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Cd hyperaccumulation and accumulative Kkinetics of Celosia argentea Linn. for phytoremediation of Cd—con—
taminated soil

YAO Shi-yin', LIU Jie"*, WANG Yi—xuan', ZHU Yuan—fang?, FENG Shun'

(1.Guangxi Key Laboratory of Environmental Pollution Control Theory and Technology, Guilin University of Technology, Guilin 541004, Chi-
na; 2.Guangxi Collaborative Innovation Center for Water Pollution Control and Water Safety in Karst Area, Guilin University of Technology,
Guilin 541004, China)

Abstract: In the present work, Cd tolerance and accumulation in Celosia argentea were evaluated using pot experiments with soils spiked
with different levels(0, 1, 5, 10, 15, 20, and 25 mg-kg™) of Cd or different Cd compounds[CdCl,, CdSO,, CdCO;, Cd(OH ),, CdS, CdO, and
Cd(NO;),] at 5 mg-kg™. Kinetics of Cd uptake and accumulation in the plants were also studied in natural Cd—contaminated soil. The results
showed that C. argentea has a high ability to accumulate and tolerate Cd. The biomass of C. argentea did not decrease significantly when the
soil Cd was <15 mg-kg™. The Cd accumulation in leaves was above 100 mg-kg™, and the transfer factor and bioconcentration factor were
both higher than 1 in all plants except for control. Therefore, C. argentea could be identified as a Cd-hyperaccumulator. In addition, C. ar-
gentea can hyperaccumulate not only soluble Cd but also insoluble Cd. Cd concentrations were 134, 102, and 90.2 mg -kg™ in the leaves of
C. argentea grown in the soils with exogenous Cd(OH ),, CdS, and CdO, respectively. This finding indicated that C. argentea has a potential

to remediate soils contaminated by different Cd species. In general, the concentrations of Cd in tissues increased progressively with time.
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However, the uptake of Cd in shoots increased insignificantly from the 8th to the 12th week (P>0.05), indicating that the 8th week is the

best harvest time for C. argentea. A short harvest time is favorable to improve the efficiency of phytoremediation. In conclusion, C. argentea

has a great potential for Cd phytoexiraction because of its rapid growth, considerable biomass, and high Cd tolerance and accumulation.

Keywords: Celosia argentea Linn; hyperaccumulator; cadmium; phytoremediation

Cd(5% ) TP w5 ez —. 2+
5 YR OUIR A AR B, 3R 3 Cd i s 67 B
R 7.0% , JePra TehLis Jerh s g, A Cd 5
HAbF S JE TR A, BA R R s A YA 3L
P, 5 T B U AR, Bt LLZ T R
IR TP e E R R R 2P, AR
1) Cd 2380 B IEFIRR 22 R G2, I3 308 BB A il B
FEFTRRES, B, 13 Cd 15 e min BLE U R R A
AN(E3E AN S TRz

TR AR HAT AR R 2 TF AR - RERS
KIAFRSL . A28 52 1 X 3 il R T5 G4 e
TEG R 3% Cd S HAbE & )8 15 4L 7 A &) 16 1)
IG5 IO ARG A
VER ZBRT5 3 LI SR TS5 YY), s A1
AEY S A AL BAR B A HAT,
FEINAME A2 17 Fl Cd & AW BV 2 A
Z X IR AR B AWy /)y, 38 W3R (Thiaspi
caerulescens ) N oy B4R T H 4815 YL H MY &
52 ALRENE R — PR A T B e LT
PRI 7 16 HA TR N (B ) Cd s A AT 9K
SRR A Y BRI T AN,

B (Celosia argentea Linn. )= RS A R — AR
AT, A TR RER o L IX . FERTI TS
o, AT BUT ARETE AR I AR X IUOR AR K H.
YRR (bR R iR K ATEE 170 em A247) IR 43 i
5 Uk B B B AR REY, [ BLE R Cd
ARE T Z M E LGRS, TREE —FETE HA
BEFABHERY Cd 8w SRR, A Sl 28R 50 B
T T MMNARREE . AFES L Cd /Y& S hE
71, VAR AN A A LR s Ak 75 A 18 52 92 PR Cd 5 4%
T HEAROR TN 2R AIE 8 SRR IE AR AR
AN T H X T Cd 5 Qe PERe,
DU R FF Az ) T 38 Cd 15 QL 18 52 $2 A1)

| HR5HE

11 g0t 15
FAAM T REET T VU AR B4R 0 IX . e H

TR 1S AR TR TR, B TIRERIE,
TR R E AR 20~35 C, R RS, B
Hoagland’s & F£ M GelE— k™, - H A 438 5K =R
FRrE H R K B 80% A2 47 . FRshii K 4~6 H
M, BN 3~4 om B, BRI T AR S

AR 38 40 J1 SR AR ER TR 1 R XA R
H1 0~30 em Y22 (So) M PUHEG™ X R AD I Y K A
H 10~30 cm ABEE)Z(S) o KR AR 1A B P i Ab
T, a2 2 mm i, A 846 I (SL-3A )il
FE pH A ML A S0 T A5 s R S A FLA
PERR(R 1), +HER Cd R HNO,-HCIO,~HF JHZ&,
A3 ELAS Cd SR 0.005 mol - L~ DTPA+0.01 mol - L™
CaCL+0.1 mol L™ TEA }&4%,25 CIE% 2 h!, JH 7
CHEREL(PE-AAT00 1 )42 .

=1 il TR

Table 1 Some chemical properties of soil used in pot experiments
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Be 1 1 1 1 H 1 j§Cd/

13 gkg! mgrkg! mgrkg! mgekg mg-kg” me-kg

So 12.0 5.12 7.19 41.1 539 0.24 ND
Si 19.2 76.7 6.31 68.7 5.68 5.72 2.62

T ND Sy 2 i ARSI Y

Note:ND indicates that the content is not detected.
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1 AECd A BRETSHENEYE

Figure 1 Biomass of C. argentea grown in soils with different Cd concentrations

R 2 BFEMARRELE Cd ESFHE

Table 2 Cd accumulation in roots, stems and leaves of C. argentea grown in soils with different Cd concentrations

Cd A PRV ¥ /mg - kg™ M/mg kg™ 2£/mg-kg! H/mg kg WER Heis R AU
0 2.86+1.00g 3.03x1.21e 3.07£0.37g 10.224.13e 0.8420.43h
1 135+7.00f 29.4+7.12d 32.5+7.22f 13526.96a 4.45+1.34a
5 19329.91e 108+2.59h 10425.07¢ 38.7+1.98b 1.860.19b
10 27127.85¢ 113£6.08b 142+8.94d 27.120.79¢ 1.91+0.05b
15 318+11.1b 115£12.3b 208+11.8b 21.240.74cd 1.53+0.05b
20 388+8.58a 159+17.4a 238+14.2a 19.420.43d 1.630.07b
25 245+11.5d 89.1x14.4¢ 175211.6¢ 9.78+0.46e 1.400.03b

AR ER  n=3; RIS [/ NG TR R R AN ) Ab B 8] 7775 B 2% 22 5% (P<0.05)(LSD, n=3), Fil.

Note: mean+SD ,n=3; Different lowercase letters in the same column indicated that there was significant difference between different treatments(P<0.05)

(LSD,n=3). The same below.
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REE M E RIS, Sl s R b 1
pH A {2 HE X 4 J@ R . Li SRR Aot &
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Table 3 Effects of different Cd species on Cd concentrations in roots , stems and leaves of C. argentea
Cd fba ey M /mg kg™ ZE/mg kg™ H/mg kg™ HERK LSTES
X R 2.86+1.00e 3.03x1.21g 3.07£0.37g 10.2+4.13¢ 0.84+0.43¢
CdSO, 208+6.84a 139+3.43a 155+2.65a 40.6+1.88a 1.27+0.04bc
CdCl, 199+7.55a 103+6.20b 100+3.37b 39.8+1.51a 1.91+0.17a
Cd(NO;), 111£3.50¢ 99.1+3.83b 108+4.64b 22.2+0.70c 1.06+0.09bc
CdCO, 100+4.66¢ 84.2+6.04¢ 70.4+8.45d 19.9+0.93cd 1.44+0.18b
Cd(OH), 134+6.37b 105+1.56b 85.8+£2.63¢ 26.8+1.27b 1.56+0.05ab
CdS 102+2.38¢ 90.4+4.54¢ 76.9+1.84d 20.4+0.48cd 1.09+0.12be
Cdo 90.2+5.59¢ 71.2+6.58d 67.5+3.71d 18.0+1.11d 1.34+0.07b
Si 52.5+5.29d 28.2+3.88f 39.9+8.22f 10.5+1.06e 1.38+0.33b
S HFF IR 143+12.6b 48.4£10.2¢ 76.4+11.2d 28.7+2.52b 1.61+0.14ab
SRR 125+13.4be 33.5+6.87f 54.0+6.78e 25.0+2.68bc 2.33+0.38a

B, L4 rh Cd BV B2 7E A< B 5 K (Sedum alfredii)
A A SRR M WA AE RIS DL T be st R
T 89.1%, AR HES IR T 82.8%, NI AW 5t
K A SRR 4r W xF 13 Cd i Ts AR T 2
o TARE AR T RTAE & SEXERIERY Cd AT fE
5 HAR - s ARV E A K

R 1S, Hr Y Cd T34 P A KR & Cd
DS R, R ) Cd FE LAY LT A GEF
FHRY BRI S AFAE, HA A S8R I I TARAT—Fh A
HESINE Cd A& L, AR X 138 S, HP i) Cd &
8T B E LT HABSME Cd 2P+ 4E(FK 3), 1L
Hb, LHES, AL R & R T LR So(FK 1), AT
ML W FE R R 5 Cd 286 A BUB MR 45 & 45
Cd, FEAIK Cd M AR R . A kG, 5 1 %A H
£ S Cd B E SR EWIRAER ] 105, AR 1
HE(S)H, FH e DAL e 2 (Solanum photeinocarpum )
F7 B (Phytolacca acinosa Roxb ) i Cd 5253 51N
50.3.51.6.40.6 mg-kg™, HILA LA XS Cd 1
B HERE ) G X PR B AR AR S AT IR A
SRR RS I S by Cd FARRE AR A T 1
L E (3R 3), R 7> 7~ AT HLRR BB A R Al ik
R Cd s, R T RAPIREER 5 Cd sral
SR ANE G Cd, MAYLE -SSR Cd e T
& Cd 5 AR N AR 2, e 13 Cd 2k
YA AR A DL T, 5 AR TC A 4 Ja T A i £l
MREARER S Cd RIBEE MR, 5 R A
WX E AT A RIS AR R A
2.3 BT Cd REMNZHTHE

H AR 14 Cd FRER B Bl [A) 1 284k, AT LAY B
e S S e rb SR 1) o R IET 2 TR TR ARG

255 10 JHE T Cd & Rk B i K AE 623 ng-#k,
B Je BT B I SO A R R,
Cd MR R RAEST 11,12 AR P M. A 2R
() Cd FR S ¥ Bl A ()3 i 7, (HAESS 5~7 JH
i, AR R R P CRER IR ), 565 12 JR B 5 21
K0 38.0.15.7 pe-#k . — I H  FEADIE R
() TRESE B, ATCR A S2AE A () 1355 PRI,
i Cd MR R E M Re Y 2R bR .
i 138 Cd A R e AR KA aT 8 JELB 1, {1
FESS 8~12 JEJC B EHEIN(E 2). 456 LARTIIRFE S,
A EATERT 8 JEIHARXT A 4 05 IR W] LA
5 8 JER T A ARSI E] o AR TR R T
RS AR ATISOR 2~3 2= DIAEIIFIE 6B,
T 2 A 14 e Bk B AT LA SR X Cd i1 R K
2RO R HAT B R SR A R i A ik
EHR BB, LIS 8 F i 3K Cd B E
AR , BT A AT LPR ) Cd 298 80 pg.
Fig BA 3 200 () A 2 B A - R AL, R
TN 48 Cd EEBCRLY R 4.2%  (HX SR RA T
HEARFIE B A S, Cd A= WA RO ERAR (4 15 10
T OTERR AR . B Cd A RO
() 38, 8B AR TR 16 16 7], 75 A X Cd 14
BORSBERA . TR A S LB E T
PRI SEPR A K 25 5, 45 R T I HH ) S 565 LA %o
H A Cd B BRI T W IEA

3 it

TESZHR Y £ 45 Cd WETE N (0~25 mg-kg™),
FXE L5 Cd AT MR AT 2 RETT o BRXTIRSE, BT A
QPR BIAT A Cd SR AR R BEA AR . IR, AT
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Figure 2 The time—dependent accumulation of Cd in leaves, stems, roots and aboveground parts of C. argentea
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