2015,34(9):1693-1699 R oA IO R 2 % R

Journal of Agro-Environment Science

2015429 H

MR B AR XT TR SN T WM E WA R SR =2

EFRXL,E LM BRLIESHE? KFAY
(LT TR AR IR G, BTN 3100205 2.8V T R2AIRE 5 IR, BTl 310058)

W E Ol ARG o )y A E N B RS, DAY G - e R R T DR A TR 8 B X SRR R S R T I
FIRREN . VLA & PO T B Vs g -3 rh o e AR 2 B SaS A VR T TR AR m6, TEZS2 4N 16S xDNA J¥ 41 3BT rT 1,
m6 5 Arthrobacter () 16S rDNA J¥ 4 B A 9% 1) R E 1, HAE RS kK B i & T Bacteria,Actinobacteria, A ctinobacteridae ,
Actinomycetales ,Micrococcineae ,Arthrobacter, W57 3 W TH AR m6 ] {# 3tk SN 2 52, nl S S48 16% .,
Biolog-ECO W AY45 AR F I, RN AR B AR5 95 5 1380 AWCD {H$2 55 14%~146% , 11 H e Pxt 31 Rl i il S AT E 4 |
W 2R e AN 22 SR 2R TR 2 R o s AR AR D R 1 (PLFA ) A3 Hir 25 SRR W, 5 ORHERI R AR m6 AH LG, 30 LM AR iR 3 17
23.65% , AR ELH MFFEAR IR (M1 18:206,9 16:105¢ , 18:109¢ ) B ZIG I, {H A HEH) G/GHLAE 55 %08 BEAH L FRAIT 38.6% , 1 H. 4= e
LR I FFIENG TR (U 10Me 16:0 10Me 17:0 1 10Me 18:0) () ZHE A k&AL,

REEIA : 1 LA TR BT s AR NI TR s M E W RETR 454

hE 4SS X172 XEkEREAD: A XEHS:1672-2043(2015)09-1693-07 doi:10.11654/jaes.2015.09.010

Effects of Cadmium Tolerant Bacteria on Soil Cadmium Forms and Microbial Community Structure

WANG Jing-wen', LI Dan', LIU Jun?, HOU Chang—ping?, ZHANG Qi-chun®

(1.Plant Protection and Soil Fertilizer Station of Hangzhou City, Hangzhou 310020, China; 2.College of Environmental and Resource Sci—
ences, Zhejiang University, Hangzhou 310058, China)

Abstract: Soil pollution with heavy metals is one of the most severe environmental and human health problems. Microbial remediation of
heavy metal polluted soils has received increasing interests. Here a cadmium—resistant bacterial strain m6 that could activate cadmium was
isolated from heavy metal—polluted soils in Fuyang City, Zhejiang Province, and was identified as Arthrobacter by 16S rDNA gene sequence
analysis. Then, the effects of the isolated strain on heavy metal solubilization and soil microbial community structure were investigated in a pot
experiment. Soil cadmium fractions were also evaluated using modified Tessier sequential extraction method. Inoculation of the isolate m6 in—
creased the concentration of soluble cadmium by 43.47% and soil exchangeable cadmium by 16%, indicating the ability of the strain to sol—
ublize cadmium. After inoculation with the strain, the average well color development( AWCD ) values of soil were increased by 14%~
146% and the utilization of sugar and derivatives, amines, and polymer were also enhanced. Inoculation of cadmium—tolerant bacterial isolates
increased total phospholipid fatty acid( PLFA ) by 23.56%, and enhanced the fungal signature PLFAs(18:2w6, 9.16:1w5¢ ,and 18:1w9¢)
significantly, but reduced the actinomycete PLFAs(10Me 16:0 ,10Me 17:0 and 10Me 18:0) significantly, and decreased G/G* ratio by
38.6%.

Keywords: soil; cadmium fractionation; cadmium tolerant bacteria; phospholipid fatty acid( PLFA ); microbial community structure
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JE S A, (5 - v 2 [ 285 A T 4 S TS A SO T VA S
SRR AR AR W AR DR AR R R e A
YHESZRBU% , i P& 52 52 R (Phytoremediation ) 1
TR SRR RERIBR G . V720 5T % 1
HATRAR IR EA T TR, (0 RIS A S A A P 1
HEAR DR RTERME R SL 58 =K, LRI iR AN

e

TP BEYREE R MR RSP
DR BRI REART SR E W R Y R R
MIRE RIS A7 A B, il LA L
JRAE L (EE TR M A 2k, MR
YIdsINZ 5, esR 2516 1 AR WA v 454 722
A, (B R PR e A AR A Tl AR M B R 2R AN B
i Biolog—ECO flt- P #uH A LA ISy Z it 1
SE BT A VR I REZ RS T — T
1y 2Z AR PGSR 735 HE 80 Z RIS, Bl
HE iR (PLEA )2 176 A= W (A 4 i 158 1) B2 2 Rl o, AN [l
2 B A 1 RT3l A ] A A A T A A AN [ £
WENEARITR , BAENEAL Y S AR REAES S RAE bl Hh 2R
Yritvs st 284, Jd I e 7 vk Al DA A [R] 1 3 fa
HEMIREE AR AN A | ECTR R TR LR 22 PR R A
PR o2 FRBA R A B W IR T R AR A T LA A E
AR R, AWFTEHR Gz ] Biolog 11 PLEA
U5, TEGHLE LA E R B A TS AR 0 240 T Atk
PTG 1 BRI 25 LA L% L S AR W e 4 F ) 2
Wi, 5717 1 S ol A 400 -5 i 1 2 ) AR AR B O 3R, 0 T
A eGS0 4 ¥ e ) )5 T RAT E 2 (Y
e,

1 #REFE

1.1 HRARE

TR FWTA & P ) BT 1 4 CR A
TREE 0~20 cm) , HoRAE 5 MEAFE . IZHLIX @ T #AGHT
Z WA, &2 AL JL IR, KGR H 2%
AR KU PG KL, IR /N, ARSI 16.1 °CL,7—8
A1 A% 4R H IR 1927.7 h, TRIAY
231 d, AFEH R 1 441.9 mm, s ERAC I
J K A AR 1,

1.2 R4S B9 0H %

10 g T4 4 0, Tow S0 TR HE TR
TEHCREER A 90 mL JCREUK A = MR e eRs SRR
F 150 remin™" .28 C¥E¥% 30 min 5 BF] 107 107,
107, 43 BIHL 200 L ¥R A 7E &4 100 mg- L @19 4= A
BEAMRRE SRR E, T 28 CHFRA P E B 3
2~3 do PR R LA 2 5 A R IG &
100 mg- L™ SR PH ERIZR, fad-EmRRILRFE, 4>
5 T P o 4 T R I T TR 0 T T A R B
AW 1 mL A 100 mL T35 KB 194 8 &
WARREFRIE, B  mmukc iy 100 mg- L (Sek
3CdSO,- 8HO IS K IR, SRIEHE — R %
FEROMA B A B B I RIBR SR TR 3, iRt
TR 2 BE D 100 mg- L, 53R P AT 0L —E 1Y
ULVED ), T 28 CT R HEFE 48 ho L 5 mL F5 57,
10 000 r*min™ B5.0> 10 min, B 1 mL 358, K IE6
FETTHIE SRR B, TN TR R I e Th 2 i i 1
25798
1.3 MHREHE 16S tDNA B9 PCR ¥ 1705 5N E

WO 1 P TRTRR R R 75 X EI00 , B0 IR IR
PR, IO I 41 DNA R FH AN Bl FH 514 276(5 -
AGAGTTTGATCCTGGCTCAG-3" ) Fll 1492r (5’ “TAC-
CTTGTTACGACTT-3" )X ik 43 047 15 52 DNA Hr i
Y 16S rDNA FB¢ .

PCR R )W 4514 :94 C754E 5 min; 94 °C 305,55 °C
455,72 °C 45 5,35 MER ; e 5 72 CLE{# 7 min, PCR
PHIRR 20 pL, 241 W'F < 2x Easytap MIX 10 pL;
2197 27¢(10 pmol - L)1 pL; 214 1492r(10 wmol -L™)
1 wL;DNA B 1 pL;ddH,0 7 L, #7341 H] DNA
[l & (A 1) IS % 32 81 pMD18-Tector
(K& RAEY) TR AL E] E.coli DHSou H, HREBH P
TR T, BV T AR TR EI A TINR  AS
DNA J3*41) & NCBI( National Center for Biotechnology
Information )BLAST 5|#44 225, ] CLUSTAL X (Ver.
L8) AP 3 B 7 4 55 T AN b L S M LAS 3R
iR B HE Y 168 fRNA KK 55 #E4 7 HED X .
FIFH MEGA 5.05 #AF A0 B 1) R G, 25545
PR PR AR AR ST o 235 SR o 43 S Ao

x 1 it ENEAEBEUERRESRERE

Table 1 Basic properties and heavy metal content of tested soil

e AR HR B Hy/ As/ Ph/ Cr/ Cd/ Cu/ Zn/
HEFERR pH -1 -1 -1 -1 -1 1 -1 -1 -1 -1

mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg mg-kg

SEINMEL 7.56 13.38 146.67 162.96 0.11 10.12 52.39 74.86 4.41 75.44 1087
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1.4 TREMKIT TIBRE SR MED RS IE

AR TR T 5 450 T DA i TR e A, 28 °C 15 57 18
h, B A BHHL S 9l Ts Je i 38 (i s ik i 4 i
B ik F] 8.0x10%~9.0x10° CFU - g™+ AbFE C: A
W IRAR SR . AL 5 ANES, 430 T~
T5 F1 C1~C5, 28 C{HEI%EFE 5 d J5ii T 1 E 4R
Cd MBS RN I RETE DI RE 2516 Z AR50 HT

TEFE SR Cd B R Tessier 294 % 242
Bt A YR A ER & 31 Rl
1) Biolog—ECO TCF-H 3 TR AN E o EAR T 14 7%
BOHr e+ FE 5.00 g, LA 45 mL R KIEREIR FIRW
30 min, #& J5 8 1 B AE SRR R 1000 3%, FE M HHL 150
pL 1% TR R 2 Biolog—ECO fCF-H 1 & — 4~ 4L
o, T 1 h I S RO, B S AR R R T
HscrE 28 CHYE RIS FRAA Th G R S% 152 h, B0 12 h
% A BIOLOG 32 #({X (BIOLOG , Hayward , USA ) jll] &
#FLAE 750 nm A1 590 nm KT BRI o+
TEE D EE R ZFE VR G SE ) PLEA 325, BRI A
2.0 ¢ TR N, SN - BE- AR g2 Pl (AT e
1:2:0.8) PR PEHUIG S | 8 o Ak AT J2 0 43 25 45 21
FRERAR VTR , Btk FH R AL S T AR 63 2 b &5 s 7
PRI & o
1.5 #HEALIE

PIBF LGRS (Average well color development,
AR AWCD)VE M EE ARG A 85 5z — . RA
Excel 2003 158 - 364041 AWCD {5 & ZHEPEFREL,
FFRH SPSS 19.0 #6477 2= 0 A A £ 4 #ir o

2 HR5iTie

2.1 THRARMITIESEE

AT G - A it oy B AR K R A T 4 TR
17 8, AR B k i, A KB m @,
A4 k1~k10 Fl m1~m7, SXEEEEEFRR, K
Uit I . 76 LB BifgFAR b, k1~k10 M5 7 R 1D
T, SR ST AP, B 1 A # m~
m10 T4 P 22 AR T4, s 20855 AR K8 . AR 2
ATLAE Y, 4380 17 AR AR T 9 MRRILH X
PR ER R B HAT AR R AR VE R L o5 31050 B 1A
PRIR 53% o NF 2 TR AT LA H | R0 (i ok 5 P
PR TR AR DL k144 14, Ul BH AR AR R ) TRT 2 B0 X s 1)
Btk A5 RIVRE DR IR AR, B 2 R
BUR AirH ARIGHE ShE R, nll s 280 XX E 48
EAT A= Wy W B o T 4 TR TP k1 X VR TP A ke T B

=2 MRRLERREEFRETESERRIKENTH
Table 2 Variation of cadmium concentration in medium after
treatment with cadmium-resistant bacteria

Witk BRI /me L EREE AR/ % HR pH

k1 70.60e -33.03 6.70b
k2 100.12¢ -5.03 6.50b
k3 103.52¢ -1.80 7.00a
k4 114.87b 8.96 6.00¢
k5 94.22d -10.62 6.00¢
k6 104.07¢ -1.28 6.80b
k7 101.05¢ -4.15 6.30c
k8 114.12b 8.25 6.50b
k9 104.20¢ -1.16 7.00a
k10 88.72d -15.84 6.80b
ml 100.10¢ -5.05 6.00¢
m2 115.12b 9.20 6.20c
m3 112.72b 6.92 6.50b
m4 113.27b 7.45 6.70b
m5 114.75b 8.85 6.00c¢
m6 151.25a 43.47 4.50d
m7 106.70¢ 1.21 6.50b
CK 105.42¢ 0.00 7.00a

T - [l — 1 Bl 5 B PR RO RIS 5%28 7K
Note:In a column, data followed by the same letters denote no differ—

ence at LSD 5%.

AE 7B, A v A R 1 R B AR T 33%0, X
Fb K1, oAt B AR R B RE T — o BR T 9 Bk
TS5 P X0 A 3 e I L R R 7, LA, 8 R — Bk
PR XA SR T B R AR TS AL o AR 2 1
AT LU Y, HER R B 400 el 15 3 P oA RS SR Tk
BESIN T 1.21%~43% , AR B R m6 (15 350 A
RSN T 43.47% , iG585 m il o AL IS
FRWE pH AN 7.0, RN EER m6 IR pH (E
45, UL SR AR TE AR AR A b A KRR R
PEYIIBT , X e M) 5 ] e 2 iR IR AL b sk b T
TUTE A B 4 B s AL O T A B 17, A A
S H Y, SRR AR IR R m6 R T 2T
m6 A 16S rDNA 43751 (Gene Bank A5 K
KM349307) {2 NCBI _E #E4T BLAST L8, 25 2R % W]
m6 5 Arthrobacter 1] 16S tDNA JF¥ 41 HA5 99% 11 [F]
PEE, R G Ak (& 1) AT LA Y, m6 1 #k [A]
Arthrobacter scleromae 1 Arthro=bacter aurescens 7™
FCREY) . TERG KB HAL FJE T Bacteria,Acti—

nobacteria,A ctinobacteridae ,A ctinomycetales ,Micro—
coccineae ,Arthrobacter, i (Arthrobacter) J& T4
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k1(KM349306)

GU045471.2( Cupriavidus sp.)
NR028800.2( Cupriavidus taiwanensis )
NR028800.2( Cupriavidus taiwanensis )
AB299603.1( Ralstonia sp. )

IN082694.1( Uncultured Cupriavidus sp.)

100

Groupl Cupriavidus

98| JF703655.1(Arthrobacter aurescens )
KF424312.1(Arthrobacter scleromae )

J Group 2 Arthrobacter

—— EF100758.1(Methanothermobacter thermautotrophicus )

e
0.5

1 48 m6 By 16S 1DNA FHIH RE L BN
Figure 1 Phylogenetical tree based on 16S rDNA sequence of

strain m6

22 PRPHE A S AT TS A e e o i DL AT —
AR AT, AR, Az s, e 1k
B S48, PP A N R, 25 AT, m6 AR THER
Gk E EUIRARZERE
2.2 THREMRXT LIRS

Bt 3w PR B T B A R T e
YRRy 4.15 mg-kg™, I LAFSE XN T 6 )R
WS R, BRI 4 [ 43 50(E (0.097 mg -
kg )M LR A B 5K PR o i BRI 0.6 mg -
ke ' (pH>7.5) o AR Y& IE) Tessier & L2 B B 5
EIBFIE I KIS AT ASH S R A A S

& A G B RIELS  — B, KIS 22

e SEA YRS s A LS AR S A AR i e ]
FIFHAS  SRESEE R WAEWA TR AL, W3k 3 5r
TN ANER R PR RIS E A, IR E SRR S
TE A Y FE I N R AL A A W 25 6 35 > R i A > ] 38 f
SAIESKED . KRB Rieg A s 63
It 5 LB oh 67% , % A0 29% , vl A5 e ds A AL
FKIEZ B 5 M 5% 3.7%H1 0.08%, i Ttz
5 S R K AR ] S A AR, FE R AN
KOG G A=W OR T (R R e 45 G A8 A

“FE s
Bt A i, D L AN E AR W A a R S

EONER i
By, T EL A=W v A n] R A e, AR FEAER Y
AL ot ARG 25 A 3RE 25 PF 1 Al LASS i i) 41
Yo 85 IRk m6 ARBEJS , L HER KRS T 2 1%
L, N[ ARG T 16% , kGRS A WL FA)
AN [ i I, BB BTk m6 (i - 38 P s A
i) A RS AL, BERS A D B 38 bR T T
PR RsR ) & AR SRR
2.3 MHRERI LI R R TREF SR 20
CA BT SR W SRR R b A AR TH SR fg
T L IR YIX A o H RTE R R R R
APEAT T — 25T, inX & RSP ] PCR-DGGE
BORBIEFEFR W75 e AT Yy AR IR 68 B Bl 511 m] 12
A TP B U RIS TE AR R R, it — b
T FPR TS A TR R S N R S GRCAE S B R K 4
FE 2], A SR Biolog 341 PLEA 3L 85 77 il i
) LU E Y D RE 2 FEE RS 1 Z REPE AT T )40
W .

xR 3 ARLEIIE T ERARESRE(ng kg')

Table 3 Content of different Cd fractions in soil before and after strain treatment

Qb KIEZS GBS RS AHLE it A Zitah S A

BRI HL Tl 0.009 7 0.21 2.27 0.12 1.40 4.00 4.48
T 0.005 1 0.21 1.95 0.13 0.64 293 3.68

T3 0.006 4 0.20 3.83 0.12 0.96 5.10 6.99

T4 0.009 5 0.21 1.78 0.10 1.04 3.14 3.50

15 0.006 7 0.20 2.07 0.10 0.96 3.34 3.40

Average 0.009 7a 0.21a 2.27b 0.12a 1.00a 3.70a 441a

o BR b3 C1 0.003 1 0.18 2.35 0.13 1.03 3.69 4.42
2 0.004 1 0.16 2.15 0.12 1.07 3.51 423

C3 0.005 2 0.18 1.91 0.09 1.42 3.61 4.59

C4 0.004 0 0.16 2.04 0.11 1.11 3.44 3.41

cs5 0.006 3 0.18 1.03 0.09 1.89 3.20 4.09

Average 0.003 1b 0.18b 2.35a 0.13a 1.03a 3.49a 4.15a

T« [ — 9 A i J ) P BEAR R R ARk 5% 22 5K

Note: In a column, data followed by the same letters denote no difference at LSD 5%.
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Biolog—ECO 1253 i3 e A= # %6F AN [ s s A
RENZFIMFST, ATRA T A YRR 0 4 i 41
B, IR R RUE YRR AR ) — N EH S,
B YTV D R 22 REE AT S TR AR sh AR
k. Il 2 2y Biolog—ECO fCF-HRAT: i (1) AWCD {E fifids
Fertal AR LRSI . 7E 32 h Z P, AWCD B4R/, JL
A AR AL, U L BEVRRR AR | AR, S
AWCD {EANWE I, AEAH R B 3205 (8] 8, TI~TS 14
AWCD {H¥ 5 F X, 435I E C1~C5 $ /5 14%~
146%, 156 BH MRS i 6 PR A Je - 398 A A W T
BH S A, IR Y R R T B
SR AL AFASRE S BB V5 ACI I A 5 5L, DR 5T
S BAE  AS TRI R U 19 A1) FH B T /N eI s et A
YIRS SR LR 25 5, A Bl B 4 1T M T A 1
A YIREE A T AR, 5 A ALYk E
REHA . T 9k PR A AR A A S T e = il
Biolog—ECO ##>F-H F 1) 31 Fhs 5 K1) 43 o b K Ho AT
Y HAERRIE RIS RIS . Z RIS
FNRANB, MR P 25 A RS LA L it A TR
TG - DR SRR IR A A T RE Sy 3, R
PR K AT i D5 AN 22 TR ) 26 R AR JE
ERICE 3),

FATiE— 2532 B NE N8 W7 R 15 (PLFA ), X 4
T T o (14) - 3R 0 A O T 2 A 2R PR A 7
AR A b 3 E I R I D7 R (PLFA ) WA I
T M C14 5] €20 3 26 Flig i (CBdEARSIH ). 54K
FEAp m6(COM EL , 3R 38 00 g I 2 1) S s 38 i 17
23.65% ,i14:0.i15:0 .a15:0,15:0.i16:0.i17:0 ,a17:0.
cy17:0.17:00.i18:0 . 18:109¢ . 18:1w7c 25 g iR & &
HRATAN[RIFREE (RBG I, BE IR AE 5%~20% 22 ] . 42Fh ik
FE(T) 3 G/Gh 0.54, Hxf BRI 38.6% , ibi ]

0.501
0451
0.401
0351
0.301
0.251
0.201
0.151
0.101
0.051

AWCD

400
350 Q @
3.001 ‘

a a a
250 a

CIERALHL(T)
COXJ AL BE(C)

L b
2.00 b
1.50
1.00 -
0.50

AWCD

o wm mmk  BE WK
ER7ES LUES
RIFZEIY Carbon source types
FE BRI R FORARGK 5% 58K T 1A
Different letters within a carbon source type denote significant
difference at LSD 5%. The same below

3 FEPRAL IR T SR A M B T X AR R Rk IR A I A 5R
Figure 3 Carbon metabolic intensity of soil microbial community in

different treatments

225 P A S PP A R 2 R PR R 9 R T
22 FRBAVE R LU R 4) 0 X ANBER IR TR
S AT T (PCA) AT, 45— F2 43 (PC1)
XF PLEA $iffi A2 5 i TTRR A2 40.13%, 55— F M)

1201

1.00

e

0.80 b

G/G*

0.60

040 +

0.20

WAL IE(T)
pisi]
4 RE4AME G/GHE
Figure 4 Ratio of G to G* PLFAs in different antibiotic treatments

Xt HEALBE(C)

2 ) 20 32 44 56 68
15320 E] Incubation time/h
2 BHRALIR(T)FAXT BB AR (C)HIEFE BIOLOG flif fh AWCD BfitE F Bt i) f 254k

Figure 2 Average well color development( AWCD ) in different treatments over incubation time(T'; Strain inoculation; C.: Control )
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(PC2)%} 34 PLFA AR S A 5Tik% 2 19.65%, $:5
BRI AGHE FE B E S — R PR, 5 PCL A
1E e, X HEAS B A BE 40 A A2 55 = 4B, 5 PCI
PR H, e BRI IS U R 25 B B
225 (E 5) 0 IWNERS B E A LA B AR R R
TERG IR 18:2w6,9 . 16:1w5¢  18:1w9¢ = HE /A 7E
BB, MR M RFERR R 41 10Me16:0
10Me17:0 il 10Me18:0 F 2 A 7EEE — 4 BR . X 156 HH
X EL AT T AR FE R T 48 R A ARSI T 1
B TR 2R e b T R TR T 2Rk

1.0
08l 18231)9(:
. . ~20:0 T4
18:1w5¢ 8.6 i T3 ° i14:0
y ¢ 16017.0 1 1methyl
04Ff S1o7e & & 17:0 Hmethy
16:11SOH
al5:0 2 T1 oT5
<& c2 02r ToTc i15:0
A . 115
.(; L (iyl7q (\\I‘~‘~ﬁ |9 ! L?‘”?fl@-?\% |
~ \(J,\
<-0.8 -0.6-0.4 0.2~ /,J‘ 02 04 D6 08 <{0 1.2
08k i18:0 o
MR o il7:0
10 Me16:0 ~OAF 17:0
O C3 ,‘ AY C5 >
0-0.6 10.
10 Me17:0 10 MelI8:0,1% o 190
€4 081 18:0
©i17:0
-1.0-
Axis 1

5 #ETh R TR SRR EREIE B AT
Figure 5 PCA showing variations in PLFA patterns and loading

values for individual PLFAs after inoculation of strain
3 g

(A5 G L SERE it v 20 B 2100 B 4 Je 4 AT 0
T ACAE FH 0 m6 TR PR , 1% 1 % &8 i Micrococcineae
Arthrobacter

(2)BPk m6 ] fif -3 rpofEi 2 Cd [ Al Cd
WA, IR T AR BEAE AT 0 B A aCER A R Tt
PERR R IR AAEY) & e SRR AT

(3) Ttk m6 AJ H 5 - S (Tl A W T Pk RO 7 45
FIRZ2 R i AR, 2R BB e qir A
Y R D5 AN 22 YA R R, (EZ R T
IR T R 4 AR

S 3Lk -

[13E B, RISk, JFE 2, 25, 358 (Aremisia selengensis L. V&2 EE
WL HE Cd 75 Y s ARSI AT T[], VLB IR #1058, 2013, 22
(7):937-944.

DONG Meng, ZHAO Yun-lin, KU Wen—-zhen, et al. Strengthen mea—

sures used for Artemisia selengensis L. to repair Cd contaminated soil of
Dongting Lake Wetland [J]. Resources and Environment in the Yangtze
Basin, 2013, 22(7):937-944.

[2] 25 Ye, A, A . LI 4w v YR S 8 R BT
AV R8s 5 % 2, 2009, 26(4 ) : 45-49.

LIANG Jia-ni, MA You-hua, ZHOU Jing. Soil heavy metal pollution
and remediation technology research[J]. Agro—Environment and Devel-
opment, 2009, 26(4 ) :45-49.

[3] Aderhold D, Williams C J, Edyvean R G. The removal of heavy metal
ions by seaweeds and their derivatives|J]. Biores Technol, 1996, 58
1-6.

[4] 7 B, IR AR, PRT 2, A5, i JE Bk 2 N A A L (8RR 219
P45 M IR A i, 2014, 41(2):267-273.

YANG Cheng—de, LI Zhen—dong, CHEN Xiu-rong, et al. Identification,
pathogen inhibiting and nitrogen fixation of endophytic bacterium Z19
of Polygonum viviparuml[J]. Microbiology, 2014, 41( 2):267-273.

[5] Sager M, Park J H, Chon H T. The effect of soil bacteria and perlite on
plant growth and soil properties in metal contaminated samples[J]. Wa-
ter Air Soil Pollut, 2007, 179 :265-281.

[O] HMREE, ¥ W, MR 2. T E SR PIIEANER AL XT EO E AR 1
AR 4292725, 2013, 30(2) :51-55.

DAI Dong-liang, HUANG Tao, ZHANG Jun-hui. Bioaugmentation with
indigenous metal —resistant bacteria to enhance metal mobility of Mei —
Keng, a Pb/Zn tailing[]]. Journal of Biology, 2013, 30(2):51-55.

(7] ZEeisl, 25 R0k, A AR AT, 55 o H IR 3 SR HERC S TS Wi

M2 el AAHTT]. A 25274, 2012, 32(6) : 52-59.
QIN Xiao=bo, LI Yu—e, SHI Sheng—wei, et al. Multivariate regression
analysis of greenhouse gas emissions associated with activities and pop—
ulations of soil microbes in a double—rice paddy soil[J]. Acta Ecologica
Sinica, 2012, 32(6):52-59.

(8] TEAL [, ¥ 5%, 47, 5. JET Biolog-ECO FIAMN B HHEIE

i LG W S RE AR S A (D], T R IXAFSE, 2011, 28(4):
630-637.
DONG Li—guo, JIANG Qi, CAI Jin—jun, et al. Analysis on functional di-
versity of edaphon communities in Medicago sativa fields of different
growth years based on Biolog—ECO plates|J]. Arid Zone Research, 2011,
28(4):630-637.

(91 BHALE, MR, X AR, 45 28 e i) AR DX R TAR R 3580
AW INREZHEVE]. AR50, 2009, 29(2):727-733.

HU Chan—juan, FU Bo—jie, LIU Guo-hua, et al. Soil microbial function—
al and diversity under typical artificial woodlands in the hilly area of the
Loess Plateau[J]. Acta Ecologica Sinica, 2009, 29(2).727-733.

[10] &bk, fLafe, £ M, 55 AR N AR IR A I At AL
[J]. I A S 4, 2012, 23(8 ) :2135-2140.

XIA Zhi—chao, KONG Chui—hua, WANG Peng, et al. Characteristics of
soil microbial community structure in Cunninghamia lanceolata planta—
tion[J]. Chinese Journal of Applied Ecology, 2012, 23(8):2135-2140.

[T bk A, GG, MR, 55 SRR FRASRIAR B - A= e g
PLEA ZEWIERIC ZREE ] A 257740k, 2013, 32(1) :64-T71.
LIN Sheng, ZHUANG Jia—qiang, CHEN Ting, et al. Microbial diversity

in rhizosphere soils of different planting year tea trees: An analysis with



2015 £ 9 H

FHC, A < MR R IR A5 K S MU A R R S 1699

phospholipid fatty acid biomarkers[J]. Chinese Journal of Ecology, 2013,
32(1):64-71.

[12] Dong H'Y, Kong C H, Wang P, et al. Temporal variation of soil frie—delin
and microbial community under different land uses in a long—term agroe—
cosystem|J]. Soil Biol Biochem, 2014, 69 :275-281.

[13] & . Rl A2 BT 5 PR IMD. AL st - b AR R i,
2000:470-482.

LU Ru-kun. Analysis methods of soil and agricultural chemistry[M].
Beijing: China Agricultural Science and Technology Press, 2000:470-
482.

[14] Tessier A, Campbell P G C, Bisson M. Sequential extraction procedure
for the speciation of particulate trace metals[J]. Analytical Chemistry,
1979,51(7):844-851.

[15] Frosteggtrd A, Tunlid A, Baath F. Phospholipid fatty acid composition,
biomass and activity of microbial communities from two soil types ex—
periment ally exposed to different heavy metals[J]. Applied Environ Mi—
crob, 1993, 59(11):3605-3617.

[16] Hassan S H A, Kim S J, Jung AY, et al. Biosorptive capacity of Cd( 1l )
and Cu( Il ) by lyophilized cells of Pseudomonas stutzeri[J]. J Gen
Appl Microbiol, 2009, 55.27-34.

[17] Petanen T, Romantsehuk M.Use of biohminescent bacterial sensors as
an ahemative method for measuring heavy metals in soil extracts[]J].
Analytica Chimical Acta, 2002, 456 :55-61.

(18] 22, BREHER, A5k, S5, KV (22 B ) AN ] SR A P 25 7
PR Cd B9 ATRFAELT]. HUSTRHE T, 2008, 27(5) : 43-46.
ZHAO Bin, OUYANG Jian—ping, LI Fang-lin, et al. Distribution char—

acters of element Cd in different physiognomy type alluvial soils of

Yangtze River(Gong'an Segment)[J]. Geological Science and Technol-
ogy Information, 1979, 51(7) :844-851.

(9] X0, 4 He. Foali i FhHUHE 5 75 4l 1 R L e R iy R 2R 1.
IEARM AR B2, 2006, 19(3):31-34.
LIU Qiong—guang, YANG Yan. The relationship between tomato resis—
tance and the quantity of ralstonia solanacearum and rhizosphere mi—
crobes|J]. Journal of Zhongkai University of Agriculture and Technolo—
&y- 2006, 19(3):31-34.

[20] FKA 6, SR 45, PRERL. oG A BFTA HLIE XS 158 = 2 i w2

HERYSZMALD]. o 5 A 2007, 3:59-62.

ZHANG Xin-di, SHI Yong—jun, CHEN Yin—ke. Change and availabil—
ity of soil in organic phosphorus components influenced by phosphorus
fertilizer application[J]. Soil and Fertilizer Sciences in China, 2007, 3
59-62.

(207 X2 B, g —. S TS Je 2 b i BNt S B R0 15 )5 G4

X ZRZHEER AR AT, 2006, 1(3):266-271.

LIU Ai-min, HUANG Wei-yi. Study on the change of microbial com—
munity diversity in contaminated soils of cadmium—copper mine tailings
after the tolerant—cadmium and tolerant —copper strain J5 added[J].
Asian Journal of Ecotoxicology, 2006, 1(3):266-271.

[22] Insam H, Mitchell C C, Dormaar J F. Relationship of soil microbial bio—
mass and activity with fertilization practice and crop yield of three ulti—
sols[J]. Soil Biol Biochem, 1991, 23(5):459-464.

[23] Choi K H, Dobbs F C. Comparison of two kinds of Biolog micro plates
(GN and ECO) in their ability to distinguish among aquatic microbial
communities|J]. J Microb Methods, 1999, 36:203-213.

XRiLPiT i 2016 & (MRIRRIZESIRE) s

(RIS W 575
e IMPIN ) ﬂ‘
6732,

ARTUBC T TALRE R STt P CRR B SCR , RAEFR R IRHY

) 2 rhie N RILFN D ) RS B , A VLo SRR AR T 248 VLIRS R
R"P{W'Jﬁ}z:,\l—l’rj}ﬂxﬂﬁﬂ;ﬁﬂo B A AT KA, NG —

WS A I RO IR
TS CN32-1805/X, [E bRz Tl ISSN1674—

I 2 [ N AN ERSE PRI T PRI (R B AR T B 1

AR GBRR OB K R, BRI T 28 Ky O BREEBOR FREEAR ML (o 2 0 R 32 SR R R PR FRBE I PRI I PRI AE L

PRI FRGERL A5 B A T PRE T A4

WA HA BT PEIA PRSI ST R AENE S

ASTIRRUT A, R 16 T FEPRARHERR , 60 5T, BEEXUT 15 H AR NN CElRSE )15 S0/, 424F 90 It

Je b BIPHEAZ FL Y, e—mail 2 LUFHER A (BIPUELTT 2tk : hiep://www.hjjkyyj.com )

BB4E : hjjkyyj@163.com

iTRAE: L BRBITHR: IRAR S 28414,
2. BITITH LK
BRRN: R BiE(f5HE ). 025-86575218
CEA: LRI VLA PR M 2 ORG24 )
FEPAT AT RUBAE I AT K51 523558192511

2. WRJRCER B AU KU 1 241 5

R (GO ) 14 1210036

(S 5 T

)



