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The Key Period of Cadmium Accumulation in Rice

PENG Ou', TIE Bo—qing"”, YE Chang—cheng', ZHANG Miao', LIU Xiao-li', WEI Xiang-dong', SUN Jian®

(1.College of Resources and Environment, Hunan Agricultural University , Changsha 410128, China; 2.College of Environmental Science and
Engineering, Guangdong University of Technology, Guangzhou 510006, China)

Abstract: It has important scientific value and practical significance to explore the characteristics of the cadmium accumulation in rice at
different growth stages for safely producing rice. In this study, cadmium accumulation in rice at different growth periods, cadmium distribution
in different parts of the rice and the intrinsic relationship between them were investigated by water culture experiment with low concentration
of exogenous cadmium addition at different growth stages of rice. The cadmium could accumulate at a relatively high content at booting and
heading stage of rice after exposure to exogenous cadmium indicating that the booting and heading stage were the key period of cadmium
accumulation in rice. At the heading stage, the cadmium stress had the most significant effect on the cadmium accumulation rate of rice,
reaching a maximum of 3.41 g clump™-d~". The contributions of cadmium stress to the cadmium accumulation in the booting and heading
stage were higher. In those two stages, the contributions rate of the Zhong Jiazao 17 was 40.51%, 31.66% and the Xiang Wanxian 13 was
37.97%, 35.46% respectively. The study could provide valuable implications for control of cadmium pollution in rice field.

Keywords: rice; cadmium; solution culture; growth stage; accumulation rate
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Table 1 Treatments and details of the experiment

Jb3R B4

o SbEREMNART
B e 17 5 Wik 13 5

CK RGNS , RTEZE IR AN E SR, 7573 B AR A2 R i AR RLAR 24 , 2RI LUS AR 24

T1 KFEANTEREA 7 d JEAEEFFR DRI E R PRR B REF 50 pe- L, HEIATERMIE LT STE 29 24
o, JEIE CK AL

T2 JRFES BEAMSAEE TR P UM MESS AR B SR I HE IREF 50 pg- L7, S IBEACIIE 1, 22l 20 20
JEHA CK 4b3,

T3 FEMBEARIE R B R PR IS IR S5 R P SRR B AR 50 pg- L, EEESRIA RN, 5 Al 14 13
W CK Ab,

T4 TEHES ARG FEE SRR PR IS AR S5 R P SRR B AR 50 pg- L, ERIFLAGRIS RN, 5 WS 9 10
W CK Ab,

T5 FEFLAARBISAEE TR P UM MNEER A E TR R EE P 50 pg- L7 B DK AR AL L 8 11

T6 AERKFELE AL 7 d J5 B TR P BN MESR A S IR D IR B DR T 50 pg- L, HEDKRERA.  2EEH 80 78
T AKL IR R A 2R LR BUR R K AR AR BRI AR B . Rl
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T6>TS=~T3=~T2=~TI>T4>CK [AFIAE(“>"F2 R~ A0 Ha]
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BRULZ A0, B (TS M S ity . 2R o il
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15 UM (T3 ) 5 22880 (T2) B b2, it
WA M E AL B o et AR R R
FEIFL A — 2, FLR (TS ) F bt A BRI F 4 o

2o KFERGFE R & AR EER 0.72~14.96 mg-
kg, IKFEREAK R & IR 0.13~6.34 mg-kg™
FEFE SRR BB A T BB, FESR a2 B 1 B
WI(T1) R (T2 ) Fidh B (T3 Fseim & k. &
A= BARRI A A BEAR K A B i i LA B,
FEI (T3 ) ZEREH (T2) X PN AR B A5 1F T
K HR R B e B R TR A E I A AL B A ) HAth
AbEE, R EE R 17 S ORERTE B S
2.1.2 RN 13 SRR o R O
2 3 AR AE B BT A IS NE SR 13 5
S VA R s ol E I 5 e e e v
7 o R TS [ A P ) B B ARy < M R > 2>
HlE> I R >REE>REK, S 17 Silin g R
A—3, KRB & =7 B AR R
TG 2.26~241.17 mg-kg™, FIH T6>TI ~T2~
T3=T5~T4>CK (WL, MR PEREA T HHRIE
Ab PR B i A A, A BEIA(T1) 2RI (T2) FRia
AR F Bt 5 o FE /KRR ZE R v B 4 2E B e Ak 3
RSN, A BEA (T il b H S B, X
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K2 HER 17 SHARZBUPEHEE(ng-kg')

Table 2 Contents of Cd in different parts of Zhong Jiazao 17 after maturation(mg-kg™)

i AR
bisel =
iEER EX Lipss oLl Fe7e oK
CK 3.6+0.66f 0.88+0.06e 0.73+0.16d 0.8+0.15e 0.72+0.08¢ 0.13+0.04e
Tl 48.34+7.41de 9.08+2.02¢ 2.82+0.68bc 5.75+1.48¢ 4.13+0.19b 1.3+0.17cd
T2 66.69+6.71cd 12.89+0.06b 1.75+0.57cd 10.75+0.72b 4.65+0.26b 2.53+0.81b
T3 78.4+9.57bc 13.93+1.15b 1.7+0.09¢d 11.04+1.21b 4.48+0.62b 1.93+0.71bc
T4 37.94+4.97¢ 4.22+0.06d 0.85+0.05d 3.66+0.22d 1.12£0.11¢ 0.83+0.28de
TS 89.73+3.81b 9.7£1.15¢ 3.27+0.25b 6.74+0.8¢c 1.83+0.46¢ 1.02+0.23cde
T6 230.35+26.06a 40.6+2.52a 9.53+1.86a 34.16+1.98a 14.96+2.06a 6.34+0.86a
T« [RIFA [l /NG 5 B3R AN [m) b 380 ) 22 53 1 25 (P<0.05) , R [l .
&3 MR 13 SHBRBAERALPREASE(ng -ke)
Table 3 Contents of Cd in different parts of Xiang Wanxian 13 after maturation(mg-kg™)
e AR A ]
iR EX Lipss oLl Fe7e oK
CK 2.26+0.99d 1.82+0.33d 0.43+0.1e 0.28+0.03¢ 0.18+0.06d 0.19+0.02d
Tl 99.18+11.9b 26.67+0.82b 8.5+1.94b 4.35+£3.47bc 2.58+0.88¢ 1.47+0.1bc
T2 60.64+3.01bc 16.16+3.93bc 3.27+0.71cd 7.7+6.67hc 7.39+1.81b 3.43+0.68b
T3 46.33x1.41c 13.81+2.55b¢ 1.67+0.64de 10.92+2.47b 8.55+0.78b 4.05+0.23b
T4 32.55+9.12¢ 5.95+0.78cd 1.13+0.29de 3.22+0.98bc 2.35+0.44¢ 1.2+0.05¢
TS 38.12+3.47¢ 13.32+3.54bc 5.18+0.93¢ 6.98+0.65bc 4.12+1.29¢ 0.87+0.08cd
T6 241.17+79.64a 72.51+12.35a 17.93+2.58a 25.66+8.08a 18.69+6.64a 6.9+0.92a
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Figure 1 Cd accumulation rate in main parts of rice in
Zhong Jiazao 17
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Table 4 Dry weight of samples in different periods of Zhong Jiazao 17

AT /g B

AN [l T - B

) S EL R ] ; - X
LTS X v FERL M EX Lipss FEHE
SrEEH 6.48+0.26a 12.94+0.36a 6.67+0.32a 9.7£0.51a 0.59+0.04e 0.76+0.05e 0.69+0.04e
2Tl 6.56+0.52a 11.91+1.08a 6.75+0.19a 9.94+1.22a 1.58+0.33d 2.92+0.1d 2.2+0.11d
T 6.6+0.47a 12.49+0.25a 6.68+0.19a 10.33+1.8a 3.65+0.06¢ 5.11+0.13¢ 3.98+0.09¢ 1.23+0.35¢
HEH I 6.8+0.23a 12.79+0.25a 6.7+0.18a 9.3+0.5a 5.64+0.52b 9.16+0.32b 6.77+0.27b 2.53+0.31b
TR 6.63+0.23a 13.33+0.2a 6.84+0.18a 9.97+1.48a 6.63+0.23a 13.33+0.2a 6.84+0.18a 9.97+1.48a
TE AP ER RS AR, TEA [R) 2R 75 101 h 43 B AN 2 T P AN AL PR A R RLRE A, R R
£S5 PER 17 SMBgEH 13 SARRAFRESE
Table 5 Cd contents in different growth stages of Zhong Jiazao 17 and Xiang Wanxian 13
A i 17 SR [l IR A i /mg - kg™ IR 13 S ARl SRR bl i & i /mg - kg™
Ll \L : 7 LY et N
LTS X s FERL A EX Lipss KPR
Faya 256.52+33.61la  63.4+6.07a 19.22+0.57a 67.48+2.76a 12.55+0.82a 7.81+0.23a
Al 124.45+21.08b  26.69+1.81b 5.8+0.5b 55.1+6.36b 10.15+1.15b 1.77£0.52a
T 103.91+11.26b  14.62+1.93¢ 2.95+0.79¢ 0.47+0.1a 42.13+1.86¢ 7.2+0.66¢ 1.05+0.2b 0.67£0.11a
HES I 34.67+3.56¢ 8.46+1.45d 0.63+0.1d 0.44+0.09a 12.26+1.64e 3.72+0.24e 0.57+0.21b 0.44+0.09b
TR 68.22+4.31c¢ 11.85+1.59d 5.13+0.11b 0.48+0.05a 21.49+1.5d 5.12+0.12d 0.97+0.19b 0.48+0.08b
http://www.aed.org.cn —275—



KT RERSEFR-F 345 F3H

BKREAN KRR R AR Aty o 2RI KA
AT E TR A A AR B A K RN A T A B B, KA IR
TR , AR R AR AR O BT 7K A MR N 2R
L, NI 22 RE S A B Ly BE S A BRI AR 3R 80R 2E
155 o SRS U B AE KO 3, BRI iR
B/NT I BEN, 7RI B B R S BOT A B R i i
TR BRI T B BESR T LT UREDK , SRR
FIRPIBTE KPR, B BoFe R AR AR SR By
HEe it 17 SA R A T IR R BOR AL R I 7L
1 =~ 73 BES] > 20 RS > W S > R, Rk rh R R
B 3 A B BB B 22, AR ~ P
W~ 2L

2.2.2 BN 13 SARIE T RSO AR SR

THAREAL 13 SRR K FASEA IE R, IEH 4552 1R
o3 2015 4% 8 H 27 HERIUFBEFRIMHAAE &, T1
Ab PR RTINS RS ;9 H 16 H R B2 A ki
Fdi, T2 KRB 05859 A 29 H H R R
JEREGL, T3 AR5 NG5 10 7 7 H R IGHE S I H
JEREA, T4 AP RN 10 A 18 H R
JRERE A BT KRR RAT o SR BRI B i
T R AGHI B, AN RIS SRR A S IR b A8
THEFEILER 6, AR iR S LA S,

AL 13 5K A 32 2Rz FR AR SR A LI 2.
ME 2 0] 1, WAL 13 SRR AR B R
G E R 17 SHA—E i BRI 25
KA R LIE 1, IR 17 S0 E Mg
Hill 13 SR AR R A E R Ay, /KA T 2RO
SERAIETAL. AL 13 S A RIAR AL SR A AR
F>ZERSAR>I R, XS PR 17 SRR
B AEJRAEATHE H AR 13 SR 25 v FPRiAR
MER PR 17 S 2, REERM IR
17 5.

XEFBERN 13 S AFAEFTYRE, AR
FAPURBURERI - 7 BE] ~ FLAJI > Sl D) > 2

WISTHER T, AR AR S RO R > HE SR
Wi>ZLAA o BE KRR T AR K B RCSRbEE
BRI A EKFERP KRR R A e, A2
FEHK R E SRR ORAR S A K I A7, 2R b FRAR AR
SR oy B> FURHOR TR ShFR b 2K
FEFF O TR BURE 7T, PR AR SR R i . MESRIN
FFLAIARORFFIRTE 8, XA WA B Bt 2 5 K TR Bl
) LRI, R 9 BEK R LA B A KR = TRl
PEREE SR KK R AR AR RE L, KRR I G %
PIRF A

HR A h 3 17 SRR 13 5 AR A SRR
TR, 73 B H Ak FAE I Sk 23 A v, i 0 Ak 3%
FPRE B AR SR TR R ) f K o DRI M0 B K R =2
15 AN R A, KRR RO AL RS . SRR K
FEERAMNE G SR AT B A RS U A B 5K,
SRR R AT R SR
23 AERSAREMEEARSERTE

B B ARG K o M I DL L 3. H A
3 0L KRS LEA [FAE B AU IR B (50 pg- L) Ak
it SIENEROp) R e sl RTA N} A e % N e 4
50 g- 4 bR U, W R AS — . A
HXF KRG A5 RE AR B B I R/ NI Ry - A
B AL (T6) ST AL (T3) > Z FE AL # (T2) >

257 —
a LIHRE

a
R b
cab
¢ =T

SrEEI R EiipEsi] HEX I
Cd s et

2 JfREHD 13 SKFEEEMARRRER

Figure 2 Cd accumulation rate in main parts of Xiang Wanxian 13
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Table 6 Dry weight of samples in different periods of Xiang Wanxian 13

BT /g 9
S D] AT B/

AN [l T - B

GiEER E-Vi| Loy GiEER E-Vi] Loy R 2 A
Sy EEL 8.04x026a  13.88+0.57ab  9.97+0.58a  11.1941.05a  4.11x026e 523057  4.02+0.58d
2 7.84+04ab  12.9:099bc  9.57+0.88a  10.12+1.02a  4.94x0.17d  6.6620.05d 4.620.3d
R 8.180.14a  1351+0.34abc  10.38£0.62a  11.1240.14a  595:0.68c  8.68+036c  697+045c  1.23+0.52c
R 7.47:025b  12.72:037c  9.79:0.55a  1132:0.56a  6.94x023b  11.5:0.41b 8.03£0.1b  2.65:0.56h
Sl 7.81:024ab  14.130.13a  9.84x042a  112+10la 78120242  14.1320.13a  9.84x042a  11.2«1.0la
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Figure 3 Cd contents and yield of rice in different Cd stress stages
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Figure 4 Contribution rate of rice in different Cd stress stages
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