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WE . B4 BN R B (The Toxic Factor, TF) JE P 8 4 J& W 1E AL A XU H6 2L ( potential ecological risk index, RI) IS4,
9 THRFEET Hakanson $&H 9 TF B2 516 H T H &80 I HAE Y R AEZS R IPAE, LLTF 628 5 1 30 94T (Pb) M4 (Cd)
Pz + IR T I R RIAY RI ZKF- (100,200 #i1400) , 3833 Biolog-ECO AR N5 8 f: il 5o 5 AR08 T Ph Fl Cd 4351 5 41 18
YIRE A TE M BEVR S5 52, 25 SRR S BEAL B ( CK) B9 4RTE = L D e 2 #E M ( Shannon F8%%, Simpson 8 4UMl McIntosh 1§
) FE R Z 44 (ACE FT Chaol $820) #IKF Pb Cd 15441 3 B3 RIKFRFH S, P il Cd 1544 R 3 AN 1) F 5 DI se
Z A (Shannon F5EUFT McIntosh $5450) FN3E [ Z4F 14 ( Chaol R ACE $8%0) 22 TRE#a %, IR RI KT, Pb i5 4 £ 4erp
MBI SERBOAS AR (AWCD) IAEL RS0 OTUs SRS 2 RS B0 B3R T Cd 159 (P<0.05) ;6 K3
IR AN 3 K F B (PCA) 43T 285, Ph 75 4% -+ rh AN DA SRS R IR 1 A FH 23R 1 18 35 KT Cd 154 (P<0.05) , £ AN RI K
SRR 4 LB T B IR A A I TR R, [Rl— RIKSE TR AHXEF Pb 1544, Cd V5 % - 38 vh AR TR B 1) A AR 2 B 450
&, TR T TR AR =E BEAR 2D s Ph A Cd V5 4 3P 18 A AR 1A TR 5 1 S M 1A U 4% 5 181 I A norank_f__Roseiflexaceae 55/
@ AN AR EEE R 22 50, LR Z5 R KB Hakanson 32811 TF {E3 A% H TP E 48 Pb il Cd X IR R8T
HE S XU

KEBIR BRSNS TP s B R B P 15 5% Cd V5 4% s A A DI RE 200k A0 iR B EVE 2540

Effects of Pb and Cd on forest soil bacterial functional diversity and community

structure

LI Dale, CHEN Jianwen, ZHANG Hong, LI Junjian”
Institute of Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract; The toxic factor (TF) is a key parameter commonly used to evaluate the potential ecological risk index (RI) of
heavy metals. It is still unclear whether it is suitable to assess the risk on soil microorganisms by heavy metals. Here, we
established soil microcosms with a gradient of RI levels (100, 200 and 400) by different combinations of lead (Pb) and
cadmium ( Cd) concentrations based on the TF values of 5 and 30 for Pb and Cd, respectively. Biolog-ECO microplate and
high—throughput sequencing technologies were used to analyze soil bacterial functional diversity and community structure,
respectively. The results showed that the abundance, functional diversity ( Shannon index, Simpson index and MclIntosh
index) , and gene diversity ( Chaol index and ACE index) of bacterial community in control soil were higher than those in
the three risk levels. The bacterial abundance, functional diversity index ( Shannon index and McIntosh index) and gene

diversity index ( Chaol index and ACE index) significantly decreased with the increasing RI levels. At the same RI level,
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the abundance, average well color development, functional diversity index, OTUs ( Operational taxonomic units) numbers
and gene diversity index ( Chaol index and ACE index) of bacterial community in Pb contaminated soil were significantly
higher than those in Cd contaminated soil ( P<0.05). However, the bacterial Simpson indices in Pb contaminated soil
showed no significant differences with ones in Cd contaminated soil ( P>0.05) at the same level. The utilization rate of
carbohydrate and carboxylic acid compounds by bacteria in Pb contaminated soil were significantly higher than those in Cd
contaminated soil at the same Rl level. The principal component analysis (PCA) showed that the carbon source utilization
efficiencies significantly correlated with the RI levels, and the efficiencies were significantly different between Pbh and Cd
contaminated soils at the same level. Proteobacteria, Actinobacteria, Acidobacteria and Chloroflexi were dominant in all
treatments. The bacterial community composition varied under different RI levels. At the same level, we found the relative
abundance of Proteobacteria were higher in Pb contaminated soils than in Cd contaminated soils, while the relative
abundance of Chloroflexi were higher in Cd contaminated soil. There were also significant differences between the relative
abundance of Brachyrhizobium, Sphingomonas, Streptomyces and norank_f__ Roseiflexaceae, respectively, in Pb and Cd
contaminated soil. Our results indicated that the TF values proposed by Hakanson should be adjusted during the process of
evaluating the potential ecological risks of Pb and Cd to soil microorganisms. This paper underlied a new exploration to

mediate the TF values.

Key Words: potential ecological risk index; the toxic factor; lead contamination; cadmium contamination; bacterial

functional diversity; bacterial community structure

75 2014 4R 4 3005 e i A i i b R 4R Cd Ph ™ E#AR " Cd iBsEhtR d ke 5 e
FBURBERR Ry HAEZ 07, I B M bR iE A S LA 51 R 55 — 25808 ) . Ph Wl 25 < K R HERE ) 55
ZREAIEANR TR AR PR A28 R GE  BRERNLE" . O T IFAl Ph . Cd A 9 04 A 25 KUK, 45
IR ST — B A AR A R DT o 1AL 4 7R PR TS A B i BT L B BB K Hakanson
$E A TRAE A A5 16 F 5802 ( The Potential Ecological Rick Index, RI) & H B 5 # FH B9 PEAN B 42 8 5 Ye i )
B IR — B AT AR RAE AR 25 2R G0 Fi i Wi 1) oy 22 M o 4 Ja 5 RS A R AR A 2 XU o PR, 9 vz I P AR A
SR BUIE TS ¥ e | L bOYE 22 P A T T TR A

FEPE R B (The Toxic Factor, TF) YER RI H 558 240, & Hakanson FJF Tl AL AT kA | 135 IRKHI
Bl A= ZhAE ) v i R R FE BT ST, HLER TR ) v i 4 S vk B LR B, Hakanson 13 4 H 2% B
A 0 Ry - S T A R O3, TR 43 A BILIBT 3% 00106 P R CAR % 43 %o R A0 1) P R TV T A 45 2 G
BRERT 2R 50 Cd M Ph Sk B — eV B, 2 5 SR R TR 0 A8 S v R K AR
R EME? | Schneider 25" WFST A5 R ARG 138 Ph ¥ B TH i JE R T 00 2 BE G, Li 251 B gy 45 2R
FKIGAT AR Bellilinea F1 Gpl6 5 15 Cd & 5 3 IEAHC, i Longilinea ,Gp2 Fl Gpd 2 B E HAHX, Ff
HL7E Pb A1 Cd 475 Y T AT+ 55 JE R RE P 2 IR TR 5 e 3 [RLIE, #65T Ph.Cd 1 TF {H2 75
T HIT VA 4 JE e AR ) 0 A S XU B F A R S

AR AEAR A S KR KE T Ph 15441 Cd 1554 M85 5258, R Biolog-ECO A = 3t U
JPHAR ST Ph Fl Cd X GAE V) DI RE AR PR FIRE 7 2 0 B 5200, X6 LU PR & 22 (8] 1 22 5, 4R 9T Pb AT Cd 1Y TF
(B A0 FH T VPN E 4 V5 G A W s A A A XU, o o 4 i AR S U PP B 8T i Bl 2 AR i

1 #MR57EE

L1 AR R AR R B AR o 0 I
IR SRR MO T P4 K e 1l A AR X B — AL I A AR (37°42'N, 112°27'E) I BR R #2540, >R
0—10 em AFRJZ 1 KRN L FIERERIRER AT, 1 2 mm 075 70 W6y, — 00 T RUTH S5
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—0y AR T o T E A R pg i g . 3 RE (TN) B (TC) FLEVR (TS) Hi T R /3 B ( vario macro
cube, elementar, Germany ) Il %2 , >R FH HL S8 & 55 B PR AL (ICP-MS, Thermo Elemental , X7 Z&%1)) il & fif
(As) FA(Cd) #(Cr) Hl(Cu) FE(Ni) A (Pb) FIEE(Zn) FIRIE (£ 1) .

®1 TEBEHER
Table 1 Soil Physicochemical Properties

TN/ TC/ TS/ As/ Cd/ Cr/ Cu/ Ni/ Pb/ n/
(g/kg) (¢/kg) (¢/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
79.43 14.47 0.32 26.11 0.07 102.79 42.26 36.79 28.81 97.74

TN A Total Nitmgen;TC;,‘E\ﬁ))% Total Carbon;TS: BB Total Sulphur

1.2 BEASIEEREE(RD
e S G FESREGE (RD HFE A,
RI = 2 E = Z(T xc”j

Cr

K, e, Fl ey /R E A8 i« RN S P R A RS H [l (mg/kg) o TL RnEHAE | IEETE RS,
2 B 4 i 0 B 9 B AR 4 Hakanson (1980) R [ =N VS EE BN EE RN Zn=1<Cr=2<Cu=Ph=
Ni=5<As=10<Cd=30, E, R/NFEEIE i FIEFEAESKES RE WTEABEERE(RD MR HE— L2155
I AE ARG RN LA 40 R 4 NG B R (RI<150) 1% (150 <RI <300) 5 (300 <
RI<600) FIfR 3 (RI=600) .
1.3 TR

PCT i SC I A ST PRI 2 T 40 ¢ THE M HHEE T 150 mL A, DUR LR B P B4 )8 & &
J T FE RS FRRETEA G F IR (RI) il 2ot [m] By R A B NS [R] B2 59 Pb (CH,CO0) , #1 CdCl, 3K
255 (H, RI=400) H% (M, RI=200) FERHL(L, RI=100)3 Fdz 25 KUK K JFUA 34 28 6 R (CK)
¥ 9REHE H-Pb H-Cd M-Pb M-Cd .L-Pb L-Cd 1 CK,%& 3 N, RS T Ph Al Cd 1Y & & M 2k S XU
2 frzs, T P Al Cd BYEEYE R B34 5 130, Fr LA CK By RI KSR 35, TR - 3080E & B FE K FLBR
(WFPS) 2 60% , & FHE iR FEFR4H h 25°C ARG A F TR %, 8 2 d FTHF— IR IEHA A 55,45 d JE R IR
FEMEAT IR 82537 .

*2 WMFHIEFLIELE

Table 2 Treatments in the soil microcosm

RI K- T HEAS AR R 2 Pb/Cd &t/ (mg/kg)
RI level Simple The toxic factor The content of Ph/Cd
CK CK Ph(5)/Cd(30) 28.81/0.07
RI=100 L-Pb Ph(70)/Cd(30) 403.34/0.07

1-Cd Ph(5)/Cd(95) 28.81/0.21
RI=200 M-Pb Ph(170)/Cd(30) 979.54/0.07

M-Cd Ph(5)/Cd(195) 28.81/0.44
RI=400 H-Ph Ph(370)/Cd(30) 2131.94/0.07

H-Cd Ph(5)/Cd(395) 28.81/0.88

RIS KB L Potential ecological risk index; CK ;45 F{XJHR Control check ; L: 5484 25 XU K F Low ecological risk level ; M H 55 A4 25
UK 7K Moderate ecological risk level ; H ; 5 A= 25 XU 7K SF Hight ecological risk level ; Pb:Pb AbFE Lead treatment ; Cd; Cd AbFE Cadmium treatment
1.4 TIERA YT RE AR I E

HH Biolog-ECO BN A= & DI BE 2 FEEHE T o0 o BRI T 5 g TEAY I E T = A, A
45 mL JCTH 0.9% NaCl YW, ¥ % 30 min (733 200 v/min) J5 , 58 30 min J5 W SERE 5 VSRR B3
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0.1% , 151 8 1B L Z15 A6 BRI A 2] Biolog-ECO A: Z5MRAR b | A& 150 wL, &84E 1 M, &4 3 4~
5o BRI O 56 76 25°C FiESEREFE 10 d, 43B% 24 h ] Infinite 200 PRO(TECAN, Sweden ) 7£ 590
nm NNE OGRS RN TR 7% R RS (%) B2 A B8 ) FH P-4 23 (0,722 £k %% ( Average well color development,
AWCD) 7w, BEREAN TR B 75 AL K- S W AWCD {(E IR 76k JE A Dh RE 2 RRPE 007, T AN BETE D
FEPEFE B3 HT % 1 Shannon #5550 ( H) . Simpson 5% ( D) #1 McIntosh $§%0(U) , AWCD {8 M5 5038 A X1
DL Sckt

Biolog-ECO Az F AR M 2 B HE D e 2 AE M BUZ A FH A [R) B 258 04 B 2B 9 o) sk T8 %) 01 FH 68 AN [ g =
A B A [l B J5 R PR e AR A W E V% 22 5 . HorP | Shannon 1550 ( H) W] LAFRAE 1358 v 40 181 e 9% 2 &
MelIntash F50( U) W AT S e - 38 vh A BRTHE v 2420 J3E |, Simpson F8%0( D) AT LAPEAL + 3 b 0 G RV DLV (54K
R, R RN |, DAL 3 RS BRI AN R R M DI RE AR
1.5 DNA $2H & PCR A & &y

i ] Ultra-clean™ -3 DNA 4325377 & ( MoBio Laboratory, USA) M 0.25 g 3 2 B 4% A B XU /K T
3R DNA, ad 2 & PCR W2 3408 = 8, 514~ 338F (5'-ACTCCTACGAGGAGCA-3") 1 534R (5'-
TTACCGCGGCTGCTGGCAC-3") , WK ZE H 20 wL:7.6 wL ddH,0,10 pL SYBR® Premix Ex TaqTM II,2.0
pL FEAS DNA 25454 . 95°C 7281 10 min, 95°CA8PE 30 s,53°C iRk 45 5,72°C 441 90 5,35 M,

K JH 338F (5'-ACTCCTACGGGAGGCAGCAG- 3") 1 806R ( 5'-GGACTACHVGGGTW-TCTAAT- 3") 5| ¥ %f
16S rRNA B:[A 1Y V3—V4 A 42 X T PCR 971G . §7 3K FR y 20 pL, 973 558 .95 “CHAE ! 3 min, JE3F
25420 195°C A8 1 30 5,53°C B K 30 s,72°C ZEfH 45 5,29 DNFFR, 72°C K AEAH 10 min, 34 7= 4 4l 4k I F)
NanoDrop 2000 %€ DNA 4l Fik i . 7 Nlumina 23 A9 MiSeq PE300 F-& [ T0F ,

1.6 ‘{5087

TSl fastp FRAXT RGN 3 5 8 R4 T AR i U8 R BRAR T 5, ffH Uparse FAAR Y 97% HAH L
FEXT AT OTUs 2, e R R b L BRitc AR, 7F Silva 16S rRNA B4 1 (v138) o % 3 K 512047 e
XF, K H RDP classifier 7% (‘EAF BEH 0.7) X REARF AT R 3 208, 15 20/ OUTs Bl i/ MEA T
VB 64T S5 S2 58 1T 43 Fr o 38 2 1 55 3R AT A A - HERE b 20 B E VR 19 55 D 2 B M 48 21 ( ACE | Chaol |
Shannon ) 5 | 34 11 Ty fig 22 4% 1 48 BOAR [F], B0 Ab 11 22 B M 48 B0 48 36 T 40 2824 19 2 B P48 45 (taxonomic
diversity ) , X EEFEHRTE—E FEEE L R T BV oA B R G R HE Lk, o Chaol A1 ACE 58U W 4H B R V%
=8 B FR O VK 1 3 B J R ; Shannon 1880025 SO 20 B R V& 1) 3 ' B R3S S0 5 R 508K, VR
P2 RE PR Rl S A AR A BT S8 AR W B AR A BR 2 w) (i) SE AR,

1.7 BdEawr

KA R 7 22081 (one-way ANOVA ) Ho 5 AH [] A 25 XU K T A 18 A0 40 5 3 1 FLAF 38 3t s (b %
(AWCD) BRIEACISRIE DIBE 2R AR BOMBL I ZREEFR B 22 5% . SR L5 70 H (PCA ) X 38 41 B
7% 31 MERIE ) AWCD {5 3E47 20 B, Bl i Excel 2013 1 SPSS 24.0 #4174k B F1 43 4 , 4E K % F] Excel
2018 .R 3.5.1 M Canoco 5 2528,

2 HREHS

2.1 HIEANEEENER

AMF5E R E it PCR R E A S8 FE i h A TRV 1Y DNA #8 DR, FHLSRAE 4 S8 5 b ) 4 7l -
(F 1), B RIKFERTEE A5 F S RS CK MR RME (3.79%x10°) $#£ I $/g T+, 1EMIFRY RI
KR, P i5 4% IR AT B2 0 KT Cd 1594 (P<0.05) .
2.2 AN HRIE R 02 S

AWCD {E 7] LA W7 398 v 240 B A 5 6T s R 1% R FH BE 7, 2 AN P8 D RB 1k 1 — T e 248 b, B A ] 1) 22 1k
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ASTR] A B 3R S AWCD (BB 0, 7245 168 h i
FRERII AWCD (EHAEEIT-A 0, RIS 168 b E e o
(t) AWCD {HHEFF 5307 (B 2) . 3 FESRAKE T+ & 0 Pb
SRR 0 AWCD (LBNT CK, BB ROKFROFE BE 0 T o
TR (P 3) . 2T 4 I V5 e £ % 40 11 A6 9 (O B 8L %Zg 3100 |
PRS- AR A . e ROKE T, A& = = |
JRALELZ A AWCD il B B E 2R LR ¢ b
e PR KT T, Ph 5 IR Y AWCD T 2 1X10 ¢ Egg;
B4 B KT Cd 55 (P<0.05) (3) 2, ol

I BE S REERE BT LI W - 398 240 1 REVE AT R = o N H
KA 25, 5 AWCD [EARL, 7E A A B CK Potential ecological risk level
(IS REZREPESR B R O (T 4) 360 CK L340 B1 REAETHARER

R Ay s BB A AR S & ar . XA Fig.1 The bacterial abundance in different treatment

I RIAP R Ph 53R C 151 3, DU be NN F 0 95 (P0.09) L U S I
ow ecological risk level ; M ; H1 55 245 25 KUK 7K - Moderate ecological

PEFEHC Shannon 5 HORT MeTntash §E 508 7 2 f g 1o ceoloeial ok leve M PERGIUER R derte ol

e risk level ; H ; 58 2E &5 XU /K Hight ecological risk level

(P<0.05) ,Pb ZbHE 25T Cd 43 (P<0.05) , TiXS

T Simpson FEHONTE 5.3 22 5% 2R RT KT F A

[Fi) T < Ak NS L S AR R AR v R B DL BRI IR AN R

- = 016
. 016 CK g Ok
a & o Pb
S o2l %5 012t . O cd
g3 S
i B2 b,
s 0.08
@8 008} %% 1] b a
K3 7t %!
Q z o (X0 b
) H— an < X]
ol 2 004} K
S 004} 5 o5
z o & %%
5 — g 0%
2 E o0 . 9a% I . .
5 e CK L M H
0 24 48 72 96 120 144 168 192 216 240 e KUK K S
fif ] Time/h Potential ecological risk level
H2 FRLETHAEEFRIETFHREELR(AWCD) 3 168h FHERBITH IR (AWCD)

Fig.2 AWCD changes of bacterial communities in different Fig.3 Average color change rate (AWCD) at 168h

treatments

ST T A T T A AN [ Ak 3 2 [ 240 TR 0Tl R FH 238 10 2 S 1 31 AR 4R 6 25 (BE2E R At
iR W2 FEISRIESS) AT AT AR (B 5) o i H3ERE SRS RR IR R A= . 5 CK M E, 4
JE 5 Y ERE ST 6 ZEBRIE IR /NT CK, 7E 3 FhAIIR] RI KSE T, Ph 15 Yl XA R B2 4 A1) 58
KR ERT Cd 594 (P<0.05) , Xt HAR 4 SRR Y F FI5R BT 18 22 5%
2.3 TR REEIE SR S b

I 5530, 7 31 BRI AR ER 7 A s (32 3) , RETTRRORIA ] 92.27% , ik B R R
TUHRRILF] 49.40% [ RTFA FE A5 PCL A PC2 (BFIEAR 4304 9.20 A1 6.11) SR/ Hr 4 e BETE T e 27 A 22
SEAFRLRAL, WE 6 FiR , RIRACEFE PC 4B T R A5 7EAHIE RIKSETT Ph 5 Yl Cd 159445 K
—2&, A UL PC1 F1 PC2 BE X3 AS [ Ak 320 B8] 26 00 R ARV R ALE

RS TR ROV AR S R AR — D T PCL 5 PC2 MZRE135r (K 4) . CK H5HARH
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25 1 1.6 ~

20 t T

RN

08

Shannon#g %
Shannon index
>

5

MclIntosh$g %
XS

Mclntosh index

o

04 |

oY

05 r

Do

R

R

5

1 1 1 0 1
CK L M H CK L M H

0.6 - TEAE KUK

Potential ecological risk level

a a
4+
0 o D CK

b 4 pb

B cd

Simpson#g %k

Simpson index

02 t

0 1 1 1 1
CK L M H

TEAE KK P

Potential ecological risk level

B4 TRLETHEERINGESFERELY

Fig.4 Functional diversity indices of bacterial communities in different treatments

WéJE Carbon source

0O CK
O M-Pb
8 M-Cd

Bt L3R
The average well color development

B MR AR MK M Bk
JE Carbon source

B 5 7EALIET 85 R R A iR 15138 BE
Fig.5 The carbon utilization intensity of bacterial communities among different treatments

RI: 7R S MU 4L

GRTE PCL FI PC2 154 REUFRIM L B #2255 (P<0.05) . TEAHE RI K F,Pb 5441 Cd 15 4L 7E PC1 il
AR R BN ERB B E R (P<0.05) , 7 PC2 il I, RATHR MG E K R Ph {5 YL Al Cd 15422 [ R L
ZEFME(P<0.05) o BB — T FIEE RO LR G130k R BEE A B E M 25 5 (P<0.05) . &
BHAS [ Ao B - 3 it v 4 BV AT S [) 8 e 5 R A
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F£3 EHSFER

Table 3 Eigenvalues of principal components

s %y FHIER Ti TR % FT TR %
Principal component( PC) Eigenvalues Percent of variance Percent of total variance
PC1 9.20 29.69 29.69
pC2 6.11 19.71 49.40
PC3 4.32 13.95 63.34
pPC4 3.14 10.15 73.49
PC5 2.77 8.93 82.42
PC6 1.71 5.51 87.93
pPC7 1.33 4.30 92.23

£4 FELETERHENRH

Table 4 Principal component scores in different treatments

i S—Esr PR SR
Simple PC1 pCc2 Comprehensive principal components
CK 5.1+0.37a 0.52+0.80b 3.04£0.17a
L-Pb 3.50+0.20b 0.18+0.02bc 2.01+0.18b
L-Cd -3.59+0.32¢ -0.91+0.07¢ -2.39+0.26g
M-Pb -2.24+0.64d -1.46+0.29¢ -1.89+0.25¢
M-Cd -0.41+0.01¢ -1.63+0.53¢ -1.27+0.23e
H-Pb -1.99+0.21d 5.38+0.39a 1.32+0.29¢
H-Cd -0.15+0.17¢ -4.02+0.51d -1.01+0.16d

YA AREE (n=3) ,ANFIM/NG FRER A BE 25 (P<0.05)

2.4 THEANRTEE SR RS S

Xt A - HERE S B 165 fDNA V3—V4 7] 45 [X s ] 15 @ ck
I BRI 20074 4, B 979 ML R1 43 8 orci 4
5] 4308 4~ OTUs, 3% 30 4~1'1,85 440,230 4~ H ,383 4~ R M
Bh641 AR A 1417 A7, § e
MR Venn [ 0T LAFLWM FIA W L RS0 5 G ]
OTUs % H 4 i AL S BB & 1B (&1 7). 7E RI = = (L
100 i, OTUs #3 & L-Pb (2527) >CK (2497) >L-Cd ™
(1356) ; R =200 H}, CK (2479) >M-Pb ( 2486 ) >M-Cd 1.0 -
(1711) ; RI = 400 B}, CK (2479) >H-Pb (1895) >H-Cd 13 RCI (29.68%) I3

(1496) o B 1% RI=100 &Y, L-Pb 1 OUTs ZE AT 6 FEAMEET B aE ) AR E RS ST (PCA)
CK,HAth RT /KT CK ) OUTs Bt hi K, TETA RI Fig.6 Principal component analysis for carbon utilization of soil
ZKEF“‘F Pb /%%E@ OUTs ﬁ%ﬁj j(ﬂ: Cd /%géo IE]EH‘ y [zl bacterial community among different treatments
8 IHER ZHEMEFE AL ACE 48 %80F Chanl $5ECILIRIE T
R R RS P TS R B KT Cd 1544 (P<0.05) . MAEYF ZFEMERIE5IPE -, i Shannon 4
BT LA AR REKSET Ph V5 UMl Cd i Y2 A E B & 25 5

AL DR P& 2500k AR RE KB Ph 15 04 Hl Cd 5 Y Z I AFTE 26 0k o 7R 100 2KOF B AN
JERT 1% 0w 130A 114 9) o ZZJERET](Proteobacteria) i EELG T, £ 7 44F A i HLIITE 429 LA
o AR B T 40 9 R i ZR B 1] (Actinobacteria, 12.96%—17.76% ) . BR #T # ] ( Acidobacteria, 8.49%—
17.94% ) FIZ} 5B 1] ( Chloroflexi,2.14%—12.87%) , K295 S AL 81% L) |-, FEAAIE RI KV T, Pb 54 1 1%
B TP AL R T TR AR 2 BE 32/ T Cd 53¢, 73908 L-Pb (44.96%) 1-Cd (55.57% ) M-Pb(42.77%) .M-Cd
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RI=100

)
QVA

CK
L-Pb
L-Cd
RI=200 RI=400
I |
M Pb H Pb
M-Cd H-Cd

E7 AR RIKFETARELE OTUs BFBE
Fig.7 The Venn diagram of OTUs under different treatments at the different RI levels

(52.91%) H-Pb(36.87%) Fl H-Cd(51.29% ) , TIZR=5 T ] AARXS 3= B W SR BUAH S i 3 Ph 15 4+ BT Cd
1544, L-Pb J& L-Cd 19 3.6 £, M-Pb J& M-Cd ) 4.8 £ ,H-Pb J& H-Cd f#J 4.5 £%,

REARRS S BERT 30 A9 LA A s B e 0 € 1) TRARS 2 i RN EDULR B K (1] 10) o ZBIE BRI
I 14 D E, BRFFRETA 7 A8, ERE TSRS ET 44 3 N, FHRMET] (Gemmatimonadetes ) |
Patescibacteria #11 Rokubacteria %8 1 g, TEMFE RIKET , KEJETE Ph AL FHAD Cd AbFE 2 (At HA A
[F) A AT 2 B, b8 2B M98 TR J& ( Bradyrhizobium ) 5 Ag 561 171 J& ( Sphingomonas ) i 5% % J& ( Streptomyces ) Fll
norank_f__Roseiflexaceae % ,

3 e

2N TR T EE 4 1 s e R A 22 RO 2 AR RO YD T RE R I R L KR TE S R I AR A I
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Fig.8 The gene diversity index of bacteria in different treatments
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Fig.9 The relative abundance of soil bacterial communities at phylum level in different treatments
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Fig.10 The relative abundance of soil bacterial communities at genus level in different treatments
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