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Table 1 Basic properties of the soil and mine tailings used for pot test

EeEEE
HHLE 4 SR okl S G Content of heavy metal
231 Sorts pH oM Total N Total P Total K Available P Available K (mgkg™")
-1 -1 -1 -1 -1 -1
(ske™) (mgkg™) (kg™ ) (gke™) (mgkg™) (mghke™)  App Lok
Total Pb Total Zn
+ 4 Soil 6.10 15.26 73.1 0.77 2.87 8.10 147.8 19 44
JEW" Tailings 9.12 14.94 36.5 0.01 8. 60 1.37 49.2 2 448 1 606

MR 1 Al R Ao iR 3 rh B R B R Y
i Zn KT Pb, BH Zn Pb &t , 53l e Xt i+
Y 130.9 15 .36. 4 A5, 354 4 4 18 ot 5 A B A
(¥ = AR (Zn:500 mg kg ™', Pb:500 mg kg ™' ),
FETERTAR ) A K3 WS 3 1 AT REE
1.2 SEIgit

AT S ARME R R BB R 2 B Ui
EWNTEN M LIRS 2T 5 2 mm i,
PR SR LL 10 1 i LU BlR S, 2 A B
12 em 5 15 em BYERHEER T, B2 2.0 kg, BRAE
i A BE AR NH, C1 0.40 ¢, KH, PO, 0.15 g.K, SO,
0.40 g, 2575 17 10 do Pkt krhr 16 195 A9 B K AP
F R R AR L AT, H 70 ~80C K&
Tl AP AR R B 25 ~ 30°C iHfa2 1R B, 1
¥ 8 ~ 10 h, B4t J5 , AR AR AL hy, B T I = 4
ZF PO T BRI R AP . RRAE S RL, R — R
JE AT, B OREE 2 fR o AR AR S D 1) DR 4 1 10
J& A FH B K B ) 60% 2247 ,3 LU B AR — 1R o

IR 31 R, % BRI 1T 3 A A B (B
B —AEMA) : (1) XFR(CK, AmE S /)
(2)6 mmol kg™" NTA; (3)2 mmol kg™' EDTA +
4 mmol kg™' NTA;(4) 3 mmol kg™ EDTA +3 mmol kg™
NTA;(5)4 mmol kg~' EDTA +2 mmol kg™' NTA;
(6)6 mmol kg™' EDTA (43 5lic #: CK NTA E, +
N, .E, +N, .E; +N; [EDTA) . #&~4b 3 3 P H A,
18 45, Hh  EDTA i — £k, NTA Jf| NaOH
WL IR pH I E 5.0, BG4 7 d
Ja o, A 2R MR, IR R B K vk, IR

£ 20 mmol L' Z Z i U Z /2 — 4 (EDTA-Na, )
VR IR B 30 min, L 2 BRAR 2R 2 10 B B A4 4
R T B n 28 oK ki, W SR K ), mE
F ZEFR ST IR RE BT - 75 CORFa R A o3
RIS

1.3 MEHEREAZE

L3.1 BRRA R E TR R PR AL HE AR &
K AR R AR RIS, FHIR R i 240
(Win RHIZO A1600 + , Regent Instruments Inc. )

M5 .

1.3.2 W&REEGHENE Y SRSENE
S8 Qiu %

1.3.3 B A PURALRERIE IR E  prsEAL
BTSRRI 5 2 B0 Wu 26T B sk 2 . B R

Py AL (SOD ) §7% 1 I 5 >R I %0 U (NBT) ik
Jk , LA NBT S6AEid It 50% & S — 4> B
J1Efr o il A (CAT) 6 #5 % F AR,
B4 1 min BOBRE(EI 0. 01 72 L 1 A& Ty B
fiio s E ALY (POD) 5 1R R I A A A By i (3%,
TES3IECEETT 470 nm AR EWOGRE , LURE TPkt
{HAEAE 0. 01 g — S R AL
1.3.4  BEURM X MRS ERIE T
AHEIRE S 2 E I S5 ] HINO,-HCIO, (ARBUEC g 4: 1)
TRAWUN A, ICP-AES 3500 5w & it
1.4 HiREA4bIE

S T AT B R FH Excel J SPSS17. 0 47 %L
PiAb 2. FH one-way ANOVA HLJN 3 J5 22 50 #r K
Z H AL (LSD) J5 i 0 Bttt 47 70 A, 22 5 . 35 K
4 0.05 F10. 01,
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FRA W) 38T R R /N, 5 0 BERE H 43 B R
14.34% 25.37% ., TEHRMUAEE S LR, B
% EDTA JRAn A3 hn, o B35 AAR &R A9 28
T AR R 35 N, Y SRR N EDTA &b B
T R RE B K, 4l R 40. 84% ,40.30% . M
PR RAE B Ey + NyFI EDTA 4b B o 1 JFR bk 25 48
X IR G R AR AN, R B A AR E (p >
0.05) .

2 45 B

2.1 EEFIXEREKZNE

2,11 EEA T B AL P i R = 15 i)
F2 Al L, HORWR A A R 0 B L, S B A
A B JRR A M R MR AR DA R PR R A )
ETRE(p <0.05) o BB N NTA, H b3 Fi AR

x2 EGFIMNEREYENRSHZIT

Table 2 Effects of chelating agents on biomass and plant height of castor

. Mo b AR A Y WEREY = MY SRR
: Dry biomass of shoots Dry biomass of roots Dry biomass of roots and shoots Average plant
Treatments
(g plant ' ,DW) (g plant~' ,DW) (g plant =", DW) height (cm)
CK 5.02 a 1.34 a 6.36 a 24.70 a
NTA 4.30 b 1.00 b 5.30b 23.97 a
E; +N; 3.86 be 0.93 be 4.79 be 22.70 ab
E, +N, 3.63 cd 0. 87 be 4.50 cd 22.47 abe
E; +N; 3.16 de 0.83 ¢ 3.99 de 20.73 be
EDTA 2.97 e 0.80 ¢ 3.7 e 19.76 ¢

T [ml— o S 3R A B R 22 57 8 24 (p <0. 05 ; Duncan ¥5:5%) Note: In a column, means affixed with different letters denote statisti-
cally significant difference between treatments according to duncan’s test (p <0.05)

WEER ], AR 5 A R B RRAS LA [R] . 2

EAEPEEE 3 R NTAE, + N, \E, + N, = Fh b b

2.1.2 EEGHHN BRRAR R PR B4 5 H1# 3
AR, B INESE A, 25 A0 B R B R A AR RE (AR R

JPRAS X HEAH FL A B AR AL {5 E; + N3 Rk
EDTA bR i) B RRIT 46 H B A0 i R o B A0 4
A, BEBACIREE T K H Ak 5 X B HATS AR
BEA AL, H E; + Ny R R EDTA 4k 3
BRI 25 HH B R i B A B B 4 o R Wi
K E; + Ny FIEMAS AN EDTA &b BHEERRAR A% ) 9L

T AR A AR 5 X AR L 24 B S AR (p < 0.05)
HIGE AR EDTA LB ks i/ ME . BEES
AP EDTA PR G930, ARRAC R R, S0
MEAH LE 3 IR B 0 35 P22 53 (p <0.01) o Bl s
EDTA MR BE AR A AR BURIIR IS K350 %
54.65% \57.89% 59.26% 68.48% ., [N, HK &

AN IR JEE M A R A PRATAR i 2 B T S A o SRR TN Fe/ N ARISBUIT 52 R

R3 ERYEREESSHY

Table 3 Root morphological parameters of castor seedlings

3 N B R sy
Treatments Root length (cm) Surface area (cm?) Root volume (cm®) Tips

CK 1956 £310 a 817 £125 a 27.2+4.0 a 2 846 =111 A

NTA 1168 £26 b 480 £44 b 16.0+4.1b 1 952 £496 B
Ey +N, 1090 119 b 439 +£75 be 14.2 4.1 be 1309 +439 BC
E, +N, 997 +81 b 352 +31 ¢ 10.0+1.8 ¢ 1292 +£150 BC
E; +N; 972 +170 b 378 +20 be 11.8 £0.9 be 1 087 £269 C

EDTA 887 +43 b 344 +5 ¢ 11.6 £0.3 ¢ 897 +119 C

SN, AR KRS NG FHE R0 #H A 2% 5 38 M (KRS %8 p <0. 01, /N FHF: p <0.05; Duncan £55%) Note: In a column,
different uppercase and lowercase letters denote statistically significant difference between treatments at p <0. 01 and p <0. 05 levels, respectively accord-

ing to duncan’s test
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HEEZE SR o EDTA B8 A2 38 a b BT
WEE TR B8 BT 5 I R /b BOMEINZ BT O, (B

2.2 ESFMERMHEESENZID

EE%% 4 ATH B INE S IR R a FISR

WY ARR, SEAAE PSR E a b XM EREE B ESEZES (p>0.05), BTN
*ﬂﬂfi? a+b S5XF A LW B FER (p <0.05),  EDTA, M2k a b FIH2E a + b BJiR{k.
£4 BEFNERITRESBOBM
Table 4 Effects of chelating agents on chlorophyll contents in castor leaves
432 & Chlorophyll contents (mg g =", FW)
GhE T , , , M2RER o/ IR b
reatment 1R a ih4E% b mHE% a +b Lo bl
Chlorophyll a Chlorophyll b Chlorophyll a +b
CK 12.56 a 8.80 a 21.36 a 1.43 a
NTA 10.13 b 6.43 b 16.57 b 1.58 a
E; +N, 9.94 b 6.10 b 16.04 b 1.63 a
E, +N, 9.30 ¢ 5.60 be 14.89 ¢ 1.67 a
E; +N; 8.39d 4.69 ¢ 13.36 d 1.70 a
EDTA 7.99 d 4.97 ¢ 12.67 d 1.72 a

T - [l — 3 AN]SRk RR AR B ] 22 57 .35 7 (p < 0. 05 ; Duncan 4558 ) 5 Chl 1 FW 43 5 AU ¢ 32 i fif
Note:In a column, means with different letters denote statistically significant difference between treatments according to duncan’s test (p <0.05) ;

Chl and FW denotes chlorophyll and fresh weight, respectively

2.3 EESFIMHRMENLEEERNR

S TINE 5 700 X B JRR 4 BT 4P 9 40 R S I A
TN (UL 1) o SOD 3% PELEE 3 AL B NTA |
E; + N, Ey + Ny g @i, 15 %0 BEAH 3y 22 57

0.05) . POD fil CAT {& A4k 5 SOD 251, 78 &
bR NTA E, + N, \E, + N, o P4 32 7 3% i, {H 7%
NTA Zb¥H POD 655 X BEAH b3 A B &, CAT
TEPEIR I T2 T % . 78 E; + Ny (EDTA 4b 3

#(p<0.05), SOD 7 E; + N, \EDTA 4b ¥ v 4 7 TEIEYE S X A LY B R R, Hip POD JEPE TR
TR, Hirp EDTA 4b# 5 %) FAH TR & (p < FETEHA 5 (p <0.01)
700
600 |
O SOD
T:O;)EI.DE.;SOO' E POD
R O CAT
2 S 5400—
g2~ =
205
% =9
B & 300 F
28
E =g
= ;111’5 5 2001
100 |
O 1 1 1 1

CK NTA E1+N1

E2+N2 E3+N3

BAF L FLIE R Types of chelating agent treatment

X T RIFE, A R RS F 850G T840 5 AR A0 B 18] 22 5 B %1% (KRS 58 p <0.01, /N5 548 p <0.05; Duncan K %) Note: For
the same enzyme, means with different uppercase and lowercase letters denote statistically significant difference between treatments according to

Duncan H test(p <0.01 for uppercase letter and p <0.05 for lowercase letter, respectively)

Bl AR BE BRI F B0 AR P 32 )

Fig. 1  Effects of chelating agents on antioxidant enzyme activities in castor leaves
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2.4 ESFMEmMRLYE Pb.Zn BRI

HIZ S nl UL, AN INEE SRR, BERAS RO Pb Zn
W BIIN, P Zn LEAR ZEAI o 5 IR 4
it >R > 2K, BEECG AL EDTA B psgn,
BERRAR ZERIH R P S BTG N, ¥ 7E EDTA 4B 2
iR, SRR IR 4. 16 1 4. 24 771 68.96 . 4%
FRA R B NTA AbFEARER Pb & & 5% il 25 5 R B i

AR R A B i 25 5 (p <0..01)

BEZ G AL B R EDTA Smar g, A& Zn &1
WG N, 75 EDTA 4b 3 rb i 5y, J2 X i Ak 2 Y
137 A5 B G A0 Zn & 6 5 X REAH LE 25 7 W
(p<0.05) . FEZEFNN i Zn & B ACH N, J5 2 W
8,37 E, + N, Ab 3 A B3 57, 0 0l 2 ok R A 38 1Y
2. 11 £5%0 8.51 15,

*k5 HERYEFPL.ZnRE
Table 5 Contents of Pb and Zn in castor seedlings (mg kg™")

kb #2 Roots 2% Stems H Leaves
Treatments R84 Pb content 5%t Zn content  #Y&E: Pb content  £EPTHE Zn content 451 Pb content ¢4t Zn content
CK 228.4 +39.1 D 247.1 £24. 4 ¢ 53.0+4.5 C 109.7 £3.4 b 20+6 C 75.3+15.4D
NTA 321.4 £27.5 CD 307.6 £2.6 ab 150.8 £+19.2 B 210.6 £17.1 a 476 +71 B 442.8 £34.2 C
E, +N, 345.7 +42.5 C 302.2 £29.4 ab 174.4 £27.9 AB 217.7 £24.6 a 665 £26 B 577.8 £47.0 A
E, +N, 387.6 £66.2 C 295.4+13.2 b 190.6 +38. 1 AB 231.3+£29.4 a 1109 £223 A 641.0 £45.5 A
E; +N; 725.2 £32.2 B 313.3 £30.6 ab 212.2£12.1 A 225.7 £50.8 a 1233119 A 545.9 £30.3 AB
EDTA 950.3 £53.1 A 338.2+22.6 a 224.8 £12.2 A 218.1+19.7 a 1406 £157 A 472.2 £51.3 BC

Y B RS 505 /NG 4 AR AL B 22 5 53 (K5 588 p <0. 01, /NG 8 p <0. 05 ; Duncan £¢3%) Note: In a col-

umn, means with different uppercase and lowercase letters denote statistically significant difference between treatments according to Duncan’s test (p <

0. 01 for uppercase letter and p <0. 05 for lowercase letter, respectively)

2.5 EAFIERPb.Zn HEEHFM
WINEEARG , R 58 Pb Fl Zn Y FH B
B0, 5% BRAT HE, Bk B B 2R (p <
0.01) . BAJh¥HN EDTA,Ph By Hs 3l B 5w,
X IRAY 19. 77 485 B, + N AP Zn (3 AL R
SR BRI 4,37 f5 . WINE A RS, BERRR
6 Pb (A R B 0, 76 A EDTA gh3rp
Fei (1517 pg pot ') s Zn (YR B ek itk >, 1
E, + N, AbBRrPBcAIG, SR )5 SGR WG N, 4585 b B
H BURIR I Ph 1 SR R R RE 5 B G Ab # v EDTA

TSR )38 0 T 2 0, 5 % BEAH b, 35 20 A 3 v
25 (p<0.01) ;78 E, + N,bFHrf Zn SR SR
(4315 pg pot ') A ROBE 5 % HEAH 38 22 F bk
2% (p<0.01),
HRARBONEY M LR EEL BN RS
YR ZESBEREREZ L, ©REEYE
G MARR 1) 056 RS IO BE 1. TR INEE A R fE
e i 35 b 4 5 BERR X Pb . Zn B9 RS R AL (p <
0.01), 3 HITE E, + N AL B dR &, 3000 9. 19,

7.5, 5XHEAALE, B4R T 18,38 4.5, 73 i,
R6 EAFIXEmRLE Pb.Zn MEENFM

Table 6 Effects of chelating agents on Ph and Zn accumulation in shoots and roots of castor seedlings (g pot ™' ,DW)

IR R A WRERM R SRR R RAL
It Element Kb P Treatments Accumulation of Shoot ~ Accumulation of root Total accumulation Translocation

(g pot -1 (g pot -1 (g pot - factor

CK 310£77 D 609 +93 ¢ 919 £169 D 0.50 C

NTA 3175 +653 C 645 +101 ¢ 3820 +736 C 4.93 B

P E, +N, 3945 £528 BC 646 +82 ¢ 4590 +£591 BC 6.13 B
E, +N, 6 124 +1 275 AB 669 +61 ¢ 6793 +1 284 AB 9.19 A

E; +N; 5879 +1 273 AB 1202 +51 b 7081 +1230 A 4.92 B

EDTA 6 247 905 A 1517174 a 7764 +1 018 A 4.13 B

CK 868 +166 C 660.6 £59.4 a 1529 +214 C 1.31 C

NTA 3146 +432 AB 614.4 £38.4 ab 3761 £454 AB 5.12 B

5 7n E, +N, 3604 £636 A 564.2 +£54.8 ab 4 168 +686 A 6.36 AB
E, +N, 3797 £308 A 518.4+88.9 b 4315 £306 A 7.50 A

E; +N; 2 852 +548 AB 521.6 £81.0 b 3373 £594 AB 5.50 AB
EDTA 2 357 +400 B 539.9+£63.0 b 2 897 +418 B 4.40 B

T : Al =3 AR KRS PR 5/ NG RS 3 AR AL R 22 57 B (RS 7B p <0. 01, /N5 P8 p <0. 05; Duncan #3%) Note: In a col-

umn, means with different uppercase and lowercase letters denote statistically significant difference between treatments according to Duncan’s test (p <

0. 01 for uppercase letter and p <0. 05 for lowercase letter, respectively)
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FEPXT 4 s T 2 AR )18 5 T A e T
THEAYRTAR . ISR, BRRAE R
REMM REF P REIE R A K, fE2 G AL NTA |
E, + N, .E, + N, H B RR R H W] rp IRk, 3R
W) B JRR X 40 A TR P 5 . Levy 257 4RaE H 4
BVREIE B ISR PE MR R 0.5 ~ 10 mg kg ™' (Pb)
#1130 ~300 mg kg ™' (Pb) .10 ~ 150 mg kg ™' (Zn) FI
KT 100 mg kg™ (Zn) o A YA 56 B JRR 4% 34 437
Pb Zn FEEE T UL AR (BRZEH Pb EFiEsh),
AT B T 3B R AE A W) 2 5 A 3 b A A ()i P 7
JRH, MAREMPERETSBEPAIEE TN
YEH IR A B2 2 5 i AL 2 R F . A5
T b i A R B AR R K B
RE" . AR R B S AP BRI R 28 T
T4 B JE R AT e R MRS B ol b
TR 4 T S - 40 A7 B B 5 BUTAR RAE K A2
FMH L Ph R IR G AN M AT 22 03 2L R I
(S 38 A T I P 2 0 AR TS Ph vk AR B T L X
PRI IVE R, oy Ph AR B AEAR AR A fig
T EOE ) G 0 (ACRT A8 A% %) W AR, DT s A AR 14 A
R BN P 7E BRI R A A AR,
DIARISECT Bl B fe R, B R AT R AE AR &R A
T Bl R BRI 4, B AR 2R 1 Il 38 A U . A B
FERY] GE R BEA A T 3 MRARYI R i
BEHR R PR, BE S B 0 38 TR BE A3 N, B P AR AE
KA, 772 A I AR ANt A g A /N A
TR B B A Y B PR 5 A I PR I G A R
T ittt

AR B R R WHE Y GG . T ) — 3
SRR, A U AT RS A AR AR L,
PET 51 A6 T BERI k8 Alberte 274 Ay,
WA T AR R R BRI Y i PR A
F )29l Chlalb-Pro &2 45 K& i3z 240 . A5
WA B RR I AR a b SRR TR,
AIBEE I 7 MUY Ph Zn Sl ar 2R A Y L
FREARZS A, 06 T B S v T RZ e T SR A
W MR B E SR R, £ A R T
PREA . TR AR 023 I3 Sl A W A P 1 0 48 AL T
R, 7 A E ALY B AL (SOD) | i 46 Ak Ui
(CAT) sS4k g ( POD ) 55 41 48 1k il >k 1% % A
AR PN I T PR R, DA D i M SN A AR R B 1

pig™ . H R SOD, POD L K CAT 3% # 78
NTA \E, + N, \E, + N, Zb PR R B g T} &7, Jl A 0
NTA EDTA 36461 + 3 th () P Zn , % BRR B 24 K
Sy A SERGT R AT =R 1) | ONTTA R SY iR 7]
NPT E RS M TS . 7E By + Ny (EDTA 4b 3 rh
Bt R AR R B T R T A L
ARG C 2 BB 56 418 BRI P 4R, 10 400 g 52 3 4
F BB AEE TR

Deng 2517 I\ g 45 40 165 52 55 R U T b 1 34
SRR, WRXE SR kE, FH BT 8
PR EST M BE IS 3 mmol kg ' EDTA Al
3 mmol kg ™' NTA J& H 48 & FR A, 1k Ak B8 b B R
i B P Zn B R w B R, X Pb Zn EE RS R AL
e s oM H SRS 5 HA R S AL AR L, BRI
AU 2T AR, [N, A3 EDTA /) H &5 4%
by AR EDTA e MG R ], 52
EAEYIWOGR 1 a J5 , A D i A 13 b AT B Al
NTA BRZ—M] REAR 2550 78 TP i Re i 20 d
FEATA SRR N, 7R B A1 2R T
WP SRS T FH T AT e 5 R 9 A58 KU, S 4t
WD XERE R AR B R e Ah, MENE AR A Rl
Az — I R I P, 2N TR AR
YRS R FoR R kR A SRR
BRI e A — R A 0, 5% Wl T 4 8 1 A A B
P, 30 AT LL3E o oA AT ) 0 3 SRR O, 3G A ) e
A R, NI S E SR TR R
Ho TEAS NI b, BT 18 il I A (] BB PR X
Pb Zn PR RGO, TE4 5 B FE SR 2 ik
PREG R S ALt ] 1 DL KA B N 3 R B, AU
DB R Tt A ke i PR B XU, 4 v AR ) 8 R

2 % X
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EFFECTS OF CHELATING AGENTS ON GROWTH AND LEAD-ZINC ACCUMULATION OF
CASTOR SEEDLINGS GROWING IN AMENDED SUBSTRATE OF LEAD-ZINC TAILINGS

Wang Hongxin'?  Guo Shaoyi’ Hu Feng'" Jiang Yangyang' Li Huixin'
(1 College of Resources and Environmental Sciences,Nanjing Agricultural University ,Nanjing 210095, China)
(2 Resource Environment and Tourism Department , Chizhou College, Chizhow, Anhui 247000, China)
(3 Chemistry and Food Science Department ,Chizhou College, Chizhow, Anhui 247000, China)

Abstract Pot experiments were conducted to study effects of addition of EDTA-Na, only, NTA only and both in
combination, separately, on growth and heavy metal accumulation of castor seedlings, growing in a substrate of Pb-Zn tail-
ings and soil in ratio of 1: 1. Results of the experiments show that biomass and root morphological parameters of the castor
seedlings decreased significantly with the addition of chelating agents. The decrease in the number of root tips was the
most significant. Comparison with the control demonstrated that the difference reached extremely significant level (p <
0.01). Addition of the chelating agents reduced chlorophyll a, b, and @ + b significantly in castors (p <0.05) , especial-
ly chlorophyll 6. The activities of SOD ( Superoxide Dismutase) , CAT ( Catalase) and POD ( Peroxidase) in leaves of the
castor seedlings were also affected, ascending first and then descending with the increasing EDTA application rate. The
addition increased generally Pb and Zn contents in the castor seedlings, with Pb in particular, demonstrating that it signifi-
cantly enhanced the plant’s capacity of accumulating Pb and Zn, especially Pb, and of transferring Pb and Zn from roots to
shoots , with translocation coefficient reaching the peak when 3 mmol kg ' EDTA and NTA was added. Castor is relatively
high in tolerance to Pb and Zn and in capacity of accumulating the two, so it can be used in the study on phytoremediation
of waste lands of Pb-Zn tailings.

Key words Pb;Zn;Tailings ; Castor; Antioxidant enzyme





