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I nfluence of high-sulfur coal cover on composition and diver sity of
soil bacterial community in mining areas

DONG Shubo LI Ning XU Jifei LI Jingguan’

Inner Mongolia Key Laboratory of Environmental Pollution Prevention and Waste Resource Recycle, School of Ecology
and Environment, Inner Mongolia University, Hohhot, Inner Mongolia 010021, China

Abstract: [Background] The study of soil microbial ecology is very important for ecological investigation
of pollution in mining areas and ecological restoration of mining areas. The influence of high-sulfur coal
cover on underlying soil microbial community is still unclear. [Objective] The purpose of this study is to
explore the influence of long-term high-sulfur coa cover on bacterial community composition and
diversity of the underlying soil in coal mining areas. [M ethods] Three types of soil samples (high-sulfur
coal cover layer, soil beneath high-sulfur coal cover layer, soil as control) were collected from coal yard of
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a high-sulfur coal mine. The influence of high-sulfur coal cover on soil properties and soil bacterial
community was studied by measuring soil physical and chemical properties and using high-throughput
sequencing technology. [Results] Compared with the soil as control, in the soil beneath high-sulfur coal
cover layer, the pH value decreased, but the contents of sulfate, organic matter, hydrolyzed nitrogen and
available phosphorus increased. For the underlying soil bacterial community, the diversity index decreased
and the composition changed obviously. At genus level, the relative abundance of Bacillus in the
underlying soil was higher than that of the control. The regularities of relative abundances of Acidiphilium
and Sulfobacillus in three sample groups were “high-sulfur coal cover layer>its underlying soil>soil as
control”. The preponderance of sulfur-oxidizing bacteria in the condition of high-sulfur coal and its
influence on the underlying soil could be confirmed. The co-occurrence network analysis showed that
Acidiphilium and Sulfobacillus played an important role in the soil bacterial community of the area
covered by high-sulfur coal, and had a great impact on other bacterial genera. [Conclusion] The
high-sulfur coal cover and the predominance of sulfur-oxidizing bacteria in it have obvious influence on
the physical and chemical properties and the bacterial community of the underlying soil. The research
results are helpful to enhance the understanding of soil microbial ecology in mining areas, and provide

theoretical basis for the ecological restoration of high-sulfur coal mining areas in microbiol ogy.

Keywords: high-sulfur coal, desulfurizing and acid-producing, physical and chemical properties of soil,
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Fe%. Simpson #5%%. ACE #5%1. Chaol #8%(%:%  Degree)#i7E 99%L) I,
FEMERR BN A, FEAYL HCCL MdNa 2SR HEFEER L.

R BB Bl S e 2
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Tablel Soil physical and chemical properties of different sample groups

JEKF-F, HCCL A
MY 354 Norank_o_

Fedh o pH{E TR HLF3 ARUA AR T
Sample pH vaue MC (%) EC (ms/cm)  EN (mg/kg) EP (mg/kg) EK (mg/kg)

AP KRR E:
SOM (mg/kg) sS (g/kg)

HCCL 2.61+0.13a 8.50+0.24c 31.67+1.0lc 100.33+13.34c 36.07x0.17c  130.84+7.48a 95.45+£0.62c  12.32+0.21c
SBH 6.92+0.06b 4.31+0.17b 17.83+1.09b 58.33+1.91b 2770380  34816£10.79b 13.17+0.31b  6.74+0.08b
S 8.47+0.12c 2.73+0.06a 1.97+0.04a  3.50+0.00a 1.60£0.17a  351.11+11.76b 8.78+0.47a  0.33+0.00a

e [FHA [E SRR R g b #1 ) 2% 55+ 2. 3 (Duncan method, P<0.05)

Note: Different lettersin the same row mean significant difference between treatments (Duncan method, P<0.05)

*2 TEERNSHEMIER

Table2 Diversity index of soil samples

T ARG F R ARAE R ACE 1541 Chaol 1% B

Sample Shannon index Simpson index ACE index Chaol index Coverage degree (%)
HCCL 2.32+0.32a 0.767+0.070a 172.74+31.46a 169.05+28.12a 99.89+0.03a

SBH 5.58+0.06b 0.991+0.001b 1 108.65+32.30b 1122.38+32.42b 99.45+0.03a

S 5.98+0.04b 0.994+0.000b 1267.12+27.94c 1300.08+37.73c 99.50+0.02a

Community barplot analysis

s | I
sours |
_—

0.4 0.6 0.8 1.0
Percem of community abundance on genus level

1 BKFELREAMEREEMNK

Figurel Bacterial community composition of soil samples at genus level
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Figure 2 Principal coordinate analysis of the influence of
high-sulfur coal cover on soil bacterial community
composition
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Figure 3 Canonical correspondence analysis of soil

bacterial community composition and environmental
factorsunder the influence of high-sulfur coal cover
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Spearman correlation heatmap
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Figure4 Heatmap analysisof bacterial typesat genuslevel and environmental factors

Note: *: P<0.05; **: P<0.01; ***: P<0.001
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One-Way ANOVA bar plot
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Figure5 Analysisof bacterial types differences among groups at genus level

Note: *: P<0.05; **: P<0.01
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® Chioroflexi

® Firmicutes

® Actinobacteria

® Gemmatimonadetes
® Bacteroidetes

® Saccharibacteria

® Proteobacteria

® Acidobacteria

® Nitrospirae

Figure6 Co-occurrence network of bacteria under the influence of high-sulfur coal cover
T LLERFIRM AR NIE; GERFIRM ARG W8 EPMCm =i ; P<0.05

Note: The red line indicates positive interaction; The green line indicates negative interaction; Marked nodes represent key bacterial groups,

P<0.05
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SR DA T RS SR T B S Ak PR Rl S
B2, H I b g S s Jm P A TR R 5 | ik

i1, B4 Kojima %% it T “Thioploca-specific”
¥ o5 Bl o P Brinkhoff % ¥ i T
“Thiomicrospira-specific’ 4 5541, Podgorsek 4
X} Thiobacillus, Halothiobacillus 1 Paracoccus
AEHP g 2-3 R T — 24 RS P

TE B AR P i B AL A S o A ) iz . k2
M, Hoh g R AL B 4 AT T (Acidithiobacillus
thiooxidans) I 1&g 2 & fb W 2 & +F
(Acidithiobacillus ferrooxidans)iz Lt 2422, Ni
ai BOSH e i % 3% A] B ¥ 1 (Intergenic  Spacer
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At A TR EAATE -

fi A Ak 77 1R P B8R M 7 11 2 UK (Acid Mine
Drainage), XJ7KUAFN L HEPREE rh i A= Wy iE v At 41
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Acidiphilium, FRFT % J& (Acidobacterium) . ki )&
(Ferromi crobium) 14 3 42 71 /& (Leptospirillum) 5525
BEMUZEDD . Sun S5 Z st B R A R
YIFEA, 5 Fe Al SRR G T I AERE AR AN DA 1
HAHM P SR EMA, B 4SEMNEE
(Metallibacterium) . 2 -+ fifi 1 J& (Aciditerrimonas) .
Mg Eh MM B JB (Halomonas) . Ay KL K W @
(Shewanella) . 2k I i J& (Ferrovum) , Alicyclobacillus
I H B 8 (Syntrophobacter) . & T W58 R X f#
AR A A S e S R YR LU R K AR Z ALY
¥%, Chen ZBUPFAE 1) 6 NRHRAE 1
FEAS, kR A B (TL) . RERILEN(T2), E
AL (T3, T4, TORMEEAEY (T6), K
TERY T1-T3 By HIEFE A AL 4[] (Proteobacteria)
A R LR (P BN 56%-93%) , 1 7E
T4-T6 w4 Hil ] (Euryarchaeota) it 4= ) M A 34 i
BECHIR 15 46%-58%) . Fan 5567 1115 Kk Ak
FRPTVE D A3 I R U E T i TR Y, ek
IR X3 ) e i SR A v e B o 22 R B A A
Y1, Hh AR A Acidiferrobacter , #R
1 J& (Thermithiobacillus) . #1F# J& (Limnobacter) .
TR K B T8 (Thi oprrofundurm) A1 g i 27 Ja (Thiovirga) .
e B X JE 30, ISZFRYED LR K
R ()R FH R AR - AR AS, LU AR N R AT T
(Acidobacteria) Fll 5% 15 4 '] (Crenarchaeota) , H:
Crenarchaeota F i) Candidatus [FlFf: i Pi 37 ; 4%
FRAPERT 11 R K5 Y 25 1 A FH - 4%, 7E 0-80 cm #%:
A RES 1L Acidobacteria Sy 3P ] L AE
SR 1L 7K R G B AS ) 24 355 rh ) 35 71 R DR
My, WENRBRYERSENHAEYREESE . TEAMR
H, TR R GO Acidiphilium Al
Sulfobacillus ¥ EA i E L REE ST, H 2RI T

. AR RGE — 2 Acidiphilium Bk B B
Acidithiobacillus ferrooxidans B &5 Bk IN AR 12
BE 18 RO AR R R G T
Sulfobacillus FFRAMSY, @64 L= BRAE J1 7T Bk
X IX B AE R R G A R . H T
P 35 2 Acidiphilium A1 Sulfobacillus FIfE#FF
TE, (A5 T 7 13 b A e v 4l 5 ) R A L
RAH AR TR 3267 b, Acidiphilium &
F Proteobacteria, Sulfobacillus J& F J& B [ ']
(Firmicutes) . 5 L4 IE MR VER™ LU K K B 58 4H L
i, CHEPAEREN Sulfobacillus (4RGE .

b, KT w1k, Pereira 2 A TG
R 0 L HE K SR K H A i+ R AR
FEARMA T i@ iy, 43Hr R B e L K5
TR DTS 2 N ES R (R AR, S 8 BR T - AR )
(Deinococcus-Ther mus) F 75 A~ [/ 4b # [71] 22 55 i K,
{EXT AR Z v T . )l IR AT A7 A B
o, FEES R RS RN EMEY 2
REPEMSS | R 5 2 R T T 7
Y2k, B 55X A LR IR B /N . AR
GEAPHIT T e B AR 55 T LT A M A TR Vi 4k
FZREERZ T, INGE T X X 3 A P R 5
AR, A B AR KA ih B AL LA
4 i

H ARG T i A 55 )2 v i sk 2k 1 A8 A B
W R TSR Oy LI AR R 2 A S A
R A . SRR R IEA L, A T
HF 7 A 0 AR EORAR, AN RER 4
PR TRREAS . FEJR/KE b, X -3 L,
MR 7 13 Bacillus A &, JFE
Acidiphilium | Acidiferrobacter . Sulfobacillus .
Ferrithrix fAHXT B2 1 5 % B8 1232 ; Acidiphilium
5 Sulfobacillus 7& 3 AR Hr /A F2 B2 2 B
B T8 2 >R B R s X R g, ™
PR TR 7 e B A P B 0 5 A8 B HEX R Ty 3 52
W) F O AT DAAS B UE S . B % 4 B 2k W
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Acidiphilium Fil Sulfobacillus 7 & Bt 26 K sk 1 +

ERAEY A ST A E A,

XA 2SR

MR Ko Rk, S 5 i AL I AL
PALTEXS B T 7 1 5 0 A RV 7 LB ] B 52
Wi o A SCRIFSE 485 3R A B TR XA X A3 A A=
SRR, W SRR XA ST VA PR R
Py e it
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