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Abstract: [Objective] The changes of soil bacterial community were studied during the process of soil

remediation. [Method) The simulation Cr( V[) contaminated soil was used as test material, which had been

treated by waterlogging for 10 days (S2),adding ferrihydrite and waterlogging for 10 days (S3) and 20

days (S4). As control, the nature soil waterlogged for 10 days (S1) was used. Total genomic DNA of bacte-

ria was extracted directly from soil treatments. The 16S rDNAs were amplified by PCR with the bacterial

universal primers 63F/1387R. [Result] Using RFLP four clone libraries were analyzed based on patterns of

restriction endonuclease Rsa [ ,the OUT of four samples was 123,120,97 and 69 respectively. And the cov-
erage was 54. 92%,55.43%,65.33% and 76. 60%. The bacterial diversity indexes of Shannon-Wiener, Gini
and species richness index dy, » evenness index J, represented an identical order S1>S2>S3>>S4. The
C. V. of four bacterial diversity indexes was 11.51%,1. 84 % ,23. 64% and 1. 55%. Based on the bacterial
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diversity index clustering analysis,treatments of S1 and S2 were classified into the same group, while S3
and S4 showed similarity to some degree. [Conclusion) After 10d anaerobic treatment by waterlogging,the
chromium-contaminated was almost reduced, and the bacterial diversity level was similar between S1 and

S2,which was higher than that of S3 and S4. Dominant bacteria which were helpful to eliminate heavy met-

al contamination and had Fe (][l )-reducing potential were found in S3 and S4.

Key words: chromium contamination; soil bacterium; community diversity; soil remediation; 16S rD-

NA; RFLP analysis

N TR A S R G T R AL A ke 2
— X TR BT A EENSHEN.
RN T M i PR ARk B Al A o igE Cr (VD
6] CrCIID %% A, H 8 4 38 op S A 8K A0 38 Jit o
AEREEMMAL . KL WK ST 505 %
Yy 9 e A 5 SR AL Bk A B BIF 5T . © 38 M R B
ERRE MRz

E A TR, Cr (VD) Al 95 4 Bk it v 7 AR
g FeC I 5o CrClID - [RIE Fe Il % 58 A fk
J Fe CIID » I BE B ik J5U ol 28 9 418 30 A A 3 i i
S AW -AR A A SRR R i R Cr CVDD B ade st
DRI AR P kA TR AE Cr(VD BB A5G Ak b B i
AE7VE IS ol e A B Bl A Bk TR R A AT
T DR HERIK v % A B 1 T R AR

JAE CrCVD) B 5 Ak T 45 7 30 358 46 2 18 A B B
¥ AHAELE A IO e R b R PR
ZHAEM LR Z R TR . AR
I B 3R 85 v 14 75 e W0 2 1) I T M 7 L T HL AR
e 52 5 A v o UL B A R A W U A RS LU AL BUR
AT HZ R, BAr.C28A 2 KT
A G g T L RV Y Z B R SE L (HRS
TR S5 1 A ) 2 BEPE RO WF 5 4 08 i L 4R
Do I WFSETS G HEAE A2 0 B b o A0 R T
Z R R AL X BRI IR AB S A R e AL B A
PR PR L,

AT FE U0 o - S K Ak B DR b 1B R
GE . N0 s s AL B T i A 38 TP i Bkl U A
TEREAU CrCVDT5 QR 2608 T 8 2 A [ ¥ 7K Ak 21 3%
PR S e B b AR A o L R BOAS [R] - AR i R A
A Wi s DNAL I 40 38 514 v B 40 T i TR 41
HEg 16S rDNA SEPN R Br. SR 5 16 730l 1 57 5 e SC
JE ) LA E R PCR-RFLP £ AR X A [A] Ak B - 3
Y 200 B AR T 22 AR PR AL AR B AT LB DUBIT A 12
ST R TPk AN T A K O A B 2 AR 22 L T
BT #8155 Gt b 548 52 3 12 v B2 W e v 9 22 AL R AIE
FEBEBIE AR 4

1R Tk

L1 ikt

Pt 3R 3 BRVE A7 e A FH ) R 2 (5 ~20
cm) o SR AE b U T A% g8 AR T O K AR AR,
HEE ARk DLRAE o . R HERADN + 3 2P A +
(Earth-cumuli-Orthic Anthrosols) . T H %k X T
Jo S, i FLAR 2 mm B T . REEEER R RA
ML & 52 16. 95 g/kg, A& A B 4280 5 & 535
H1.03,1.59 F116.76 g/kg,NO, -N.NH, " -N, #
AW RN R B A B 4300 O 190 2,100 3,20, 39 I
153. 71 mg/kg,
1.2 THEHmALE

K S s a7 s A 40055 05 G + B8 L V5 L o R AR
TR AR HETT RN BB B A A R
T 0 e B i b B i (L CrOs 31
R 70 g/kg. FEAEEA, i fLAE 0. 25 mm I
i . Ay AREL 5.0 kg WT +F 25 L R KA,
+HEE B #E K 10 d W IR, ST TR I B i S K
10 d(S2) s AN T4 B Fe(OH),; (Ferri-
hydrite) ™ J5#E 7k 10 d(S3) K 20 d(S4)4 A~ 4bFH,
B AR 28.0 g, Hd Cr(VD) iR 1,00
g; FeCOH), W& H 60. 61 mL B, Hrh Fe
(IO &EHEEML1.00 g, m(E) : V(EETIK) =
L 1 el m &8s oK, Bk 55 55 . 40 e
KIGEFE 10 F1 20 d J5, il B W, 48 4 000 r/min
B0 10 min J5, AT B4, i L2 1 mm -1
i o WS K I B AR A - 3 W b Cr (VDD M B 1 42 4k
W . it 10 d M A AL B, KA Cr VD ¥ BE
A FEAR R B R AR R E (L T 20 d B K b B
5 TE L3 AR B[R] % A S Ak AR R T Al A 0 S T

S BIFREL 10. 00 g 28 Lk Ab BRI £ 45 T
B BT 10 mL BURL B0 A . B 4 K A R i
KEERKER 80% . B T 28 C a8 74 b K
BYEFR 15 AT L3RR Y B DNA ) $2 HL,
WS 3 A EE,



130 P BB K 3R AR

537 &

1.3 TEREYE DNA BIRE

5390 R SCERLL5-17 1438 1 3 F oy ik A& K
SRR - HERE S b SRR A W S DNA,
3 AR BT L T LY DNA #4761 .4 8 g/L B

BOREE JE LUK DS Il 5 DN
1.4 THME 16S {DNA FERH T 85T EXE
K&

KT 16S rDNA 3@ i 51 ¥ %t 63F/1387R,
2l ¥ % 5 4 B k. 5 -CAGGCCTAACACATG-
CAAGTC-3" il 5'-GGGCGGWGTGTACAAGGC-
3. P13 A A R A 4 A DNA R BEAR
#H T PCR P38 . PCR ¥k %5 .10 X PCR Buffer
5 uL,1 mol/L dNTP 2.5 uL.3[#¥ 4% 1 puL. Taq
DNA B4 (5 U/pl)0. 25 pL.DNA Ktk 1 pL,
ddH, O #h FE AR Z 25 L, PCR W FEF .95 C i
A5 5 min; 95 C 30 s,50 C 30 5,72 C 1 min,30
AMEER ;72 CHEMH 7 min;4 C {77, PCR ¥4
YR 10 g/ L B R0 56 i r TR A DU s Jise [l e i 39) &
Ml 16S rDNA,

W T 13 2 40 I 16S fDNA §7 3 R Br 5
pMD19-T # {4 iff 17 3% #2 )= Wi, I % A K B A
JMI109 w38 4o W8 11 5E 577 326 Pk B BH P v B -, r +
SEANT 16S rDNA 38U .

1.5 RFLP 47

L V% PCR 7% BEFLERERZ) 200 4~ FHAM: 50
%, 1 pMD19-T 4K FH 519 M13 434 BkL 4
A W) 16S rDNA J B, $RE 0 0 8545, DL
T OMASA, K L E A PCR & W& & ', PCR
FERAR 22 (50 pl): 51 #4% 1.0 pl, rTag 20. 0
pL.ddH,0 28.0 pL. ¥ PCR TR .95 CHIAL
£ 5 min;95 C 30 5,55 C 40 5,72 C 1 min,30 4>
HEFF ;72 CHEMR 7 min, 4 CA£AF. FTf5 5|9 DNA
h B aifbfa M Rsa 1 BREIENDIEEH AL (37 C .4
h) . VI 50 g/ L ZE TN I Ik e 26 e v Uk 43 5
BRI R DD T SR AT RN B 5 X il D) 2 R R AT
it 55 Hr .

1.6 SHMEEHREREITIHHE

K o ZREMEIN B 0 A RELP ()43 B 45 01,
553 M1 LA 40 B8 43 A Z (8] i) Bray-Curtis AH 5 P B
FECR IR R b - T AR BT 21 % vk (UPGA) 7
NTsys 2. 10 itk E b fr B ab ¥
1.6.1 A %A FHDY G Shannon-Wiener
8% (H' ) 1 Gini 8%k (D),

(1)Shannon-Wiener 6%t H' . H Wit & AL

K
H’:—‘ip,-lnp,vy
P,=n;/N,
K .S RFLP (W B AVE, n, R4 @ b 16S rD-
NA ) RFLP 25 5 R s 4, N o S s B4k,
H' W %R .
VarH' = | X P,(InP,)* — (X P;InP)* |/
N+(S—1)/2N?,
(2) Gini 5%k D. D Byit5H KR .

D=1-%P’,
1.6.2 Margalef 4+ % E 3} du, dw THT
Fava
dv, =(S—1)/InN,
1.6.3 a3 mses J, T, WA TR

J.=(1—XP*/(1—1/S),
1.6.4 XEMEZRC CHFRIHHE.
C/%=1—nl/N)X100% ,

Kl RSCEFRACH I TR OTU (43 F 4 /R
B0 18R
1.7 FINES#HBEERSH

k4 B RELP 43 A1 &%, A S3 1S4 4b 2 1y
PSP RE T PRI O B 64T 7 500 5 . K Y 5
PR32 NCBI S BT N-J B WM RS R T
B, 6 B A # 2 B S MEGA4. 0 Fl Clustal X, J¥
G0 h v A TR R R S5 A BRI E
1.8 CrOVDRERERNE

+ s K AR EE 10 & 20 d 5 K IR BT
W RV 0. 45 e D8 B 3k U8, BCIECR FH R Bk
Bk —E A O B e Cr (VD B R e .
BRI AR N SR CrCVD BB B8 09 K % e L 7
WKL FE L R Cr (VD AT 55 HOK R Y Cr
VD) o3 & ok B2 R i 8l A8 -l . A5 B3 Wb iy Cr
VD) Joi 2 R B A1 T A et =38 v Cr (VD &R
BRI R I, AR DA R Cr(VD R
R R AR AR R Cr (VD % 88 o Ak 9 1
Herp Cr(VD BT i ok + HiT 3 Cr (VD B B4k

PRI K 37 £ R P AR B K B Cr (VD A 5
J7 35 FR B K AL B3 9 KF - FE 10,00 gl BT
80 mL B .04 1, I 8 F7K 50 mL, 25 CfH ik 4
% 1 h,4 000 r/min B.[> 10 min, W4 %, H
0.45 m JERE U8, W 2 vE W h Cr VDD 1Y 5 o ok 3
T4 Cr(VD R3S B =



%4l

FOSCRE BTG G e R AR D - AN B RV 2 PR RELD 347 131

2 AR5

2.1 AELSEBLHEH CrODELRPILER

N 1 AT LAE Y, - HE TS0 T O 28 W K b
PR, W PR B Y Cr VDD 548 e 8 5 st
9 200 mg/L FEARH] 4 mg/L LLF, W] &5t 10 5L
20 d MM KIS 3% TG g EIR R i Cr(VD E &
A B IR RS 98 L b TR A 3R

1 R B 1 CrOVD B E] 2 mg/kg DL F . 3
B K A B 36 8 TR AL AR Cr (VDD J5T 2t VR 3 1Y)
HAE. @0 FeCOH), AbHE(S3 A1 SO Y Cr( VD) 5%
B I AT LS 0 % T i A B (S2) , HWE K 20 d
) S4 AbBE AR THE K 10 d 19 S3 4b3, M+ 44k
AR BEANHT WK B TN Fe(OHD, AbBRIA R T4
BB Cr(VDRIH Y.

x1 AALKLBHAP CCODERBERFUR

Table 1

Residue concentration and transform rate of chromate in different treatments

B W Cr(VD Y Bt e B/

THERES T Cr(VD R R 1/

b B - Cr(VD LR/ % -1

(mg+ L1 (mg* kg™ 1)
Treatment o . . Transform rate of chromate > .
Chromate concentration in soil solution Chromate residue content of soil

Sl — — —

S2 3.9440. 21 98.03 1.9240.15

S3 3.5540.13 98. 22 0.95+0.11

S4 2.68+0.07 98. 66 0.1640.09

M 1 2 3 4
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S1

Fl1 AR 16S rDNA 9784 7 4y 1) S B Wl 58 ot . Tk 45
M. 2-log DNA Ladder Marker; 1. S1;2. S2;3. S3;4. S4

Fig. 1 Argarose gel electrophoresis of soil bacterial 16S rDNA

M. 2-log DNA Ladder Marker; 1. S1;2. S2;3. S3;4. S4

P2 4 Fhab B RE AN 16S rDNA (4 Rsa 1 3543 B 1) 45
Fig. 2 Partial RFLP of soil bacterial 16S rDNA by Rsa | cleavage for four samples
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Fig. 3 Statistic results of RFLP of soil bacterial

16S rDNA for four kinds of samples
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Table 2 Diversity of restriction endonuclease types in soil bacterial 16S rDNA clone library

ib OTU/ 5 b S5 PEZAA/ % Z FEPERE AL Diversity index
Treatment OTU/Total clones Coverage value H D dvia VarH’ J i
S1 123/193 54.92 4.616 0.987 3 23.18 0.004 043 0.995 3
S2 120/184 55.43 4.588 0.986 8 22.61 0.005 609 0.995 1
S3 97/199 65.33 4.091 0.970 8 18.13 0.007 119 0.980 9
S4 69/188 76. 60 3. 589 0.949 2 12.98 0.008 693 0.963 2

KR A Fh A # A B - R AN R TR A 2 RE R R B
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|
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14.19 12.40 10.61 881 7.02
AR
Coefficient

&l 4 S1~S4 4b3 4 HEAR A RIS 3 B
Fig. 4 Cluster analysis of soil type in
four different treatments
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BEfEws K 10 & 20 d J5,H Cr(VD sk fb s = 5 0

A phylogenetic tree of soil bacteria based on 16S rDNA sequencing

25 7K B 37 Ak BE R A AR [R] 5 HG - 20 TR R R A 0
A=A TR A . — MKy i K A AT LA
kPR AE AR WU RE VR 098 B 38 5 S K K Ak B N [
KB SA A B A b AR B VR 2R R A2 g S3
B A BT 2 R KT 10 %0 1 £ A S
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A A P i A W kA D A AT R T A D AR
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Yy TE 77 38 R, A2 — 25 e A 1 v AL BE O
Wbz 15 ) B S3 R S4 Ab B B
REB 9000 2 e 2R G0 5 B W AT LA S T e 2
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