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Effects of Microorganisms on the Bioavailability of Cadmium, Lead and Zinc in Soil
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Abstract: The study was conducted to investigate the effects of microbial inoculation on bioavailability of Cd,Pb and Zn in soil when Brassica
Juncea as a hyperaccumulator growing using a pot experiment. The results showed that stains JA27, JC55 and JC40 not only promoted plant
growth markedly and decreased soil pH, but also improved the bioavailability of Cd, Pb, Zn in the soil, which significantly enhanced the phy—
toremeditation efficiency of three heavy metals eventually. Furthermore, the concentrations of Cd, Pb and Zn in shoot of Brassica juncea in—
creased by 117% to 137%, 37% to 62% and 9% to 15.1% when strains JA27, JC55 and JC40 inoculated in soil, respectively. However, stain
JB37 inhibited Cd, Pb, Zn uptake from soil, and decreased the concentrations of Cd, Pb, Zn in Brassica juncea. The concentrations of Pb and
Zn in shoot of Brassica juncea decreased by 72.5% and 27% in treatment of stain JB37 inoculation , but had no significant effect on Cd con—
centrations.
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&, RAESRE TR A AR, TR
e 4R, LIESEAYIE R AR s 75— J7 e A
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H RREEY B YRR ST ESR,
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FHBEIRRINAZ] -8 b, 38 3 B e A B B IT 5k
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1 #REFZE

1.1 gk 1EdpFn L

LY . EP BE 3T 3¢ Brassica juncea ff) Wild
Garden Pungent Mix S, Fh73k B F 35 E kX N
%k Wild Garden Seed F4%3%

4. SR AWIERL RF PR X bR 0~
40 cm FIHE L, FRALPE BARIE LR 1.

1.2 B ERIIE R EE

B AN 1%, WE 0.3 %,NaCl 0.5%, 35t
f 2%, pH 7.2~7.4,

W BB VSR IR R R R R A
PR ORI 7E B AR FR B3R, 30 CHESR 3d, FFK
HEEEEFAERFWN R EEHTUNRAMER
H BRI T 4 CORAE TR 37

R IMA B R B R SR 5 R BT 30
CHEFE 1 do Peade 7= A= B 6 BB AL AT O B vk JA27 .JC55,
JCA0 F1 JB37, ARYEGALE Y H P % 28 T B %o i 1 1 ok
TR ARIEA T 42,
1.3 REigit

FARR AR IR K2R X H SR = ik
7RI AR Nk, P4 EAR 10 em, JRKTH B
9 cm, & 14 cm, 42+ 500 g( ARTF 1), Ak
TR F /T 3 mm i, ELJE Cd.Pb F Zn 535 LA
Cd(Ac),*2H,0.Pb(Ac),+3H,0 1 Zn(Ac),2H,0 [&
AR, %5 B AR SR A L+
HErh AR Cd.Pb F1 Zn AY¥EE 451k 50,500 F1 500
mg kg, FIRMEEIIA 0.1 g FJRER 0.2 g BER — 4%
(NH,) HPO, /EENE , 5k A A Al iln] . V5 14
RAE BT A, B 20 kg bnAs 138 im AAH D &
HEE 4R B EHR S R 7R SRR RS B3RSy, BRI &
B 1A ARRSHBSNE SR, K5
T A=A . INAZEB KM &K & H I FK &R
60 %, V-5 30 d J5#E Ry, A 1 R RIH , SRS
6 ¥R o BT 4 b, AR 3 RER, FA
W nEEFR AL AT IR . EPREITIRAE K 20 d #ATHAE
PrEFP b3, BURREA 2.1x107 /> -mL™ A HETR AR
JA27.JC55.JC40 F1 JB37 £ 100 mL, Jin A -3 | [F]
Bt ZEXT FRAR B N A 100 mL 5353, 4K 76 d J5
Wik
14 HRXRE

IR A T BY G, oAk o B [RI A
PEHAR R MR R TE 105 CHMAT, A F 0.5 h, I
e 70 CHRA M EEE, TR ETnE RS+
FeAeB o
1.5 ¥A*E

ENEEIT3EH Cd.Pb il Zn & &SRB (HNOs-
HCIO,)TH##% , H 51, Z-5000 B [543 6 B 11
.o [FIBTR A DTPA 3242 (0.005 mol-L" DTPA-0.01
mol L™ CaCl,~0.1 mol- L TEA, —Z,3& =k F 2.1 )i
FE TR AERS Cd.Pb Al Zn # &, F pHIHE L
2 pH {H(1:2.5 17K H ).

R 1 kTR R

Table 1 Characteristics of physical and chemical properties in tested soil

— BEE S E/mg kg BHLR/ 4N/ WA N/ WAk P/ A K/ - <0.01 mm
Pb Zn gkg” gkg” mg kg™ mg kg™ mg-kg? P YRR %
e+ 0.83 30.54 75.88 10.89 0.63 30.71 14.02 98.04 8.2 38.78
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FH SPSS17.0 B4 BHEHATAL I, SCH R
FA“FESBME bR 2" e , R A Duncan 77 ¥ % S
HITEF BEEIT.

2 HRESH

2.1 BHXEHRNERE

Xof BB B DA B8 28 T, IR A TR 25
U5E A4 MR SRR AL RIS IR B Listeria denitrificans
(JC40) , PR ZEHIAF I Bacillus cirallans (JA27) , #& %
FIHTRF RIS Listeria grayi (JC55), THRA B REREH
Neisseria sicca(JB37),
2.2 HEMXEEFERKBRIM

MF 2 FTLUE AP R BT A K B
ZBIbR JA27 JC55.JC40 A BRHEAR, AW B
X B LR R R R R R AR B T 3
AL B 3 BRETAR Z A) 37T 8.3 22 57 s 2 T bk JB37
AbFR A FE AR )5 5 0 A LU REAIR T 32.60%

R 2 EFREYX D E ISR E KRR
Table 2 Effect of microbial inoculation on growth of the tested plants

b H: /g plot™ #R#/em KH#IEL
CK 64.23£3.71b 34.7121.79a FERKHE
JA27 74.87+4.30c 42.87+3.00b FALEEHF
JB37 43.29+2.13a 33.97+2.04a FAERK R
jcss 72.51£3.21c 45.09+2.01d FAESEAT
jc4o 66.902.12b 40.49+1.81b TSN

T Bl 2 6] 9 B3 22 7 A Dancan K:3%, P<0.05, [R5 78R
R EE A BEES, FEMERRRLHAITEEES, TR
Note ; Significance of difference between treatments were tested by One—way

AVOVA. Number which in the same column followed by different letters

SEFRAR R FE T EP EEIT SR HE S Cd Wl = A
P, JA27 . JC55.JC40 AbFHENEEIT 3 &8 Cd W%
BB BT T 137% 117% 1 136% , T
JB37 4b¥H Cd B ILEEF W, JA27.JC40 LbFHEDRE
F¥ ek b Pb W 43 A0 AR T 62%.37%,
1M JB37 4b ¥ Pb B AR T 72.5%,JC55 Ab ¥R
B, JA27.JC55.JC40 AbFRENEESFSEHE &R Zn
SR RIS T 9.8%.9%F1 15.1%, T JB37
AE PR Zn W EREIR T 27%,

JA27.JC55.JCA0 Ab3HEN BE T34 T ¥ Cd & &
BN R BHRE T 68%.74%F1 19%; EREEIFSEMT
#B Pb & BN BT HIBEE T 44% . 24% 1 27%; P JE
I T Zn F BB RS ANER T 7% .9.8%F
10% T JB37 AbFRENEEFFSH T 3K Cd Pb.Zn & B#
SRS T T 5% . 16%F0 15%, AT I, JA27,
JC55.JCA0 4b 3 B A= A B THEAR T B &R I
W, T JB37 bR T HERE X E AR AR
24 WEYHEESBERNSSENRIT

M3 4 TR, MAEKME L ERELSEAUS
BB R A THIN AL, B2 JA2T FERRALFEAY + 15
FA Cd.PbZn S EBEXMNBLHEET 1.76% .
6.20%F1 15.35%, HH %t Zn IEAE SR, JC55
B PR AL FEL A + 87 343 Cd.Pb.Zn & BRI HE 4371
BET 12.22%.4.45%F1 7.58% , Hipxt Cd FITEILAE
FifH  JCA0 FERRALHR ) A 34 Cd P Zn &
N RS R T 18.76% .8.79%F1 17.86% , %f Cd

R4 IRESREHSETE (ng-kg?)
Table 4 Contents of available heavy metals in the soil(mg-kg™)

AbPRL = Cd Pb Zn
were significantly different at P<0.05. The same below. CK 15.30£0.95ab 165.0123.10b 57142284
JA27 15.57+1.00ab  175.24+0.90cb 65.86+1.24¢
2.3 EMMEEFEES BERKERN N JB37 1423+1.10a  145.06:2.54a  54.11:2.63a
M% 3 ﬂ‘u%ﬂj .4 ﬁ%ﬂ{j{rj‘mg%%%i%ﬁi JC55 17.17+1.81b 172.35+3.18¢ 61.43+0.75b
éﬁ Cd.Pb FZn E/‘J/é‘\ﬁ.ﬁz; Iﬁﬁiﬁ E"J%ﬁ ﬂﬁl . I‘z}% JB37 JC40 18.17+2.21b 179.51+3.54b 67.30+2.03¢
*3 HMEFENESEBRYEE (ng kg’ DW)
Tabel 3 Heavy metal uptake by Brassica juncea(mg-kg™ DW)
S EBEFT St bR EEETT St T R e
Cd Pb Zn Cd Pb Zn

CK 26.03+1.05a 7.85+0.30b 307.05+2.22b 36.32+0.23a 15.54+0.54b 410.1+1.14b

JA27 55.63+2.45b 12.71+1.62¢ 337.12+1.08¢ 62.15+0.59b 22.38+0.51d 439.5+0.20c

JB37 24.26x1.87a 2.16+0.45a 224.15+0.77a 34.65+0.35a 13.02+0.89a 350.2+1.76a

JC55 56.52+2.49b 8.23+0.72b 334.74+1.50c 63.28+1.06bc 19.23+0.50c 450.3+1.17d

JC40 61.69+0.40c 10.73+2.16¢ 353.37+0.58d 65.04+1.27¢ 19.71+0.17¢ 452.6+0.87d
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1 Zn FRA BEROTE A . TB37 BRI 3R
A& Cd.Pb.Zn & B AN B4 A AR T 6.99% .
12.09%#1 5.23%, B IB37 BEi#k*f 3% Cd.Pb.Zn
BB B A E A
2.5 WAyt 1% pH M

ME 1 AT LUE H, X B A3 %) + 3 pH Ky 8.2, 71
AU YA B 1+ 3 pH S8 FTRER . JC40 A 3R
pH RS AFRR B AR, o+ 38 pH BB T 7.74; Hak
J& JA27 Ab¥3  pH K 7.8;JC55 4b¥E pH K 7.87;JB37
Ab 3 pH FEAK A FRBE S /N , pH 8 7.98, 5 %¢ BEAH He
pH 43 BIFEAL T 0.46.0.4.0.33.0.22, XA EEH T
B AEARRE SRS 4T RENRSTRAEN
R, &0 FREAE VRN L3 pH F=4 T —E# M,
o A R A T AR, AT A+ B4R
RS

83r
82F
8.1

CK  JAZI B3 G jca0
B 1 ERRraEYd 18 pH 89520

Figure 1 Effect of microbial inoculation on soil pH
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K, A A CENE SIS Z B E S B T5 e T,
B BRI ESE W EE MY, MAEYH L
X+ E SR HFTE E BB, R e
TIEP TR, TR A R A E Y g S
fREEME, AR B AEMIEE R B A Yt 25
AHE 3 A= PR T B AR X E S
B, WM m Tt EhEEE AR B,
Chanmugathas F1 Bollag"" & , ZEEFE R LT
AT LR HE Cd IS . IR INEFRY K, K
TR b FHL RIS KB A B DA A R bR H SR 89 Cd 43331
K 6%FN 9% ; ARG E5 W  EWE L2 H B \NaNO; %578
FRPIEI , Cd BRI AT 235115 1690 36% . I\ 13
BRHER Cd TEEMES T ENAIIRE &

—iE . MR B SE IR T IR E S R A
AYAE R, T H R Y R AR A
W 2 S A AR 3 R 4 A AR S S T S
IIJI_I.AE/‘J[D_B]O

I I B T 2 I S A RB A AR AR
TR MM T EA VIR B R , 76 LI EeFp =R
A JA27 JC55.JC40 EE 28 TIRE LIRS
TEAEVRYEGE, RAE— RS L#m T 13 pH,
MRS SR G, T HRELSRAUSH
TR, BRI E Y E SR R, A
YMEE RCR . TA27.JC55.JC40 Ab3E e B BE T S Hh,
- Cd MR A B R T 1 A5 b IB3T Ab
FH TP ESE AR, A LR E SR
FEAEAVVE R, Y IB3T 6 RN 18 5 SR G
—E N M E

4 i

TR THRLER 4 Fh TR 25 485 Ry A AL B
Fi QT (JC40) PR ZFEFATF TR (JA2T7 ) gt ER A TR IR
B(JC55) T4 KBk (JB37),

T AR I UE , AL T e 4 FP R RO
FEY R AR 4 38 pH,, B:Fh JA27 ,.JC55.JC40 BERRAGAL
FERE B R AR A K I P E SR AUSH
TR, I X EPEEIT RN E 4 R A TR AT A AR
o JUH JCA0 B PRALFE ) + A 33 Cd.Pb.Zn &
BRI RS T 18.76 %.8.79 %F1 17.86 %, 1
il JC40 TRk B (e HE 1 Ep EESTSE M M Cd.Pb.Zn 1Y
B8, JCA0 EARAUE#E T 3% Cd.Pb.Zn fY7E
b, i HE I T EYES RO RIRE, 28 TBE
FIRCR . HEFP IB37 BARAIANERRHE T HIEP E LR
BRI E &, X EEITSERIE & B A B &M HIE
FA AP E LA
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