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Chﬁracterlstlcs of -Microbial Commymty Structure in the Surrounding Farmlands of a

Mercury Mmlng Area and Its Envirétimental Driving Factors
CHEN Eén', YU Gao', SUN Yue-bing”* , ZHANG Hong-li* , TIAN Xia', XIA Bei'

(1. Guizhou Provincial Key Laboratory for Biodiversity Conservation and Utilization in the Fanjing Mountain Region, Tongren University, Tongren 554300, China; 2. Key
Laboratory of Original Agro-Environmental Pollution Prevention and Control, Ministry of Agriculture and Rural Affairs, Tianjin Key Laboratory of Agro-Environment and Safe-
Product, Tianjin 300191, China; 3. Geo-Compass Information Technology Co., Lid., Beijing 100089, China)

Abstract; In order to investigate the characteristics of soil microbial community structure and their relationships with environmental factors in the surrounding farmlands of a
mercury mining region, we analyzed soil physical and chemical properties, Hg pollution, enzyme activity, and microbial community structure characteristics in the surrounding
farmlands of a mercury mining region in Tong Ren ( Bahuang Town, Bijiang District; Huagiao Town, Shigian County; Kaide Town, Jiangkou County; and Chuantong town,
Bijiang District; referred to as B], SQ, JK, and TR, respectively). The relationships between the characteristics of soil microbial community structure and environmental
factors were determined using redundancy analysis (RDA) and correlation network analysis. The results showed that the degree of soil Hg contamination varied depending on
the sampling locations in the study region. The soils in JK and TR were categorized as having light-level Hg contamination, whereas those in SQ and BJ were at moderate-level
Hg contamination. The potential ecological risk indicated that the soil suffered different degrees of Hg contamination (TR was at a medium level, BJ and JK were at a serious
level, and SQ was at a high severe level of pollution). The dominant bacteria flora were Proteobacteria, Actinobacteria, Acidobacteria, and Chloroflexi, whereas the dominant
flora of fungi included Ascomycota, Basidiomycota, and Mortierellomycota. RDA analysis showed that pH, sucrase (SC), and catalase ( CAT) activities were the key
environmental factors of soil bacterial community structure. Soil pH, available nitrogen ( AN), available potassium (AK), HCl-Hg, acid phosphatase (ACP), and urease
(URE) activities were the key environmental factors that affected soil fungal community structure. Correlation network analysis indicated that pH, available phosphorus ( AP) ,
HCI-Hg, SC, ACP, and CAT were the key environmental factors affecting soil bacterial community structure, including Proteobacteria, Acidobacteria, Actinobacteria,
Chloroflexi, Firmicutes, Rokubacteria, and Planctomycetes. AK, pH, total nitrogen (TN), AP, AN, ACP, URE, and SC activities were the key environmental factors
affecting soil fungal community structure, such as Ascomycota, Basidiomycota, Mortierellomycota, Glomeromycota, Chytridiomycota, Rozellomycota, Kickxellomycota, and
Mucoromycota.

Key words: mercury mine; soil; microbial community structure; environmental factors; redundancy analysis (RDA) ; correlation network analysis
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Table 1~ Study area survey

G BRg RSk AR H AR AL iFﬁ?l"Jﬁ%E’l %73 s 4 F He 7 iE 2
/mm /h /C /m /km

B EVLIX I I AT 1337 1170 16.8 293 109°01'21.59” 27°42'58.32" 28.54

TR ZEITX )1 8 1100 1403 15.3 458 109°12'46.1" 27°47'16.25" 29. 67

JK VLA B A B e A 1369.6 1257.3 16.2 506 108°48'05"  27°39'39. 34" 43.92

SQ A BFE AL B K IR K EFAL 1073.2 870. 7 17.1 879  108°19'50"  27°39'39. 34" 87.88
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®2 TEERBUSEY
Table 2 Physical and chemical properties of experimental soil

FEH BJ SQ JK TR

pH 7.54 £0.02a 5.08 +0.03d 7.10 £0.02b 5.98 £0.02¢
©(OM)/g-kg™! 20.52 +0.41a 20.29 +0.67a 21.19 0. 16a 21.41 +0.51a
w(TN)/g-kg™! 1.55 +0.03a 1.34 +0.03b 1.41 £0.02b 1.52 £0.05a
o(AN)/mg-kg ! 82.11 £5.16a 57.83 £6.35b 89.25 £5.50a 85.68 +4.36a
©(AP)/mg-kg™! 39.85 +2.58¢ 73.31 £5.51b 132.71 +8.19a 146.99 +12.78a

©(AK)/mg-kg ! 490.17 +34.57¢

421.97 +26.72d

647.02 +37.66a 582.54 +29.24b

D) [RIFFARRING SRR TE P <0. 05 KF 1245 3 T A

2.1.2 3 He 5 YL HRAE 5 088 KUK

H 2 3 A AR X 14 (4 Hg) 9 0.22 ~
0.52 mg-kg ', & 5 M A - R MH (011
mg-kg ") ¥ 100% ~ 136. 36% , Y& T + IR Bt
F e i R IR 7 39 160 XU 45 5 1 ( GB 15618-

2018) . AN[F] X 38 1= THg Fl HCI-Hg £t 84775 —

REFESE, H b He Hl HCI-Hg ’a‘iﬁy\m@lﬁﬁlﬂ

H SQ>BJ>JK.>TR Al L, 192 Hel He 'ﬁ'ﬁfﬁg
E%%*ﬁa& 3 g 1975 R I T 1 e HGT-He
(75 YL gk 5, Eﬁﬁﬁﬁﬁﬁtl:ﬁii% Hg B’Jmé’éj{kﬁi‘
Tﬁéiﬂziﬁ?ﬁ%ﬁ‘ ffé\ﬁifﬁ?mﬁt"—mﬂﬁﬁi/\ﬁi
3, 1T L TR Hg 1.4, FLE£, 2
;&%%ﬁﬁﬁ%ﬂ(?(}? <0.05). *E%ﬁ';l 6&»&
ﬁ/ﬁ“” JKFUTR 19 1, 3650 T 0 ~ 1, )8 T4
Je; SQ FIBJ Y 1 A8EN T 1 ~2, )& T 2
‘Fa%’é.*ﬁ%}“ﬁ E, s> TR 1 E, T8N F 40

~ 80 , FFTET AR A AL ; BY ALK B9 E, $8%k

AT 80 ~ 160 , 77 75 3 1 16 A A5 KUK 5 SQAT E i
;& T 160 +320, ﬁﬁﬁﬁ%{*’%fiﬁﬂh Yu
2 4TR Tang FEHSER A T Hg 5™ L4 Bﬂitﬁ Hg
{75 Ytk e, 45 R4 30 | He )%'?1:&3%@4%7@%
(1., > 5),.ﬁﬁﬁﬁﬁﬂﬁéﬁ{*’ifiﬁﬂhw S
160) . XF HL LA EWE50%s 5 RIBE, BE 85 Hg 07 IR 4405
£ 1, R B R D00 77— i PR

. ?w&éﬂﬂiﬂk&ﬂ%iﬁﬂﬂ%ﬂmﬂ' il
ﬁe@ﬂm 0 st AT LG, DR 3 e
HEI5 G I, wE AP RS, UG IE 2 Ak H +
SRR ISR | D RERE P R T R A PR RE Y. SR
WE B ZHOR (SR AWk SE) | it
TR BEL 48 AR (Bl ot i ) ) R 20T (K A
TREH ) 15 5t 25 S 4 i + 3 Hg A= W04 bk sl B AR A
77 R bR XU

®3 11 Hg SRFESRERXE

Table 3 Soil Hg pollution characteristics and environmental risks

iH BJ SQ JK TR
w(THg) /mg-kg ! 0.35 +0.01b 0.52 £0.0la 0.28 0. 02¢ 0.22 +0.02d
w(HCl-Hg)/pg-kg ™ 1.24 0. 01b 1.65 £0.03a 1.20 0. 03b 1.17 £0. 02b
pH pH<5. 5 5.5 <pH<6.5 6.5 <pH<7.5 pH >7.5
DS B 18/ mg - kg 1.3 1.8 2.4 3.4
KU ¥ {H/ mg - kg ™! 2 2.5 4 6
L, 1.08 0. 04b 1. 66 £0.07a 0.76 +0. 03¢ 0.42 £0.01d
E, 127.27 +6. 34h 189.09 +9. 27a 101.82 £7. 58¢ 80.00 +6. 14d

2.1.3  HHEREISTE

- R MR AR A A ) i
T, X RISV A AN A ) Al e R IS g e R 4
AT W R T 0 4 T Y U,
HHAVEFIWTTS Y it A B A d VR 0 T B 4
SCifi PE R AE T L 8 LAk 32 U5 4 il 75 b W

20 ACP IR TPN LB R AE YR I
SRR AR CAT I V£ 5 438 WP W AR FH 58 B

TR E Y A A TR B ARG, B — R L R
T HHEHUE Y SR E Y URE 16 PEnT LA
K FRAE LA WIS R A BRI e ) i35
AR B BER E S0 f 3R 4 al i, R X e+ e
CAT JEPE22 3 AR 3, SC Al ACP 35 M 22 B 23k i
FKSE Hodr B 4 SC Al ACP 35 X3k e KA, SC
TR %S SQ L JK FTR 425 127. 01% ., 212. 56%
F1389.71% (P <0.05); ACP IHPE4 %1% SQ. JK
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B 43 %

1 TR #2155 221.43% ., 688.14% F1 97.03% (P <
0.05).JK % URE & ¥E43 % BJ, SQ 1 TR 4& 5
33.33%., 88.24% #1 40.35%, HEF W 3FH (P <
0.05). 25533 MK 4 K, L He 15442
JEE A TR I R M B AT — 8 P2 B2 b T B 4 SQ 1Y
Heg V5 L2 B B e, 10 eI M 20 A S e KA, Ul P oy

WTERY Heg 23X - S8 Ml 7% 17 A 400 44 28007 . FEHIL
ATRERLER . (DHg S5 8Os ERR AL L2 45 45
B RRE S0, 7 A T SR B SE 4R
HIVERE s QHg o 40 ) -3 Gl AR vl A R R
BHL, D/ LA D 45 R 53 6, O TS 0 - S i
Ari‘l;‘ﬁ%[m] .

F4 LTHEEEN
Table 4  Soil enzyme activity
WA BJ JK TR
SC/mg- (g-d) ™! 6.22 +0.32a 2.74 £0.06b 1.99 +0.03¢ 1.1+0.09d
ACP/pmol - (h-g) ! 13.95 £0.29a 4.34 £0.08c 1.77 £0.02d 7.08 £0.06b
CAT/mL-kg ™" 1.87 £0.07a 1.96 £0.02a 1.97 +0.04a 1.92 +0.04a
URE/mg- (g-d) ! 1.20 £0.03b 0.85 +0.02¢ 1.60 +0.05a 1.14 £0.03b

2.2 A IX A YRR A R
2.2.1  HHPEHES S RRE

VR AT PRI AT S IS ) X3 - S e A B
G5 AR, AR A O 34 B R AR S ] DX 3 - g 1 4
A3 Fe9). A5 B A (363 SR o 4G 21 4078 19
17,83 44,330 H ., 714 BHF12 657 =\ 11953

FAT [ 1 (a)d s LA 0 ok 1A BT
( Prqt-e—obacteri%) LR ( Actinobalp't(?rjé) . ﬁg;ﬂ:

Bl Acidolfaetérta) . 525 811 ( Chlotlediy
it B '] (~Gemmatimonadetes I, EM / T T
(Baé‘teroifietes) R Eﬁijrﬂl‘j ( Firmicutes ) \ %%*?E%j

Il (’Rokﬂbacteria‘) . 1% W ['] ( Plangtomycetes ) 7)_:1] s
, 2 stey) BV,
WPS-2, = HAH | Proteobacteria,  “Actinobacteria,

Acidobacteria Al Chloroflexi 7 FIF A 13 4= ¥ & KL 1)
84. 01% RPN L= e A 5 T Y, 315 2 B0 42 I
T YA O 2 3 1Y 48 R 7 2H 8 — 3. Frossard
=020 4 W 9% & B, Proteobacteria. V% %5 B I
( Planctomycetes ) . Actinobacteria Fll Bacteroidetes J&
KM He 75 Y + 88 P g A0 i BE. Li 55 Ma
VRN Zhao A5 R A & AR YRR )R 4
A H A A Y B YR A H L)L Proteobacteria .
Acidobacteria  #l
Bacteroidetes N 0 ¥ I #F. Zeng %[33] . Jacquiod
SEUHA Schneider 457 (Y BIFST & B 4 @ V5 G+
e B T R AN Proteobacteria . Actinobacteria |
Firmicutes Al Chloroflexi, T AT AT PATi} 32 & & &= B9
&, 40 Cd 1 Zn 55, FE 20 FEVERD TR X i1
& H O+ g

Acidobacteria .

Actinobacteria | Firmicutes .

Proteobacteria,  Bacteroidetes

Gemmatimonadetes  FlI
Actinobacteria Y43 7 b {91 35 e 45185 0. #E AR W 5%
71, Gemmatimonadetes . Bacteroidetes A1 Firmicutes [
FHXT=EBE S 19, R 20 HIEATR T 125, 5
FRBFTEAR—2 78 BT JK TR By L5 A i

Firmicutes .

H Rokubacteria, 7£ SQ Al TR A9 £ 3 v, & i H
WPS-2. KT TR0 28K L, 4 A XKz (7]
TSN B R RO 1 A 2 S S A
gy Proteobacteria ) FAHE(P< 005), BT )
Actinobacterifi E%%ﬂ: |SQ HI TR ,fﬁ'ﬁJK' %%‘j%%:ﬁ
Z(P<0.05): SQ. )l Acidobacteria ﬁ%%‘?BJ,jﬂ
50K A DR 2 255 A (P <0.05) 5 IR ()
Chloroflexi 4 2 #F BJ . S¢ 1 JK (P <0.05)({ [l 1
(b) ]. Protgébacteria E"%*H XT = B AR Ak 3 26. 40% =
29.71% ¢SQf> JK >*IR > BJ), Actinobacteria/ %y
19.25% ~:37.22% (BJ /> JK > SQ > TR),
Acidobacteria 2 13. 18% ~ 16. 90% (SQ >TR > JK >
SQ) , Chloroflexi 4 9.00% ~ 21. 16% ( TR > BJ > SQ
>JK).
2.2.2 HEHHRATHTHE

ABIFSE i A b - S ot A I B L 15 1]
27 49,30 H . 25 BLAI 65 J&. I TKF M 2KKE
(F 2 (a)], DR ETERA TRE
(Ascomycota) , HF &[] ( Basidiomycota ) 1 4% 1 55
I"J( Mortierellomycota ) , HiX 3 F i #F 5 Fr A U4 9
Y 75. 60% , e+ AP SR, X5 2 HE S
& 5 e PR LS B ) L TR 7% 2H L — 3. Frossard
ALV RGHIFSE 2 I, Ascomycota Fil Basidiomycota 42K
W1 He 15 % £ A R34 LT T RE. Chun 5770 1
W5 & B, Mortierellomycota F1% /] & ( Fusarium ) J&
P30 I B 3 b O S FL TR TR Lin 50
W 98 & B, Ascomycota, Basidiomycota, 4% B []
( Chytridiomycota ) . ¥R [ ] ( Glomeromycota ) |, %
AT ( Zygomycota ) FILL#: ] ( Rozellomycota ) £
HHEERI5Y4(Cu, Zn, Cd, Pb, Ni il Cr) HHEh
R E R BRSSO oY R,
Ascomycota , Basidiomycota 1 Mortierellomycota J& i

A IR A 10 e vb B 0 S5 OB B RE. AR KA
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Fig. 2 Sml fungal commumty structure at the phylum‘level __ﬁ"'

u" 7
ry .\""HI' m dlffq,re‘llt samplmg soils A

i pH., URE, S€ 1 CAT '%éﬂilzlﬁlﬂ*éﬂﬁwaé@@

""- 3 .“ levi?Fln different sampling sHmIs .'I ; i
= " y f ol SR enviit BRI AP IREE R T S 4
TR E‘l] ijﬁ'ﬁﬁ\ {" 1 Glomeromycotaf e SQ(‘E’J LR pH( =0. 637,Pr=0.003) . SC(# =0. 609,

7[";?.-‘ iy " Chytridiomycota 1 #i % [
( chkxellomycota) AT X5 4 48 B AR B B AR
X EREAAAE 26 5, o B B Ascomycota {35 & T
SQ FMJK,fH5 TR ZR AR E (P <0.05); SQ Y
Basidiomycota i % = T BJ, JK Al TR (P <0.05);
TR 9 Mortierellomycota &t 2 /5 T BJ . SQ 1 JK(P <
0.05) [ Kl 2(b) ]. Ascomycota FYHHXF 4= B 25 4k Ny
54.04% ~ 76.29% ( B] > TR > SQ > JK);
Basidiomycota A7 5. 04% ~ 17.38% (SQ > BJ > TR >
JK) ; Mortierellomycota A 1. 16% ~ 7. 00% ( TR > SQ
>JK >BJ).
2.3 HEBUEYITEE SIEN T RICR
T IEE YA TR A5 A 2 S BT A 1 - SRR
RSP Gty DO $78 S R ORI VA: AR
HBE A IR . R Y VA 45 5 38
BE PR 7] RDA 4387 LA S OGHK ) 46 ] LA Tty -+ 3¢
(DGR =rT RSEIS AN e EI P
M 3 T LU i, PR PR 70 - R0 R Vs 45
PR R0 93. 6% , Herbr, HiT I A-HE e il ) i A
AT 43, 84% F 26. 41% . ARPEHT KA W LU

Pr=0.014) fl CAT (7 =0.518,Pr =0.047 ) %f + 1
I P T 235 40 2H B 52 38 i 3 K- (P < 0..05).
DL B S ST pH 2 - SR R VS S5 4 1 R OR B)

T, X SR E K A R E A Y R
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Fig. 3 RDA analysis of soil bacterial community structure

and environmental factors
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Fig. 4 Correlation network analysis of soil bacterial community structure and environmental factors
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Fig. 6 Correlation network analysis of soil fungal community structure and environmental factors
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