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BE R ARG T T BEFELA5 EDDS A1 NTA ST 438 T # PR 08 (Amaranthus hybridus 1.) #8 RIS KA B A AL FFAE
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Effects of biodegradable chelants on the root morphology and physiological-
biochemical characteristics of Amaranthus hybridus L. in cadmium

contaminated soils
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Abstract: Heavy metal pollution in soil is a compelling global problem. Particularly, cadmium as a non-essential element
negatively affects human health by way of food chain, even at low concentrations. In recent years, Cd concentrations in soils
have dramatically increased with the development of industrial and agricultural and rural urbanization. Therefore, cleanup of
Cd contaminated soils is emergent and imperative. Phytoremediation of heavy metal-contaminated soils has received
increasing attention for its environmental benefits. However, phytoremediation efficiency was largely restricted by the
bioavailability of heavy metal. Therefore, chelant-assisted phytoextraction has been proposed an alternative. In the
phytoextraction process, roots contact with the toxic metal irons and plants usually adapt to the environment stress by
changing their root morphology, and thus directly affect the physiological metabolic activity of the roots. However, there was

little information dealing with the toxicity and mechanisms behind Cd tolerance concerning the roots under the chelant
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treatments. The objectives of the present study were to investigate the effects of biodegradable chelants on the root
morphology and physiological-biochemical responses of hybridus L. root to cadmium stress. The soils in pot experiments were
contaminated artificially with the Cd concentrations of 10 and 100 mg/kg soil, respectively. 0.52 g nitrogen, 0.40 g
phosphorus (P,0,) and 0.36 g potassium (K,O) were applied in every pot as a base fertilizer. After the soils were
incubated for 4 weeks, four uniform A.hybridus seedlings (5—6 cm high with 3—4 fronds) were transplanted into each pot.
Four replicates were run for each treatment and the experiment was arranged in a completely randomized design. Chelants
assisted phytoextraction, EDDS and NTA, were added on the 65th and 75th day of transplanting at a concentration of
0 (Control) , 1 and 2 mmol/kg. Finally, plant samples for evaluating root morphology, root biomass, the activities of
peroxidase (POD) , catalase (CAT) , glutathione ( GSH) concentration and soluble protein content ( SP) were determined
at the mature stages (90 days after transplanting). The results showed that under the treatments of EDDS and NTA, no
significant differences were observed for the root biomass, root length, root surface area, root volume and lateral roots of A.
hybridus in 10 mg/kg Cd contaminated soil. Moreover, chelant addition significantly increased the POD and CAT activities,
glutathione ( GSH) concentration and soluble protein content in roots of A.hybridus in 10 mg/kg Cd contaminated soil.
When EDDS and NTA were applied to the 100 mg/kg Cd contaminated soil, root biomass, root length, root surface area,
root volume and lateral roots of A. hybridus decreased by 12.30%—23.98% , 17.01%—24.90% , 41.87%—57.93%,
16. 46%—32.94% and 23.48%—3.35% , and EDDS addition significantly improved the POD and CAT activities, GSH
concentration and soluble protein content in roots. However, under the application of NTA, POD activities in roots were
decreased by 4.12%—35.95% , and CAT activities and soluble protein content in roots significantly decreased by 14.66%—
15.79% and 26.81%—30.48% compared to the control, respectively after the addition of 2 mmol/kg NTA. Moreover,
under the addition of EDDS and NTA, GSH concentration increased by 14.73%—65.65% and 28.05%—84.10%,
respectively. When the Cd concentrations were 10 and 100 mg/kg, the application of chelants significantly enhanced the Cd
concentrations in roots of A. hybridus by 40.76%—103.10% and 15.03%—49.49% , respectively. In conclusion, the
application of biodegradable EDDS and NTA in Cd contaminated soils could influence the root morphology and physiological-
biochemical characteristics to resist the increased Cd concentrations.
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WX, 30 cm), BEAEAEA 8 kg LR ALLE 1.2 o B
1.2 A (P,0,)0.32 g B (K,0)2.4 g, HHE 550 10

AR T 2011 4E 4 H 2 2011 4E 8 AZED)Il mg/kg Al 100 mg/kg FABARLL CACL,-2.5H,0 HY[H
folb KA A7, B B & 190 ¢/ IRIEREINE L3 RS H G CE 4 Bkt
ke, HADRL B BN 382 o/ ke PRI EEN 428 o/kg; - KRB—BUWAPRIEYE (R 8—10cm) B Ak B4 15 Y
AN RN 22.21 g/ke, AN 112 o/kg, AL TIHERIPRED A4 bR RS RIS IR
AN 126.5 mg/kg, HABE R 17.6 mg/ke, BALH R 1 FADEEAR 65 d 175 d J5 50 5t A FT &gt 2 45 79
170.2 mg/kg,pH {EH 6.54, +IEZLKT JERE 3+ 5  EDDS Al NTA, B MAb B 4 NEE, @ IWEIFE
mm G & H], R J5 2 A GUER OB (40 em x SAEWIAOAROIREL , 90d SRR,

K1 BEABESTEAFE

Table 1 The application of chelants in pot experiment

A A Addition time % Rk
FAFNALHY Chelant treatments Va1 gt 53 H=Cm VY gt 52 1 H=LW
EDDS/(mmol/kg) ~ NTA/(mmol/kg)  EDDS/(mmol/kg) NTA/ ( mmol/kg)

CKI1 10 — — — — — — — —

AL F e 10 1 2 1 2 1 2 1 2

Cd concentration/ ( mg/kg) CK2 100 — — — — — — — —
100 1 2 1 2 1 2 1 2

" FRORTEE G RIMLBE <65 d.75 47 RAREEG TN TR R 65 KA 75 KT
1.3 Em H S hE 1.3.3 MRS EIE
1.3.1 WRESHERE FERE) A AR AL T4 B A i 60 H i, HEH

HRAMETE 105 °C AT 30 min, 7£ 60 C MM FREUEPIAE & 0.3000 g T =M, i A HNO, Fl
FTEEE, WY REUFEAY R, RK R HCO,Z W 4:1 BIRAER 20 mL, 12 5h J5, T
TR AR EF A RAEAIRERE P EEE, BERELLOEH HImZ, €85
AT 5E | MK A Regentinstruments 23 7] 42 100 mL, R T W o B e E T ER R E4E T

L) WinRHIZO E
1.3.2  HREPRIEHRI E 1.4 FHEAES 0By
FEYIBCAALEE 2R G0 7 7 vk AR X P A L R K H SPSS 13.0 B G I ATE T 04, 46

GEitAT I w, OB EEAR 0.5 ¢, B Tk e 9722087 (ANVON) 1 LSD #3465

LA 10 mL pH {E R 7.8 BYBERRZZ i (N7 50

mmol/L BFRENZE 1K) , 1 mmol/L Na,EDTA , /D £

By WS AT 4 °C (12000 v/min B0 20 min, 2.1 AN[EIECA FIASFE AR E 19AR RIEATS R

VW R A B PR IR . i L WO T A A AR W A7 EDDS Fl NTA XHFFRL AR 2 A= 9 5

POD (Peroxidase ) F13d /L /i CAT ( Catalase) i M P (32 2)  M4mALFEYE BN 10 mg/kg I, B 55

PERIINZE . i E ALY (POD) W PRI E R ALK M AJE  FPRL AR R A 5 % IR 0 B 3% 25 5 (P>

ikt DAL AR 1 min WOBEEMASLIERR  0.05), >4 4% 4b 38 4 BF R 100 mg/kg B, Jifi A

RGP ; 3 8 Ak U (CAT) WG PRI E R 284 1 mmol/kg 9 EDDS #1 NTA Ji, 3 2 4E W & 5 % g

SCICRELT LI | min A0 ERAISUME H,  TREES, ME S FE AL 2 mmol/kg I, ¥k

0,ZZ 7Y S0%AEAMEE N, AR IEE &R JER R AW e B8 B 0 T 12.30%—23.98%

e R % S se ke e H K GSH &8 (P<0.05)

B E 2 B8 Guri 191 B 51 FE G TR 0 T RRL AR R B Y 5 e 3 B
(2) YA TR EE A 10 mg/kg [}, EDDS 1 NTA

2 HER549H
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FSRME T RPRL AR RIE S

2 N A BRAE AL SRR B 52 5777

Jit A SR F R T AR R A B 0 BTG 2 2 (P>
0.05) . MHAALIIMEE N 100 mg/kg I, PR 25 5
Jit A S5 (R D AR 2R B A7 31 2 B4 ( P<0. 05)
b B8 I 2D T 17.01%—24.90%

R 72 R TH R 1) R /N B A% 52 M & 52 A 4 XoF
EiR - sl LA & SN P iE 32 | POR S A
R 2 R AR A2 B A (R 2) o Y448
AL EE R 10 mg/kg B}, EDDS Fil NTA Jifi A5 {4
PV R F WA AAR SXT R TR ZF 2% (P>

Tt FH i (S AR 0 R 2 3 T AP URI (A B L X B 7 351) i 2
W/ T 41.87%—57.93% Fl 16.46%—32.94%

AR S A1 R/ NRERE 2R B 2 AL W) 0T 5 FRTC R I
M, N ER 2 W LUE Hh, 2 b 2k B

10 mg/ kg, B4 7 ite A S5 AL 00 0 AR £k Eb Xi) B8
BEWANT 49.95%—85.11% (P<0.05), 44aabrt
WEESR 100 mg/kg B, A it A fFF AL B (] AR
B E A (P<0.05), HEXF BB > T 23.48%—
53.35%,

0.05) . GEHALBEHE N 100 mg/kg i, 15 Fh B 45
F2 EAF EDDS 1 NTA £ E34RAE THH TR RRAESMNIR R EMENR N
Table 2 Effects of EDDS and NTA on the root morphology parameters of A. hybridus in Cd contaminated soils
Ak B REA Y= LisS N M1 HRAFH AR
Cd Kb 3R Root biomass/ Root length/ Root surface area/ Root volume/ Lat ) 1 Root
.alera ools
concentration/  Treatment ( g/ﬂi) ( (‘HI/’HQ) ( cm?/ H() ( Cm3/4‘*)
(mg/kg) 65 d 75d 65 d 75 d 65 d 75 d 65 d 75 d 65 d 754d
10 CK1 3.35a 3.35a 1939.10b  1939.10a  276.97a 276.97a 19.15a 19.15a 4345d 4345d
(0.37) (0.37) (46.87) (46.86) (44.00) (44.00) (1.30) (1.30) (341) (341)
El 3.37a 3.17a 1917.05b  1913.14a  281.46a 268.13a 18.78a 18.68a 6515¢ 6532¢
(0.25) (0.59) (41.06) (57.72) (63.38) (56.21) (1.23) (0.56) (408) (392)
B 3.24a 3.24a 1943.31b  1927.59a  282.71a 279.71a 18.91a 18.84a 7167b 7162b
(0.39) (0.21) (86.98) (38.38) (63.85) (42.12) (1.27) (1.12) (425) (477)
N1 3.10a 3.63a 1962.32ab  1945.27a  289.65a 277.78a 19.40a 19.54a 6772bc 6596hc
(0.28) (1.08) (76.19) (95.73) (64.70) (62.10) (1.19) (0.93) (206) (145)
N2 3.4la 3.45a 2059.64a 1982.52a  314.82a 306.46a 20.16a 19.87a 8042a 7902a
(0.21) (0.18) (64.40) (51.30) (59.19) (44.77) (0.71) (0.75) (546) (486)
100 CK2 2.81a 2.81a 1317.68a  1317.68a  181.72a 181.72a 11.52a 11.52a 4115a 4115a
(0.05) (0.05) (91.80) (91.80) (30.57) (30.57) (0.81) (0.81) (677) (677)
£l 2.72ab 2.70ab 1027.89b  1093.59b  98.96b 105.63b 9.76b 9.60b 3127b 3148b
(0.46) (0.36) (48.37) (81.36) (12.98) (11.12) (0.46) (0.48) (655) (660)
2 2.44bc 2.46b 1011.46b 1036.89b  95.21b 99.71b 8.97h 9.12b 2677bc 2704bc
(0.20) (0.23) (53.50) (31.02) (20.29) (10.31) (0.81) (0.81) (727) (698)
N1 2.49ab 2.67ab 1033.23b  1063.70b  94.65b 97.78b 9.39b 9.62b 3050b 3115b
(0.12) (0.18) (46.95) (37.92) (14.93) (7.86) (0.44) (0.57) (603) (590)
N2 2.13¢ 2.40b 989.64b  1026.64b  76.46b 92.32b 7.72¢ 8.78b 1920c 2001c
(0.06) (0.14) (12.64) (27.12) (8.69) (12.06) (0.57) (0.59) (599) (516)
[ BB JE AR AR ) 7Bk TR 22 57 8.3 (P<0.05) ; “E1.E2” 40l 37% 1 mmol/kg F1 2 mmol/kg (9 EDDS; “N1 N2” 4357~ 1 mmol/kg F1 2

mmol/kg #Y NTA;65 d.75 d RS RNl FHIMIF L 65 KA 75 RIGHEIN ; 3655 N A brifi 2

2.2 R[FVEEA TN EL T PR AR 2R A0 A B AE

1AL (POD) J2 il 4 1A P T L A0 AR 0 g
REA R0 bR 0 358 251 A0 rp = A ) vk 3, 7R BT
WbE A R SR Y B 1 R AL Hvk
&R 10 mg/kg B, B4 it A S OFFRL AR 2 i
POD J5 % He X BE 35 T3 T 32.43%—238.64% ( P<
0.05) , YHAALHHKE N 100 mg/kg Bf, EDDS jifi
Je (kR T AR 2R R A POD TG MRS W T (P <
0.05) ;1 NTA Jiti HJ5 AR 6 AR & i POD T %
Xt BEFRAR T 4.12%—35.95% .,

MEEA ) EDDS Fil NTA XHFERL AR 2 rhist 44k
A (CAT) WEPERYSE K F (B 2) , Y40 Ak vk
A 10 mg/ kg FH‘ TR AP B30 B0 it A SRR T AR 2R
1) CAT ¥ P b X BEE 3 /55 T 55.26%—212.54%
(P<0.05) . “S4@Ab P B R 100 mg/kg B, BR T 2
mmol/kg NTA Jiti A J5 47Kz SEAR 2 H ) CAT 36 PE HE
Nt IR S F PR T 14.66%—15.79% (P<0.05) , H4y
LA RV B MR TUAR 22 FP Y CAT 16 M0 BE T
T 29.46%—78.95% .,
AIEH K (GSH) AR —F E LA /N o+
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5778 £ OB ¥ I 34 &
9200 O Cd#kJEN 10 mg/kg & e -
& a O Cd#k B 100 mg/kg :%E O Cdy i H 10 mg/kg
) O E 4 O CakINIO0mgke
#25 - b E T h
i z b b . b 1§ 2 d E d C
2 4600 | ¢ 4.8 . d #
§é 5 c r %§14w
E 5 250 le 9 8 ¥ 2 o] =] & be f
= g 3 d d d ¢
E - -
g o0 g
CK El‘ E2 ‘Nl N2 El‘ EZ‘ N1 | N2 % . ‘ ‘ 1H.
65d 75d s CK El‘Ez‘Nl‘Nz El ‘EZ‘NI‘NZ
FAFAEFE Chelant treatments 65d 254
B 1 EARMEIE PR R R R BRI Chelant treatmens
Fig.1 Effects of chelants on peroxidase activities in root of . N - oy
A, hybridus B4 E&EFIREMETHARRRATAENEASENZNIE
) Fig.4 Effects of chelants on soluble protein concentrations in
root of A. hybridus
= “0 g Cd¥k BEH 10 mg/kg Cd¥k i 7100 mg/kg
5 . FDEHE R A GSH & & b X A e Z A& T
ﬁ\ [
ﬁé@ de .« - 14. 73%—65.65% Fl1 28.05%—84.10% ( P<0.05)
ge mop ] afl o ) HOPITTI IR (19 R (SP) SRR T B AR
£ b - v
gﬁ ol 1 4 /R —ANEEIEbR, YT 4R XA Y W a i AT S 2
: IE ATVEEPEAR 11 (A R Ab TV 10 me/ kg
@] . X[ M7 e TR L NS PO =N
0 o Tl ‘ - ‘ N ‘NZ - ‘ - ‘ NI ‘ o i, B AR A S, FPRLDEAR R b B vl i R &
0 EE 2 _
65d 754 ttxi‘mﬁﬁiaﬁﬂ 22.42%—100.04% (P<0.05)
AL Chelant treatments %%ﬁfimﬁfﬁ? 100 mg/kg Hﬂ‘, [;/%T 2 mmol/kg NTA
o B T L 5 B Jitl A R AR 22 F A AT A R P L R
B2 EEFIXEMNE THARRRT . SEFTENI N
5 _ A ER A
Fig.2  Effects of chelants on catalase activities in root of HIEAR T 26.81% 3Oj8% (P<0.05) ’/\ﬂi% cRl
A. hybridus Qb B4 H A X R TF R T 16.03%—60.08% , X 5
CAT I&PEM ALk —3 (K 4) ,
o , IR A F AN T R R 2 S
£ 4T ocmmmonsre 23 AE A RIS F RO AR O
3 Cd¥k %A 100 mg/kg TEAEY A 2 1k 75 vl By i DS 5 700 AT DA o B
g L a o N _
» g’ ?}E i . b SR A ZCPE AT 3 s AR P 6 H AR 4 R 1Y
< d d 7 = N .
g ) e ¢ W) MERALFRVE B 10 me/kg B, B ARES & 5
g rof , N G e -
ZZ RO 15 38 35 T 4R S0 AR R X G RO MR (P <
\¢‘§ L R NF 7 I I I R 0.05) , HLXFREBA NN T 40.76%—103.10% (&l 5), X
K ( F T 55 EDDS I NTA 3638 H 05 T8 SR R A O3
20 N R S s R mas B | SEIRAML R WIESA At A BES 35 1 I 4R 4
G CK |El | E2 Nl‘ N2 | El | E2 | N1 | N2 N . # e
65d 75d A YA RN, 2 SERE AR R X AR R Wi, Y Ak

AP Chelant treatments

B3 EAEFNEHETHFHNERESRERSENZN
Fig.3
of A. hybridus

Pk R IR 3 AT LA W 25 A B R 4y
B 10 mg/kg 1 100 mg/kg B, 254500 A5 (4F

Effects of chelants on glutathione concentrations in root

FRYEFE A7 100 mg/kg B, EDDS Fl NTA #4Jita A 7] #
3 f E SR TAPRL AR R X AR IR (P<0.05) , B
X} HRAE AN T 15.03%—49.49% , {H )& EDDS TAH 5%
% 75 d SN —AbFR I 2 kR AR
ER S (F5), XAl Wang 25 (i BF 57 45 21—
H, R BE B EDDS &b B i 8] 3 68 78 20 & $5 5
G A BT ESEIEET .
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3 e

3.1 EDDS Fl NTA XJAFARL AR R IE A A5

TG 52 3 A rhit fin 25 R BE A5 1 1k 3 b Y
LR RS EE RN S, B RT e ik
Wi A0 AR TR 9 4 A 3R W AR AR VR B 10
meg/ kg (4 rp | B A 500 it A FERL D8 AR R 4T BB
WA, X FIPIGES G T AR B AT e 3
i, A 398 P 0 B RS A2 DA A ) 1 E A
SR, W48 = v I (2 mmol/kg) 9 EDDS #1 NTA T8
YIReHk 65 d J i A 100 mg/kg 58715 Y 3 rp it | K
LA R AR RN . X T RE A T IR Y
A PITE R 3 AR B v BE R R, S v VR B S A R
Jith A S 32— A e A g i e, DT S TR X A
e 0117 ST

160 O capkpem10mgke [ Cdk R 100 mgkg
2 b a
3 b
B 120 ; be T % .
= e de
i & e
42 80
B E
g aj
Q
5 oaf f e bef b r M gl el ed
o
o F;
O Il Il Il Il Il Il Il

CK | El ‘EZ‘N]‘NZ El ‘EZ‘N]‘NZ

65d 75d

BAFIAEPE Chelant treatments

B 5 ESFXMHARRARBSENIIG
Fig.5 Effects of chelants on the Cd concentrations in root of
A. hybridus

HRZR A WM K 2 RN o 5% 43 ) B B4R
B REE T AR F B A B o AT ok 3 N SR A Y
PRI, R D MR AR 2 T AR AR R AR B e AR K
FRERE P EmY E R R T WEE T, ARUF5RLS
T, AL FE Y B 10 mg/kg I, 5 % BEAH LK
TR AT EE A T BT AR SEAR 2R B AR R A R R
AR BTG 52, 45 S 3R R 6 390 it AR
W BE TS G 55 ORI AT R AR Z rh AR R
EIEA R DL ZE IS AR R AR, (020 100 mg/
kg FA5 Y 3P A S ARG AR AR R A K 32
Bl B P e e U = U Y S S 0 A S R
KEBMEZH >,

3.2 EDDS FI NTA X FfRz oA 5 Az 3 A AL RRAE 1Y

Al

HEEBPE T AT EEYR R G EA R, 5
SR ZR 220 P9 1 S50 A0 o 2 R4 47 , AR Bt A AL g
F BT YE D0 AR A A A0 SR TR A
A AT LI i POD SOD 1 CAT 2H il A i B AL i
ARG OB BRAR N 06 RS B 3 0 0 R A7 T
PERAE A P aE 110 L AT 45 R
FEH MAR A BV B Ry 10 mg/kg B, IR G 1Y
i EYEIN T RPRLGEAR R P POD A CAT Wi, %
WIS R G, T g iR S g sh 1
FERL 0 AR 2 1 Bt A0 DR 37 2R 42 0T i POD i
CAT {EPER G 58 , AT AE — 8 B2 B s 0% P 280 )
FRAMM A0 3, 4w T H B ae Y Skim, 4R
AE PR 5 R 100 mg/kg BT, Jifi A 2 mmol/kg NTA ffiff
KIDEAL R POD 1 CAT 36 PE B L, X—45i8 5
HIEAAGE K RETEHR AL BRVR 5 R 50 wmol/L B 14 25
AR R PR AT B R T A R At A 8
TR A R R S EUE PR 0, I H,
O, HEE R I 2 | T hiEbre IR, 51
REC A1 L ARG 2 VA, ) T Y A

EHEAL RS, B POD FIl CAT %54t E AL fiff
Ah AEREY) I GSH WXt H, 0, R E Y, T
ST 2 B, GSH FEAR- 3 7K R 41 5 Ay asd e o ke
HEEAEM, A5, YA Bk B 53 514 10
mg/kg F1 100 mg/kg 5, BIFREE 5 50t 5 24k kL
DA R Y GSH 7 i 1 35 &, R WA 300 T 3
X R AR 22 40 M A AR e 9 GSH M AE &
JI%, DT Vi I 4 A A 1 a4 0 P R TR B AR
T M AU O AR R T3 1 Y

RSB T  MPR R T EEEAS
3 A B TR RO AR A0 M Y 1 R AR,
MR F 4B P aE 1 [l R B S AL A B 4
J& B P Y 2 E R FEARBFSE R, 2 b
FEHCRE A 10 mg/kg I, EDDS F1 NTA 4t A H1K:
BEAR ZR P TV R AR R, R B ARk
JE 5 e - v it A S A R TR R T 4 A R
F A B, PR A b B A R G R AR, AR, Y 1)
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