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Soil bacterial community structure in coal mining area and its response to

different reclamation patterns

ZHANG Shiwen', CAI Huizhen', ZHANG Yanhai’, DONG Xianglin®, LIU Jun®, YU Jing'
(1.School of Earth and Environment, Anhui University of Science and Technology, Huainan 232001, China; 2. Huaibei Mining Group Co., Ltd., Huaibei
235000, China; 3. Ping An Coal Mining Engineering Technology Research Institute Co., Ltd., Huainan 232001, China)

Abstract: Scientific revelation of soil bacterial community stability and potential interactions between different reclamation models is es-
sential for differentiated management and sustainable use of reclamation land. The diversity of soil bacterial communities under different
reclamation modes was studied by analysis of variance and Spearman correlation based on high-throughput Illumina Miseq 16S rRNA se-
quencing technology. By constructing a molecular ecological network model, the stability of soil bacterial communities and the potential
interaction relationships between microbiota under different reclamation modes were revealed, and the microbial populations that play a

key role in the stability of bacterial community structure were clarified. The results showed that: (D) There were significant differences in
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the diversity and richness of soil bacterial communities in different reclamation models (P<0.05), which were manifested as deep digging
of shallow > gangue filling > fly ash filling. The composition of soil bacterial communities in different reclamation models was similar,
Proteobacteria, Acidobacteria Actinomycetes and Bacteroides were the dominant phylum in all model soils, with their combined propor-
tions accounting for over 70% of the soil bacterial communities in each reclamation mode. @ The significant influencing factors on soil
bacterial communities varied among different reclamation models, and the change trend between some dominant bacterial phyla and influ-
encing factors was different. Organic matter content was identified as the main influencing factor for deep digging and shallow reclaimed
soil bacterial community composition, while pH played a major role in the composition of soil bacterial communities in reclaimed soil
filled with gangue and fly ash. (®The soil bacterial networks in the deep digging and shallow reclamation models are complex, with
closely connected communities that facilitate the transmission of substances, energy, and information. In contrast, the connectivity between
nodes in the bacterial network of gangue filling soil is low, but the exchange of information within the network is slow. It has four key
nodes and relatively stable network structure. The soil bacterial network of fly ash filling reclamation is the smallest, with low node con-
nectivity. However, it responds quickly to changes in the external environment, but has the poorest network stability. The relationships
between soil bacterial communities in the three reclamation models are characterized by collaborative cooperation, with the highest propor-
tion of synergistic cooperation observed in gangue filling reclamation. This study reveals the differences in soil bacterial community struc-

ture and molecular ecological networks under different reclamation modes, providing support for the optimization of land reclamation

strategies and the selection of intervention methods in areas with high groundwater levels caused by coal mining subsidence.

Key words: land reclamation; microbial diversity; molecular ecological networks; coal mining subsidence area
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Table 1 Basic physical and chemical properties of soils with different reclamation models

A B pH AR Fr R (mgkg ) HRAN R (mgkg ) SRR/ (g kg ™) HHLF A (g ke ™)
DP 8.13+0.17a 27.4649.43a 303.65+16.27ab 0.90:0.18a 21.3446.50a
FH 7.64+0.87a 28.55+10.31a 271.40+£20.33b 1.25+0.46a 17.25+3.91a
GS 7.82+0.10a 17.65+6.38a 388.00+85.67a 1.40+0.21a 20.23+3.04a

I BE="FHEbnfER e, BIRS/NE TR RS W 22 715 8] B 25K ¥ (P<0.05).

SEpR e . 1m0 H AR DNA R B¢,
142 UEMER BN A

%% NEB Next Ultra DNA Library Prep Kit DNA
Library Prep Kit for Illumina #5 i FE7EA T 8 PEFRAE,
SE IR TE S T -5 Miseq EiEAT EALIFES,
I e 45 380 1) it s TS B S, 2255 R 0 ( Base
Calling) J5 73 Hr e A6 A s 4B T 1751 (Raw Reads) ,
S5 R UL FASTQ U A& A7 i, b4 25 DU e I 41
(Reads) {5 8 S XTI AN ot 5215 8 o
1.5 HiEESSH
1.5.1 AMIS8F 5

X R A 1) BT AR S PR U8 5 1Y clean tags HF
11535, 4 il OTU( Operational Taxonomic Unit), [F]
B A ATERRT, e R R FSI(OUT),
L 0.8 A HEAF L EME, 5 SILVA $df Xt L3k A
PR RE R, aBIgei A 1T L R R RE
ALY, A AR S — i S E excel £, Al
pha ZFEPEF8 % (Chaol . ACE, Shannon, Simpson #l
Richness) . #E7% W) F0 2 1% 5 5209 K1~ 19 Mantel Test
AR SRR 56 K oA 5 52 I PR - [8] Spearman A ¢ P
M TE R studio A HIH R vegan TR 58, Fr
45 R H R ggplot2 414l Bl . H SPSS 20.0 X} Al-
pha 8 50347 B K K 7 22431 (ANOVA, analysis of
variance ), 7£ Origin9.0 12| Alpha $55UHIRIA
1.52 M HE5 5

TS e W Y AR 1 OTU 47 hrifE Ak Ab
H X P8 BN FHT(80% ) ) OTU 4% 1 g 544
J& , LLBEHLFE % ¥ 18 (Random Matrix Theory, RMT)
SRV R LA, THE A TR ARARL I 45 14 A AH DG AR
WA JT 6T g 1) SR H2 L R, %o (B R A T I, B 2R i R4
JE YRR T Poisson 2347, A2 RGBT 1L
1) L DU A Ay Lo (B A OGP (8 2, SR A5 10 1Y A i
FESR L, DL AS B4R R A 2 431~ A2 A 26 B 4
il FT e, TR CI RS S8 IR
PR R B FM B FFES L, R Fast greedy -
B ATRIARAL, PRI ERISTH A, — D R dh 2

TR, R B AR — AT A P Y SRR
SRS EE B Z, BRI E B P, BEHURFE
) A THE . 2% R4 2 5 53 B 7E Molecular Ecolo-
gical Network Analysis Pipeline *F- 5 47, fiy ) 45 5%
(AT RALAE Gephi0.9.2 H5E .

2 HRESH

2.1 AEEBEEXTIEAFEESEEMSHT
211 AR A BAEX L3l A% R 5 AT (K
o AR
KA SRR AL IR 49 AN, 763 RE, B AR T
FEE<19% W 124G IF R HoAth, T2k Wy T AR G =F B2
(AR WK 2 fis o ASFSE B g b iy e 35
P T TRBOR ], (AR F A B R 22 5. A
PR 1EL4E: 22X ] (Proteobacteria) . FRFT ]
(Acidobacteria) . TZE & | ] (Actinobacteria) AT B
I"1(Bacteroidetes) , VU3 [ AT 3= B B AT 7E #4545 X 1
HErp By 70% VL, 2 B AR WL SR
HAP AR 1 F 6, 76 DPL FH ORI GS 45
FL T PRl 20501 4 (25.1% ~ 40.9%) . (40.8% ~ 53.5%) il
(30.0% ~ 38.6%) , FRAT I 1 HAK, & DP, FH Al GS
S R BT L ) YE B ) D (9.6% ~ 23.0%)
(13.1% ~ 22.2%) F1(9.3% ~ 17.6%) . M&ZERKF,
DP +IEP PR (Planctomycetes) 5HUAF R 5
oA o BRAFIT T S22 B T IHE FH L3 rh g & ke
BE; GS HIEHR I ZE AR ] (Gemmatimonadetes)
R =i
Ryt — 2 DX AN [ - S 4 TR 7 2 2
TEIBCHRT 2 B2 >19% WP BEHE I Ja 2 i e 2 &1 (an
K3) o S5 Won, BUFF R T T A9 20 i 50 e i
( Pyrinomonadaceae) 5 Wg JL T Jii & # ( Chitino-
phagaceae) . FICF 1T B 5 [SHE R (Burkholderi-
aceae) & i HLHEZ AT 3 (9%}, 76 DP, FH Fil GS 13
B ELZ R4 508 10.98% . 23.53% F1 16.94%
HH PG PR M BB (Sphingomonadaceae) 7 FH 3RS
W IR 13.01%, 7E DP 5 GS Wiy AN
341



2024 4F45 2 1] # £ A F H# K 552 %
DP FH GS DP FH GS
100 fe o o o
ERRBREIEEREER 60 - -
HLH TEHLL
75k g | |
< <40 s _HOERR. N
= =~ . =
%50- % L F B "
< =
20
251
of 0

Others Firmicutes Bacteroidetes
Patescibacteria [\ Verrucomicrobia Actinobacteria

W Latescibacteria |11 Planctomycetes [ Acidobacteria
Cyanobacteria Chloroflexi B Proteobacteria
Nitrospirae Gemmatimonadets

M2 FEREREXRLEAE RS TN FE
Fig.2 Relative abundance of soil bacterial dominance phylum

in different reclamation modes

i 3% , Microscillaceae BHE FH T AL 7% Th i 5
HEH 0.37%, MAEHABRE G b e 2% LU b, 5
HAWAE AR LE, B 2B B RHE DP U Wi
Y 3= BE B (5.18%) , Wi JL T 53 & Bt ( Chitinopha-
gaceae) 5 75 B B B ( Gemmatimonadaceae) 1E GS
TR P R, 350 7.07% F16.44%
212 FARAABRBXLEMAAE o $HEIEK

ZEPEFE BT A Tl S A A P RV 1 T
52 REER, i e 4 R R, MR A 7 o
#(good’s coverage) ¥ KT 97%, 2 I P E s &
B, ANOVA sr#rR I (15 4), 3 Fh A BA 13k
mi B 20 7 22 A P 5 58 (Richness ., Shannon, Simpson,
Chaol Fll ACE) ¥J4F1E {35 22 5 (P<0.05), X &2 B A
AW o Ry, H 43 A2 TR e e, LR
BF A SR HL, By R sE R i . Horp, 2 IR
Richness $8 %% LU B K FEHTRME AT A 805 H 25%
It
22 AEERENX TEAREEEYME RSN

R R W 4 TR R 9% 0 2E B R e R ] A A
KA, R A R I AL A% BEAL 4R BR #E 4T Mantel
Test FHOC TR S, 45 2R W35 2. DP - e W HE &)
T2 52 SOM 52 Wi dc K, 5t b 35 1EAH 56 (p<0.05),
HBEE YA 22 51K, pH, AP, AK., TN Fl SOM
HIMEL 43 R (r>0) o FH - 20 B A Vs ) 2H i A2

342

SC—-1-84 Xanthobacteraceae
Steroidobacteraceae Xanthomonadaceae

[ Streptomycetaceae Pyrinomonadaceae

Rhodocyclaceae B Sphingomonadaceae
Pirellulaceae B Nitrosomonadaceae
Pedosphaeraceae B Chitinophagaceae

[ Microscillaceae B Burkholderiaceae
[ TRA3-20 [ Gemmatimonadaceae
Blastocatellaceae

A3 FTREZBEXLEME RSB FE
Fig.3 Relative abundance of soil bacterial dominance in differ-

ent reclamation modes

pH 5% i £ K (7=0.021, p<0.05), & AP LAk (r<0),
At 70 35T PR 1 BT R /N Y B 20 TR % ) ol 2
2% S B EE CMTAG K . pH S i A GS - S 40 1A
YR 22 S e 2 K, 5 TN Al SOM
fHK/NRE R L, pH, 5 AP Fil AK L K /N 2 IE L,
P AT O, ) 52 BRASE T 8 200 1 A 7 4 A ) ik
5 R AN [, 5 52 e R TR] %) T B7RH DG A
NG

S IR S S0 AR DGR AR T By 40 e b
S R e w4 N R e = A S Rl 1B
spearman FH ¢ P 43 #T, FF K 45 R 4 il s .
Kl 5 s HoA W R M4 : DP 5Erh AP 51T
W11 (Bacteroidetes) 2 1. 3% 1IEAH G (P<0.05), 55
B ] (Planctomycetes ) S 4% 1. 35 IE A& (P<0.01); AK
52 W] (Armatimonadetes ) %2 2. 35 (P<0.05) i 4
%, 5 E ] (Actinobacteria) £4% 5 3 (P<0.05) [
A SOM 5 EFF# [ 1 (Latescibacteria) {F A i
FHIEMISE(P<0.01), FH +3h pH SR B
FFEET 5 2 TR G AP 5IRFFIAT 1 (Acidobacteria)
SR ARG, SRR B E NG AK 5
L5 1] (Chloroflexi) . YETH ] (Verrucomicrobia)



SRAESCAE AT IX SR AN TR A v 45 B HC X AN (7] A2 BASE 2 o

2024 455 2 #H

6 000

8 7 000

6000 [

5000

<]

2%
&

o

X

R
R

5000 [

v,v
33
Ace 5%

Richness &%
Shannon 5%

XX
KL

4000 -

K
&

XX
2R

4000

S
L

S
5

30;
9K

SRS
5K

X
KL

DP FH G
R

3000

3000

7000 11
a a 1'0 ::?:::
V‘z amEE .
b ab 6000 | p7 E:i:
71 S
/ 09t O
e
% 3
= B
3 /VW gm “:
1
= / R o RS
< 5000 - /»:o:: | 2 08 %%
g / s | £ S
S R | £ 5
/ R | @ oo
/ IoSeEititE 5K
/::2: 0.7 K
NONEEEEEE e
4000 - %Izﬁ: et R
/ ot S
¢%&'“' 067 KK
RSN EEEEEE S
B %
= X
ottt RS
| g0 22K R
DP FH GS DP FH GS GS

HERM

3 7

T DREEEIURIREDRE , ARG TR 22 5155 23K P (P<0.05)
M4 TREBEXTEAERE o SHEEREK

Fig.4 Diversity index a soil bacteria in different reclamation modes

3R 2 Mantel I F A E SRMEFREXE

Table 2 Mantel examines the correlation between bacterial community species composition and impact factors

) DP FH GS
AN
r p r p r p
pH 0.021 0.457 0.721 0.025%* 0.691 0.047%*
AP 0.200 0.182 —0.064 0.492 0.051 0.400
AK 0.075 0.308 0.468 0.101 0.025 0.417
N 0.657 0.056 0.504 0.085 —0.050 0.518
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Table 3 Characteristic parameters of soil microbial molecular ecological network in different reclamation modes

S HIBLEE SENR B PR A A FEBERI LS N
DP 0.98 920 8121 22.076 6.135 0.819 167 0.831
FH 0.98 224 230 2.054 6.854 0.227 54 0.9
GS 0.96 555 677 2.44 10415 0.209 93 0.9
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