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Impacts of vegetation restoration type on abundant and rare microflora in

reclaimed soil of open-pit mining area

MA Jing', HUA Ziyi', CHENG Yanjun®, ZHU Yanfeng”, YANG Yongjun®, CHEN Fu'
(1.8chool of Public Administration, Hohai University, Nanjing 211100, China; 2.School of Environment and Spatial Informatics, China University of Mining
and Technology, Xuzhou 221116, China)
Abstract: Vegetation restoration is crucial for improving the ecological environment of mining areas, which could promote the develop-
ment of reconstructed soil, thus regulating biogeochemical cycles, and exerting ecosystem functions. Therefore, it is essential and neces-
sary to conduct in-depth research on the impact of vegetation restoration on soil microbial communities in open-pit mining areas. In this
study, surface soil samples were collected from six typical reclamation plots, including bare land (CK), Medicago sativa (GL), Hippophae

rhamnoides (BL), Pinus tabulaeformis (CF), Populus tomentosa (BF), and Populus tomentosa + Pinus tabulaeformis (MF), located in the
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eastern waste dump of Heidaigou mining area of Zhungeer Banner, Inner Mongolia. High throughput sequencing, co-occurrence networks,
and correlation analysis were used to explore the influential mechanism of vegetation types on soil abundant, rare bacterial and fungal
community structural composition and diversity. Results showed that (D there were significant differences in the effects of different veget-
ation restoration types on soil physicochemical properties and enzyme activity (P<0.05). The soil organic matter content, ammonium nitro-
gen content, and leucine aminopeptidase activity were significantly higher than those of CK. BL performed the advantage in accumulating
soil organic matter, nitrate nitrogen, and available phosphorus, while the urease, leucine aminopeptidase, and alkaline phosphatase activit-
ies were significantly increased (P<0.05). @ The vegetation type has significantly affected the composition of soil abundant and rare mi-
crobial communities (P<0.05), with more abundant and rare bacterial species than fungi, whereas the variation of fungal abundance was
more significant, especially the rare fungi. The Shannon index of abundant and rare bacteria, and rare fungal communities in different ve-
getation restoration plots was higher than that in CK, while their community structures presented the significant differences (P<0.05).
(® Different vegetation restoration types have increased the network topology parameters and complexity of abundant and rare bacteria and
fungi. The amplitude test results of removing nodes to change natural connectivity indicated that BL could enhance the stability of soil
abundant bacterial network, abundant and rare fungal networks, as well as their resistance to external interferences. @ Soil URE, SOM,
and ALP were the dominant factors for changes of soil microbial community structure. For the BL plot, the pH value, SOM, AP, B- Gluc-
osidase, URE, and ALP have significantly affected the abundant and rare microbial communities (P<0.05). In a word, the BL restoration
model performed a better effect on improving soil quality during the ecological reclamation process in mining areas. The research results
can provide theoretical basis for the development and utilization of soil microbial resources for vegetation restoration in the damaged min-
ing areas.

Key words: vegetation restoration; abundant bacteria; rare bacteria; abundant fungi; rare fungi; co-occurrence network
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Fig.3 Dominant phylum distribution of rich and rare communities in different treatment groups
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Fig.5 P diversity of soil bacteria and fungi in different treatment groups
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Table 1 Topological properties of soil bacteria co-occurrence networks in different vegetation restoration modes

2 @ Rt B o 245 g P 4 v B KT 2% E A% AHXS AR AL AR
Ecy1 112 442 14 0.43 436 13 0.64
CK
[ii%é) 172 893 38 0.63 4.60 14 0.59
ES 140 471 16 0.21 4.79 11 0.67
GL ~
sl 279 1771 62 0.43 3.67 12 0.55
Fa 167 633 24 0.45 5.39 12 0.52
BL
. fin%é) 317 1878 74 0.64 372 8 0.53
gl —
E o 134 545 15 0.53 436 12 0.62
CF
[ii%é) 258 1471 49 0.61 3.70 9 0.54
ES 138 601 16 0.58 4.03 12 0.58
BF
=] 267 1783 41 0.51 3.53 9 0.49
Fa 139 588 16 0.46 3.75 11 0.56
MF
[ii%é) 273 1973 54 0.49 3.67 11 0.47

TR (& 8) . K 8b R, GL k&2 41+ URE i
e 5 25 5 ) < 5 A P RS 4 (P < 0.01) . BL 4b3E
41t pH. SOM. AP, BG il ALP ¥ 5#i A 4 V&
HEENZER(P<0.05), pH 1 AP 53 & 4N HE RS
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Table 2 Topological properties of soil fungi co-occurrence networks in different vegetation restoration modes

245 J RISV AL BET S D255 0 S YA 2% B AR AL
FH5 64 124 7 0.45 2.54 4 0.81
o izl 102 243 26 0.56 2.15 7 0.82
F5 77 128 7 0.41 2.01 5 0.77
ot Wik 109 338 31 0.44 2.06 7 0.88
FH 92 183 11 0.55 4.79 11 0.76
Bt HikT 280 1490 58 0.64 5.20 13 0.83
FH
Fu 72 174 8 0.41 2.15 5 0.78
F izl 129 379 42 0.57 3.93 12 0.83
F5 83 141 9 0.58 2.15 5 0.78
BF Wik 218 932 41 0.46 4.73 12 0.82
FH 74 174 7 0.52 5.01 12 0.78
MF My 240 1008 45 0.61 4.83 11 0.87

—— Positive: 77.7% — Positive: 63.6%  —— Positive: 61.3% —— Positive: 61.1%  —— Positive: 64.7% —— Positive: 60.5%
-~ Negative: 22.3%  — Negative: 36.4% — Negative: 38.7% — Negative: 38.9% - Negative: 35.3% — Negative: 39.5%
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— Positive: 94.6%  —— Positive: 93.8% —— Positive: 90.9%
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Fig.6 Co-occurrence network of bacteria and fungi in different vegetation types
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Fig.7 Relationship between natural connectivity of microorganisms and the proportion of removed nodes

in different vegetation types
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