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Effects of EDTA and resistant bacteria on the uptake of Pb and Cd by ryegrass grown in Pb and Cd-contami-
nated soil

SHI Ding-ding, LIANG Xiao—di, XU Shao—hui, JIANG Dai-hua’, HUANG Zhi—gang

(Agricultural College, Guangxi University, Nanning 530004, China)

Abstract: A soil culture test and laboratory analysis was conducted to compare the remediation effect of EDTA and resistant bacteria ( strain
number J6) on the uptake of Pb and Cd by ryegrass in contaminated soil. A two—factor randomized block design was used, and the first fac-
tor was the concentration of Cd and Pb. We set six levels(Cd and Pb levels 0, 0 mg-kg™'; 5, 50 mg-kg™'; 10, 100 mg-kg™'; 20, 200 mg-kg™;
50, 400 mg-kg™'; and 80, 800 mg- kg™, respectively), coded A1, A2, A3, A4, A5, and A6. The second factor was different enhancers, which
were EDTA, J6 bacteria, and blank. Our results showed that under the conditions of A1 and A2, adding J6 could promote the growth of rye-
grass and increase biomass. The inoculation of J6 bacteria could promote the uptake of Pb and Cd in ryegrass. Under different concentra-
tions of heavy metals, the content of Cd in the upper ryegrass was increased after the treatment with bacteria. The highest content was 27%,
and the content of Pb and Cd in the underground part increased by 17%~64% and 5%~23%, respectively. After adding the EDTA, the Pb
concentration of the plant root increased by 40% and 60% in A5 and A6, respectively. The inoculation of J6 could significantly reduce the
total amount of Pb and Cd in rhizosphere soils; meanwhile, J6 could effectively improve the available content of Pb and Cd. Additionally,
the inoculation of J6 bacteria could also improve the transport coefficient of Cd in ryegrass. In general, the inoculation of J6 bacteria could
promote the uptake of Cd and Pb by ryegrass in soil polluted by heavy metals to a greater extent than did the addition of chelator EDTA.
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2 HONF Cd T 52 PR T F 20 o 25 s S RIS
KIN, 6 F-FhAE Bz RS, 13 As . Pb.Cr.Cd & &
43 ) Ee A A ) B BRI T 52.71% ., 45.12% , 48.32% |
59.15% , 15175 Gy 48 B0 43 1) B A AR AT Y 2.67.0.31
1.92 F13.48 A% 4 1.26.0.17.0.99 1 1.42, KB & 4
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AR P RV AR AR, (R T R R AN
B IS R st IR B AE T R IR R A
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PRI B AR E 4 JE T Y - 4 A B LA
T e D 0 A 8 BT ARLEL A TR SR P R S D07 5 TR
WF5E B0t 2 S N B 20k T e 28 i A R T
To SEHASRERRAA ST Cd  Ph BRI .

R, AR SO X HAT R AR E R F 8 25
——— 2T HE (TP R 35% ) , R HLEE A
EDTA FI1 [ 4507 38 H A i 40 1 J6 B, LA—4F AR Mg
TR, i AR A R A TE YRl
T, A HLE AR EDTA 1 K 8% =W &
il T P4 440 AR 1 B 7 R A 4 Cd L P Y 22
S, W B R 40 B S5 EDTA PAh 5 s ki ) & S
SIEMIES , W T X E A w5 Y R A e R
PRt —E LIRS R BAR S

1 MBREFE

L1
111 P12

P L HEON 2T R A T YRR T 26 BRI
Z AR EEA TP B NS 1 R
1.1.2 kY

AU 40 S FRAE T — A T8 - B O AR — A AR PR
7% ¥ (Lolium Perenne L..)
1.1.3 ftian i

TR T FH T 2 240 T 2 AR SR S 5 0 1 AR A5 1) o
i B R BV S A T OB AT BT X R 1 b B
BIEITY N 5~20 em RAYR)ZE 158 1% 1419 Cd . Pb
SR 2 085.3.50.3 mg- kg, AR Cd L Pb & i
G4 192.6.,17.5 mg kg, JB FHRE A EE S Y+
o R MR 1 e A5 B 4 S A AR A G T
R, B J6 T

JO T b A T AW AT FRAA wl AT R 4 7€ L 22
1 16S rDNA 5 5 %E , % i J& Rhodococcus baikonu-

F1 AU BB AE U MR

Table 1 The basic physical and chemical properties of the tested soil

b o o Al efi 25ty A =
LHET Tk arhEom, MR AR U 2 24
. pH o o Available N/ Available P/ Available K/ Total Cd/mg- Total Pb/
Soil type Texture CEC/cmol - kg g-kg 0 4 o o O
mg-kg mg-kg mg-kg kg mg-kg
fag: ! w1 4.87 10.71 16.36 72.86 7.94 23.5 0.15 222

T DE pHIYK L 2501,
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rensis , SMNE R FLEA € A E I  FRIEEEE %
[ 4% 5% BAR N 2.1~2.6 mm, 4 2% [CFHYE R, X Ph
) J5% 15 T A2 V¢ JBE 85 5 1200 mg - L, [R1 % Cd 14 % v
i 52 #¢ B A 80 mg - L™, 7€ pH 3.0~11.0 Yo N 9% 1E
AR TE AR BRI ) X R AT — e T
1.2 K&t

FEARIAIS TR 2 B N & idE AT, 1l
B SR 2060 b O B A2 R 24 om, JIERB E 42 9 20 cm,
20 em. BRI T em FLERH L0 IR G S 5
A5 kg, WRIR FAUR K 58 £ ML 4151,
2 — iy Yok B I & 6 1K, &4 KE 1
Cd .Pb¥ 43510 0.0 mg-kg';5.50 mg-kg™'5 10,100
mg-kg™;20.200 mg-keg ;50,400 mg-kg™'; 80,800 mg-
kg, AR LIS A1, A2 A3 A4 A5 A6 KR,
KN RE I EDTA FE R0 J6 B, LAZS N X BE
I8 AN HE, AR AR R AT 3 U . I, IR R
1 KH,PO, 75 3£ I (N PLK (1 it A & 43 %) 4 0.200,
0.158.0.200 g-kg™) ; HV 5 2 5 B R HUAMIE S0, LA
il T A ATV T 0 T X s YR >R R i 25 1) T =X 3%
ST 3 28 (AR BRI 8 K R R
FH [R] 35 7K 5 14 60% , Rk —4F o HE R, X B8 22 Rfh
TR0 e IR BE LA S SRS S AL 4R
e F/INER B 29 2 om JRE I T 8835 1 K W 280 1
5T Z o T 26 7 56 5 DK DLGA B R 15 4 1
Sk Ry H A R KRR 60% 1 H . A2 K2 2~3
Je A1 B4 B8 1 200 Bk
1.3 HRRERNE

FETZ RERIAR 34N 11 S WA, ARIBCHD, | I AR i o
Ho 105 CARTE, 65 CHET 2 i &, AR i, By
AR A8 5 PR B AR AR AR SE AR B )5, W ke
B MR 105 CARTF L 65 CHET Z 8 i, FRET R
i B R

FERRAE b, K FH HNOs—HL O, W it —1CP-MS V£ &
48 Cd Pb & : 78 0.100 0 g ¥£ T 50 mL 1 & %
HL A 8 mL HNOs (4% 4) J it B . Sefa 8831
AW 80 CAIL I T fF , 7948 11 B AR B BT, TH i &2
160 CIHff EWARAE Ik, BRNRARMA 4
mL 30%H,0,, {H fi# 2 min 5 , TH &Y FHE 2 120 °C, 1
30 min, FRRAEIN 2 mL 30% H,0,, e B #AE 31k,
55 = 2 mL 30% H,0,, 1 Ho0, 58 42730l I, THIR 2
160 “CAk 2L 1 fif 2 BSOS B, FI R WK 4 mL A2
4, BRI E AR e 4 . RN A5 2 50 mL 25 i,
ERS TTUE ARAE . SR ICP-MS I E R PIEE Y Cd .

Pb &

MR B 398 1951 & - 1CP-MS I & Cd . Pb 4z .
FR0.150 0 g M BR 1 T 50 mL iS4 o, i 5 mL HNO;
(epat) i B . AT E Y 80 CALIR N 2
h, THEZE 120 CIH## 2 h, FHE 2 160 °CIH it Z WA AR
SRR AT AR Ay D HOR L NN TR
SRR BRI R SE 4. WG TR B R AR
f# 5 2 A 30% H,0,, [ 52 35 4E 3 U (AR IR 5¢
H,0,J5 100 CHf# 1 h, FHEZE 120 CHM 1 h) . FF
W% 2 50 mL 7R i, 2 45 i 8, R H ICP-MS
W5 Cd P & o

K FH DTPA 12 $£-1CP-MS 71l 52 Cd . Pb A5 54 25
T PR 2.00 g AR PR 4T 100 mL A @8 RBE R, A
20 mL DTPA 24257, i & T 25 °C 250 r-min™' B9 FE IR
R 2 h, 18, R ICP-MS I %E Cd P & &

1.4 iR IE

2056 B0 % FH Excel 2007 F1 SPSS 19.0 #k {4k 17
St abr. iz RE=H Y 3 Cd . Pb ¥ (g -
ke ) /AHYIHL T Cd Ph ¥R (mg-kg™ )™,

2 #R5iTie

2.1 EDTA 5 Jo B BEEEYERI M

XA T A R S Y I B R B R A
fE—E R o B A R R . R 2]
HILTEALZET U INEDTA fY 22 32 w5 A4 i (K T 4
P A BE, H2E R 8% . EHESEE Ph. CAWREE
i, BI A2 A3 SR, 2 T8 A B 1Y) P 22 B A W o
B, AR E . WA Ph.Cd R A3, 422 6 Ab BE
MRBREFAEYREFREBEHE ., SO,
EDTA 4b 3 iy 28 22 5 01 ot 1 FEAIC, JL b AR T T
TR R R T A M S e R T R A
HoKAr &g, SEERMAATAMA , 76 A1 A2 A3 &1
T, EDTA &b B X} B 37 B A Wy ik () 2 i 8K, il 1
HAK BfE Ph CAVRE B 7, EDTA A B Ay R A B
SRR (A R AR R R E O B

VAR T 2PV e HH — R RR R AT B R S 115 AL BE
7 55 58 B B BT A 1A W Ssa, I L8 1 A a6 1
UE, PR WS BE 8 B B 3 M it i i AR W i . X
R AP 2o 2 P A AR IR oY 2 B A IR B
PSQ . Ts37.C13 DA S shf2 Xif i w0 A 47 B G 41t E AR
FH L, KA R R TE S AR R RTINS W R 1Y
W, ASSZE A 7E A1 A2 A3 &F R L3R 6
AT RE % 2 i 2 22 0 (1) A W i, O AR 0 PR S R
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Table 2 The weight of Lolium perenne in two treatments

WE/mg kg b3 Mo EAS TR bR T M B ARG g R MR BT g R A g bR
Al CK 19.8+1.51a 163.6+0.38a 3.8+0.32b 23.6+1.54a
EDTA 17.6+1.02¢ 152.3+1.43b 3.5+0.55¢ 21.1+1.46b
J6 1A 18.9+0.21b 163.1+1.85a 4.9+0.57a 23.8+0.57a
A2 CK 18.2+0.66b 152.3+0.24¢ 3.9+0.75a 22.1+0.75b
EDTA 18.4+1.52b 192.5+1.64a 3.1+0.30b 21.4+1.45¢
J6 T 20.5+0.54a 180.7+1.02b 3.9+0.49a 23.5+0.57a
A3 CK 21.4+0.58b 195.7+0.97¢ 5.6+0.80a 27.0+1.38b
EDTA 21.8+1.50b 242.1+1.81a 5.4+1.68a 27.1+1.99b
J6 T 30.7+0.41a 216.2+0.42b 5.1+0.24b 35.8+0.31a
A4 CK 17.6+0.35b 182.6+1.65b 4.4+0.48a 22.0+0.78a
EDTA 19.6+0.87a 229.7+1.70a 3.2+0.06b 22.8+0.85a
JO T 17.8+0.23b 170.4+1.17¢ 3.1+0.33b 20.8+0.40b
AS CK 17.51.31a 182.2+0.62b 4.9+0.90a 22.4+1.20a
EDTA 15.8+0.78¢ 241.7+0.68a 1.9+0.33¢ 17.7+1.06b
J6 T 16.4+0.60b 182.3+1.02b 2.4+0.32b 18.8+0.89b
A6 CK 17.8+0.40a 211.5+0.61a 4.3+0.30a 22.1+0.15a
EDTA 17.5£0.25a 210.0+1.39a 2.6+0.44¢ 20.2+0.69b
JO T 15.6+0.15b 202.5+0.02b 3.3+0.14b 18.9+0.28¢

TE R PR 3B IR DR 22 TR] — P B AN ) 7 RE R b B ) 22 5 .35 (K45 75, P<0.05)

Note: Values are means+standard errors(n=3) , different letters in the same position meant significant difference ( Duncan, P<0.05).

Ko MPEES RS, B A4 A5 A6 SR, 50
J6 T J BA A B A g PR AIR B 4, LR AT BE 2 J6
FEL T 58P Cd &7 e ik T BB FXS Ph.Cd
PR AL, T R MAC e 3 A 11%) B 4 i 0 285 M) B S AR
B AF DG il 5 1, B YR AR DG 25 4 I hBE , S B =
SERRA A 1 AR 4 A s/ A T A VR T
BREESAE T B A e B R R R TR & T
WIMEE A FIEDTA, $& 15 T 3%~40% , 22 B £ 5 J6 14
FLEDTA A A TREFMAERK LKF .
22 EDTA 5 Je BB EZE Ph.Cd & EM T

1 3R78 TUS N EDTA 5 J6 T 4b B F 8 27 Bl
LA AR ER A Ph Cd & B ik, B 1(a) 5T
(b)) 38 2 X e o] 0, B2 ROAR S Ph e J3E 32 5 F b |35
PhikJE . fEICEARAIE, Bl AT 444 T, M H a5
X B EDTA AL FE FE A AL FE A H B 3B ARTBAY Pb 5 &
B, EEASEMEE, A2 A3 A45MHT,5
EDTA A7 EL, B A2 454 i B2 TR AL B | 358 Ph & 42
fICAN , B2 18 Ak BE A b B3R ARER P A A s, B
A2 AR TR Ph it 2R B . AHERE
WS, B AS A6 S5F T, 525 P BEAH b, 32 T Ak 3
PR 22 S 2, 23 ) 126,151 mg - kg™ EDTA
Ak P PR B B Ph B 0 il 61,196 mg -

ke, MARER Pb B A, H 22 5 . 456K 1
(e) 5 1(d) AT A, B RARTR Y Cd & it & i b
TR, S Ph B RLUEEAR AL . TETJCEE A Jm b B,
BUATSMFT , B m A BEA MR Cd & S0 = F 25 %
B TERR A4 2R E S R AR EE B A2 A3 54T,
FER ALY Cd & fE g & T 25 FO IR H A4 51T,
LR AL B Cd & s WBE, 2R B . 76 AS &1
T, 2 AL B A M B Cd i T A ORI AR
Cd i AR 76 A6 S5 F T FE R AL B A AR b -3
) CAREY m T2 AT R, Hb FPh S 22 R B
Fo EHE AR Ph . CAWREER LT, AL B Y Cd 5
I ETEDTA 4P, HE R B PHEBEIR
F WA BRI Ph  Cd B EAE A0 AT TARER,
AR S R — 3, ARSI R R I SRR
FNEE PSQ  Ts37.C13 LA Kz shi2 ARG 3 vy 1 st s v FH 2
B RE T o AT 25 Al 3R B 4R 6 T RE A AL i JR
AZFXE P Cd BRI , 42 55 FR A2 B X Ph . Cd YRR R
77, [a) i & B 32 o A B SR B F IR I EDTA .
2.3 EDTA 5 Jo A EXRIRLRESEMN M

& 2 %78 EDTA 5 J6 B A FEXTAR BR £ Cd . Ph 42 1
DI ARSI, B 2 (a) AT, ZEAS R B B 4 R
WPERAE T EDTA Zb B H 2 AL PR Cd & e T
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Figure 1 The Cd or Pb concentration of plant aboveground and roots in two treatments
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(A6). HE2()FIA, EERUKE A3 A4EMFT 5
23 I BEAH HE L J6 B 5 EDTA Ab 35 0 2T 458 45 350245 Ph vk
FERAR . 76 4R U T A AS IR J6 T Ab AR i i i
K, HZs O BERRAR T 55% ., [BE R 48 W ¥ ik

AG I 4R J6 T AR EDTA A9 2133 th A5 2% 245 P #5
S AR, 5 21% . 17%.

5USTINE A 7 EDTA A Eb |, 32 18 Ab 35 AR Fr +
Pb ., Cd 4= S BRI AT G & R, R AR J6 A BE
i A AR AR PR 1 W EE 48 Ph . CA TR A s, 2
AT RS, AR TR R I EE 4 )& Ph . Cd.
Al BB R, — Ty T, R )6 B A — o A RS R
1o R A2 BB A+ AR B T R VR A5 BT
HhAEFFAR PR - A IR IR AR E R AE R R G
T3 —J7 1, TP AR AT e 43 W R A 4 (A HLRR)
WL RETE— & PR b 22 Mok oy VIR i o 4 i X R 2 REAR
R E , e SRR R AR RIS T RIIRE T . ARG
PLRRTE S — 20 5% .
2.4 EDTA 5 J6EAMEXEZE Ph . CAHEIZ REHIF N

S W) L 40 T WA 4 iR G 3R 1 T2 B PR L R 4
4 JE TR MY AR R A R RS 1 B
Rp%iz g /1, &t xR A2 BE B8 5 AR AY Ph.Cd
BRI SRR AT, PR R B FEXT Ph . Cd W% i
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Figure 2 The concentration of Cd and Pb on rhizosphere soil in two treatments
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Figure 3 The translocation of Pb and Cd in two treatments
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