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Characteristics of Cd uptake and translocation in two cultivars of Amaranth
(Amaranthus mangostanus L.)
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Abstract: [ Objectives ] Characteristics of absorption and translocation of Cd in amaranth (Amaranthus
mangostanus L.) with different Cd accumulation abilities were compared under cadmium (Cd) stress.

[ Methods ] Hydroponic experiments basing Hoagland nutrient solution were conducted with two amaranth
cultivars, Zibeixian (ZBX, a low Cd accumulator) and Tianxingmi (TXM, a high Cd accumulator) as testing
materials. Plant samples were collected after the exposure to Cd stress solution (30 umol/L CdCl,) of 4 h, 8 h, 16
h, 1 d and 2 d. The Cd contents were determined using ICP-OES method, and the dynamic accumulation in roots
was monitored using none-invasive micro-test technique (NMT). The responses of the two cultivars to metabolic
inhibitor were also compared. [ Results ] After 1d exposure, the total dry biomass of TXM is twice of ZBX, and
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reached to the maximum value of 5.90 g/plant. The cadmium contents in the roots, stems and leaves of TXM
reached 609, 254 and 62.3 mg/kg, which were 1.4, 1.9 and 1.6 times of those of ZBX. The Cd accumulation
amounts in the shoots and whole plants of TXM reached 602.0 and 1308 pg/plant. The bioaccumulation factor and
translocation factor of TXM were 2.1 and 1.5 times of those of ZBX. All these results were significant difference
between the two cultivars of amaranth (P < 0.05). The biggest net Cd”" influx difference in the screening test of
roots was within 0-300 pm from the tips. The net Cd*" influx in roots of TXM was 3.75 times of that of ZBX,
and the enrichment characteristic was consistent with the result of NMT. Metabolic inhibitor significantly reduced
the Cd indexes of TXM (P < 0.05), but had little effect on Zibeixian. [ Conclusions ] Compared with the cultivar
ZBX, the cultivar TXM has stronger ability of Cd uptake and root-to-shoot translocation capacity, which is an
active process, and has the symplastic pathway rather than the apoplastic bypass.
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Table 1 Composition of the Hoagland nutrient solution

iV i3 iV R

Composition  Concentration Composition Concentration
(NH,),SO, 0.18 EDTA-FeNa-3H,0 20
MgSO,-7H,0 0.27 MnCl,-4H,0 6.7
KNO, 0.09 H,BO, 9.4
Ca(NO,),"4H,0 0.18 (NH,)iMo,0,,-4H,0 0.015
KH,PO, 0.09 ZnSO,-7TH,0 0.15

CuSO,-5H,0 0.16

W 30 pmol/L AYE TR, M AEMALBE 4 v, 8
ho 16 h, 1.d, 2d WELG 8ok . K 37 AR
£ M =4, MRARA 20 mmol/L (Y Na,-EDTA 284t
15 min 5, FHZREFKMBETH. 105C R HFERA
HEAR 70~80°C HLT . FRE, BERE (1 mm) fRAF T
B, RA HNO,-HCIO, (4 : 1, v = v) ks,
FREUHETFEEZ0 (1 mm) FEYIAER 0.25 ¢ 24 F 25 mL
HALE T, 4 mL & HNO,, % F/hR=-, Bl
%o A HCIO, 1 mL, Jf 55 L/, 78 R
FhnghzE HNO, JUP 8T, N F e 18 %k,
HYFERAE A, R ETOEY], BRRAEER
Z 25mL, [RIRHEZS H . FFIHH 1ICP-OES 5 f#
W, BAMEHES 3 IR
1.2.2 WERBNELE ZBOTEITTE SRR
(Bioconcentration factor, BCF) T A AIa] 5 A
SN TG YL PREE oV B 4 IR SR I B AR BB ) . BCF= 251
hCdE /KPP CdF &, ¥%i2 Z2%L (Translocation
factor, TF) H TP U6 H B CAMARFES ) b E 1Y
Feizfig)y. TF = ZEMhCdii/R P CdE 0,
1.2.3 A 4 ) 50 Bk 5 5 Ak B ) SR R
(carbonylcyanide-m-chlorophenylhydrazone, fij5 A
CCCP) X Bl S5 M 5 5 15 AR 22 SR 2 me) 4
SKAHI B A CACL, e . AUl 7] CCCP W
4 30 pmol/L WYEFEW T, Wk 8 h 5kt Lhs
HIEE 1.2.1,
1.3 FERGHOUEAR (NMT) JlE cd BFR
I AR 4543 S0 B2 AR T DA AR A ) A A AT e 45
B B0 R I A AR R X Cd> B Bl A WO B
(BIO-001A; Younger USA Sci. & Tech. Corp., Beijing,
China), AFHHARM B 8050 193z 3h 77 10 M
BRI ACH A — D EAR N 3 pm B SMERAR I,
el it —OE T RS R e 2 mE e A s,

Tl B TP IR A B 98 (Cd Tonophore I, 20909,
Fluka, Switzerland), PIAERIFSTELUE] Cd> LK
XF T HABBH B 7 AT s BEHE R, TR Cd 7EA:
ik R s s TR B RiiAHT, 7E 30
umol/L F1 300 umol/L Y Cd* ¥R PR IER A, &
HLBR 0 - R BRI RER > 25 mvi, MERRAE L2 30
pumol/L CdCl, 5% 30 umol/L CdCl, + 30 pmol/L g
77 CCCP AL BE 24 h J5, BEHRA: K RAFA AR BLIEAT
Cd* Bk, MiLHE WAl 30 pmol/L
CdCl,. 100 pmol/L KCI1, 20 pmol/L CaCl,, 20 umol/L
MgCl,. 500 pmol/L NaCl, 100 pmol/L Na,SO,. 300
pmol/L 2 (N-MBHERL) Z B4R (MES), pH 6.0%9, R4
P e B A 7 Cd> e b P R A Cd? IR L
F R 7E B B AR AR 2R AT 1.5 pom S BRI P A9 R S TR 460
PR AR RS PAT . R E L ASET HfFic s
8~10 min i) Cd** & T B, i MageFlux
(http://xuyue.net/mageflux) ¥ $15 M) = 4k 25 ¥ i &
PEHATHE . ESRER RSB TR s s i . 7
(HF R HE T N8 M, IR, B
SEFRIIAT 6~8 MEMAEN, AR ER 3 K
1.4 HHRTHR

K4 K A IBM SPSS Statistics (Version 20) #47
GitorHr, ANOVA T3 8 F 1 {E F b o 22
Excel 05 EIE .

2 HPRE

2.1 AMRRERESESIFEER MR
2,11 DAY PSRRI AR RN A 1
fi7R . #E CdACl, 30 umol/L AbFEJ5 AN [F] B, P §h A
M. 2. HAEyERNYERALBEEZR. 5
Zibeixian AHH#, Tianxingmi #R . Z5H1M-4E ¥ & 48
fLRfiZE Cd AbFETE AR L) BB . Tianxingmi %
WEAY A Cd AR EZE K MR, 7E Cd Ab
HM1dzZE, EYETHERTHEES. 4 30
umol/L CdCL, #b¥f 1 d J5, Tianxingmi A=)k %
KAH 5.90 g/plant, & Zibeixian 4= #1514

2.1.2 fHMRERIREE MY E D CAWREREE Cd &b
PRRFLEI ] (9 AE K TGN (% 2)0 AN CdCL ALFE 4 h
TG, PSR IESEM A Cd W R B k2%
S, WP 8 hJE, 2 Cd MR B EEER,
16 h i, HRAR CdWERI BEE2ZES . PFE
SRAE 30 umol/L CdCl, 4b¥H 1 d J5, Tianxingmi 8 .
LRI Cd RS2 Zibeixian 1 1.4 %, 1.9 £
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Fig. 1 Dry biomass of two amaranth cultivars in different hydroculture time
[ (Note) = *. ** Fox Wbl A [a]— AR AL Mk BE 22 S ik B g 25 R i 27K
* and ** mean significant different between the two cultivars in the same part at 0.05 and 0.01 levels. respectively.]
&2 A[E Cd L IERTE) A R FISEA R R Cd KB (mg/kg)
Table 2 Cd contents in the root, stem and leaves of two amaranth cultivars in different Cd hydroculture time
A PRI # A& Root 2% Stem it Leaf
Hydroculture time Tianxingmi Zibeixian Tianxingmi Zibeixian Tianxingmi Zibeixian
4h 183 £47 126 £22 6.72 +£2.67 490+0.98 3.79 £ 1.64* 0
8h 245 £+ 36 181 +£34 63.8 £2.7%* 5.49 +1.86 28.9+3.1* 21.8+2.1
16 h 504 + 35%* 354 +30 134 £ 13* 91.1+11.6 41.3+6.4* 264+24
1d 609 + 52%* 448 £ 38 255 £ 48* 134+ 13 62.3 £2.6%* 390.7+2.6
2d 658 £ 40** 482+ 12 359 + 52* 264 + 17 130 + 4** 84.0+7.1

7 (Note) : *,
same part at 0.05 and 0.01 levels.

1.6 %5, AWrmi KEY, Tianxingmi #2 . ZXFI-H
Cd W58 609, 254 Fil 62.3 mg/kg, Hb L4
RIY Cd FLR & 41515535 602.0 F1 1308 pg/plant.
2.1.3 EHERE (BCF) 5555 28 (TF) 3
Tianxingmi I H b Zibeixian 5 10 & £ R E S5 5%
IERE(GR 3). PSR ISR S R RS s KA E
Cd AbFRIFLLT ] 1 LT HE A, 30 pmol/L CdACI, &b
1 1dJ5, Tianxingmi &5 RECH Zibeixian 1 2.1
%, 2% Tianxingmi NI EEH E £ E SR Cd BE S
XT#5% 5 Tianxingmi B¥%i2 RECH Zibeixian 19 1.5
%, W] Tianxingmi 5 Zibeixian FHEL, o) M [ HR4%
iE RN, BAHRE Cd ZREET) .

2.1.4 WA Cd BT 78 CACL, Ab R A SR R
s EAT RS E (K] 22), A BMAR SR T0i ity e 1]
MITIE 0~2100 pm JEHNFAFTERRE R Cd N, B
3 2R MANFA B I Cd> o XFARZR 0~300 um i
Bl PN A 2 s AT, BRI Ay Ot DXl 2 UL 458 3] e
SRAT IR CA IS B ah A 22 5l ik, anlEl 2b

T T R TR — B AR S 22 538 %) 0.05 11 0.01 {2 7KF- Mean significant different between the two cultivars in the

FE 2¢ i, WA R Cd BT B Bt
o fE 8 min [ RE S 7S E H, Tianxingmi &
Cd* NP H41E A3 380 nmol/(cm?'s), & Zibeixian
1 3.75 fi5, W5 Zibeixian L, Tianxingmi #25
FEETERR Y Cd WEURE JT . NMT {45 SRt 5 70 4

&3 [E Cd LA E A a5 = & R (BCF)
S5 R¥ (TF)
Table 3 Bioaccumulation factor (BCF) and translocation
factor (TF) of two amaranth cultivars hydrocultured in
different time (CdCl, 30 pmol/L)

Hh I ] BCF TF
Hydroculture time  Tianxingmi Zibeixian Tianxingmi Zibeixian
4h 1.37 0.24 0.03 0.01
8h 11.78 5.44 0.16 0.10
16 h 20.67 11.61 0.14 0.11
1d 37.74 18.13 0.21 0.14
2d 60.96 38.27 0.31 0.27
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Fig.2 Net Cd*" fluxes in the roots of Tianxingmi and Zibeixian
[7E (Note) : Bl 5~6 MMM R FEMFHIME + b2 Each point is the mean of five to six rootsamples + Sd; A LA /NG FhEFR R
Z5FiK %] 5% I % /K- Different small letters above the bars indicate significant at the 5% level.]
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(ERSITASERE A
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AbFR, AL B Tianxingmi &4 R AU S 2 25U
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Cd WICRRAE g FZ I, FHAESR i ol £ R (NMT) 247
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R4 RIMAIHINEIT CCCP ERMMIIRMRERE .. LAY BF) SEERE (TP
Table 4 Cd concent, bioaccumulation factor (BF) and translocation factor (TF) of two amaranth cultivars after
addition of metabolic inhibitor CCCP

FRR I Cd content (mg/kg)

isel rn A WERE s 2HL
Exposure time Cultivar i Root 2% Stem M Leaf BF TF
Tianxingmi 245+36a 63.8+2.7a 289+3.1a 11.78+£0.57 a 0.16+0.02 a
Cd
Zibeixian 181£34b 549+ 1.86b 21.8+2.1b 544 +0.51b 0.10+0.03 b
Tianxingmi 105+21¢ 2.14+0.44b 7.61+£1.18 ¢ 1.77£0.19 ¢ 0.06 +0.02 ¢
Cd+ Ccccp
Zibeixian 150 +26 be 4.67+1.89b 172+3.7b 428+1.01b 0.10 £0.03 be

# (Note) : BUEJG AF/ING FH:F R Rl —H A M e dg frla 22 5155 5% B3 /KT Values followed by different small letters are

significantly different among the same parts or index at the 5% level.

TR Cd 32 RE 1. AW KI, Tianxingmi 25
FInErify Cd W 431 Zibeixian ZE A1 1.9 £%
F1 1.6 £%, Tianxingmi & £ 2% (BCF) 24 Zibeixian
1y 2.1 % (& 2. 3 3), UEP] Tianxingmi A{UA I
R EE Cd MEAURIRSE, HASEA IR
Cd fagBeJ1 . AHITEXT Solanum MR EFIifE—
FE I TA] A B UL e & B, = AR A Solanum
HRZE Cd* WP IE R IR R 2.78 £, TEH &
TR Solanum R Z HATH IR Cd WRE /12,
T SRR AR, FRATTR AR A3 SO B AR E ] T
R AR 22 57 5 2L Tianxingmi 5 Zibeixian /N [A]
1 Cd FRRAFAE (151 2). [R5 @ AR R B Solanum A
FeEZ, B R TS Bl Tianxingmi #R & Cd W AE
JisEag, FERNHOE T AR — 2 . AR
FXF CA* (W GHE H A PN IEAR T AMAR I B R0
BRI IET, 45 % S. melongena 5 S. torvum R & Cd
W SRR ST 25 SR KB, S. torvum AR FR Cd> ¥ [a]
12 i E PN K 2 RN e A B A2 1) BR AT AR ME AE A R 1)
Mo EERELZ, 1M S. melongena MR £ Cd*> ki 1] iz i -
A2 B FR N i T LR RIS AL 4 R AEAE
3 TS MAI B i A ) P A IS i Cd> TR )R 2
FIRR], X 7] BB 1 A Tianxingmi 55 Zibeixian R &
WL Bz Cd AR RARHEAAAE 22 S Y S AL
AR S AP Cd AR & P [A) 4545 o ) b |
WR i ROR B, BN Arabidopsis thaliana Fl
Echinochloa polystachya®™ ., {KMXEELE | Cd Ab
BFEIY 4 b BF, PSR S i Cd YR 3R
WEZERME; Cd ALFEESES 1d B, Tianxingmi [
#5325 20 (TF) A Zibeixian B 1.5 1% (F 2. % 3), #F
AR K] Tianxingmi (6] 4 b EREGIE Cd SRR,
R B R R p B R B A Cd BL . [R]A OC

Solanum WIMFFE M, BIMEAR R Cd WRIEMIE, =
SRR LA Cd v EEAR AR B s IR R
Fhe2, R T X — 5 R R Re 1R
KA e THEA M E stz Cd kg
) R E Y S S E S e e R I IR N - A e I N
e e ) R BOR BT T B i 38 Cd e 22 5=
S N e o Ny e e e N DR 23
ML A TR R 2 A R G

4@ BT i ARE PR 2 — 53 S e sl W W =
Bl S A, B Bl WSO Bl e R R e T A
HEAZHML, S0 Ak 2 SR B (R 25) AT 2N
FERLD I RE LA — R B AR . R BRI
RS AR = AR ) ATP KT A BE =, i Ak
SRR (MR 25) XS HEAT Y v R S M Aot
o AR, SRR Tianxingmi A& MAH
P CCCP iR . 25Ny rf ) Cd ¥R B4 B2 TR
TR HIF] CCCP 41/ 2.3 5. 31.5 f5M1 4 5, 4%
TE CAWREY R BEM2ZR (P <0.05)(E 4),
X b 22 S AE 25 A AN G o EL VR AR a9 A )
CCCP 4H = 25 Tianxingmi 15 4 2% (BCF) 5
5ia 280 (TF) W FEAL (P < 0.05)(F% 4), EHEM
S Tianxingmi [n] M [ 5% 52 o 72 9 AR 3 90 i 57
CCCP SE2 il 1T o A8 FAH A UE A A S
il 5% CCCP J5 B A H T = AR R R drabidopsis
halleri 1R % Cd I K BTk A5 Hy F Rz, FAl]
W E T Tianxingmi A FR Cd* B 7 (K 2b. K 2¢),
A7) CCCP B W R#(% T Tianxingmi 2 & Cd*
W (P <0.05), FRINREHDHIF CCCP 4148 & Cd>
W RN RGN 0.6 15, REHmHIF cccp &
BEAH] T =L 2 Tianxingmi M3 R Cd AW, FEBH
TR RN T FL 2 Tianxingmi AR & Cd #4578
B FCHE E A R B 1) M b 3R ke EEAE A . AR
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Zibeixian AH AL, HA T mRMR R Cd MUhe 1 R
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