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Screening of Amaranth Cultivars(Amaranthus mangostanus L.)
for Cadmium Hyperaccumulation

FAN Hong-li, ZHOU Wei

(Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Sciences/Ministry of Agriculture Key
Laboratory of Crop Nutrition and Fertilization, Beijing 100081)

Abstract: [Objective] Amaranth (Amaranthus mangostanus L.) is widely distributed in China and China has abundant
varieties, it can be served as a candidate of cadmium hyperaccumulators for phytoremediation by screening of amaranth cultivars
which is tolerant to cadmium. [Method] To obtain cadmium hyper-accumulator, Cd uptake in 23 amaranth cultivars from different
ecological regions was investigated under hydroponic culture condition. Meanwhile, a pot experiment was established to probe
phytoremediation potentiality of Cd contaminated soil by amaranth. Three treatments (Cd 5, 10 and 25 mg-kg™) were conducted
using to red soil, yellow brown soil and vegetable soil. [Result] The results showed that under hydroponic culture with Cd 3 mg-L™,
the cadmium concentration in the shoots of the cultivar Tianxingmi reached 260 mg-kg™, and its total cadmium uptake was the
highest among various cultivars. In the treatment of Cd 25 mg-kg?, the cadmium concentration in the shoots of the cultivar
Tianxingmi reached 212 mg-kg™, while the bioaccumulation factor and shoot purification rate reached 8.50 and 3.8%, respectively.
Further, the total biomass and shoot biomass were not decreased significantly in all Cd treatments. [Conclusion] These results
suggested that cultivar Tianxingmi is a typical Cd hyperaccumulator, and can be used in phytoremediation of Cd contaminated soil.
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W E R 2 L s R, IAEE R R
Bty BB 2 v TS S AT Y T I S A
RGBS B B IR LT AT
H AT O 502 W B SR A A28 W 3% (Thlaspi
caerulescens) ™, (H'EA: K L2118, WIHREE/N, ML
YR, EIJETFSE (Brassica junica) A B
TP e A hE S, AR ERR, (HENEIF AR
SR PRI, AR R M DO TR PR . 3 JL A ORI
¥ I+ (Arabidopsis halleri) ®1, =5 1I %3 (Viola
baoshanensis) . K@K (Sedum alfredii H) 1,
Je%% (Solanum nigrum L.) P11 K sy i Feth 45
A E IR . SO R
1 168 mgkg™, (A4 E S RHCT A 2.38; 7R
PR SRR E Y, TR R R
T A, FReE s R ] &R A5 A
FEAEARPEIMIRE A 25 mo-kgt ST, ZERIM g &
354 103.8 Fl 124.6 mg-kg™, 1T FAERHEY
SEAEAR PR A 80 mg-kg ™t 4 T Hb b 245

FrEihF] 180 mg-kgte  [AHFFTIA LG Y HIX Lk
P EL T ANy P AZ B, Bl T s v,
M ATE A B TR o [ A A AR Rl AR O
A MM T, AH SR EE AR B . Pt
DB IUEE 20 o, DA B0 e S )
BRESK.  [RMEY CHER ] Ji2% (Amaranthus
mangostanus L.) 7E-HE AR, SRR IEFEE,
AR FLAE K, 38 TR A A8 52 9 s LA 3«
O SCHRHR T 56 DR R D8 R o )4 s B e ),
s 2 A 05610, EFENKEARL, X 23 ANA
A7 1R Py e A R S i e 6 1) WA e ) kAT 0 1K
P 2 R 0 0] 9 12 HH A P D S5 ot Pl i R B T AT
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Table 1 Ecological region of amaranth cultivars tested

4ii*5 Cultivar No. T AR Germplasm No.

s Cultivar

HEZ5 X35 Ecological region

1 V09C0077 215532 Hongxiancai
2 V09C0207 21 %i3% Hongxiancai
3 V09C0248 KK Tianxingmi
4 V09C0303 I ¥ 75 i B2% Linru gingyexiancai
5 V09C0181 {elE 3% Huayuanyexiancai
6 V09C0279 [54 - 2E Yuanyexiancai
7 V09C0402 i TE3E Baiyexiancai
8 V09C0184 165 Huajianyexian
9 V09C0157 UL BE Hudiexian
10 V09C0262 ZRRME Lijjianyexian
11 V09C0082 {Em 5% Huayexiancai
12 V09C0183 Wil 55 Wanyexian
13 V09C0050 SEINEEHSE Quanzhou liixiancai
14 V09C0041 5108 Zibeikuoyexian
15 V09C0016 2134 3% Hongbianxiancai
16 V09C0428 R Jianyexiancai
17 V09C0330 Il A3 Lingying liuyexian
18 V09C0385 1€ 58 Huayexian
19 V09C0194 I [ 2K 56 Huangyebaimixian
20 V09C0406 ARIMAE11 5 Jianyehuabianxian
21 V09C0222 — 4L 2% Yidianhongxiancai
22 V09C0009 ZRZRME Lijjianyexian
23 V09C0424 ZE I Lixiancai

i3 3 11 717 Haikou, Hainan

2 F KELEL Dali, Yunnan

U )11 % 72 2. Mianning, Sichuan
T EG G4 EL Linru, Henan
YLV4 R4 5 11 Nanchang, Jiangxi
] % M Ak B Conghua, Guangdong
R AREH £ Shaoyang, Hunan
YLV RS 277 Nanchang, Jiangxi
VLR N Tl Changzhou, Jiangsu
AR M T Fuzhou, Fujian
15751 NI Danzhou, Hainan
YL P44 £ 117 Nanchang, Jiangxi
R MM TIT Quanzhou, Fujian
#E AT+ 117 Nanping, Fujian
ZEA IR Hefei, Anhui

WL 23R 117 Lanxi, Zhejiang

T E I A Linying, Henan
WAL Zhuxi, Hubei

=3¢ L33 B Shanghai county
VL35 M1l Changzhou, Jiangsu
Z S %711 17 Ma’anshan, Anhui
207 # EL Ningguo, Anhui

Z< P 4)1Ili Dongchuan, Yunnan
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1.2 KiEAE NANINERE TR, BRALBIEE AL 3 Ik INEREE IR 10d 5

BRIV E M E IR, LA TR 2.

W 23 ASDESE TP IR 155 R A T A - R
KRR, fRKH 3~4 FEM)E, BUAEK S0
WA 3 LR E T, FRnE kb
i &SRB . A IR iR 2 ), L
HH 1A, 12 2AEFRM. g R ARG 2 d Sk
1 YO IR, pH {RFFAE 6.5, 24 hiESHE <. B

BESG RS 4 25°C/20°C, AHXHEE (60%~70%) ,
6 /RS I [R] 4 14 h/10 h.

i RIE 2 HJa AT INRAL L, L CA(NOs), it
W, S Salt 5P, B KT o 3mgLt,

Ny ZTAN

F2 KIBRWEFREF
Table 2 Composition of the nutrient solution

WK, K 852 AR AN BB 4, 2 kg DA K
Yang 257 R0, WG 288K ki, 1 20 mmol- L™
Na,-EDTA A2 #t 15 min, 5 H 258 Pkt T4
M ESBSE T Bk, R K, T 70°C
T, BREE, SR DU A o
1.3 iAW

R ARAHE, SR, b BRI, o
IR O R B AKRE L, Rk AT REE
PRALFED, SRl R BWLs 2%, BT T3,
0~20 cm KRZy5 4t 13, AR5 2 mm
o AL AL R LR 3.

ZHL 1% Composition W Concentration (g-L™?) ZH 1% Composition W< Concentration (g-L™)

Ca(NO3),-4H,0 1.18 HsBO; 2.86x10°

KNO3 0.51 MnCI-4H,0 1.81x10°

MgSO,-7H,0 0.49 ZnS0O47H,0 2.20x10™

KH,PO4 0.14 CuS0O,-5H,0 8.00x10°

FeEDTA 3.46x107 (NH4)sM0024-4H,0 1.80x10°

F3 AR TIERIBHIER

Table 3 Physical-chemical properties of the soils tested

R S ait] HHLB pH AR A UK R BT SmsE AR E

Soil types Organic matter (H,0) Alkali-hydrolyzable Available phosphorus — Available potassium  #t5 CEC Total Cd  Available
(gkg™) nitrogen (mg-kg™) (mg-kg™) (mg-kg™) (cmol-kg!)  (mgkg™) Cd (ugkg™)

FRETHE Red soil 23.0 6.32 86.0 9.30 20.0 10.1 0.03 0.02

ViR 35.6 5.74 140 14.2 90.0 16.1 0.06 0.06

Yellow brown soil

Sl 1 34.3 5.30 194 16.1 180 19.6 0.06 0.03

Vegetable soil

IR TR il Pl A 7K R 6 0 2 1 SR B ' 4
F. S Wei P50, 3 B L33 B X I Cdo.
Cd5. Cd10. Cd25 mg-kg™ 4 AN 4bH (43511 CdO. Cd5.
Cd10. Cd25 £/r) , RAHER 3 Ik, FAATIMA
CA(NOs), W, BE7E%E+ 750 g. KUt A& N 0.15
gkg?, P,Os 0.15 g-kg?, K,0 0.1 gkg?. +i#faE 1
AN AJGRER, SRR 10 KL, @A 5 k. FEFRIRH
P TIOKGERE, B 3d ¥R 1LIK, RRHRGEHE SO ml, 1%
TR FEDRFRAE 80% FH M RF /K & o FRIEEA A [ K B i

SR T 45 d SR, RERRAE i A B[] v v
TR
1.4 MEFHZX

RIMEAHS K H HNO3-HCIO, (4 = 1, v = v) ik,
FIEAE R HCI-HCIO, (421, v:v) WM, 4
AR DTPA I, 25 & 74K K9 6k
(ICP-AES) J7 il s M bk R - g8 vh o pg 04
1.5 HiENIE

K SAS #FEATIT 72 (ANOVA) Ziit- 43 b,
Excel ZAHUA EE .

2 HRSH

it = & DL R AT R i ik
TIPS Y AT AT, 284
R R M EZon s OIS A A

2.1
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e Nk, SR TG 3 M M LA A Cn
AL FATE SRR L) R, R
BUR 3 7% 8. A 1 aTLAE L, 1. 2. 3. 15, 16,
19 5 AR A R T 1

R 4, K5 GREIR, ASIFISE GBI RN,
ZESAROR, M BB AR 2R AR IR P VG T 433 D 32.4~
260 mg-kg™ f1 137~633 mg-kg™, Hi b8 A FEA 4
ZREIEHE S BN 445~962.8 ug/plant F1 114.7~
1315 ug/plant. e 1, 2. 3. 4 5 SR R AR R
WA YW B T E R, 3 S RARK DS
BRUR P Sy, JLHb bR R A bR I B SRR 4 A )
962.8 fl1 1 315 pg/plant, 7EFT HER AR 4 B,
I ML b R EAR R BRI 2.74 £, W]
WS AR R e AR B M L. DRI DS B R ALK
HARR I = R R

EIRERANT, 14 5 52815 B i DA nia 4« 1
TARMAEDEMR (KD, i s e irs

BER SRR, 1k 483 mgkgt (R 4) , LT
(I ANTIRS 55 it ol o
2.2 RBEBENRMERSRIENEEE
221 HAENTEREXRENENDH K
R AK SR AE AR Behd . Sl - 3 Fh b b
BE47 Cd 0. Cd5 . Cd 10. Cd 25 mg-kg™ 4 AN 43 ik
. K2 iR, X (Cd 0) L#, Cd 5 #
Cd 10 mg-kg™ A B R EOKHR . 25, mAEMREA R A
BFEAME (P<0.05) ; Cd 25 mg-kg™ &b PR 1 i
SRR S AR 2 38 1) 25 B 2 35 AR, (EARX B
Hik#) 0.8 UL L, e Ay E R kA B .
ANF] R SR WO A BT R K E R, USRI TR AR
AEY RN, AR, BT AR R AR R
Filoh 0.15~0.55 g/plant, Z2/4EY &G 0.34~1.15
glplant, ™A ETEEY 1.22~2.84 glplant, XL
PR R AHAL M A Ok

M 238 1 %t B KR £ 1 BLYE 10 mg-kg™
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Fig. 1 Effect of Cd treatment on the biomass (DW) of amaranth cultivars in solution culture experiment
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Fz4 KEFHETAREBMIERE Fz5 KEXFHFTARUEEMHIRERINE
Table 4 Cd concentration of amaranth cultivars in solution Table 5 Cd accumulation of amaranth cultivars in solution
culture experiments culture experiments
G Hh b AR IR HRARMIRE AR L gy b SRR R AR R RV R
Cultivar Cd concentration  Cd concentration  Ratio of shoot Cd Cultivar Cd accumulation Cd accumulation Total Cd accumulation
No. in shoots in roots concentration to No. in shoots (ug/plant) in roots (ug/plant) (ug/plant)
(mg-kg™) (mg-kg™) root Cd concentration 1 424.8 185.4 610.1
1 230 555 0.41 2 351.3 166.2 5175
2 186 598 0.31 3 962.8 352.0 1315
3 260 604 0.43 4 488.6 348.9 8375
4 235 633 0.37 5 345.0 138.4 483.4
5 126 257 0.49 6 285.7 151.6 4372
6 96.7 210 0.46 7 56.9 65.6 1225
7 324 189 0.17 8 234.0 76.2 3102
8 112 246 0.46 9 115.2 55.8 171.0
9 58.7 137 0.43 10 69.5 60.3 129.8
10 530 165 0.32 11 112.7 61.1 1738
11 574 145 0.40 12 2225 118.7 3413
12 114 233 0.49 13 128.4 63.9 192.4
13 51.0 150 0.34 14 75.4 69.5 144.9
14 48:3 204 0.24 15 540.1 170.4 710.5
15 102 243 042 16 659.1 225.1 884.2
16 12 432 0.40 17 229.4 186.0 415.4
17 9.2 221 035 18 631.2 425.0 1056
18 156 431 0-36 19 342.2 228.0 570.2
19 798 304 0.26 20 260.8 211.7 472.5
20 108 306 035 21 483.6 253.1 736.7
21 144 316 046 22 300.5 158.9 459.4
22 158 321 0.49
23 445 70.2 114.7
23 50.2 247 0.20
LSDo.s 322 185 36.4
LSDos 19.8 37.9
0.8r mCdom Cds 0 Cd10DO Cd25 v |
= Sroow M Leaves
% 1R Roots . . =% Stems
5 0.6} . N
4 a b 1o}
E 04 Al
e b ab a
i ab al a
2 02} £ 031 k) b i}
=
0 . 1 - 1 J 0 1 1 J 0 J
DIk bR ¥+ pigae: ! gi3: o+ FRET I g il 1
Red soil  Yellow brown soil Vegetable soil Red soil Yellow brown soil Vegetable soil Red soil Yellow brown soil Vegetable soil

[ — AR NG PR R 2 A F 5% 5 2% /K Different small letters in the same soil mean significant at 5% level

2 FRTEFBAEMHERREREYENEI

Fig. 2 Effect of soil Cd supply on the biomass of amaranth (cv. Tianxingmi)
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INERAREE, JUICAE S AR RO i Ay, R
Cd 10 mg-kg™ b & TR, D Ur R K
TSR ot P B i s R B i )

222 HABENEEXRERBRERENEREZH
B R 6 BN, 3 A RSERAKIR. 2=
RIS 359 i A SRR R S G i vy, RN
MW>m>25, Cd 25 mg-kgt AbFREAE R, M ARTR
BkEak 100 mg-kgt, LRR - B, AF] 234
mg-kg™s 254U H AT e 3 - L EEd 100 mgkg ™t

®6 ARLBBREMNURRXERFBRERMN

L F) 154 mgkgt, {HHh AR E Y 107 ~212
mg-kg?, Bt 100 mgkgt (£ 7) , LFEEEE
FA b R B s S bRAE 100 mg-kg™te AS[A]
FAF NIRRT — 2 e, AR TAREEA A,
M . b1 pH 5.30, ZEfEHA AR, K
pH AT H40a1L, 5 THmli. Yanai &
RIUAE pH 4.4~7.6 P I8, pH 5.1 11 13 FAE
PRIGH & B e IX 5 A S FATL.

AW E R (ER) Rt Fias ik e/ 1 e 4

Table 6 Effect of soil Cd supply on Cd concentration of amaranth (cv. Tianxingmi)

Ab B FEE AU Cd concentration in organs (mg-kg™)
Treatments i Roots 2% Stems I} Leaves
Cd5 R4 Red soil 35.8+1.0 21.5+0.8 28.6x1.5
#EE3E Yellow brown soil 41.4%1.0 22,615 30.8£0.5
31 + Vegetable soil 51.1+1.0 26.5+0.7 31.74#1.0
Cd10 FR41 3% Red soil 79.9+0.8 48.9+1.9 65.7+1.1
R Yellow brown soil 94.1+1.8 48.0+1.1 66.7+1.8
31 + Vegetable soil 128+2 58.8+1.0 86.0£0.4
Cd25 FR41 3% Red soil 228+6 89.0£1.0 112+2
#EE3E Yellow brown soil 27416 91.0£1.0 120+1
31 + Vegetable soil 528+10 154+2 234+2

+ M FRUEZE  + represent standard errors

x7 FTRTEFEREMNURREREYEERHBIZNG
Table 7 Effect of soil Cd supply on bioaccumulation factor of
amaranth (cv. Tianxingmi)

psil o BSARIRIE M B E AR
Treatments Cd concentration EY i
in shoots Bioaccumulation
(mg-kg™) factor
Cd5 /413 Red soil 26.9 5.38
k£ Yellow brown soil 28.6 5.72
b 1 Vegetable soil 30.2 6.04
Cd10 7R413E Red soil 61.7 6.17
#E3% Yellow brown soil 61.4 6.14
Sl 1 Vegetable soil 78.2 7.82
Cd25 741} Red soil 107 428
k£ Yellow brown soil 118 471
31 + Vegetable soil 212 8.50

SR, T 3 Rl LR G Y I, LR
EARMK, R iRk R AL B, 7050

5. 10, 25 mgkgt. # 7 4R EIR, SR HERITERE
7t Cd 10 mg-kg ™t AbFRAEW) A R B R, 420k 6.17
H16.14, 113k 1-7E Cd 25 mg-kg™ kb2 A4 w4 R 5L
oK, 1.%)8.50.
223 RABENTEREARERERELEND
w3 BN, 3 Fp I BRI, ZERI
I SR AP i 4y i o - S A R 8 () B N T v, 3L
AR 2R ER R, W B K TIRA. Cd 25
mgkgt AL HEA MR, A bk RBLE Y 200 ~ 947
pg/plant, Hb_F#B4 166~711 pg/plant, LASERE 184555
() AR, Hib SR R 3.01 fiF. it
B IR IR AR T, RECKRAOR ML K, i HL
REFF IR (1) 8 AR 23 A B S, 130, e — PR AL 1
R -

8w SR NE S G s g T IR SR S FR AR L
RN, b R =R B R R (IR
B X 100%. T AR TR IR T SUEARE, BT LU
AR A B R DAASER AN L A R
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Fig. 3 Effect of soil Cd supply on Cd accumulation of amaranth (cv. Tianxingmi)

T, T AR AR A . WK 8 TTLL
FHili, 3P L FRECK AR R 4E Cd
10 mg-kg ™t AbHE R Ik E R, oA SCRASR b ok e
ARk AL EE A E Ay 5.1% 1 4.2%. Cd 25
mg-kg™ Kb B K SR A AR R b A e Al oy
BIEF) 5.1%F1 3.8%, o RG4S Z 1.

F 8 WRREAMRTLRIIERNSFLEE
Table 8 Purification rate of amaranth (cv. Tianxingmi)
against cadmium contaminated soil

Lb 3 R CUNRE RS

Treatments Purification rate  Purification rate
in plant (%) in shoot (%)

Cd5  FR4LHE Red soil 14 12
Tk Yellow brown soil 3.3 2.8
3218 1 Vegetable soil 3.7 2.9

Cd10 FFZLHE Red soil 18 16
HikEi# Yellow brown soil 3.6 3.0
3218 1 Vegetable soil 5.1 4.2

Cd25 744 Red soil 11 0.9
HikE4# Yellow brown soil 2.5 1.9
3218 1 Vegetable soil 5.1 3.8

3 itk

ST H R SRR A A AR R — A, 2
SKAHD b b3 () T 4 e O B v T AR HEAE,
K %2 [f2: Baker 1 Brooks #2 Hi 1122 {411, Rkl
Yyt Fr st 3o (CFED R Cd 5 ik E 100 mg-kg ™
As. Co. Cu. Ni. Pbiki#]1000mgkg™*; Mn. Znik
) 10 000 mg-kg ™o LRI 400 42 Fhi & SRR FEA

S LUARHE DA ST 1o 171 B A 7™ A (R s v i 2 5 e 41
T b3 G A TR 20, wei M B
BITTOAN S BRI Y AT T PR e v
FEURHE . T PEREAE SR S R ) b S s 7 ik
FIH LMY S AR, ILH B AR
R R R B AR M B E AR RO T 11,
Z/ R b G B A B AR I S
PRUERT, FoHb LS E SR R BORT 107 9eks b, WA
TG S ) AR UL, R b
BoaatIEES AR (AEERED gy
s E AR A R O EP A 4R
WIS 52 AR TR i, R (1 Ak AL
FEHRREOEARKT 109, sepntys e e 5 AR
HA S R R A, RE KWL+
1 Cd BN E 25 mg-kg ™ 4R, i b AR A A
Kk 212 mgkg™t, it 100 mg-kg™ il AL bR
B M BRI B G, A Cd A
SRINTE; EAEREIR, H 8.5, AT 1t K
SRR BAR MY FIRER IR AR TR AR, AH 1 T JLARI
Wt TR, HAR R nT RS i B3, wf
M TR g LB mIE = . BRI, SR ALK
B S R

H AT T B 2 H 55 & 4R ) 2 T. caerulescens,
e B AR L 7 LR R P B B N 164
mg-kg ™, AT I ARl AT AR R 4
Hfe ), M EEmE S EEIA 2 800 mgkgt P,
Dahmani-Muller 25 1, A. halleri 75 BF AR & A4 T i Fm)
HAEBIH 250 mg-kg™ B, i 5w SUAR H HARSAE T
ot B2y HonT s 42 80.6 mg-kg ™2, w] WA
PE S TRUR A4 W 2 S AR K328, kA, Kupper



4 3 TEUt RS, SRR SRR (Amaranthus mangostanus L) [rI7%ik

1323

EERI, KEFEAE T A halleri b BRI & 2405
oA 5722 FiI 37 350 mg-kg™, MR AL IR R 6.5
BP0, B E Y AR SER (Salfredii) 7875 37
WA K 500 pmol- Lt 4F R, MRS RN 5 677
mg kg™, 7 AR S A 400 mg-kg? &0, ML
A O A 2 900 mg-kg P, mHZL%E3E (Beta
vulgaris var.cicla L.) 7E4@75 4K 14 20 mg-kg™ 4:1F
T, H RS S B T 100 mg-kg X BR A AR
AR S AR I 3 B (e T BARTRERO . ARSI )
T PG A P AR AR, KR, BARK
e, nTEEARRE ] TR S RS R .

4 ZEig

W SRR SEKAE N Cd 3 mg L™ KB &1F R,
Hiy b F 45 S Bl 260 mo-kg™,  EAR R A b I AR
SE T B A T S8 b . RAEKIESEAE 3% Cd
PENWSE 25 mgkg™ 4 FF, o bR o R KA
F) 212 mg-kg?, RSN NIAE] 8.50, b gL
i NN 3.8%, FEARS THEEEMYRE, v
FFvs g 3R A e 52
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