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Effects of Citric Acid or EDTA-Na, on the Absorption Characteristic of Pb
and Nutrient Elements of Lolium perenne L.
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Abstract: In order to understand the effects of citric acid or EDTA-Na, on the absorption characteristic of Pb and
six nutrient elements of Lolium perenne L., the contents of Pb, N, P, K, Ca, Mg and Fe, as well as the dry weight,
the root dehydrogenase activity and the membrane permeability in L. perenne with different treatments were
studied. The results showed that the dry weight of L. perenne decreased, and root dehydrogenase activity and
membrane permeability increased under Pb pollution, the changes in six nutrient elements contents in leaf and
root varied, and Pb accumulated in both of leaf and root. Treated with low concentration of citric acid or
EDTA-Na,, there was a little influence on growth of L. perenne, and the Pb accumulation in leaf was low.
However, treated with high concentration of citric acid or EDTA-Na,, the growth of L. perenne not only showed
serious inhibition, but also coursed imbalance of nutrients homeostasis, and the accumulation of Pb in leaf
increased. Then, L. perenne could accumulate more Pb in leaf treated with 1 mmol L™ citric acid or 5 and
10 mmol L' EDTA-Na,. Therefore, it was suggested that suitable concentration of citric acid or EDTA-Na, could
play certain role in control environment of Pb pollution.
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BEH (Lolium perenne L.)NARAE}(Poaceae)
Y, AAERGHE. 2L, AR H
A2 58 T BRI I BT SRt BE RO, B
e MR ag A i R X EOT SRR AR
ZEX Po ARGRAMGE S, AR NE GRS Yt
X S0 E E R . EDTA-Na, AbBE AT FARG 58 2 HAR
KA EEAEP RS, I BLALHE Pb MRS it 135
iz, Mt B P E 4T s
I8 SN FE SE R IR Ae 8 A — @ B (R ik PR
ZEM MR R TR, (Lt B RO
wH P TERRSEDL R T AT IR AT EDTA X )
=% (Chlorophytum comosum)(t] Cu & HEHETT, AT
BN I 22 ‘5 4E Cu fig /758 T EDTA; Muhammad 251"
ki, H5EEJRIGIE W (Bpha angustifolia)f8 L,
7800 2.5 A1 5 mmol L' EDTA BRI T, im#in
[F) A P PRSP R RIS I AR T2, {H EDTA EOSF R
A R i EES Pb & TR AT R A1 EDTA
Xf B E Pb. B IR U R I A 18 34T HLER I 5
o WARE . YL, AL R Z AR, R
FRTERIR A EDTA Xf Pb 1544 N BAZFA K. Pb &
. Pb B SR C R IR B R R B RE I, B AR
H SRR Pb V55 T 1 38 22 BRSO 232 Pb Je
IR U R AN IR AR R BTRL: ORI R
BRI ASE B X P V54, BE T
SRALTIRR RN, Y oR S AP SO RN, s
HEBNERES .

1 BRI %

1.1 #8

HEH (Lolium perenne L)1 AN1b 5 w57 Ik
EOVHARTE R O, @A« E %K (Barclay) .
2014 9 H 10 H, #M7H] 0.1% KMnO, i IIH

10 min, PMPYETEE, 992 F 12h. IRHAEH
BRI R 2 EIRIEOKAS, TR M TSR T H
L, BT 28°CASCEM)MIERIEFRM T, REF
PRI KGRI . BEREMFHKE, BHER
BT TR A=) RXZ B RN A%
fad, B/RREVIRFEN 28°C/18°C, JLiEA
600 pmol m s, JEMEHII N 13 hd ™', WRREEFEEM
1/2 ¥R JZ ) Hoagland & 7. % 10 H 20 H, Bk
PR FRE I 2 L 1/2 IKJE 1) Hoagland &
TR R (BAR 14 em, 7 11 cm), FE7L 50
PR, 364 B MRANFKSBTER, B SdE
#1252 4> Hoagland B F: W, FEAMEFE.

1.2 i

11 H 20 HIFIER B BL) gk AT /b BE, 3L 8
M, XFHECN5E4 Hoagland 38, 1 MH
4 mmol L' Pb(CH;COO), 4bF#, HAl4bFE A 4 mmol L'
Pb(CH;COO), ZFE RIS 43 B 1. 51 10 mmol L™
(7B R (Citric acid, CA)E{ 1. 5. 10 mmol L™ [
EDTA-Na,, 73 %] CK. Pb. Pb/C1. Pb/C5. Pb/C10.
Pb/E1. Pb/E5. Pb/E10 K x(pH KX A 6.09. 5.45,
495, 3.87. 3.25. 491. 4.19. 3.73), HA-FE 8 %,
BT Ab L 35 H 5€ 4 Hoagland & FRRFCH, 52K E
IFAM TR K 3, AEERRAERG 3 d B4 1 k. AbEE
20 d e TEMAETENR, TEIUE S50 #: 4
FIRbRNE 3 XEE, BCTFIME.

V4 HE A7 B bk IR 2 e B EUH R K
P T3, 2SR 3 Ik, IR
Ky, KRR R, TN 105°C R R T AE
FAT 10 min, RJ57E 65 CHAT, 2 HIFRE AR
MFE. RAMEEEERH 2,3,5- = RSP0 Em:
Stk RS VR SR

53 B FAR ()T St B I 80 H i BT
i 0.5 g, Il H,SO,4 5 mL 1 0.2 g CuS0,4-K,S0, =il
Mk, B2, T KDY-9820 ¥l K & AL 5 iimiE
VLB RS R ITEA R)ZME, FH 0.01 mol L
;I E, N ZE U mg g ForPLBTRER 05 g,
BN 10 mL )3 HNO; : HCIO, : W H,SO0,=8 :1:1
VIV, e A s PV B e (il e P
SEM,

X HFREL 100 mg MATHR T IR 2 TH ARV
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WP, HRE 50 mL AEMAEETKER. H
ZEENit700P 2 Ji IR WS 1A (1 [T ) 00 A9 ot VK
H K. Pb. Ca. Mg. Fe &%, Pb EHE&E =T
H R P 8 SLRNEIE R =P
BARFIEE; Pb AR =R Pb & /bR
H1Pb .

1.4 BIESHT

f# i Microsoft Excel 2003 Ab¥%#E, LA 3 Ik H
SIPPBEAbREZE RN, KA SPSS 170.0 #4774
FACEL A 2 E LR, BEMHAKTA 0=0.05.

2 SR

2.1 XFFE. RARBSEE R R BE MR
MFE 1 HI UL, Pb Ab3E A B AR 4
EEXH IR 12.80%. 18.60%, iAZERE#. Pb/Cl~
Pb/C10 AbFH )t FIAR T3 43 . Pb AL PIAIK
2.79%~26.98%F1 8.32%~44.81%, ¥ ik = F B % .

R 1 ARSI TG R T BRI TE. MRS AN 5 SE R

Pb/E1 AbEE, mf. MRFEST Pb AHA 1.87%F!
2.30%, ZFARE, EEEKTXE; Pb/ES~
Pb/E10 ZbFR (1) AR EE 53 5T Pb AT () 28.65%~
43.65%-+ 46.09%~57.14%, HZEREFE.

Pb AL I [)AR 5 B0 0 v P L RS 50.46%,
IEZ 703 . Pb/C1~Pb/C10 AbFE 75 L Pb AbFE
)R B 37.75%~88.95%, ikZEFEE, LA F%
6.34%~83.37%. Pb/E1 AbEE[FTEELL Pb b33
m 7.95%, ZRALEE; Pb/ES~Pb/E10 AbEENLL
Pb AL R % 91.20%~97.44%, LT IR R % 86.75%~
96.15%, H.Z=514 1535 . Pb AbH - AR o 3% 1
53 ) T AR 17.59% (22 7 5 2 16.96%.
Pb/C1~Pb/C10 AbBE )M i JEE M =T Pb ALBEY
5.52%~31.75%; Pb/E1 AbEE [ FE N Pb Ab
PRI 87.75%, 15 7 5 i 2, (BATS LU ) 3.19%, 22
FAREE; Pb/ES~Pb/E10 ALEENIEL Pb AbFEHE N
40.38%~80.35%, %7 .35 . Pb/C1 ~Pb/C10 A1 Pb/E1 ~
Pb/E10 Ak B AR 53 L7 14 25 1 LE Po Ak R 38
5.34%~109.98%F1 1.92%~165.02%.

Table 1 Effect of different treatments on dry weight, root dehydrogenase activity and membrane permeability of Lolium perenne under Pb pollution

wighoflaf  weishiofront  Roordetydrogene 'VUIEH Mombrme  FUTIREH: Membrne

(mg) (mg) activity (ug g ' FW h ') permeability of leaf (%) permeability of root (%)
CK 324.267+23.550a 55.800+2.559a 209.620+18.306b 28.938+0.885¢ 23.368+2.885d
Pb 282.756+21.411b 45.422+3.206b 315.403+36.858a 34.029+0.619d 27.331+6.854d
Pb/Cl 274.867+22.156b 41.644+1.869¢ 196.338+12.264b 35.907+0.731cd 28.789+2.580d
Pb/C5 232.511+24.741¢ 29.711x1.318d 60.253+4.872¢ 38.966+0.803¢ 44.246+4.898¢
Pb/C10 206.467+10.006¢ 25.067+1.207e 34.860+3.867cd 44.834+3.460b 57.365+7.861b
Pb/E1 288.044+18.014b 46.467+1.427b 340.469+20.525a 29.862+1.484¢ 27.857+3.270d
Pb/ES 201.756+13.633¢ 24.489+1.231e 27.765+3.769d 47.771+£3.918b 61.494+3.993b
Pb/E10 159.333+8.322d 19.467+2.284f 8.072+1.125d 61.371£2.035a 72.435£5.909a

RS HAR J5 R F  RE 22 53 35 (P<0.05). Tl

Data followed different letters within column indicate significant difference at 0.05 level. The same is following Tables.

2.2 XF Pb RWCRF IR A

XPHRERSE R AR AR Pb (3 2). Pb &b
B AR Pb & 835109 0.085 A1116.277 mg g ' DW.
Pb/C1~Pb/C10 1 Pb/E1~Pb/E10 ZLH[{)H Pb & &
Yy 2 1anass, 43518 Po AbFEI 5.79~31.44 f5(%
F i35 2.78~94.80 fiF, TMiAR Pb S EE N E#E
B, I P AEFI 2.37 £ R BN 1.47 £5F0 1.35
RN 019 5, HZESREZE: B Pb/ELI0 ALEEAL,

- Pb & 2T

Pb AbE [ AR Pb & S &4 4 0.048 mg
1.502 mg. Pb/C1~Pb/C10 5 Pb/E1~Pb/E10 ZbFHfH
I Pb & 4 &) BN Po AL FEK) 5.73~23.24 1% 1, 2.83~
54.30 fi, AR ¥ Pb & 42053 51 A Pb Ab3 1) 2.20
5T FEN 0.80 £58% 1.39 % F R4 0.08 £5, HZER
3. B Po/E5 Al Pb/E10 AbFEAL, HAAALEEH Pb
BERBKTR.
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Table 2 Effect of different treatments on Pb content, enrichment amount, transfer coefficient and bioconcentration factor of Lolium perenne under Pb pollution

W Pb & R Pb & & I Pb & R Pb & S Pb #5318 R4 Pb FERE
Pb content in Pb content in Pb enrichment Pb enrichment Pb transfer Pb enrichment
leaf (mg g DW) root (mg g~ DW) amount in leaf (mg) amount in root (mg) coefficient coefficient
CK 0d Og Oe Og — 0g
Pb 0.085+0.006d 16.277+1.742d 0.048+0.002¢ 1.502+0.081d 0.005+0c 19.650+2.103d
Pb/C1 0.493+0.061d 38.628+0.690a 0.277+0.042d 3.308+0.133a 0.013+0.001c¢ 46.631+0.838a
Pb/C5 0.745+0.055d 29.881+0.779b 0.349+0.012d 1.815+0.072¢ 0.025+0.002¢ 36.070+0.937b
Pb/C10 2.676+0.199¢ 23.855+1.707¢ 1.122+0.091¢ 1.205+0.076¢ 0.112+0.003¢ 28.812+2.045¢
Pb/El 0.237+0.094d 22.069+1.346¢ 0.137+0.050de 2.092+0.103b 0.011+0.005¢ 26.674+1.638¢
Pb/ES 3.435+0.464b 10.141+1.222¢ 1.418+0.091b 0.512+0.084f 0.34240.063b 12.251+1.476¢
Pb/E10 8.068+1.041a 3.036+0.580f 2.621£0.306a 0.123+0.037g 2.677+0.173a 3.670+0.704f

Pb 4b P 1] Pb iz REUATE 52 R 40437128 0.005
F119.650. Pb/C1~Pb/C10 F1 Pb/E1~Pb/E10 AbHE )
Pb 518 25053 1A Pb A F 1) 2.43 ~21.39 % F12.08~
510.53 fi; 1 Pb ‘& 5 R 55 74 Pb AbFEf) 2.373~
1.466 {541 1.357~0.187 £, HEREZ.

2.3 ¥ N. P. K. Ca. Mg fl Fe S EKEH
M1 AT, AR R AR A N & TR, A
DA IR By o P ARERAGIHFIRE N 75 2 5l At
HETR 75.07%11 66.33%, 1A% 5 %% . Pb/C1~Pb/C10
AbER (AR N & 250tk Pb AL 3.34%~
11.57%#1 0.55%~22.70%; Pb/E1~Pb/E10 4bH 1)1
RS, BT Po A, 4> 7IEL Pb AbER )
PEE 21.74%~8.16% (5750 E) M1 14.37%~5.82%. Pb
ARFR FIHFIAR P 25 1223 AT R 50.48% 1 114.03%,
AZERE 2. Pb/C1~Pb/C10 Fl Pb/El~ Pb/E10 AbFE
[P Er i b Pb AR ER RS 11 2.35% ~ 32.36%0 1 8.20% ~

TEEEAA, 43 HI P ALEET 191.97% R %N 108.64%
(EREE)R 112.47% NN 83.55%. Pb AbFERN
FAR K A 800 A Xt BT 74.06%H0 79.94%, 1A% 5
% . Pb/C1~Pb/C10 Al Pb/E1~ Pb/E10 ALY K
BN Po ALFE 99.66%~ 106.35% (Z£ 7 AN .25 )Fl
114.38%~168.83%; TMARMIIEI 2 RS, 430kt
Pb AL R 1.61%~60.12%F1 1.70%~72.22%
Pb AP [ Ca & & ELX R R B4 24.92%, TR
[ B RESE A0 45.14%, H 22 5% 5.3 . Pb/C1~Pb/C10
A1 Pb/E1~Pb/E10 AP Ca 5 & LL Pb AL 53
N 16.53%~80.94%F1 13.88%~86.24%; HAIEL
Pb AbEE )5 3N 17.39%~32.60% Al 2.18%~

24.03%, ZFAEE . Pb AL HAIE Mg & &A
X R 79.83% K1 72.41%, 72 57 ik 3 . Pb/C1~Pb/C10
A1 Pb/E1~Pb/E10 ALEEIH Mg 5553 71 L Pb AR EE )
N 1.49%~16.32% (Z 57 A3 3.56%~34.26%:
R 2T REES, BT Po A3, Hplkk Pb
AEFR TN 15.68%~4.83%F1 12.82%~6.57%, HZ#
FAAEE . Pb ABEEHAIR Fe 7 & X RESE N
10.80% A1 7.85% (ZRH&E#). Pb/C1~Pb/C10 Fl
Pb/E1~Pb/E10 AL P [ Fe 5 & 3 51| Hb Pb Ab 3 ) 1
1 9.07%~17.08% (£ 7 A E3E)EL 2.11%~52.81%;
MR NS, 252 Pb AT 129.90%~
117.84% (Z= 57 2 3)F1 108.15%~88.43%

2.4 % N. P. K. Ca. Mg Fl Fe ¥z R M

Pb ZLBEK) N, Mg. Fe ¥iz R0 5 bt iR 42
B 13.24%. 10.74%. 3.90%; P. K. Ca ¥iz Z%
53 A AR 55.70%- 8.17%F11 49.00% . Pb/C1~Pb/C10
F1 PO/E1I~Pb/E10 AbEE[Y] N #4712 REE TR,
1M P.K.Ca.Mg #l Fe [ &+ =i#a % . Pb/C1~Pb/C10
AEFE) N. P. K. Ca. Mg Fll Fe ¥z 250 5N
Pb AL FE ) 102.76%~90.90%- 53.34%~121.80%-
102.37%~267.44% . 98.71%~138.83% . 87.29%~
110.26%#1 83.14%~98.36%, 21 H1 K 2= /IMK IR
K. P. Ca. Mg. Fe. N; [l Pb/E1~Pb/E10 4bEH [T
s 2809 5 N Pb AL FEH 106.40%~102.61%
96.44%~187.92% 118.03%~608.70% 113.19%~
150.08%- 92.08%~127.11%K1 93.55%~171.41%, 7%
& K ZE /N & K. Py Fe. Ca. Mg, No [fd—
EIRTLER, Pb/C1~Pb/C10 AbFE [ #EE REUHIKT
FHFKR FZ 1Y) Pb/E1~Pb/E10 4L FE .
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fb ¥ Treatment 4b PP Treatment

1 AR PR 4G Y BAZ B AR Y N, P K, Ca, Mg Fll Fe &1 Effect of different treatments . AH[AFEFHFR[RI 7R 25 5 8 3 (P<0.05).
Fig. 1 Effects of different treatments on contents of N, P, K, Ca, Mg and Fe in leaves and roots of Lolium perenne under Pb pollution. Different small letters in

the same column indicate significant difference at 0.05 level.

50 JCK
= 454 Pb
3 40f Pb/C
3 35} B Pb/Cs
S 30} BH Pb/iC10
Zas| PH/EI
= 2.0 i Pb/ES
s M Pv/ELO
b T
§ 1.0 -
05 -
0 1 L
Mg Fe

5 FFI0HE Nutrition elements

B 2 RS E Y T BE R N, P, K, Ca, Mgl Fe #4i2 ZEHY 0

Fig. 2 Effects of different treatments on transfer coefficients of N, P, K, Ca, Mg and Fe of Lolium perenne under Pb pollution
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3 WM iR

AR A FATE 60 d J5, PLAHIRA K i
HE, mHaffst; Po AFRMAEK T TR, m ks,
Pb/C1 AbHE - (34 45 Pb/CS ARER €155, )
DEMAR K Pb/C10 ABEFHR L F I, M
B R FF SR (B, FERRTCARSE: PO/EL ALERM)
M IER s PO/ES AbIRRIME T, KA, Mk
TCAGFEIL S ; Pb/E10 AL HY BURE AR A BE

R R ARG AR R SR AE A DG, st
AR FBIRIK > R FEn R s gt . BRE
TN Z B IO, RN E T /D
S FONRE I AR 2 AU B R TR IS R
HUR MY AR g ST R A RI5R ST, Pb
AL FIAR Ny K. Mg & &KX, B K
iz R TXE, M N, Mg #iz 2E00E T
X, BREH Pb ARBESHIHIRIK Ny K. Mg, 40
fili%iz K, 1 N. Mg iz KE 3002 T N
Mg & EBDIEE /N TARITEL, w1 5 A
N.Mg %12 .Pb AbBEI 1) P F Ca & KT X6, 1M
MR F X, HH S RECT X, B Pb
AEERHNH] P AN Ca ¥5i8, ZTMR P M Ca FEI L]
RES2 4 P R Ca #eiz s o Rk P A Ca ATEL, i
Ry JE B 9T o Pb AR ER (1) AR Fe & &35 5 T X IE,
HEE 2B s TR, [t P AbHEE3E Fe MUK
idiz, 454 Po AFEM. WMTEY N, g
RN R . AR SRS 2 Pb AR
SERA, Pb AbBEEIGSRAR R BN ILRE )T, PTRE
FEEIR ) FEE LR A P, Fe, KIMAX N. K.
Mg RIS, FIERXEITCRRZ, MEET. /N
TYRINE: BB B FREFRTRLZRT), J5A
WFEFR LRSI, FEEKZME; RN
A N, K. Mg RREA RZEM# Pb &
FE, MHBRPTTIAN Pb e N BEREAKERIH
A e ss®, 5ARGHEAR 5, WhS Pb
b FRIR FEAN A A K

Pb/C1~Pb/C10 Al Pb/E1~Pb/E10 4bHL[¥)H Pb
P M Pb B AR Pb #iz REI T Pb e E IR
BN, £ 1~10 mmol L' #7425 EDTA-Na,
Byt Po HHAR A5 0E, DRI as Xt Pb A R AR
71, MXER Pb S EMESEE. Pb 5EREIE
&R R S5 RAT) A . Pb/CL ALBR I H 518 Pb &
BAEEE. KR E£AK595 T PyEL 4

H, KA 1 mmol L FFE RN Pb Wik, iz
HARE TR 58 T 1 mmol L' EDTA-
Na,. Pb/C5~Pb/C10 4L FEfH Pb & & K & HE &
i KREUONBME T [FIIRE Pb/ES~Pb/E10 AbHE, Jf
UL Pb/E10 b BR (M ms TR Pb S EAEEREE. &
ERBIIE T FIRE Pb/E1~Pb/E10 AbFE, FLL
Pb/E10 ALFEFRAK, WM 5~10 mmol L™ 7
FRXT Pb iz 55T R FE ) EDTA-Nay, {HEH T F
FUE L &1 Pb, Pb 285 3 HUG MR R K
JE AL, SRR, R E AR PH/E10 A EE
SEEKRKABEN, EEMH Pb/C1~Pb/CL0 L
Pb/E1~Pb/ES AbHE% Pb {5 A B T2 - Muhammad
N 2.5 A1 5 mmol L' 3 BERHREm & 5 Pb
S AE /155 T EDTAYY, VERERERE B R i 24
Cu EHE/EM L EDTA 58P Cui &85 1 4MNE#E &
FIWR 5 ™ H 26 (Zinnia elegans)%)) 1 Pb 2R E 4
152 %, &4 Pb 5 EDTA BB LB 5K
121823 maE!l, X SALRARRME, [
e N YIFI S EE B, 12 ik &
NGNS

Pb/E1 ZbHEf( Pb & E A E R T Pb AbHE, H
HFIRR T E AT Pb AbBE, IXATAESE S Pb AbRE
FHLL, Pb/E1 AbEREARIG I AR Pb &, Hi
T =7 BG5S RE 7, X Al DLAFIAR
N. P. Ca. Mg. Fe & & T Pb kbFLE AT LI
iEs AR B TAMNE R, MiX X5 PbE]
Ab 3 AR R I I B VAT AH . P AL B 45 RAHW)
Hs HIMAH ARG T E TR RENEER S, H
TR Z TIRAR B AR, MO AR A= K 58 T Pb Kb 2,
{4 5525 55 F % I . Pb/C 1 ~Pb/C10 B Pb/E5S~Pb/E10
A P S EAE SRR FIEY, BSm T
B Pb AbHE, AR SN B R AR
T H 35 2 RS, KT Po AbBE . FUH G, X
TS, TReRSRIEINm P E4EE, MEA
MO B F-40E, 1K a] DA o 5525 P 5 2 14 n 45 DA
YEiE, AR N. P. K. Ca. Mg. Fe S &EHETH
N Pb AP (5% Pb/C1 4bFE K & E4N), (HEFRTTRS
S INE B /N P EEBG IR, AReie it
& Pb B, FUH ARSI INE; X TR
&, Pb/C1~Pb/C10 43, H Pb S EMEEREFR
Pb/C10 4bEE) Pb E4EEIMNIIE T Pb 403, Pb &
FEHIR R ENRIRE )1, BINEETINE, S
MRS IR O R B = SRR R, WOR A K2 0
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Pb/ES~Pb/E10 Ab¥E, H Pb S EMEEREBENKT
Pb 403, (HEMRRFEIRIRE /I EZEST Pb 4t
M, ByiNzENEEST Pb AL, H EDTA-Na,
BN#E N, P. K. Ca. Mg Fl Fe %t [ 141z,
AR KB 2R T R ] B ZE S I E AR X s
FEILE I Z SRS R K

Pb/C1~Pb/C10 AbFEH-FIR N & &2 BTt
#, Pb/E1~Pb/E10 ALEEHIHAIME N S EE NEE
B, HPRL IR AL B S s REUN TR, &
BB AT B R K3tk NI, BRIk s,
341 EDTA-Na, KAk N R, WAk 4%
i& . Pb/C1~Pb/C10 B Pb/E1 ~Pb/E10 AL [#]H P K.
Mg Al Fe &gy, mitAls F s,
H¥%E 25039 b, BoRBMFTEIRE. EDTA-Na,
AKFHIERE P Ky Mg, Fe Bz, MitRHix 4 fhg
FIGER RN TR, v RESE Y ot AR ) i [ s B
R Z&R 3 3 WU i) ek 2> B . Pb/C1~Pb/C10 B
Pb/E1~Pb/E10 AbFEFIIH-FIR Ca & B A iE 2%
S, BRI RR s EDTA-Na, /KF, ¥
it Ca IANEEIE . LW AR FRE FRICR T &, A7
BRI EDTA-Nay X H WSR2 1R 5 1 AN SR AH
Ao #tE—EIETEY, Pb/C1~Pb/C10 Ab¥ HA%
iz RBIE T FEIKE Po/E1~Pb/E10 AbFE (KR 56 45
ROURE, MR N. Py K. Ca. Mg Fl Fe
12 fE 1155 F EDTA-Nay.

M2, HEEH 4 mmol L Pb AbHSFH &
Pb, HIGSRAR R FZNRILRE T), (H TR &
BiIR, N. P. K. Ca. Mg. Fe Z&EHRcEfabk
P, PECHAKZHL. A Immol L™ AT IR
5 EDTA-Nay, X HAKZmE/N, (At} Pb FLR
BEL, M 5~10 mmol L™ 474 R 5 EDTA-
Na,, I Po AR, (EINRA K SZ 3]
FREE, BT HE TR RS Birty Pb 1
RERMS, 1 mmol L Mk B ERE T 7k & (1
EDTA-Nay, 1M 5~10 mmol L™ AT 82 I 55 T4
W E ) EDTA-Na,.

SR

[1] WEI B G, YANG L S. A review of heavy metal contaminations in
urban soils, urban road dusts and agricultural soils from China [J].
Microchem J, 2010, 94(2): 99-107. doi: 10.1016/j.microc.2009.09.014.

[2] SHAO Z Q, LI C L, ZHANG J J. Present situation and outlook on

remediation of lead contaminated soils using flower plants [J]. Environ

Sci Manage, 2010, 35(9): 23-25. doi: 10.3969/j.issn.1673-1212.2010.
09.007.

HSAE, 2R, SR AL AETTREMIE RAS Qe IR BB SUBLIR &
JEHE ] HBERIF SR, 2010, 35(9): 23-25. doi: 10.3969/j.issn.
1673-1212.2010.09.007.

[3] CHENG F Z. The research about absorption and transportation of lead
in several turf grass [D]. Yangzhou: Yangzhou University, 2008: 4—13.
FERBE. RTJUMESF RIS S TS [D]. #M: #
JHK2, 2008: 4-13.

[4] LIUH Q, HAN J C, LIU H P. Influence of lead gradient stress on the
physiological and biochemical characteristics of perennial ryegrass
(Lolium perenne) seedlings [J]. Acta Pratacult Sin, 2012, 21(6):
57-63.

X, SEA, XIECP, &5 HYRE a2 AR R R AR
BRI (7], kAR, 2012, 21(6): 57-63.

[5] WU Q L, WANG W C, HE S Y. Enhancement of GA; and EDTA on
remediate Pb contaminated soil and its detoxification mechanism [J].
Chin J Appl Ecol, 2014, 25(10): 2999-3005.

I, EXHI, N GAs 5 EDTA B4R FAELT Pb 55t
L HRREILE] (7] BLAAEZS 4, 2014, 25(10): 2999-3005.

[6] YANG M Y, CHEN H Y, LIANG Y Y, et al. Effects of ryegrass
enhanced by EDTA on remediation of lead-contaminated soil [J].
Environ Sci Techn, 2014, 37(9): 19-22.

MR, BRiE, JEIEME, %5 EDTA SRt S 32 st his g L i &
BN [7]. HERESEOR, 2014, 37(9): 19-22.

[71 HE SY, WU Q L, HE Z L. Effect of DA-6 and EDTA alone or in
combination on uptake, subcellular distribution and chemical form of
Pb in Lolium perenne [J]. Chemosphere, 2013, 93(11): 2782-2788. doi:
10.1016/j.chemosphere.2013.09.037.

[8] QIAO D M, FAN X Y, FAN T, et al. Response mechanism of
exogenous organic acid on ryegrass under the stress of Pb** [J]. J Soil
Water Conserv, 2012, 26(2): 261-270.

TrAMg, BEBH, S50, 45 Pb™ e & B RO SR HLRR I L
B [9]. AKEARRESAR, 2012, 26(2): 261-270.

[91 WANG N N, HU S, WU D, et al. Effects of CA and EDTA on growth
of Chlorophytum comosum in copper-contaminated soil [J]. Acta Ecol
Sin, 2013, 33(2): 631-639. doi: 10.5846/stxb201112021843.

VERGRE, S, ST, S FPEERRR EDTA X875 g L3RRS b i
2K (7] AEASEIR, 2013, 33(2): 631-639. doi: 10.5846/
stxb201112021843.

[10] MUHAMMAD D, CHEN F, ZHAO J, et al. Comparison of EDTA- and
citric acid-enhanced phytoextraction of heavy metals in artificially

metal contaminated soil by Typha angustifolia [J]. Int J Phytoremed,



552 B AR R T %24 %

2009, 11(6): 558-574. doi: 10.1080/15226510902717580. 19(4): 26-28. doi: 10.3969/j.issn.1008-6145.2010.04.008.

[11] TRUJILLO M, KOGEL K H, HUCKELHOVEN R. Superoxide and [14] WANG Y, DING G J. Physiological responses of mycorrhizal Pinus
hydrogen peroxide play different roles in the nonhost interaction of massoniana seedlings to drought stress and drought resistance
barley and wheat with inappropriate formae speciales of Blumeria evaluation [J]. Chin J Appl Ecol, 2013, 24(3): 639—645.
graminis [J]. Mol Plant-Microbe Interact, 2004, 17(3): 304-312. doi: FL, THA. SRR AKT T 52504 30 S F 470 S ey
10.1094/MPMI.2004.17.3.304. [7]. BIFAEASYAR, 2013, 24(3): 639-645.

[12] LU W J, L1 Y S. Plant Physiology Experiment Course [M]. Beijing: [15] ZHAO S D, ZHAO X Q, ZUO P, et al. Accumulation capacity of heavy
Chinese Forestry Publishing House, 2012: 17-20. metals by Phragmites australis and assessment [J]. Mar Environ Sci,
PROCHR, 25K MMAE A EAE (M), dbat AR EMOL AR 2014, 33(1): 60-65.

#, 2012: 17-20. RIS, B, 7, % IRHWE Y S (Phragmites australis)[f)

[13] ZHOU N, ZHOU Z. Analysis of mineral elements in Rendong garlic BEREER SN 1], WERBIR%E, 2014, 33(1): 60-65.

[J]. Chem Anal Met, 2010, 19(4): 26-28. doi: 10.3969/j.issn.1008~ [16] CUI S, ZHOU Q X, WEI S H, et al. Effects of exogenous chelators on
6145.2010.04.008. phytoavailability and toxicity of Pb in Zinnia elegans Jacq. [J]. J Hazard

JRe, FIR. SRR WuRE 2 0] (o drit&, 2010, Mat, 2007, 146(1/2): 341-346. doi: 10.1016/j,jhazmat.2006.12.028.





