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Abstract:  Objective Mining activity has posed a great impact on the environmental background of the areas. To meet the
challenge, the near-natural recovery method might be the only feasible way. Soil microorganisms not only affect the material
cycling and transformation of soil substances, but also play an important role in the restoring ecological systems. So to improve

resilience of the mining ecological system, it is essential to clarify how soil microbial communities adapt to the environment and
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evolve therein; how do different microbial groups interacted with each other; and which of their functional groups are more
suitable for the arid and barren environments? Moreover, knowledge about interactions between soil microbial communities and
their responses to coal mining subsidence are crucial to ecological restoration and resilience of the ecosystems in the semiarid
and/or damaged mining areas. However, so far little has been done in this aspect. = Method To explore the structures and
compositions of soil microbial communities, and mechanisms of reciprocal feedback between the dominant microbial groups and
the environment in the subsidence areas of the Dongping (DP) and Daliuta (DLT) Coal Mines, the methods of high-throughput
sequencing and molecular ecological network were adopted. ~ Result  Results showed that the subsidence environment posed a
significant impact on the diversity, structure and distribution of the soil microbial communities. Actinobacteria remained to be the
dominant phylum in the DP and DLT Coal Mines, whereas DP had two more dominant phyla than DLT did, namely Nitrospira and
Cyanobacteria. In the soil of DP, RB41, Solirubrobacter, Roseiflexus, Gaiella and Lysobacter were the genera > 1% in relative
abundance, while in the soil of DLT, Nocardioides, RB41, Solirubrobacte and Roseiflexus were. The molecular ecological
networks in the soil of the DP Coal Mine interacted more complicatly than those in the soil of the DLT Coal Mine, with more
network nodes and connections. The soil microbial groups in the soil of the DP Coal Mine belonged to the phyla of Actinobacteria,
Chloroflexi, and Thaumarchaeota, whereas the key species in the soil of the DLT Coal Mine were of the phyla of Proteobacteria
and Actinobacteria. Moreover, significant relationships were observed between network structure and soil properties in both
mining areas. For instance, among the DP networks, Modules 1, 2 and 3 were significantly and positively related to the soil EC,
while module 2 was to the soil water content; Module 6 was significantly and positively related to soil available phosphorus, and
Module 1 was to nitrate-nitrogen content; Modules 6 and 7 were significantly and positively related to soil dehydrogenase activity,
while Modules 2 and 5 were to activity of soil urease. And among the DLT networks, Module 1 was significantly and positively
related to pH and soil temperature, while Module 2 was to soil temperature only; Modules 1 and 2 were significantly and
negatively related to soil water content and clay percent, whereas Module 5 was to nitrate-nitrogen content, but reversely.

Conclusion In order to adapt to the nutritional infertility of the poor soil in the subsided mining areas, soil microbial
communities tended to interact with each other. Holophagae and Aquabacterium were found to be the dominant species, and/or

applicable to restoration of the ecological systems in the mining areas in the future.

Key words: Surface subsidence; Community diversity; Molecular ecological network; Key species; Ecological restoration
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Relationships of depth of subsidence with soil environmental factors in the Dongping ( DP ) and Daliuta ( DLT ) Coal Mine
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Table 1 Alpha diversity index of soil microorganisms in mining subsidence area of DP and DLT Coal Mine
X OTU it 1R TR R BB TR
Coal Mine OTU number Chaol Shannon Inv_Simpson Pielou_evenness Simpson_evenness
DP 48 038+5 174%*** 7 137+£309.0 7.36+0.08 473.4+32.12 0.871 2+0.005 3* 0.098 7+0.005 5%
DLT 37 62142 499 7 467+136.0 7.47+0.04 535.2422.82 0.885 7+0.003 7 0.115 8+0.004 6

I *3FR 0.01<P<0.05 22 5 3, **f0FK 0.001<P<0.01 2 F M 2 ; ***f{F P<0.001 FE# W3 . T [W. Note: * mean significant

difference at 10% level, ** mean significant difference at 5% level, *** mean extremely significant difference at 1% level. The same below.
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Fig. 3 Plots of soil bacterial molecular ecological networks Z-P in
the DP and DLT Coal Mine
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Fig. 4 Plots of the soil bacterial molecular ecological networks in the DP (a) and DLT (b) Coal Mine

F3 HIFMAUMEEY RETEX TIRBEY OTUs 5MEREF 245 RIGKW

Table 3 Mantel Test of soil microbial OTUs with environmental factors in the DP and DLT Coal Mine

P T ARHF PN PN T AR PN
Environmental factors Dp DLT Environmental factors Dp DLT
pH 0.1032 0.1833* AK —0.0882 —0.0056
EC 0.3426 —0.1252 NN 0.2709* —0.0327
SOM 0.1909 0.1131 AN 0.2405** 0.1462
ST 0.0074 0.2675%* DHG —0.0838 0.2134*
SwC 0.1627* 0.1898* URA 0.5311%** 0.0476
Ccp 0.0425 0.2780%** PRO 0.1445 0.2825%*
AP 0.2386* 0.1237

TE: EC: WLSRH,; AP: AW AK: AAUH; NN: MA&%; DHG: BEEE; URA: JKE: PRO: HI1E. *ft3 0.01<P<0.05
W, K 0.001<P<0.01 Pl 2 ; ***L3K P<0.001 % 23 . F[F. Note: EC: Electronic Conductivity; AP: Available phosphorus;
AK: Available potassium; NN: Nitrate-nitrogen; DHG: Dehydrogenase; URA: Urease PRO: Protease. * mean significant difference at

10% level, ** mean significant difference at 5% level, *** mean extremely significant difference at 1% level. The same below.
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Fig. 5 Relationships of the hierarchies of the main modules with environmental factors in the DP (a) and DLT (b ) Coal Mine
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