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Phytoremediation of Pb Polluted Soil by Kenaf with Assistance of Plant Growth Promoting Rrhizobectrium
(PGPR)
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(1.School of Environmental Science and Engineering, Sun Yat—sen University, Guangzhou 510275, China; 2.Guangdong Provincial Key Lab of
Environmental Pollution Control and Remediation Technology, Guangdong 510275, China )

Abstract : Phytoremediation is a promising option to remediate soils contaminated by heavy metals. Plant growth promoting rhizobectrium
(PGPR) may further enhance phytoremediation efficiency. In a pot experiment, the impact of Pb on the growth of and Pb accumulation and
translocation in kenaf( Hibiscus cannabinus ) with inoculation of a Pb resistant PGPR DBM1 (A rthrobacter sp.) was studied. Kenaf had high
resistance to Pb and could grow well upto 800 mg Ph+kg™ soils. The tolerance of kenaf to Pb could result from Pb accumulation in the roots
and limited translocation to the shoots(TF<1 ). The growth of kenaf was inhibited at 1600 mg Ph kg™ soil. Inoculation of DBMI effectively
increased biomass and chlorophyll contents of kenaf, with more effective at higher Pb stress. It was concluded that kenaf could be used in
combination with PGPR to phytoremediate Ph severely contaminated soils.
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21K (Hibiscus cannabinus ) J&:— -4 HA 28 B AR AE
JER AR , A=A SRR AR AR ) R 7EFR I g
AR [ AN E AT B LR 4 Y
e W SR AR AL R 5%, 40 Mun SEPIESY &
L, Pb FELLIRRAR TR & SR FR LA 3 85% LA I, F 22D
& Pb ULIEM LA AR IRE o SCTELRR
XF Cu B ROV AR, ZUREHA D Cu I
WS MRS >ZE (), HLLRREF4E 2 2 Cu
FRART YA Cu FEFRED . XA BEHIZLRR A
AVE AR E B AP RYIEEE (5 B FIOC TZLRON
43 R AT 52 BE AT A 18, T A el e FHE LR 1B
CREE R e HiUPON L LI TEAN/: Vi o (01 EEAN/
X H 4G A BT A P

PR PrAE 2 B (Plant Growth Promoting Rhi-
zobacteria, PGPR ) J&4i5—JE REWE 8 13 73 AT 45 M) Jo D\
T BB AL HERE ) AR R R R TR Y A 98 R BT A
PIAR bR B AR PR G P i A= 30 s 6t SRR A
TRy WS A ) A AT A B R A2, PGPR A L)
ik ZAIE A B LR R A ) 6] B A T R
A A E L H R E 2 BV 2 S 1 6. H
i, AR 2L PGPR R4 = FE DX <63 0 S OR FIAE
YA R NI SRAA ISR 27, A bt
FERY, HELE PGPR R X L 5 JR AT — i i [ 2E 1
F, BEI R0 B 4 ) IR A B 4 ) AR )
A RO RS . U Madhaiyan ZE8F58 & B, % Ni/
Cd 775 B¢ 1 3 v 1 3 0 o3 o) 2 Fh B O R TR R
CBMB20 #l1 CBMB40, 7 fii fe Ak 1 35 K i xS
Ni/Cd B RA S i/, -3 rf Ni/Cd A7 RCPEREG . (5
KT PGPR I 5 545 J& W PEAE 38 G v ] T A A
TEAE S BIWTFEATS i UL AH

NG T Te b i 52 56 JR ML 518 A 4
ARIGOFFE D TR A P B A s ot A A 1 5
RORBYBFFEEAZ W, PRI, A5 400 DAL 546 e
PEMI A THYIZIRR, S EUEHIEA Pb Btk rA PR
Prfe 2 i (PGPR)DBMI A= S B 5% 4, F 5L 21 R XS
HAxJE Pb R SZAES), [RIRHAREF PGPR XFZLJR
A ST Ph g1 sgm, DUIE S A E T g 1
BNGEBRIAR, AMEY- TR G EEARM
)0 PR —E R

1 #MRl57E=%
L1 FFE5IF
1.1.1 353Ak

TRIEFRFL: FERE 10.0 ¢, K,HPO, 0.5 g, MgSO, -
7H,0 0.2 ¢,NaCl 0.2 g,CaCO; 1.0 g, g 20 ¢ FH/KE
¥, Z€187K 1000 mL, pH {H 7.2.

SM 53Rk H A HE 1.0 g, BEWE 1.0 g, AT B IR 4
1.0g, 2RI 1.0g, HEEEE 1.0 g, MR 1.0 g,
KH,PO, 0.4 g,K,HPO, 2.0 g,MgSO, 0.2 g,CaCl, 0.1 g,
CuSO,; 1 mg,NiSO4 1 mg,ZnSO4 5 mg,FeSO, 5 mg,
MnSO, 3 mg,Na,Mo0, 1 mg, H;BO; 2 mg, Z&{&7/K 1000
mL,pH6.4,

TE SM HiFRIE I A 280 JEBR AT 9 ACC, ik
JEH 0.5 g L7 453 SMA 555 Jk, 18 SM Bi AL A
(NH,) S0, i -4 0.5 g- L, 15 SMN 555560
1.1.2 5]

Sackowski’s 7] : 150 mL YRR A T 250 mL
ELETFKF, A 7.5 mL 0.5 mol - L™ [ FeCl;-6H,0
T

0.2 mol - L™ PR 2% phif - BiL i 0.2 mol - L™ iR —
%:k%f‘ﬂ ( N3H2P04 ° Hzo )JHH{@Z( ﬁﬂ (&4 )& 0.2 mol - L. @i@ﬁ
AN (Na  HPO) I (20 s BCH WK 39 mL 5 2
61 mL IR G
1.2 ik Ebk R E RS &

AR | R4 K X 3 8 5 i o 4
JE 5 g L i RE A B Ph itk (BRI
it P BB 125 mg- L) AR BRI AR A R E bk . 1%
PIPRZEHd 16S tDNA SelE K S 41 FlELER, WA
FEN Arthrobacter sp.(\TFFIE R ), fiv2a - DBM1

PR R AL A B R I RIS S h R i 5 5% 48
h(30 °C)J5, T 8000 r-min™ .4 CF &> 10 min, 75 %
FIEW, FHBERR ZE vh (pH E 7.0) I A ODego o A 0.6
PRI, 25 H o
1.3 il T S51EW

BT s Y HHER A AR RO R o TR
ik E ARG ELE L. XTI 2 mm 2 g
& MERA Y ML, 1R 704 A R ST I Bk
Mp AR A A 553t
1.4 B3R EK

SEERIETT 4 A4 Ph K-, 435112 0,400,800,
1600 mg-kg™ (CK .Ph400 . Ph800 .Ph1600 4bFH ), F ]
T2l Ph(NOs), LFROIE XI5 A IR AT . &4
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Table 1 Physical and chemical properties of the experimental soil

pH iR/ mg ke HAR/mg ke AR /mg- kg

HHL/g kg

H 4 JE 4t /mg ke

7n Cu Pb Cd
6.00 78.17 17.95 91.87 20.35 64.67 27.24 48.48 0.19
JE AP (B, bacterial inoculation) F1AS 1 & (NBI, TR
no bacterial inoculation) WHFPACEH | &R AEHE 3 R
2 HER55H

5o SRR = AR %, B 1 500 g, - 5847 30
do FEARERD 10 90, FR4 K 2~3 Rt R (29 15d),
BB Sty HAHIE B 3 MR, 0 I AR R AR Pt A 55
T Y TR T B R 52 v 10 mL, SEIGHE A ARG RS
R RNE RS UYL P o S5 NT o

[FIEG NG 15 d JEdEAT T, 4kse4K 30d
SRR o WK £ L RR i 0 bk e AR RN AE )
i, IR AR o AR 2 =Ry YRR AR 2K
T 105 CHEFH R 30 min, 75 CHF LT E g ss
o VEARTISAERE AR 2 H i - 80 AR PR £, KL
TRE
L5 3R E

PR MA TAA EVEDE | 7 ACC P2 iFRE J1 &
[ ZRURE 00 7 27 BB IR Oy ik 5 kg A e 1
E 5% Schwyn &7 IR AR S0 5% Be-
limov &5 77k

T3 &R AR £ /K (HNOsHCI=2 mL:6 mL)
THRRIE AR . TH AR b TR 5 55 2 IR R SIS
{X(ICP-OES, Optima 5300DV , Perkin—Elmer, USA )il &
BB T, DIERMEY BT ESS-3 2158H1 ESP-1 74
2L AT (P L PR A S i )7 7 o s il

AR FAR A o 2 R AR B

T RS A JE N E S BE Gupta S 7 vk BE
ait 1 ICP-OES & Pb 5 .

FEPIRE b T 7 A2 3R 5 B Chen S8R 7 3%, TH
W H ICP-OES Ji5E Pb &6,

ZURRM R 2R R E e S ) 2 A I
%, FH 80% NI —73 Y6 R E .
1.6 it 7AiE

SIS B e 3 o A KA B SR A Origin 8.0 Fil
SPSS16.0 R A45E il ANIA] Ph b PR K 42 T 152 e 264 7
Z N E T 2250 M1 (Univariate) . FH ¢ K5035 4% Pb
WL (BD AP S5 A (NBD AR, Y(ER 2 &
FL A FHABH (Duncan ) 7 &2 A 22 0 567K 55 (2=0.05 ) .
FE Pb i Al LA RS P 5 A AH G H Pearson

2.1 X E kA e it

5[ 2L TR (TAA ) S AL A I dec Ry 3t ol 19 2B R
Ky, BA W IAA G877 IE A bR R A% 114K
A (2 5 B2 A UM IR , A T AE Sackowski”s
O VER T RIS IR ARLL ., LR as KRR itk
DBM1 HAT R AE KR (TAA) I RE

ACC I T REF: SRR 1 -2 B3R N b -
1-#2 12 ( 1 —aminocyclopropane —1 —carboxylic , ACC ) 43
iR o= T RN, DT V0 £ 0 ) A i, G figbaod
AT R P RN, R ARNAERAT,
SER YR PTTE, Hi& 1 AP, DBMI ZEJCASM
WA IR R A, MAERL ACC i — 20
) SMA B BErh AR ARE A1, HAEAH [F] 3R
AT K BB E T SM BE 335, bl LLHERR
[ BRI, FIR AR LA™ ACC 2 Al
IRE
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K UNZE MRS A = PR AU R AR E SR
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ENiR]

2.0:
131
L6 -
1.4:
1.2:
1.0:
Zosf
Z06f

a L It
S 04 13

02f c
O.I_'_|.....

SM SMA SMN

o
=
—_—
<
-

ODgoun Ve

AN PR R AL PR 25 57 25 (P<0.05) . R )
Different letters indicate significant difference at 0.05 level. The same below
B 1 AEREXERE KB ZIT
Figure 1 Growth of strains on a liquid SM medium supplied with
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DBM1 XML AR ZERRAE R A sE i UL 3R 2, FE 0
JEACT-IL A, JCIs & RIS INE 42 J& Pb, DBM1 X £TJRR
PRI R —E AR AVE R, 568 DBMI Hfe—
FEMIEAE T o

2 BEEMERRT T A LD AR KB
Table 2 Effect of PGPR inoculation on the growth of
Kenaf in petri dish

+H 4 HBRK/mm HIR/%  ZERK/mmo HNEE/%
CK RN 58.38+7.72 81.13%6.78
T 67.13x4.18  +15.0%  82.8+13.26  +2.1%
Pb ZbHE AR 38.49+4.37 61.53+12.34
JE 39.89+6.06  +3.6%  76.87+8.44  +24.9%

2.2 AEIAEIIHRERE pH K Pb BRZSHIS N

+-34¢ pH {ELFf Pb V& 3G FEAIC, 45 808 Pb &
P THE 2.3), FELZLR 3 & T A Pb AbBE
HR PR 143 pH (., FRAIE TGS Pb S (P<0.05), 4%
AbFRES CK X HE, A 350 Ph & i 43 il AR T 80.8% .
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Figure 2 Effects of different Pb treatments on pH in

rhizospheric soils
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0.000 1; M A=¥H: . F=25.241,P<0.000 1), NBI 4b 3
i, Ph400 1 Ph800 4b 3 rh #5454 AH bt CK S4A 14 i
(Kl4), ATRERZ F T U A Pb(NOs), #5001 - 581 N
RO TELLRRANSZ Ph AR ROmAR i T2,
[RS8 S T 2L Ph HAG B9 1R o 3% 55 Mun®
SERHFEE R Y 1 Pb ¥REIAF] 1600 mg-kg™
B, LR A5 AR KR PR AR T Ph8OO A FIREAIL , R W%
551 115
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Figure 4 Effects of different Pb treatments on the growth of kenaf
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WeRE T ZURRAE KT R 32 2R (] 4)

PRAREAMNP>0.05) , #: 7 DBM1 XL RR&- A= K 45
PRI A B (8. F=15.598, P=0.001 ; ¥k /& -
F=10.653,P=0.005; il A= ¥ it : F=2.757,P=0.116; 2/
Y& :F=17.010,P=0.001; I 4= ¥ #& .F=8.221,P=
0.011; J =Mkt . F=16.002,P=0.001), A[A] Pb i,
BI b ¥ 5 NBI AbEEXS e, B0 A K A8 Ry A 3 hn, (1
PR LRI AR RORTE = Ph LR TR S B2 K
Pb ¥ B (Pb400 ) , BI ZbHR{ M /-85 2% &5 T NBIAE
P B Pb R EE RGN, B ACBR B R S T LRI
B bk A A A K AR (] 4),
2.4 AEAMEHIKHFESENHN

M2 R B AVE A B S T, 4 2R
O AR S A YOG A AE A 1R 551 AHY)
PIEEAER EHFIR — AR 54 2 alb (B 2R
(a+b) S B YIA DG, T AEAS A 0 1 AR Rl 5 %
YIAHOC, 22 a/b (B A i A ) i P A B ) —
ANEIESER , — R, a/b (5 /INR R R ELAT B0 1 it
B, RIS SR RE ) 558 38 Ph Wk B 2521
LIRS E R (G a: F=5.500, P<0.009; 43 2%
b:F=41.953,P<0.000 1; %2 (a+h):F=6.197,P=
0.005;a/b: F=31.564,P<0.000 1), NBI ZbFrfr >4 15
Pb ¥ FEIAF 1600 mg kg™ B}, T BRI 25 2% a 28
b 42 (a+b) T EIE I B WD, 48K a 5 b
B A Ca/b ) T 82 28 755 (8] 5), 2 BHAZ P ¥ 5T
LR I BT G2 236, 2O E R HRE T
R X AT AEE R R ik Ph2 A4 b i A4
TG A TRV E A, B MR 2R A R
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Figure 5 Effects of different Pb treatments on chlorophyll

contents in kenaf
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TE I i T HAW AR B, 25 Pb & i M AR Pb F Y 24%~
36%, M A Pb Er UM Ph S 2.2%~3.4%, 41
JFRAR Pb i 5 A RS P fE A B IR R
Z(r=0.96,P<0.05) , A] WLZT RIS Ph 225 A
HEHR, TAR R X Ph WMk 2237 L1 Ph WA
B (RS MR

XFF BLACEE, SR , #8h DBM1 X 21 R4S
4% Pb SR B3 (P>0.05) . {HHE& BRI,
Pb800 4b H rh 21 )R 25 . W+ Pb & 5 A B 4
Pb1600 ZbFEH I F5- Ph & 5EREAIC, H NBI AR/ T
24.5% (& 6), DBM1 A] el 775 Ph ELLRRAAR N 1Y
i e HFLLRRAE = Pb B T AR
2.6 REAEXT Ph 7ELL FRAERE X9 75 RS Y 220

‘& £E Z %1 (Bioconcentration factors, BCF) 218 ¥
R o 4 g e P 5 - 38 4 v B 1 LA, e A )
Ml R SR RE T ; 545 R B (Translo-
cation factors, TF ) Al ¥y 5 8 4 Jm v 5 S5~ 350
AR R LU, S AR P R E 4 e 1 L A2 R
7312, BCF FI TF #5024k A8 P48 52 V8 fig i 25 22 4
PPl 48 Pb ¥R B 5 R LT R Ph (1) & 48 R 5K
K 5 F 2 ¥ (BCF:F =16.025,P <0.000 1;TF.F =
43.429,P<0.000 1), NBI kbFi 2T RASHS Pb B4 &
¥(BCF) S %4 250 (TF )bl Pb Wk BT+ 2 ETHE
P, M Ph W EIAE] 1600 mg- ke, BCF R34
A5 TF R R T LARE I, JHE 4358 Ph v BETF4A X 21 JRR
FEAEAE IR CUR AT REE T B B IR I Ph
B a4, FRRR I Ph )b RS | i n] RESE LT RN
Pb BEPEHCHTALEI A —Fh S MER B

TS, AR &2 Ph400 4b B BCF KEA AR,
TF #2755 %F Pb800, BCF F1 TF ¥J4% %5 ; Ph1600 AbFi
oINS S T BCF (AR RS RE(TF) A
AR (7)o AT UL, #2580 DBMI A2k 1 ZERRAR TR XS Ph 1)
B S IS RS (RS RO T RE A2 B 20K
H & X Pb B TALE s, A5 B
RORA R (P>0.05)

3 e
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(TF) of Pb in kenaf under different Pb treatments
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T YT E BRI,

2T JRAE A% e (P400 1 Ph800)Ph 75 4t - 18
TR R, B K AR bR S R S A L CK 4
Hahn, X AT RESE 32 Ph(NOs), W N RIS, TELLIRRAS
3% Pb B B RO e SE T 20 RRA P, 3kt B g 1 218K
B Ph b o 5 JCAE 0T BEORH EL , FRAEZTRR YA I 2
Py 1A pH(E, JEARRR 7 HIEARES P &
7 (80.8%~85.2% ), 5 Turpeninen™ 5 J& P %) #A B4 1
b e Ph f [ E VAR 24 (129%~93% ) . A AL RE
o ZLRRARR AE A BAE Y 5%~10% , AR
R Pb AIAFIZIRRINL P B Y 21%0~34% .
MunPBEFE L1 ROK G 52 3o th & B, A oy BB W)
i 8%~19%MLIMMRZ , W] LU BELLRR P B P 1Y
38%~97%. WA, & EAY) Thiaspi praecox Wulf.\]
LLK 80%11) Ph [f] iE 7EARFREY, EIEESTSARTRAS Pb Y
EARNWATIR R 95% LA 1P, DIBAR A A9 AR
5309 Ph, AT VLA S EAEWINAF Pb B F 20, 0
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o He i, 48 BT Re e AR IR L iR 5 K ik iR £
ST 2500 41 5 7 20 i 1 o AMA AL S (A FR B Brown
A1 Slingsby A K FEH % P (it vl GBS 45 T 40 iy
BEXT Pb 1 48, BRI HAE A A 572 o 4
SR I A AT LUOULER B, Ph A A7 7E T 2L RRAR 38
Y RE NTEA RN TR H B AT 5 45 Ab B
b Z18R Pb #5688 R (TF) 11 /NT 1(0.15~0.22) , Pb
EEAW)7: o ok SR s | LA R 1 I AR A W/ N i =
Pb it v BER B FHEER AN MLREXT Ph g [ VR, oF
Ml Ph ) A 2R, Zff Pb (MY =
P

ZIRRAY AR 32 T Ph Wk B 255 1 (P<0.05 ),
3 Ph YR JEIAF] 1600 mg-kg™, ZLRRA K IFAG 32 240
il A | 2R A A AR BB AR AH X P800 A4k
PR T R . BEETZTRR AT B A s AR T Ph [
4 (Pb800 F1 Pb1600 4b¥Er BCF JCHI i 2% 5 ), LU
K P [ | ¥R (Ph1600 4B TF B ) LAFK
Pt Pb BEPEROSN , FBILLRRAE Pb A T —&H
S A RCHTHLT,

DLEA Pb fietk (REFRFESAAF T XT Ph T4 5 E
A 125 mg- L) (AR R B (DBM1 ) X 21 JFR 254 T 72058 5K
By ME4E 220 . DBM1 HAT [EA . 20 TAA 77
ACC Nz it S e AR M A= K SR A= B D . #2Fh DBMI
WEMEDE T Pb 5 Y LI LR AR, JUHAE R Pb
JHirie (Pb1600) T , e AE U BB e . A B8R, 7
Remnas 252 IIF 57 Fh 1 2% 81, X 480 g 422 AR P e
AT, FEIE R S AR IR AR R I AL AR i
16 Cd A PR AR B A0 AR PR A= T (PG-
PR) A A=A T Re A — Rl ba 75 S A ek, DR 2
RETEIMA S50 T A BRI AL 2B E . Z1BRTE Pb B
18R AT RE S AR FE N SN, AR AR ) i 4
A A Z0RR 9 A= K i DBM1 2 A5 7= ACC i
HABGHIEE ST, ACC I BEHRERS 73 LI IRTIARY) ACC,
MITTREARELIRAR N ) 2 M 7K P X FTRE/ZDBMI 7E Pb
JolE R AR L RRAE R IBLT 2 — o BEAN , A IATAA 2
MR A TR A A K A B EEMLRY, — 2 e
TAA AT DR HE A ARG, RIBE A . FE R,
DBM1 REfE I FH (A28 & 1L TAA , T 4% %0 DBM1 J5 21
JRAE W 2 R i, T AR S WA TA A AR AT BB 2 AR
G LR e DB - S

PE—2 %5 DBMI1 XFLT R4 2 B A5 ) o 352
Fl DBM1 X} Pb800 F1 Ph1600 b ¥ i 41 Jjf -4 25 7
TR B AR SRR - Ph800 Ab L Hp 2T JBR I £ 25 7 i U

/b Pb1600 ZbH A Rz it b (] 5) o AHREHE , B £
T Pb800 b FH i - Ph ¥ EETTFEAR T Ph1600 Ab 3
Hi e Ph (& 6)0 SGEAE R RIEYI RS 54 Pb
SO )R PR 22—, R BE I Ph S SRSk Fnnt
SRR EER IR R A BT BRI T RE A 2R R S Al
it 11 705 10, 3 R B IR R (%) Ph AT B R AR R
WWEEE R, 23 Ph IR LR K A
Wi B (CARWEFE R 1600 mg-kg™), $2Fh DBM1 1] GE41]
il 7 Pb [a it IERS BRI T R Ph B i, AT R
R R SR IELRRAE & P e N A

ULk, DBMI1 {23 T Z1 BRAR XS Ph i) & 45 J 3L
FAE R SRS (7). LR @ &% Ph kA
FOHEHT R LM T Ph [ A B RS L R
#£ DBM1 & H & Pb SHEHBIALH A 1ER R, 21
JPRRIKE Ph & SEAEMRHS , ] A il L 1y 3B A0 % 7%
PEVELTRAE R Pb {5 L3P A K

4 g

(1)ZLRXT Ph A3 %5 ey i e, Al 3l 2o e A% + 3
Pb fAHETEZS , ASCHKE Ph [ 38 ZEARSHS, 3R Ph 1]
I ER ARSI AE Y 0 ATIZE Pb i5 4 44
BRI EK

(2) 1358 P ¥ & Ko 432 P A B A5 8 28 5% 10 2T RR 11
AR 23 Ph vk B 2T RIS FRI, 20 pRA: K
TFIG 32 2 Pb P38 ] CABIESE S 1600 mg-kg™).
BEE , Z1JRK AT BB 2 Ik AR Ph & 4R )% Ph [ Hb 3
SOk E AV i N I STE R

(3)#F DBMI1 "] A %A i Ph JiE T ZLRRI9 2R
K, DBMI XFLLRRAG AL A= A FHAS TBMAE 175 S i AR o

(4)F FHRL AR bR 2 A B DBM St Bl 5 4 Jad i 1
FEPILLRRAT = Ph V5 4 30 TR RS BB &, nIfE
AR HELT AR K RIS 8 Ph S B AE LT IRRRR SR , %k
0] Ph [ 21 R BRI .
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