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Effects of EDTA on growth and lead-zinc accumulation in maize seedlings grown

in amendment substrates containing lead-zinc tailings and soil
WANG Hongxin'* ,HU Feng"* ,XU Xinwang” LI Xiugiang' ,JING Yongping'

1 College of Resources and Environmental Sciences,Nanjing Agricultural University , Nanjing 210095 , China
2 Chizhou College, Anhui Chizhou 247000, China

Abstract: Growth of plants that absorb heavy metals is a promising approach for reclamation of contaminated soil. The aim
of this study was to examine the ability of maize to absorb lead and zinc from soil, and to determine the effects of
ethylenediaminetetraacetic acid (EDTA) on this process. Pot experiments were conducted in which maize seedlings were
grown in amendment substrates containing Pb-Zn tailings and soil, and the effects of EDTA were determined. The ratios of
Pb-Zn tailings to soil in the substrates were 0:100, 25:75, 50:50, 75:25 and 100:0, designated as TAOO, TA25, TAS0,
TA75 and TA100, respectively. The main factors restricting maize growth were poor nutrition and high concentrations of Pb
and Zn in the amendment substrates. Maize grew normally in test substrates without EDTA | and no apparent phytotoxicity
was observed. However, biomass of maize clearly decreased with the addition of EDTA, and greater decreases in biomass
were observed in maize grown in substrates containing higher proportions of Pb-Zn tailings. The decreases in average plant
height with addition of EDTA were in the following order; TA100 > TA75 > TA50 >TA25 > TAO0O. After addition of
EDTA, the decreases were significant for the average plant height in the TA50, TA75 and TA100 substrates ( P<0.05).
The chlorophyll content-SPAD values of maize leaves decreased with increasing proportions of Pb-Zn tailings in the
amendment substrates. The decreases were in the following order: TA100 > TA75 > TA50 > TA25 > TAQ0O. Further
decreases were observed upon addition of EDTA (P < 0.05). The lowest chlorophyll content-SPAD value was in the TA100
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treatment, indicating that the 100% Pb-Zn tailings substrate had negative effects on photosynthetic pigments content. This
was probably because the Pb-Zn tailings contained high levels of heavy metal ions, which can damage protein synthesis in
the chloroplast, leading to chloroplast decomposition. Addition of EDTA decreased the root growth, biomass, and other root
indices in maize. The decreases in root length ranged from 18 to 28% , decreases in root surface area ranged from 13 to
30% , and decreases in root volume ranged from 11 to 19% . The decreases after addition of EDTA were significant for all
parameters, except for root surface area in TA50 and TA75, and root volume in TA100 (P < 0.05). The absorption of Pb
and Zn by maize generally increased with greater proportions of tailings in the amendment substrates. In the plants grown in
TA25, TAS50, TA75, and TA100, the Pb content in shoots was 4.3, 6.5, 6.0 and 5.4 times that in control, respectively,
and the Pb content in roots was 2.5, 3.9, 3.6 and 3. 6 times that in the control, respectively, after addition of EDTA. The
addition of EDTA significantly enhanced the accumulation of Pb and Zn in maize, and more Pb accumulated than Zn.
Smaller amounts of Pb and Zn accumulated in maize grown in substrate containing 50% tailings and 50% soil compared
with that in maize grown in substrate containing 100% tailings. However, plants grown on substrate containing 50% tailings
and 50% soil were healthier; that is, the values for biomass, plant height, and root indices were higher than their
respective values in maize grown in substrate containing 100% tailings. Therefore, we propose that the amendment of 50%

soil to tailings is reasonable for reclamation of Pb-Zn tailing waste lands.

Key Words: EDTA ;maize ;amendment substrates ;lead—zinc tailings ; phytoremediation

RIEW 77 AT 2 R Tl AR, A TR i, i Hak B Em R A RS e, 48R
W R AR, TR/ AP 55 & A, SRR PR MR AR AR 25, T 4 R 1% i U3, WOV LR AT A
PR AR R N BABSBEREHEARCH) ZNHTES G RN E SRy " B
RNt 48 B AR A EE A BE ST, BER K L b 4w A AR R (R I A R Ae A i R B R Y GEAR
e, —2 N T A A B A R AN 545 330 AT Ph A IR A B2 A A RGE T IS I £ 1

G JE EDTA( L MV R ) . EDTA X 3 b 4 8 A AR = B G308, HAE A B e, X A Y ¢
PR/ S8 R TR T3 4 B EA ), B3R AN EDTA w] Bk Ph 7ERIY M EIPA AR & 2y
AR5 NV % EDTA #F58 & BUIE /N 3 mmol/kg EDTA K HE R T H IR P FE AR AETROHR R . 2R X
s pMeE P BFSEIA K  EDTA fEHe AR 13 Ph BOAR YA Z0PE R 3 Ph MR 2 [yt 1 38 138 i, i
PREE I Ph R ERE ST .

O i oKX Ph Zn BAARKE M E LR, BAEY R K, A KJEWE, bt T 2 R E e o, & —Fh
TRIE AR D AT A RS Y R E R . 500, B TR TR R, FORARUE a2
Tt A E BRI AR S A AR T 1A BT 2 B AR 3275 Y i e AR TR WeEN S A
Tl &, WG R R N Y 4 TR AN Sk A s, Rk, R R RN W . S R sRA
TR TR BT RD , RE R KR RS 4R S R RE T, 4 - IR ][RI A K R TR s R
RIH, R AR B I, A SOR AR H] 5 0] B8 3 fn e 0T b TR A7 il R 3
AT AR, WFSR AN EDTA X F KA K B % Ph Zn $EBUSCR A2 ), 550 B 2 4vEE AT 2 53 1 iy v]
Tt R e v YRR R IR S B T B R 16 A2 B AL B R A Al
1 #REAZE
1.1 AR

TR E K AR R R B 15 1 A R AR AN AL A /] I A R P R
T I I EY R R 5B B 10, 6 R - S B st 7 T 4090 SRR X, 2R R R KRS 1, BL0—20
em HERM I, HIERETEAMERILE L,
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Table 1 Basic properties of the soil and mine tailings used 1 for pot test

wEETE
Bk - LR 4N 4P 4K S T S Content of Heavy Metal
T ¢ +:1 (}FIJ 0) Organic C Total N Total P Total K Available P Available K /(mg/kg)
ype Ol SO1
w : /gke)  /(wke)  /(whke)  /(whks)  /(mgkg)  /(mgkg)  4ph 4 7n
Total Ph Total Zn
+ 3¢ Soil 6.10 15.26 7.31 0.77 2.87 8.10 147.80 18.70 44.10
JEH" Tailings 9.12 14.94 3.65 0.01 8.60 1.37 49.20 1771.00 5618.00

HER 1 WA BRI IR - e B 4R S P 458 Zn > Ph, B E &R S ks, A E &R &
SRR R A Y 100 F5 A AT, AR A S - A I e PR AR HE Y — AR E(E (Zn 500 mg/kg, Pb 500 mg/kg) ,
FELEXTAR P A A 3 WA 5 R T R
1.2 SRRt

AR AE A B R B IR 2z B A B2t Ll iR B e, X MBS X T 5 2 mm G, K2
5 301 TAOO(100% 133 ) [ TA25(25% A" +75% +-3%) [ TAS0 (50% JEW +50% +3%) " TA75(75% W +
25% +3€) F1 TA100(100% BBA") 7 NI /MR, ZEA AL 10 em IR 10 em BRI 5 B340 1. 0 kg, BEFR
LT 6 71,330 74, MESEAE . NH,C1 200 mg/kg . KH,PO, 50 mg/kg K,S0,150 mg/kg , Bi LRI/ /K % i,
AR AT, ARG A P12 ik, — BRI A KBRS I, T 1 SEBOR i i £k
FhF2 B G T A5 b, fPRh Tk | RS R, AR 2 k.

AR 31 K Al R R BT FORI IS G I 215 2 AN 03 . (1) XFHR(CK) , il 100 mL 229
TK;(2) 7 5 mmol/kg 4314l EDTA (EDTA-Na, ) ,EDTA Bt 50 mmol/L AYIETR , — K25 18 7t A 100 mL,
A3 ANEL, SEALH 7 d 5,501 EFFR 2RI IEH LB TRk, R &R 7E 20 mmol/L 4
[ VU 2.8 — 41 ( EDTA-Na, ) I8 IR H025 e 30 min, IEBRAR R R IA 4B 7, SRIGTE 105 C FAH
15 min,80°CHE T 26 HE , i 2 — K FFRE,

1.3 Ak

(1) BHEE 48 F sl e ok HCI-HNO, W AL, BT R R SRR 5 T HNO,-HC10, (R FLEE Ry 4:1) 1R
AW H ICP-AES LillE f 4 )8 & &

(2) W F 4 2 A BN A S-S FI BT — K SPAD-502 7 F- 343 i 4 22 {3000 5 |, 44k 6 2K Bl AL 326 BBUA
AR 3 A SRR A, O

(3) MR RAEA G R K AR R A ARRBURIAR 2%k, AR R 401 R G2 2 (Win RHIZO A1600
+,Regent Instruments Inc. ) ,

1.4 Satink

FH SPSS Geit ki LSD vE #1725 5 b PR 3 A, TR LR AR 15 22 (B R4 7 AR DG 4 #T
2 HRESW
2.1 EDTA X T KA KR
2.1.1 300 EDTA X kA= ¥kt (500

ATl B 5 = 3 b FORERRE IE B i & i . FE FOR i A K B05E 30 R, 45 Ab B %A WL 4R 31 4
PRAT I 3 FAEAR . %S0 EDTA 28 5 K TA25 \TA50 [ TA75 TA100 ZH oK H B 1A [R)RR BE ) I 7 2 i P22
O HFREE N TA25 <TAS0 < TA75 <TA100, KM FFBAIMR R T EAEARFEFIETE S (£2),EDTA AbH L
AH R FEFEAK 21% 32% \25% 25% 45% (3 1) ,26% 35% 29% 21% 38% (MR FR) , Bk TA75 [ TA100 4
HIAR R AN, BR R B EME X ( P<0.05), 5 TA25 TA50 TA75 3 4+ Pb Zn 4 £k T8 TR L)
FUNEJE R AT RER TS A EDTA LG8 EDTA (S54YEEA) B A AR, H 73 kERKD
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Mk ERE 5 PR E R D5 1 L F R B BT B EDTA A AR BAR X T X5 B4 A AN [ 72 B2 1 T e
392N : TAOO < TA25 < TASO < TA75 < TA100, HiH TAS0  TA75  TA100 20 FR&FEE A3 B E 25 ( P<
0.05), FMREREFERTEH Ph Zn S AN, TRAEMRAG A Z24ME], fEE 2 v, Bk ki SPAD {H
BESEE T Ph Zn i AOBE T T R, R IR E A . TAOO < TA25 < TASO < TA75 <TA100, 5 %F BEAH L, ¥
253 (P<0.05), TAL00 4 F KM R 2 2 AE AR, FRALE R 1P 35 SR 5L B0 £k Rt G R
AP, R ERT O ESEE il 2, sk N E A 2 B, S s iR e
WAL RA D E IR B S A, e s & U 1. 37 mg/kg(F 1), X EFEMMGE SR — P EE

Fz2 &0 EDTA X EXREMEH I

Table 2 Effects of EDTA on the biomass of maize
i T4 WRETY T

N - o bk

Jis: ] LT it/ (/%) T/ (o/ %) /() bkt ,

" . . . Average plant SPAD

Treatments Substrate type Dry biomass Dry biomass Dry biomass i

height
of shoots of roots of roots and shoots

X CK TAOO 2.53a 0.77a 3.33a 10.5a 24.9a
TA25 1.30c 0.54b 1.84c 8.9b 23.2b
TA50 1.05d 0.48bc 1.53d 7.9¢ 21.7cd
TA75 0.93de 0.38cd 1.31e 8.0c¢ 20. 6e
TA100 0. 66f 0.26ef 0.92¢ 7.0d 18.5f

EDTA TAOO 1.99b 0.57b 2.56b 9.8a 22.3¢

TA25 0.89de 0.35de 1.24e 8.3bc 21. 1de
TAS50 0.79ef 0.34de 1. 13ef 7.0d 18. 6f
TA75 0.70f 0.30de 1.00fg 6.9d 19. 1f
TA100 0.36¢g 0. 16f 0.52h 5.8e 16.2¢

KNF—FIPAFFERFRZFRE( P <0.05)

2.1.2 U EDTA X 5 KAR R A5 1

I MR R HT O AR R A4 TS AR BT R B, VR EDTA SR 2R AR KA B B m, M 1 aJLLE 1, 3R
T EDTA il THR R ALK, SRR AW &, &2 RILFD, 70 EDTA FUAHR X BRAGAR 224 A8 ARl A A
() A T R, HE L 23 591 R 2 18% —28% (HRAK ) (13% —30% (MRRM) (11% —19% (HRAKER) [20% —
22% (HRAEL) | BR TASO (ARERMHIFR) [ TATS (HRSRIHIAR) (TA100 (HRAAR) S, HoA T B A i 240k 21 1 35 14 2 S+
(P<0.05), BN FELERET FEF(TA100) |, TCig e X FEGA RN EDTA MR R A& TFE AR T FRIRE ok, H
JRHERT WP AERMYERET RS RENESE(R3) RSB TRE, MEH THRAE S, EERR
BRI T BE R R T Y T 2 R RS, MR MRR A MRAR MR SRR TR 2T EIE
(0.5 <r<0.6), TIEMET RS AN 50:50 Bk B ILTR H R R &FE0R T IR i/, £HET S
TR I LU BNR A SR A LA T AR SRR RS I A R TR R AE K
2.2 THNEDTA XF F KK Pb Zn & 5 K534 1520

3 TTLAE L 7E TA0O 41 ( 4l 33E50) i, JLig i BES J2 VRN EDTA, EKAR AR Pb . Zn Syt I
BB A TR N H AT R B 22 R (P> 0.05) . Hi Ph ISR L Zn K, BN EDTA J5, Bk
BRFIR 22 T PO D B 4 )8 S i AT AR HLARAIR, AT RE AR IR LT rp Ph Zn B 500K 6,

B TAOO ZH (2l +3) Hb Ay 4 41 FORXT Ph Zn AW ISCEEAR 2 0L H Bl 5 I v 4 5 2 18 n T 14 K 1)
# FE TA25 TAS0 TA75 . TA100 4 41+ 501 EDTA J& Pb & 43 A2 HAH RN X B8R 4.3 6.5 .6.0 5.4 5 (4
) F12.5.3.9.3.6 3.6 [ (MRFR) , I HABLE TAL00 s R, Wiz RECKE , I iN EDTA J5 £k
Xf Ph (%532 2280 LA % IR B B, FEBA VRN EDTA {25 T Pb MK 2 15 oK E R8s, PRI, in A
EDTA R8I MEL B Ph i9AA &0, $2m Fokb 138 Pb i &, X T RERZ N EDTA # & T L3 4
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Fig.1 Effects of EDTA on root’s characters of maize
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TR SR A A Y Ph-EDTA , AT N + 3 v b i e Js RO 2 . A7 4B A - R T A 5 75
Pb, I ELIE A A BRI i, BUR T4 LF0 2 R, AR 9 Ph AR AT AR LS & S8 3 U e et )
W B I R BT Zn A EERE N, SRR SRR R b Zn & i B 22 B, {E2 B i B LG Pb

BN
AN EDTA Xt ER M Pb.Zn &BHZM
Table 3 Effects of EDTA on Content of Pb and Zn in the various organs of maize
Treatments (e Shoot Ph Root Pb s testion Shoot Ph Root Pb s testion
content content content content
X & CK TA00 2.7g 14. 8f 0.18 3.4f 18h 0.19
TA25 15.0fg 74.0e 0.20 8. 1f 42g 0.19
TA50 24.0f 89.0e 0.27 19.0e 70e 0.27
TA75 22.0f 90.0e 0.24 9.3f 60ef 0.16
TA100 95.0d 315.0¢ 0.30 81.0b 369b 0.22
EDTA TA0O 5.5g 23.0f 0.24 11.0ef 501g 0.22
TA25 64.0e 188.0d 0.34 29.0d 94d 0.31
TAS0 156.0b 346.0b 0.45 50.0c¢ 145¢ 0.34
TA75 131.0c 323.0bc 0.41 55.0¢ 136¢ 0.40
TA100 517.0a 1125.0a 0.46 342.0a 825a 0.41

2.3 U EDTA X EKAKP Ph Zn T 95
FHLISEY R P8 5 T 428 15 e S 00 1 0 — A BT A, TR0 1 e R AR e
LS IR A A M M L R R R MR BB . R 4 SR, TAO (4 -+ ) BT R, BAAIIA
EDTA J&i Pb Zn %15 5 RO SR LLIF AR, (R T 30K b B RIR R 59 P Zn & REBED R LI Y

HEJEITR B

M
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Pb Zn BEBEIFAE,

&4 N EDTA X ERER Pb. Zn T B EHIM
Table 4 Effects of EDTA on translocation of Pb and Zn in maize

H MR Pb o F 3 HE Zn
Pb iF Bt T TR A g InITREER EHE IR 2958 is 2
- , . , iz R >, P P Hinw R
b3 M /(wy/ ) /(e /(ng/ D) VA7 S NEVA QT 7% - S BVA Q-7 %) .
Transformation Transformation
Treatment  Substrate type Pb Pb Total . 7n 7n Total .
. . . coefficient . . . coefficient
translocation  translocation translocation translocation  translocation translocation
of shoot of root of shoot of root
X H& CK TAOO 6.8fg 11.4h 18.2h 0.37 8. 6e 13.9¢ 22.6e 0.38
TA25 20.0e 40. 0fg 60. Ofg 0.33 10.5e 22.7f 33.2e 0.32
TA50 25.0e 43.0f 67.3f 0.37 20.0de 33.6e 53.6d 0.37
TA75 20.0e 34.0g 54.0g 0.37 8.7e 22.8f 31.5e 0.27
TA100 63.0d 82.0d 145.0d 0.43 53.5b 95.9b 149.4b 0.36
EDTA TAOO 11.0f 13.1h 24.0h 0.46 21.9d 28.5ef 50.4d 0.43
TA25 57.0d 65.8e 122.8e 0.46 25.8d 32.9e 58.7d 0.44
TA50 123.0b 118.0b 241.0b 0.51 39.5¢ 49. 3¢ 88.7c 0.44
TA75 92.0c 96.9¢ 188. 8¢ 0.49 38.5¢ 40.8d 79.3¢ 0.49
TA100 186.0a 180.0a 366.0a 0.51 123.0a 132.0a 255.0a 0.48

Bt F A = (b LAY ThOTR B A Aot ERRAE )/ ( RRRY TR B AR R AE Y )

JiiFH 5 mmol/kg EDTA I LLBH 38 fin oK b | & 4 Jm a2 &% &, Horb , EDTA XJ Pb iE 88 & B9 £ E4E H i
i3, 7 TA25 TAS0 TA75 . TA100 %5 4 FpEEETH, 78I EDTA BYSLE F oK Ph AL R Bl ST Ph Wk
HSE N a3 iz g RE 02 0. 46 0. 51.,0.49 0. 51, HAA LU & SR A 1 e iz i R4 (b 13 Pb
/P i S > 1) BAL AR E A Y & hiF 2 . XA REZ H T EDTA J& , ARFr 58 Pb i
YA LR | T EDTA 5 Pb (0454, BHLAS 1T Ph 76 HS 41 i (9 W B ANTTE , 6 Ph B0 A F T-BEE 25 i Hi /1
] iz, NI SFER Y EERIY . B, Bk Ph B — & I E £ RE 7, RIS B B A AR T
{HE4E Pb RE KT A @ AEY)

3 itig

R N A B S RS A A de AR . A AR ROy Rk E
AR /NG FEASRES WS EDTA J5 FORE B TRRIRREE MM i A B RJOKEE R BT
LN e U A Ul e U NG e S iy el 27 NS S o3 N v

AT S AR Y N4 R B A TR - S AR SS A i T 4 e T A E A R, AN i+
WP E AR MW, M EDTA AT LR 35 08 JF 58 4 @ R 0 2 Ph 9V i RN FE AT A LR Y R
LS00 SR EE SRR, 5 Zn MG EDTA SEREAE BEXT Ph A7 i AN 5 e Bk B ERE ), X S
EDTA X} Pb Zn WY& fE J1 KR/NH—3L, EDTA % Pb fUE 4 H 80 log Ks N 17. 88, Zn 4 16. 44! | Vassil
UL KRR KB, 2 Ph M EDTA ACBERYEPEE TSR, Hodt 13843 BE I & 48 Pb M EDTA, H LA Ph-EDTA
FIETm Figk, 2 EDTA 355 P (W& 72— MR EDTA AP, K FiX —Ab VR, Ph 7EAEY)
Mo R R A KR RSN, X T fE S EDTA BESRAL AR 28 45 1 8 7 85 i iy () 2 BRI AR A5 G, Bell 210
N 48 B 7~ B A PRI BB I AR 2 PN B2 2RI Y 114 28 Bt Ak T e I i

EDTA BEASCEFRTG Y 13 P Zn MR BCS AR RS M E 4R, BARBRE LR — a0 A
PEEFFEARS T ESE , HERRE B EE R MRS 5 Y2 P B &, e Eis
e+ 80 53 2 18] — M i S BRI U AR A S 45 5 A G In A anes 3 5 T T B b GRS G
ML B O Bt R b h 4R 2 LI ALY 25 G AR 5R B AR AE IR ER ISR T i SRS T o L350
It EDTA X B8 HF 9 Pb . Zn WAL BE 1A BR . FEA 6 Hp i 90 01F 173X — o5, W3R 3 1k 4 SkRE, A
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EDTA J& , FKXS Pb Zn B CRIIER AR LUK AT, T4 IR AEL B 5

YRR B 2% ARSI BT A W BR A K Ph Zn JUR Z A0, i85 A B R WL Y AL Fe |
Mn Cu %5JCE , EDTA 2—FhAREHEtE S mE SR, A L5 , AUE Ph Zn B4 WARES HABZ A — =
W& Jm PR 72545, U0 Al Fe Mn S5 G 8GR, MM A0 S A A 20k . ASOsz e v 18 30 o0 B8l (145
) R, FORENIXLETTR SRR T — AR RN B IE R K o DI TR AR A ) B e B D7 302 )
R R AT Pb M Zn 15 122 57 LGS 122 5 e th TG R TS SR 2 R h Z R E G JR LR 1Y
ZREEN B AT TAEIE— LT, B, EDTA 4b3R +3% 20 ZR)5 , LW Ph i3 A7 10 BR g+
520 R, PR USSR A B N ] EDTA Y5 SR AR R 2R Z A ) B
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