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AL ST T 40 mg-kg™ Cd JHpA R, AN 0(CK) .0.5,1.5.2.5 mmol - L™ 1 5.0 mmol - L™ EDDS J& = M- B4 5 A= K BT S AL BT
PR Cd B Z MR 4513 A0 0.5 mmol - L™ 1 1.5 mmol - L™ i) EDDS F| T = BLAT B4 19 A= 4, #R s RS (i b6 T8
T P e T 2 W G s H A 0.5 .15 mmol - L™ Al 2.5 mmol - L™ EDDS fi R A8 CHL) Fidhy i (ZEFIHRG )AL Cd 51y
BFERT CK, HE 1.5 mmol - L fif Cd FURF IR B I R (43924 31.954 mg-kg™ 1 109.454 mg-kg™) , & 5 R 12 REU LB I
K (4r51k 3.521 F13.426); RGN EDDS WkE M TR, MY HL T SR AP S L 8 (CAT) ., PiIf Mg & kit
(APX) A6 H KR R (GR) (it S AL EF(POD ) 8 Ak b AL il (SOD )1 1 S UL 5T 1 1 PR AR sl Re 8y sy ka4, B W B A1k
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P = AT B A A i B E Cd Y WISORTE BERE ), AR T Cd 5 RIRIIE AT 256 5 IR BN I LA DL K
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Effects of EDDS on growth, antioxidant enzyme, and Cd accumulation of Bidens pilosa L. seedlings under Cd
stress

YANG Bo, CHEN Yin-ping", KE Yun—qi, YAN Zhi—qiang, YU Pei-dong, SHI Xiao—ping

(School of Environmental and Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China )

Abstract; A pot experiment was conducted to study the effects of adding 0(CK ), 0.5, 1.5, 2.5 mmol L', and 5.0 mmol - L."! ethylenedi-
amine disuccinic acid (EDDS) on growth, antioxidant enzyme activities, and Cd accumulation in Bidens pilosa seedlings under 40 mg -
kg™ Cd stress. The results showed that the dry and fresh weight, plant height, and root length of the seedlings were promoted significantly by
treatments with 0.5 mmol L™ and 1.5 mmol L™ EDDS. The belowground (roots) and aboveground (stems and leaves) parts had significant
higher level of Cd accumulation in the 0.5, 1.5 mmol + L™, and 2.5 mmol - ™' EDDS treatments than that in the CK, but the concentration of
1.5 mmol - L' showed the best effect, with the maximum value of 31.954 mg kg™ and 109.454 mg-kg™ in the belowground and aboveground
parts, respectively. The highest bioaccumulation factor(3.521) and the highest translocation factor(3.426) were also observed in the 1.5
mmol + L' EDDS treatment. With increasing EDDS concentration, activity of catalase (CAT), ascorbate peroxidase (APX ), glutathione re—
ductase (GR), peroxidase (POD) and superoxide dismutase (SOD) in the belowground and aboveground parts of Bidens pilosa seedlings
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under Cd stress appeared to present an initial increasing trend, followed by a decrease or persistent increase. These findings indicated that

the antioxidant enzyme system was activated to eliminate reactive oxygen species (ROS) and alleviate membrane lipid peroxidation damage

induced by Cd stress. The present results suggested that an appropriate concentration of EDDS could promote the growth of seedlings under

Cd stress and increase the capacity for absorption and accumulation of Cd, which is beneficial for the remediation of Cd—contaminated soil.

Taking into account the cost of chelating agent and secondary soil pollution caused by the chelating agent, the appropriate concentration of

EDDS was found to be 1.5 mmol - L.

Keywords: EDDS; Cd stress; Bidens pilosa L.; growth; antioxidant enzyme; Cd accumulation
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Ffd &R BRI R R s E 4R 15
PuH g, sl T HAS ER e R R EA,
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(EDDS) #8532 ST . Luo PSR, EDDS 7] DL 5
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e

I HREHE
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H AR A B, s 4R P -

0.;..\, ~OH
0 H
] i N . .
HO v--"N. o -\.ﬂ OH
H L. 0
0 ‘OH

1.2 EWigit

SEgs 4R B O 22 N R B (1030497
15"~104°34"40"E , 35°34'20"~36°26"30"N ) J& 311 4¢ H
b 0~20 em X2+, ENALRKNTE L 2 mm
A o MR AR AL PR R - pH (EL7.76, A AL
i 19.80 g-kg”, A 1.19 g-kg™,Cd & 0.49
mg ke, ¥ 2 ke RELES —E R RY (L
CdClL+2.5H,0 B4l Cd Wil , ¥ 40 mg kg™, LI
BHOMA R L) mA RS E R AR (D12
20 em = 15 em) A 3 RS SEEUSA) AR Y
SRR K IR AE 1% NaClo 3 10
min, F 28 18 7K v ik T %, BT IS 3% b DL SR & AT
() R 2 28 FUIE TE o Fh 1 A 2 kb, R AP TR
JE 0.5 em, Ak B FORRRRE FREE | 7B 15~25 C,
3k 6500 K YEHE T, 45 H Y8 14 h(6:00—20:00),
RS 10 h, AN A B R R SF IR, A
10 ¥R MM E SR P A K, DL RKE
HE KRR Cd) , fiff 385K i 4800 R e
(] HF K i (% 3 H A RRK B 7E 20% 2247 )8 70%
KA o B IR G Mk B M O AT TR
RHES I B IR A B 2 fF = A A K
60 d A£f7 K 6 F B A R R B S O (X |,
CK).0.5.1.5.2.5.5.0 mmol - L™ [ EDDS ¥ , ¥ It
pH W] 7.0, 2 HIHC AR MR BE ¥ 100 mL jifi A
T AR 3 AT, T d JEEFESET T A HR A
WME
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min, ZJ5 75 CTF YT a8, FRIECHE b3 A 3
FA
1.3.2 Cd &R E

HERET IS AR 1, b A P70 S I L B
0.5 ¢ T, inA 15 mL HNO,-HC10,(4:1,V/
V), H DigiBlock EHD20 775 il i ffe A8 fiff = 88 0
SEAY R 25 mLy AR A A3 KT, I 0125 BGER 2
FE SR ES 5L 0.149 mm i, FREL 0.5 ¢, F HCI-HF-
HNOs-HCIO, 15t T, A2 25 mL, HIEHE
Nicolet 23 F]# 220 B JE S5~ M o3 66 BE 110 &
Cd .
133 WA

SN G REVEIN E BRI MR AL B (APX) (4%
o ik i J5E i (GRO) Fied 480Ak S0 (CAT) 6 8 , e
AR BRI 8 2 AL P (POD ) 16 P , S0 Um0 2
A AL (SOD )Y 1A,

PLEFrA SRRl E B 3 Ik,
1.3.4 Bllageit- 5504

B % Z 3 (Bioaccumulation Factor, BF )t % 1 i
FE, AR R W R (M RSN R AR Cd ik
JEZ ) 5 L gErh E 4 e vk B (13 Cd S m i B 40
mg-kg™) Z b ; #5132 Z B (Translocation Factor, TF ) J&
TR Ml b P < e 5 S S ) o B e vk SR
1 HEAE™,

K FH Excel FI SPSS 17.0 #4114 744 b 31 A 4y

Bt F ] Origin 2016 B fF22 18] SR B 2R 07 2250 #r
(One—way ANOVA )F1 Duncan 738172 5 A

2 HERESMH

2.1 EDDS X Cd fifMB T =52 $H E & KA R

JWA EDDS K538 7 d Z 5 , 4 He 4% Ab B A K )
S (22 1)W1 :40 mg-kg' Cd 38 F,0.5~1.5
mmol - L™ #] EDDS A4 #| T = - A+ S A+ (H 2 Jiti
2.5~5.0 mmol - L™ ) EDDS A#| FHA K., 5 CK
H, fEhn 0.5 mmol-L™ F1 1.5 mmol - L™ EDDS 43 %l{ii
PR B3N 19.03% F1 16.69% . KK 3% 0 13.10% i
10.48% My T 3 16 i 54.55% 1 45.45% b |35
i TGN 54.49%F1 42.95% My T T BN 32.64%
F17.53% M b B BE N 23.99% 11 19.49% (P<
0.05); Tfi i /il 2.5 mmol+L™" F1 5.0 mmol-L™" EDDS 3
PG TR A R R R R T A b S ff
H T E R E R (P<0.05)
22 EDDS 3 Cd BB F=MHRETE Cd SEREE
NI REA RN

Bfi EDDS ¥ & T+, o B A T 3 Cd &%
i S BBV R B RS IR g
+45E Cd SRR BEEGR2), R 2WE
Hi LN 5.0 mmol - L™ EDDS B, -3 Cd & i
L5 CK AT B 22 5, BB 3 T ab 2, 3
FERON R EE EDDS XA KA P VR (A
FARBEA B, 4 Cd (et b, il R Cd &t
B S WA 0.5~2.5 mmol - L™ EDDS i, gy FA 4 %t
Cd BRI E A, 3838 Cd S =R F CK.

5 CK A5, i ik B (0.5~1.5 mmol - L™")ED-
DS, Y{HAE Y 3 R &8 Cd i =, Ho
JEHN 1.5 mmol « L™ EDDS {i b |35 A T 3 Cd & &
IRB R, Al L CK 238N T 146.72% 1 26.31%

% 1 EDDS 3 Cd BB T =M R E4) B & KE R0 (T 5+SE)
Table 1 Effects of EDDS on the growth of the Bidens pilosa seedlings under Cd stress(mean=SE )

EDDS ¥ & . g HO T AR AT H b b TR BT E
EDDS concentration/ Hei h'T/* Root Teneth/c Belowground part fresh  Belowground part dry  Aboveground part fresh Aboveground part dry

mmol - L™ erghtiem oot tenglh/em weight/g - Ff! weight/g - Ff! weight/g* Ff! weight/g - Ff!

0 9.63+0.49b 7.63+0.25ab 0.11+0.01b 0.023 9+0.000 9b 1.56+0.10b 0.355 6+0.026 6b

0.5 11.47+0.45a 8.63+0.95a 0.17+0.03a 0.031 7+0.000 6a 2.41+0.10a 0.440 9+0.001 7a

1.5 11.27+1.05a 8.43+0.51a 0.16+0.01a 0.025 7+0.000 9a 2.23+0.10a 0.424 9+0.021 7a

2.5 8.60+0.36b 7.33+0.70b 0.10+0.02b 0.018 6+0.002 5¢ 1.24£0.17¢ 0.296 1+0.042 2c

5.0 7.13+0.49¢ 7.13+0.42b 0.08+0.02b 0.015 3+0.003 4d 1.04+0.13¢ 0.132 7£0.012 9d

TE: RS AR NG FREROR 2257 35 (P<0.05) . FIAl.

Note: Different small letters in the same column indicate the significant differences(P<0.05 ). The same below.
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Table 2 Effects of EDDS on Cd content in different parts, bioaccumulation factor, and translocation factor of
the Bidens pilosa seedlings under Cd stress( mean + SE)
EDDS ¥ 7 Cd % (DW)Cd content in different parts/mg-kg™ . ) .
EDDS concfit%ition/ Hi R4 b 34 WA B R
4 H AP + 552 Soil Bioaccumulation factor  Translocation factor
mmol - L Belowground part(root) Aboveground part(stem and leaf)
0 25.298+0.331¢ 44.400+0.257d 39.188+0.182a 1.734+0.010d 1.755+0.031d
0.5 26.577+0.472b 90.069+0.540b 38.402+0.394b 2.381+0.031b 3.392+0.075a
1.5 31.954+0.360a 109.454+0.238a 37.203+0.447¢ 3.521+0.020a 3.426+0.040a
2.5 19.437+0.265d 55.397+0.207¢ 38.265+0.184b 1.874+0.020¢ 2.850+0.032b
5.0 15.480+0.158e 30.706+3.065¢ 39.570+£0.296a 1.146+0.076e 1.983+0.186¢
(P<0.05), Hr i 354y Cd & ik % 109.454 mg-ke™, (P<0.05),

KT L G815 g e A B4 i) ZZ e &
EFHLBHIGHR Cd & (100 mg-kg™), MmN 2.5
mmol + L™ F1 5.0 mmol - L™ EDDS 44 3t F 3% Cd &+
W/, HEfn 5.0 mmol- L™ EDDS fiiHh b3 Cd &
g 0 (P<0.05) .

JE 0 0.5~2.5 mmol - L' EDDS i & £ &% fllé iz
ZR B EE T CK(P<0.05), HRTF 1.0, 1568 Cd
R EAIRIR B Y EDDS W] 3 i — i B FEX Cd
) & B L ZVE . TN 5.0 mmol - L™ EDDS, &
FHOABACT CK, PR EAF T = S 4t o6t
Cd MR B 55i2 250 = T CK
23 EDDS X Cd fMBE F=M R ERENE RSN
Al

i 1A s, B4 0.5 mmol - L™ EDDS fii #ii
APX 1 PERS & F CK, Hi4x ik FE EDDS Yyffiffif APX
T MR LT CK(P<0.05); 257 APX {14 7 it Jin
1.5 mmol - L™ EDDS J5 ik #]f Kk H 2% & F CK, i L
AU PE Y APX 5 M B KT CK(P<0.05) ; 1
APX 5 PEAE I IR € JBE (0.5 mmol + L7 AT 1.5 mmol -
L)EDDS J5 i & 5% , H7E 1.5 mmol - L™ EDDS B ik
F R, B CK BEWIN T 66.84%(P<0.05) ,{HFH
EDDS it Jin e B g E— A48, ZERE N 2.5 mmol - L
EDDS J5 APX 3G MG IR .35 (P>0.05) , ZE 6 5.0
mmol - L™ EDDS J& |\ 2 F#AIK (P<0.05) .

Wi 1B firas, Bt EDDS ¥R i Iher, AR
CAT J5PE TR #4345, 0.5~2.5 mmol - L™ EDDS
BiffifReh CAT i1 8 275 T CK(P<0.05) , H7E i
2.5 mmol - L' EDDS ik | i K, % CK ¥ /n T
105.34% , T AERE N 5.0 mmol - L' EDDS [} i % T
CK(P<0.05); 2 CAT iW&PERE —H F M &, H
FEREN 5.0 mmol - L EDDS 3% 5 A ; 7 CAT 3%
PEEAR ST ERER S, (HHIEMS B 25 T CK

& 1C frzs, % 0.5 mmol - L™ EDDS {#i#R f* GR
TEPEAIRT CK A, Hor v FE (AR (22 Fnnt b GR ¥ 48
T CK(P<0.05)., i fin EDDS ¥ B (%) i , il rh

GR JEPER —EMompgas, ZEH7E 0.5 mmol - L™
EDDS Wik # i K, Z J5 2 —H F R E e
FET CK, B EDDS kBRI 228 THE
REI 35, ZEHf N 2.5 mmol - L EDDS Hif 35 2|5 K, 7
5.0 mmol - L™ EDDS B} g 2 F %, (A5 8 3 5 F CK.

WA 1D B, i 0.5 mmol - L™ EDDS {#ifR 2% |
m-rh POD 3% ME i R, B CK B T
112.60% ,174.31% ,154.86% ( P<0.05) , {H Fiijiti in ED-
DS ¥ 1 THE, POD 5 P U542 R R .

WE 1E frs, Wihn 0.5 mmol - L™ EDDS {ii 4
SOD 5% i 2 1ol &5 CK Bahn T 213.37%(P<0.05),
Bt fin EDDS V& FE T+, ARH SOD W&tk —H T
Fefka s, 5 CK Joil 322 5% (P>0.05) ;25 SOD i
PRI EDDS ¥ BE i 5 2 ST R B A, et
A0 2.5 mmol - L EDDS B ik H Ak, # CK &30
729.59%(P<0.05); Jitifin 0.5.2.5.5.0 mmol-L™ EDDS
it SOD JE M 5 F CK(P<0.05) , 455
1.5 mmol - L' EEDS B} 5 CK 2534 3% {0 SOD 1 P
LSR8
24 SHEHAEHERT ClEEENELBEAESEDN
HXMER BT

R AR W S P 4 1 = A, 2R I A ) b
RS T M R B i TR PR A R G
XTI AR R Cd BRI A 2, AR50 =
REFE LR T Cd S 5PUE B RS T A
e S B 438 A5 SRR (5R 3) MR Cd % &5 GR
A1 APX 1456, 5 CAT POD . SOD S IEAHE , (HHAH
KA 2 U AR R e 5 = AT R
WY 2 Cd BYRE A B AR SCE, (B Cd i
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121 A APx lzg ! . B. CAT
160 I .
E ki - i
7 1 RN ﬁ
3 e o) DDA
E El a
S 's 100} i
# H T - i
i ¥ 60F -.::
< © oy
0 R
0 it o
#2 Root 2% Stem - Leaf
TR L7 S YA
Different parts of plant Different parts of plant
K C.GR a
8 ~
; =5 a Tg
S Fy = -
Ty — T
53 2= iy
5 2 = 2
1 — A~
0 % %
AR Root 2 Stem I Leaf H2 Root 2% Stem - Leaf
TR TR
Different parts of plant Different parts of plant
a
Ar E. SOD
E 20
: \
g s
197 b
TR
Different parts of plant
¢k 0.5 mmol-L*! 1.5 mmol - L! 2.5 mmol - L = 5.0 mmol L™
P PR ) /NG B R 45 A B ) 2 5 ik 25 (P<0.05)
Different small letters indicate significant differences among different treatments( P<0.05)
& 1 EDDS 3t Cd B T=M Bt &4 8 APX .CAT GR .POD F1 SOD & 4K 840
Figure 1 Effects of EDDS on activities of APX,CAT,GR,POD,and SOD in the Bidens pilosa seedlings under Cd stress
T, Fi%E EDDS ¥kt S AL RS 50 KXY K adFE XXX XX 55008
Xof JaE A R R R TE A SRR TV B R T AN APX CAT.GR.POD .SOD i, R HAHKE R4, 1HlIH
T8 XA A 1 B A ST SRR SN A B 2 SRARTA]
Y=25.033-18.897X, R’=0.052 e
Y=14.758+0.060X, R>=0.308 3.1 EDDS X} Cd BB F=MRHEEKE Cd BE&E
Y=37.492-36.265X, R>=0.254 BE 1RSI
Y=8.241+0.157X, R’=0.250 BRI A RRE AR AL

¥=9.180+0.983Xs R’=0.314 SeJe, P AL L E R el L G R
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Table 3 Correlations between antioxidant enzyme system and Cd

accumulation in Bidens pilosa root

Cd it APX CAT GR POD  SOD
Cd it 1.000
APX -0.229 1.000
CAT 0.555 -0.218  1.000
GR -0.504  -0.725 -0.220 1.000

POD 0.500 0.725 -0.266 -0.998** 1.000
SOD 0.560 0.596 0542 -0.934* 0.952* 1.000

% FORTE 0.05 7K COUIN ) b B3 HISE, # FoR1E 0.01 KF
(CUUIPNRTE S (P
Note: *indicates a significant correlation at 0.05 level (both sides ), **

indicates a significant correlation at 0.01 level (both sides ).

B, 412 i AL X TR R i R R R
BREEH, HAT, 2SR YL Ea R
P L IEE ORI Z — o (B, T E S R A
— 7 IR, A XA A CRE MR R v R R
BRSO R - SRAS IR R N RS
RTINS o ASHEFEE R R : Cd Ba it
BARYW L) EDDS A ] T =M AT B A B 1A K fi
L =TI 58 N 9 R i1 A i e R T E 2 L 1
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Mo AR SR ALV Hseu SFBFFESE R —EL,
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JE A EUE T — 25T
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WE EDDS ¢ 38 1 =k B EE R b R
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BEE AR Cd 5B E Y N B4 2Rk B H S
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5.0 mmol- L™ EDDS &4 Z ¥/ F CK LIS, ¥ i ED-
DS fifi & 48 RECF %12 ZE9 & T CK, KW EDDS
ATDMEHE Cd e b s S DA b 3P4 % | 74
Y52 Oy A R
3.2 EDDS 3t Cd fME F =M R EMENBREEHN
=AU

A Z B AN RA R BT, R A NS M AR
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15 LAAERR IS M AT A2 B 2 B A A B el R
1 300 B 200 P S R DA AR B — B I A 15 5 Al
PR O R TR A B AT ARYREE Cd Wi B e AT
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Cd 8, B AR M BE 9 EDDS, =i BT FEAR (25
At APX CAT GR ,POD F1 SOD 3 A8 fE A L AH
[F], TEMEINEHEEE EDDS i, AR/ CAT #1 GR {563
5,25 APX . CAT F1 SOD {4 s 86, it s APX . CAT
1 GR E5E)A 8 IEBRIEYI AR N 241 ROS, R34
YA . ERE NSV E EDDS B, AR+ APX POD
1 SOD i = AEF, 2% GR 1 POD, i1 SOD Al
POD i EEAEA, TS T 405 38 X6 4 4 il
(R BB 5 o TG M AEAR AR P9 S 52 28 Ak — T T U BH )
Cd P38 F1 EDDS $ sk, 53—y itk BAE Y b
% Cd Wl ry 52l & EDDS ¥ B FIERES (A8 (L A2 A
WriE s B B, IITTIE 1 22 A8 R0, Dl i B X Al 4 A
B E (e SR A IE R 4 Jm i A A
Feaa™, FEE AR R AT BB P A R RIS
T LIRS 2 e o , B R AR R ST
E— SRR E

AW REPU AR R S S R A
WO 2R Cd W RE I A EE A e, [H7E Cd
AT, iR H EE EDDS(0.5~2.5 mmol + L) =i
EFEAEH CAT.GR.SOD A1 POD i 1 % 4t £5 a1
i, Fod CAT 3RS Iy B 2, R L B 5 K Y
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