERIVIBIES BE AR
THRE, AT INPRAE A A A B VR S RIRERR[33], X S AHIT T4 SR — 30, BEAMORS L 340 1 = 52 (i
K, RXATRERE OV EARMBEE I E i A, WIS A M AN TR IR DL e, PROK DR AE R
RE B 5R, MTONAEEIE T RIFHEAFIRE[34]

5. G RRE
AR SRR X IR A 2 A . AN R RAEIR T IR AR A SRR 4
FEJ T 2 PO HEL A P 2 PO L FRIRIE 7, BAJZ Meta 43 #7 R] A4S«

(1) G TR X, ANeAe 7 H 3 IFOR K2 M AP 5T, E SR A My R R AN B A A A 1 AR
AL, BRI AL B it LA 8 2 R R B AT IR, (B H RTROR A BER L B RA /T AOFRSE

DOI: 10.12677/hjss.2026.142012 122 TRl


https://doi.org/10.12677/hjss.2026.142012

e 5

(2) FBERTIX S B XCRRAT X ACE IR BN &, ML X SR IX . ZEBERT XRITRG L67 X &
T A .

(3) AR AN IR VIR RN o B FE b JRAT TR AN IR B S B f - 33 4 1 = B2 1
SO BRI IR I : WEAR > FFE > Jok > BR > RS

(4) X R R JA A w0 RIS B AT BERS I 3R 0 AT, MR 5 SR
R ENeE, THOAMERUETEM It ROk, FRUE R ARSI ST R T 4w o AR i =
PRI TN .

SE K

(11 #cte, ARl R0, 55 A RS RS BRI BIERUZEY M )], Aol TR, 2011, 27(2):
330-336.

21 AHRZE, BB, i, 5. 3 bR DO R A it 3857 0 ME D & CL N P RSEMA[T]. K AR 4
24, 2010, 24(4): 217-221.

[3] Ma, ], Lu, Y.Q., Chen, F., et al. (2020) Molecular Ecological Network Complexity Drives Stand Resilience of Soil
Bacteria to Mining Disturbances among Typical Damaged Ecosystems in China. Microorganisms, 8, Article 433.
https://doi.org/10.3390/microorganisms8030433

[4] Luo, Z.B., Ma, J., Chen, F., et al. (2019) Cracks Reinforce the Interactions among Soil Bacterial Communities in the

Coal Mining Area of Loess Plateau, China. International Journal of Environmental Research and Public Health, 16,
Article 4892. https://doi.org/10.3390/ijerph 16244892

[5S1 Jia, T., Yao, Y.S., Wang, R.H., et al. (2020) Dynamics Relationship of Phyllosphere and Rhizosphere Bacterial Com-
munities during the Development of Bothriochloa Ischaemum in Copper Tailings. Frontiers in Microbiology, 11, Article
869. https://doi.org/10.3389/fmicb.2020.00869

[6] Deng, J.J., Bai, X.J., Zhou, Y.B., et al. (2020) Variations of Soil Microbial Communities Accompanied by Different

Vegetation Restoration in an Open-Cut Iron Mining Area. Science of the Total Environment, 704, Article 135243.
https://doi.org/10.1016/j.scitotenv.2019.135243

[71 Guo, D.C., Fan, Z.Z., Lu, S.Y., et al. (2019) Changes in Rhizosphere Bacterial Communities during Remediation of
Heavy Metal-Accumulating Plants around the Xikuangshan Mine in Southern China. Scientific Reports, 9, Article No.
1947. https://doi.org/10.1038/s41598-018-38360-2

[8] Zhang,J., Yang, S.Y., Yang, H.F., et al. (2018) Comparative Study on Effects of Four Energy Plants Growth on Chemical
Fractions of Heavy Metals and Activity of Soil Enzymes in Copper Mine Tailings. International Journal of Phytoreme-
diation, 20, 616-623. https://doi.org/10.1080/15226514.2017.1413328

[9] K%, TIZE. BT L BRI R S8 AR ) 2 REVE RN T I LRI 22 7 S LR A R R[], AR 2A 2%, 2018,
37(6): 1662-1668.

[10] Mi, J.X., Hou, H.P., Raval, S., et al. (2020) Effect of Crop Cultivation on the Soil Carbon Stock in Mine Dumps of the
Loess Plateau, China. Science of the Total Environment, 741, Article 139809.
https://doi.org/10.1016/j.scitotenv.2020.139809

[11] Hong,H., Si, Y.X., Xing, Y. and Li, Y. (2015) Illumina MiSeq Sequencing Investigation on the Contrasting Soil Bacterial
Community Structures in Different Iron Mining Areas. Environmental Science and Pollution Research, 22, 10788-10799.
https://doi.org/10.1007/s11356-015-4186-3

[12] Hou, X.L., Han, H., Tigabu, M., et al. (2019) Changes in Soil Physico-Chemical Properties Following Vegetation Res-
toration Mediate Bacterial Community Composition and Diversity in Changting, China. Ecological Engineering, 138,
171-179. https://doi.org/10.1016/j.ecoleng.2019.07.031

[13] Luo, Y.F., Wu, Y.G., Wang, H., et al. (2018) Bacterial Community Structure and Diversity Responses to the Direct
Revegetation of an Artisanal Zinc Smelting Slag after 5 Years. Environmental Science and Pollution Research, 25,
14773-14788. https://doi.org/10.1007/s11356-018-1573-6

(14] @S0, A0k, IMVETT, S AFRE IR0 R I8 S R X RO 3R TR R [0]. R,
2019, 38(1): 121-128.

[15] TW%, E4k8%. AR E RGBT R HE YIRS FEEE T L m R 7 [0). A28, 2018, 37(4):
1120-1126.

[16] FRRLL, Footte, LM, &5 MR /RERRE X R BXT H e an i 2 FEVE R w72 (). T3 X B 5345, 2012,

DOI: 10.12677/hjss.2026.142012 123 TRl


https://doi.org/10.12677/hjss.2026.142012
https://doi.org/10.3390/microorganisms8030433
https://doi.org/10.3390/ijerph16244892
https://doi.org/10.3389/fmicb.2020.00869
https://doi.org/10.1016/j.scitotenv.2019.135243
https://doi.org/10.1038/s41598-018-38360-2
https://doi.org/10.1080/15226514.2017.1413328
https://doi.org/10.1016/j.scitotenv.2020.139809
https://doi.org/10.1007/s11356-015-4186-3
https://doi.org/10.1016/j.ecoleng.2019.07.031
https://doi.org/10.1007/s11356-018-1573-6

e 5

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]
[27]

(28]
[29]
[30]

[31]
[32]
[33]

[34]
[35]

[36]

[37]

26(2): 11-125.

BT, LB, Fam, & FITA RN R B IR g B V8 46 0 OB G ME[I]. B3R ST R, 2017,
37(11): 4230-4240.

A, SRR, W), 25 WL IR A O B I AR IR E AR (D). R EER R, 2019, 39(10):
4360-4368.

Li, Y.Y., Wen, H.Y., Chen, L.Q., e al. (2014) Succession of Bacterial Community Structure and Diversity in Soil along
a Chronosequence of Reclamation and Re-Vegetation on Coal Mine Spoils in China. PLOS ONE, 9, e115024.
https://doi.org/10.1371/journal.pone.0115024

Li, J.J., Zhou, X M., Yan, J.X., et al. (2015) Effects of Regenerating Vegetation on Soil Enzyme Activity and Microbial
Structure in Reclaimed Soils on a Surface Coal Mine Site. Applied Soil Ecology, 87, 56-62.
https://doi.org/10.1016/j.aps0il.2014.11.010

Tong, J., Cao, M.W., Jing, J.H., et al. (2017) Endophytic Fungi and Soil Microbial Community Characteristics over
Different Years of Phytoremediation in a Copper Tailings Dam of Shanxi, China. Science of the Total Environment, 574,
881-888. https://doi.org/10.1016/j.scitotenv.2016.09.161

ZF, B, A, & RIHBES A EER SRR A R s R R (). FE 28 5 R
2E4R, 2014, 36(4): 514-522.

Nakagawa, S., Noble, D.W.A., Senior, A.M. and Lagisz, M. (2017) Meta-Evaluation of Meta-Analysis: Ten Appraisal
Questions for Biologists. BMC Biology, 15, Article No. 18. https://doi.org/10.1186/s12915-017-0357-7

TIEE, TRIR, SHON, & SRS R TR RN A 5 AR S5 5 R 0E A [T]. R R, 2021, 46(5):
1378-1391.

AR, SHEK, #e T X ASBE BAr ST EEERNIREEER, 2022, 38(8): 963-971.

ok, R, RER, & BREFXKRE LAY m]. BRI 2R, 2004, 24(2): 349-354.

B, BB R, kW, & BEARED X LR R TR TR 2 R L[], REREEIR, 2004, 41(1):
113-119.

I, WL, SR, & BRI X EEEY M), B, 2010(1): 10-12.

XFR, #—. TR 5 BG TS MAYE Y R A TR 2 T AL [T]. AR IR, 2005, 14(6): 876-879.

Mounaouer, B., Nesrine, A. and Abdennaceur, H. (2014) Identification and Characterization of Heavy Metal-Resistant
Bacteria Selected from Different Polluted Sources. Desalination and Water Treatment, 52, 7037-7052.
https://doi.org/10.1080/19443994.2013.823565

BERL, B 5. BRI AR SN R HAE E R A R [)). 5 ERAEE, 2002, 11(1): 85-89.
Buchanan, R.E. {AAME L EF MM, 25 8 . Jbat: Blaliiiit, 1984.

S, WaT, skAAL. B v JE XA A R TR AR X R AT AT (D). BRI RL S, 2010, 38(24):
13197-13199.

FISCED, ARFPE, FhERAE, S5 HARESIRE AL BRI A AR )], 2B, 2008, 17(2): 713-
717.

T, SEAREN. BT RS T XA E BAESRBIEN]. TR XIS, 2017, 31(4): 113-117.
Helingerova, M., Frouz, J. and Santr&ickové, H. (2010) Microbial Activity in Reclaimed and Unreclaimed Post-Mining
Sites near Sokolov (Czech Republic). Ecological Engineering, 36, 768-776.
https://doi.org/10.1016/j.ecoleng.2010.01.007

E LMK, Zhou, J., Tiedje, J.M. 3540 B 28 5o BEREVE Sz GO AR AR 2 RFAIE D). 2R 35544, 2001, 21(4): 514-578.

DOI: 10.12677/hjss.2026.142012 124 TRl


https://doi.org/10.12677/hjss.2026.142012
https://doi.org/10.1371/journal.pone.0115024
https://doi.org/10.1016/j.apsoil.2014.11.010
https://doi.org/10.1016/j.scitotenv.2016.09.161
https://doi.org/10.1186/s12915-017-0357-7
https://doi.org/10.1080/19443994.2013.823565
https://doi.org/10.1016/j.ecoleng.2010.01.007

	矿区废弃地土壤微生物特征及其影响因素：基于Meta分析的研究
	摘  要
	关键词
	Characteristics of Soil Microorganisms and Their Influencing Factors in Mine Wasteland: A Study Based on Meta Analysis
	Abstract
	Keywords
	1. 前言
	1.1. 研究背景与意义
	1.2. 研究内容
	1.2.1. 植被恢复过程矿区土壤优势微生物的时空分布
	1.2.2. 土壤微生物群落结构和多样性对植被恢复的响应
	1.2.3. 土壤微生物群落结构变化的主要影响因素


	2. 材料和研究方法
	2.1. 数据收集
	2.2. 数据分析

	3. 结果和分析
	3.1. 植被恢复过程矿区土壤优势微生物的时空分布
	3.2. 不同复垦年限下土壤微生物的变化
	3.3. 不同植被类型下土壤微生物群落的变化
	3.4. 土壤微生物群落结构和多样性对植被恢复的响应
	3.4.1. 植被恢复对不同细菌门的影响
	3.4.2. 植被恢复对细菌丰度的影响


	4. 讨论
	4.1. 矿区类型与土壤微生物群落特征的关系
	4.2. 土壤微生物群落结构变化的驱动因子

	5. 结论及展望
	参考文献

