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Abstract: Large-scale dumps are a common feature during the open-pit coal mining process in Inner Mongolia. Poor soil
quality, coupled with harsh climatic conditions, makes the restoration of vegetation on the dumps extremely difficult. This

poses a serious threat to the sustainable economic development of the region. Soil fungi play a crucial role in promoting plant
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growth and enhancing stress resistance through processes such as organic matter decomposition and nutrient cycling.
Accordingly, this study examines the rhizosphere soil fungi of restored Gramineae, Leguminosae, and Forbs in five large
open-pit coal mine dumps in Tongliao and Xilinhot, Inner Mongolia, analyzing their diversity, community composition,
fungal functional types, network structure characteristics, and influencing factors to elucidate the adaptation patterns of
plant rhizosphere soil fungal communities during ecological restoration. The results show that; (1) The Shannon and
Simpson diversity indices of rhizosphere soil fungi in the Gramineae family significantly exceed those in the Leguminosae and
Forbs. The dominant fungal communities of the three functional groups include Gramineae, Leguminosae and Forbs, belong
to the phylum Ascomycota, accounting for 59.47% to 79.61% of the total abundance. There are significant differences in the
relative abundance of the phylum Glomeromycota, with the highest in Leguminosae, followed by Gramineae, both of which
are significantly higher than in Forbs. (2) The relative abundance of arbuscular mycorrhizal fungi ( AMF) and soil
saprotroph fungi significantly varies among the three functional groups, following a pattern of Gramineae >Leguminosae >
Forbs, with the Gramineae family being significantly higher than Forbs. (3) The co-occurrence network of Gramineae
rhizosphere fungi has the highest proportion of negative correlations and modularity index among the three functional groups.
Compared to Leguminosae and Forbs, the network structure of Gramineae is more stable and has a wider ecological niche.
The number of keystones in the network follows the order Gramineae>Leguminosae>Forbs. (4) 53.2% , 50.9% , and 16.2%
of keystones of Gramineae, Leguminosae, and Forbs, respectively, were significant correlations with soil NH;-N, NO;-N,
and C/N ratio. In summary, compared with Leguminosae and Forbs, the rhizosphere soil fungi of Gramineae plants exhibit
high arbuscular mycorrhizal fungi ( AMF) abundance and high network stability. This indicates that Gramineae species are
more suitable for the restoration of vegetation soil in dumps. The research findings can provide a theoretical basis for the

restoration of vegetation and species selection in dumps.

Key Words: open pit mine dump; vegetation restoration; rhizosphere soil fungal diversity; rhizosphere soil fungal co-

occurrence network
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(Alternaria) , 247 % J& ( Cladosporium ) Fl1#% 1 85 J& ( Mortierella) . = JE/NT 1% WA HE & 5 B 51 1Y
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Table 1 Relative abundance of species at the level of phylum (top5)

ThReRt THEI] HFHI ] HREEHT] Fipls

Functional types Ascomycota Basidiomycota Chytridiomycota Glomeromycota Others
ARAF} Gramineae 79.61a 4.56a 2.84a 0.45a 12.54a
TR} Leguminosae 77.24a 5.11a 2.02a 0.42 ab 15.22a
AT Forbs 59.47a 3.69a 1.91a 0.12 b 34.82a
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Table 2 Relative abundance of species at the level of genus (top5)
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Table 3 Topological parameters of soil fungi co-occurrence ecological network among different functional groups

RIS 1 AR T Skt
Network topology parameters Gramineae Leguminosae Forbs
OTU %X No. of original OTUs 394 360 312

7 £ %8 Nodes number 226 219 186
#1%% Edges number 273 507 361
ARG LM Positive cor./ % 93.04 95.86 98.06
A L] Negative cor./% 6.96 4.14 1.94
F-HIFE Average degree 2.42 4.63 3.88
BB FE L Modularity 0.83 0.55 0.81
YL No. clusters 36 21 52

Zi-Pi B (I 5) R ARABHI RN W2 (i B Ah AR R 5 = D E RS BA TR A
WREEAR L, K22 H0 5@ T AN 28], RAEHZE A 1 DB 61 41 A1, 38 62 G
Pt , R BALEFRERR ] FH PR T ERBE PR 1], 32.2% I JCEEP Bl oM J8 AR 78 R AL BT, P B HLAR 4 OTU4164
T HEW ] Pleotrichocladium JRY)FN , @A ELTH , 78 SR EC IR W25 b RGN 2 2 ASARERAX AL R 57 AN
A Ft 5O A KEEYIRD SR TR 0 TR BRI 145, 38.9% S SRl M I A T A B, b
BUHRAL OTU4198 S T[] X5 1R (Articulospora) MRl 9 A E IR BB , AR5 R 2 oy 160 2] 37
SRS B A, FEE TR IR, 18.9% MJE A E IR AL AT

AR P 3% 38 1 (i) FIASE B ] PR (P BB EURA GE B OTU B9 4R FE T, B A1 B35 5
(peripherals ) #1 , 25 HX 2] ( network hub) FEHAXZ] ( module hub ) Fli%E 4275 5 ( connector) =27 S AL IHIE K
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