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Effects of Cadmium Stress on Uptake and Distribution of Cadmium in Different Rice Varieties
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(1.College of Resource and Environmental Science, Sichuan Agricultural University, Chengdu 611130, China; 2.College of Urban and Rural
Construction, Sichuan Agricultural University, Dujiangyan 611830, China)

Abstract; It is important to minimize the influx of cadmium(Cd) to the human food chain. Here the characteristics of uptake and distribu—
tion of Cd in a pollution—safe rice variety were studied in a pot experiment to provide Cd safety rice germplasm resources. Cadmium pollu—
tion—safe rice variety was D62B, and common variety Luhuil7 as the control. Cadmium concentrations used were 1 mg-kg™, 4 mg-kg™, and
16 mg +kg™'. Compared with Luhui 17, D62B growth was inhibited to some extent at all Cd levels. The biomass of D62B significantly de—
creased with increasing Cd concentrations. The Cd concentrations in shoot and translation coefficient of D62B were significantly lower than
those of Luhuil7 during the growth periods. At mature stage, the Cd concentrations in brown rice and chaff were also significantly lower than
those of Luhuil7. At 1 mg Cd-kg™ and 4 mg Cd -kg™', the Cd concentrations in brown rice of D62B were lower than the National Food Safe—
ty Standards (0.2 mg-kg™"). The rates of Cd uptake by D62B were the greatest at tillering stage, and increased as Cd concentrations in—
creased. The Cd translocation rate of D62B was significantly lower than that of Luhuil7 at 4 mg-kg™ and 16 mg-kg™'. At mature stage, the
Cd translocation of D62B was only 46.52% and 66.68% of that of Luhuil7 at 4 mg-kg™ and 16 mg-kg™. Cadmium absorbed by D62B accu—
mulated about 44%~49% in cell walls and about 37% in soluble fraction, and the lowest in cellular organelles, while more than 48% of Cd
in Luhuil7 was localized in soluble fraction. In roots, majority of Cd was located in soluble fraction and cell walls, but percentages of Cd in
cell wall was significantly lower in Luhui 17 than D62B at 16 mg-Cd kg™ In conclusion, Cd pollution—safe rice variety D62B has low accu—
mulation of Cd in brown rice, and could be considered as Cd safety rice germplasm resources for Cd—polluted farmlands.
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Fi HNO;-HCIO, {1k . fE PR Cd % # R ] HNO,-
HCI0, fi41k , H3EA RS Cd &8k A DTPA #2851,
KIAEF WIS CE (A Analyst 800, Perkin Elmer,
USA)MSE Cd &, Hrh 2356 Sk ok Cd &=k A
SAPIT . LIEZZERIEY) BT GBW 10044 GSB—22 Sy 14
brfasii] o M B o
1.4 #IELES S

ek 5= B Cd SRR Cd A i Fppif
B RE=HPRL Cd i /25 Cd 5 R =B
HLIf AR Cd PR EEAR FR T H ) x100% ; 51z 3 %=
(AL IA]H 3R Cd FUR /AR R T8 )x100%%7,

sk DPS 11.0 #4748t 40 #r , LSD ik 47
Z T LA TR 1R Origin 8.0 Fl Excel 2007,

2 HERESMH

2.1 Cd XF/KFEFEARM B E Y E R RN
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Luhuil7 AP ¥4 AR, HAE Cdl6 Ab3 R
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AW AR ST BE I AR A B A S Cd1 A AR L
A BIREAR T 52.05% (43.06% Fl1 32.34% , 38 41
Luhuil7 W4 FIFAK T 59.08% .58.41%F1 34.52%., tH
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ik
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SEIRFHI(FR 2), PHZOKRE A M R L 358 A0
TER Cd SRR BEN] . Sl A A SR Cd 4b
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Cd Ah 34 e F5 1 184 o0 R 7K 8 S A b e} ) 22 S B I8 34

1 Cd IEXKFEFAM B ENERNZIE (g )

Table 1 Effects of Cd treatments on biomass of rice plants(g«plant™)

Ay BEHA Tillering stage
Cd fb# Cd treatment - g g

T Heading stage

Y] Mature stage

D62B Luhuil?7 D62B Luhuil?7 D62B Luhuil?7
Cdl 5.11+0.558a 4.13+0.176a 19.25+1.046a 17.36+1.199a 38.28+0.243a 36.09+4.130a
Cd4 3.58+0.262b 2.82+0.365b 12.36+0.696b 10.10+0.284b 27.27+2.718b 30.76+£2.310b
Cd16 2.45+0.078¢ 1.69+0.301c 10.96+1.213b 7.22+0.329¢ 25.90+1.177b 23.63+0.759¢

T : R R ING TR A PR R 22 57 .38 (P<0.05) . T I,

Note : Different small letters within one column mean significant difference between Cd treatments at 0.05 levels. The same as below.
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Table 2 Cadmium concentrations and translocation coefficients of rice plants under different Cd treatments

. - Cd & Cd concentrations/mg kg™ %*Z%%Z .
Growth stage Treatmont Hi 3 Shoots }bF B Roots Translation coefficients
D62B Luhuil7 D62B Luhuil7 D62B Luhuil7

Ay EE Cdl 6.82+0.205¢ 11.71£0.825¢*  51.04+1.063c  62.17+3.808c* 0.13+0.008a 0.19+0.024a*
Tillering stage Cd4 10.89+0.022b  15.38+0.555b*  94.63+1.558b  96.81x10.678b 0.12+0.016a 0.16+0.022a*
cdl6 17.25¢0.467a  28.32#0.389a*  155.66%9.255a  198.68+5.048a*  0.110.005h 0.14£0.011b*
i Cd1 2.10£0.038¢ 3.95+0.317¢* 21.16x1.860c  26.66+1.392¢* 0.10£0.013a 0.1520.009a*
Heading stage Cd4 5.60+0.748h 10.26+0.702b*  102.80+6.838b*  87.03+3.628h 0.05+0.004h 0.12+0.003b*
cdl6 13.10£0.517a  19.27#0.528a%  146.24+6.454a  146.59+2.239a 0.09+0.001a 0.130.004b*
A Cdl 0.84+0.047¢ 1.29+0.143¢* 19.49+1.211c 17.89+1.046¢ 0.04+0.004a 0.07+0.010a*
Mature stage Cd4 2.08+0.001b 3.18+0.007b* 80.04+2.381b 76.24+4.768b 0.03+0.001b 0.04+0.003b*
Cd16 6.90£0.052a 10.68+0.416a*  176.19+4.928a*  151.86+0.916a 0.0420.001a 0.07+0.003ab*

e TRk 22 7 83 (P<0.05), T,

Note : * mean significant difference between two rice varieties at 0.05 levels. The same as below.
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XF Cd WIS 487 43 BES A A A0 B8 23531 oy
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W43k Cd1 AL FEfY 2.39 .5.49 8.54 4%, (A, TE
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(IHEE , PSR RE B A MBI Cd (15512 %35 I 2
WA . i3 He A D62B Fl Luhuil7 Y4515 0] 41,
EATR] Cd KbV BE R, D62B X} Cd 1535 3 2K 44 /)N
F Luhuil7, A7 5 Cd BRI T 25858 % . 4
Cd ZLPRHRE SN 16 mg-kg™ I, 73 BEW D62B Xf Cd 1Y
BEm R E N 193 pg Cd-g” RDW -d™', B FH(ET
Luhuil7(2.60 wg Cd+g™ RDW-d™) . Fli it i i 22 b
D62B f4 ¥ iz 3 K 4y ) 8 Luhuil7 ) 64.33% Al
65.15%. Al UL, & Cd AbPRYRJE T, D62B RS i@ 14 A
BHZEXT Cd ([ , B Cd 1)t 3R $ i mT g,
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2.4 Cd FEKTBEAM B HRT S T

H 3% 4 AT, JKFG Cd %4 F AR KL D62B Hi I
A AN ZH 43 FP ) Cd 55 i 3 BHA 41 B > ] 15350
y>aiags, HLBEE Cd kbR B A1 4 4 5 1Y 22
SRR, 1€ Cd16 AHE R, D62B 4ilffiiE Cd 7
A3 BIA TR A N AR Y 1.32 F5 A0 3.64 £%,
AL Luhuil7 502 3R ] 75358 50> 40 L RE S A I 2%, 76
Cd16 Lb B R A VAT Ay Cd 43 5] 200 Jif R 01 200 Ji
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Table 3 Cadmium concentrations in grain and translocation coefficients of rice at mature stage under Cd treatments

W Cd by Cd %55 Cd concentrations/mg kg™ FPREERS %L
Variety Treatment 235% Chaff FEK Brown rice Translation coefficient
D62B Cd1 nd nd —
Cd4 0.44+0.044b 0.12+0.008b 0.04+0.002a
Cd16 0.92+0.098a 0.52+0.013a 0.04+0.004a
Luhuil7 Cdl 0.28+0.068¢ 0.20+0.003¢ 0.10+0.009b
Cd4 1.50+0.099b* 0.86+0.045b* 0.17+0.016a*
Cd16 2.80+0.191a* 2.12+0.108a* 0.12+0.015b*

T nd FORARAGH

Note: nd means Cd didn't be detected.
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Figure 1 Rates of Cd uptake by rice plants under different

Cd treatments

A0 1.64 £5F1 4.10 fi5 . X FRBHIOKFTEA MR D
EBXT Cd AFF RN AT REAEAE2E . LIS )
Hi F A A0 2 4 1 Cd 5 25 S AT %, D62B b
LFEB AT AR A 0 Cd R R E KT Luhuil 7, 78
Cd1.Cd4 F1 Cd16 Zb¥E R 435128 Luhuil7 /) 67.39% .
54.17%FN 49.58% ; A Hd BE W FE Cd1 Fl Cd4 b3
FAKTF Luhuil7, 78 Cd16 AbHEF 25 550K i 25, R WIHE
o Cd Kb B BE R 4 BE XS Cd A9 [ 2 A F 2 B i

YIS Sty 53355 121
I 3r
; SrBEMA Tillering stage a*
= a
% @ ol 2
%J 3
20
3 3
¥ 3
= .2
)] g 1+
£
g
cdl Cd4 Cd16
AP Treatment
I 3r
é HliF# ] Heading stage
a
ja=4
Mo% oL
B3
[N
F
= 5 -
SEE=R
g 1 ey
£
g
Cd1 Cd4
AbFH Treatment
S 3L
é JEIY] Mature stage
jan)
o
M 0 24
M3
N =
w3
= .2
o § 1+ .
= a
g .
ke . e b
© o0 x| 33 R
Cd1 Cd4 Cd16
Kb P Treatment
[1p61B ElLuhuil7

B2 Cd B TRFEFRAME Cd HiZHERHTL
Figure 2 Cadmium translocation rates of rice plants under

different Cd treatments
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Table 4 Subcellular distribution of Cd in shoots and roots of rice plants(mg-kg'FW )
o= Cd 4b3g A VEH 4 Soluble fraction A HLEE Cell wall Mffi#s Organelle
Varieties Cd treatment b 3 Shoot Hi R Root Hi_F3 Shoot Hi 8 Root Hi_F3 Shoot i Root
D62B Cdl 0.93+0.075b 6.29+0.149a 1.19+0.019a 4.52+0.298b 0.33+0.047¢ 0.78+0.085¢
Cd4 1.30+0.033b 10.00+0.701a 1.56+0.186a 6.28+0.429h 0.61+0.006¢ 1.39+0.034¢
Cd16 1.77£0.154b 22.45+0.312a 2.33+0.108a 14.70+0.076b* 0.64+0.017¢ 3.62+0.181c
Luhuil?7 Cdl 1.38+0.007a* 8.34+0.286a* 1.50+0.229a* 5.31+0.148b* 0.39+0.027b 0.95+0.054¢*
Cd4 2.40+0.384a* 14.61+0.136a* 1.95+0.037b* 7.80+0.188b* 0.78+0.026¢* 1.89+0.104¢*
Cd16 3.57+0.184a* 25.43+0.027a* 2.18+0.226b 13.25+0.159h 0.87+0.072c¢* 4.07+0.137c*
Hi 3B Shoot 100 ¢ MR Root
90 i B B iy fE ECd R —
= 35 60H 1 1 | | 11 11 | & 2 60H it i1 | o =3 ]
4 i1 i | | i il i ) I ) : ) ‘\\

Z 30} \ﬁ% Z 30:\ \ \ \

= 20 % \\ \ 20 % \ \ \

10} 10} X \ \ \N

NN N NN\

Cdl Cd4 Cdle6 Cdl  Cd4 Cdi6 Cdl Cd4 Cdle Cdl  Cd4 Cdie

D62B Luhuil?7 D62B Luhuil?7
F#L Material F# Material

3 i ss CIanfuse & maassy
3 Cd fEkEEAM B SR EZDSHFHENE S

Figure 3 Proportion of subcellular distribution of Cd in shoots and roots of rice plants
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Luhuil7, 2K MRFAK T Cd fEHL FEBIARCE . X T
TEBM S, PIKREEAMBIE Cd1 Fil Cd4 Zb 3R
A I 2H 43 19 43 i A1 9 T (B 3 25 57 {HAE Cd 16 4b
IR Luhuil7 4iffIRE Cd B4 e HL BB S REAR, FM
D62B i R 7E = Cd ZbFRYE BT Xt Cd 1 BR il 4 F o
F Luhuil7,

3 g

3.1 A[E Cd A FEXS K FE SR AR E KB

TEw Cd ALPRY T AR W SRR R4
KAZBH K53 FFR I3 B2 A ] ' 5 B AN IR
S R BRK AL S WA Qi O S At — 2 81 A2 BEAT
PERHL, AR A A B TR, Obata

GRS RIA Y Cd HE R R — e B M SR
B A KRG AEARER /N R SRS R AR RE IR, ™ E R N
Ho= ik, Lin 0045 H, 3 Cd KT S5
mg-kg™ BF, /N AR KNGS SOR B L Z BRI, 24
Cd A F) 50 mg- kg™ B, Hop= it i MG . Ao
SR AR A BEIAY Cd AbHVRE R 1 mg kg™ B R
FOKREEAR B K IR Z B, (H Y Cd b 2R
WREIAF) 4 mg-ke B, PKFEREAM R AERK S E
ZH AR IMEER B R T E TR, CaRE
B, Cd XK ) 5 5 R B A B 25 2 B IR AR T s 553 , 4k
X KRS AL B e 0 T o i 6 i) 2 35 4R T AR X 85
RN, ARFFE A R ERI, 43 BE WA B D62B I
Luhuil7 (4P B REACIR A, A i AR 5
BNo AE CA16 AbEEF , LA P /K RS 5 AR 4 ) B
PRKERL P 5 2 AR, {H DO2B. (R AR 7 AP g i
WARAK T Luhuil7, 28] D62B J5 HFERLHYTE 152 3
(IR HIAE AT R, BRI D62B Xt Cd H
A —E B IE I fE
32 A[E Cd B T/KFEEARF RS Cd FIRBEEEHFE
W R, XFFR—KRE A, HAATBAIH Cd
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i 2Bl - Cd VR EE (4R R TR, AR (25
KRR AFAE 2 AR SEER AR TR S Rl 5, R
Cd FEURN B A K IH B0 R AR SZE > kiR, (R
B Cd & AA AR 22 , RIS [FIKF S A Cd
(IR A A AEAE B 25 572, AR oT 25 R, B
Cd ALY BE (3R , BIEK RSB A M RL Cd S R
FHm, AR R Cd FE2ZERAK A Cd ZaE AR
BE D62B 2K L FFERE Cd ;12 55 2 1 44k
Luhuil7, Cd [ MR E 3R 1 RE & e Ak
it P ) ML 2 — 2, BIAR R e FR i Cd
Hi E A2 4, FEAR Cd X B350 A0 2 4 A, A
PEEAED R TTE AR 45 5 3R B, D62B A & 0] Hh I
YGRS ZECE R T Luhuil7, 368 D62B AR 2 %t
Cd 9 [ FFHE 7 B S5 T Luhuil 7, BIZRBL T D62B AR
X Cd HAF —7E 1« 201 R

Kukier 2P 58 & PR, K FER Y Cd 17 W s Fin g%
iEfE— il . ARSI R KRR Cd iy
W A3k 238 2 B kg i Bl 434k T > > SRS . AR
WFFE 4 R, ISR RESEA MR Cd 14 W A %
FEST BE W I, F A S S ARAIG , 8 B s
Foo X EERM TR BB IR A K IR,
TEZI I HIE S g e, X540 75 R th fe M ik
B AT AE R IS FROC R BT Cd 23 1 3 sliz i gk
S AR B B ) Bl K REIRIAC o ZEAS [ A 75 3 7K A
FARMBEXT Cd B IGHE RS AR R 5 25 5, &
R KRS SE AR R Cd (9 H L BRE I 2R AN B .
SEHEHRIT S, 7Em Cd APV T D62B (s iz
PRI B E AT @ A Luhuil 7, 35 % D62B Hi |
Xt Cd MR RAE N BAK . IEJE i TPk fs iz
fie 71, BU¥ D62B eI T5 Y 3 FAREK Cd &
LT B L A E AR ERRE , R AR Cd AR
ZIFES .
3.3 Cd FE7KFEFE A 11 B9 3TF 28 B 5 R 45 4E

AT 5T W AE 4T BEWK ARG T Cd AW R R
Jifscm, R K FEXS Cd Mg sE LGl s Bl 2. Cd
T A1 M RE B TTIEVE F A S 200 B P9 A8 IX e Ak A S A
WA R A A O PR A ER LR AR, A e 4 E
N ML PN B 55— T8 B, Cd AR RIS 1 S 2k
Y BELRE [ 2 , T PERRAR. X Cd R & A - e 5
MW 5T 2 B, Cd 322243 A 76 240 L BE 24 v (61.13%~
63.14% ) , HA™ 1 A 2SRy 7 1 L] S 35 TaEA 1
A= AT, Ramos S0 5 1 IF S8 AT AH AL 4528
RAE/NAE (K FE BOKFESEAEY o i ) Cd %2

A3 AT AT R4y, HR R A RE AR D Cd Al
F A, X AT AR T Cd A R
W A TF] o ASBIFSE P, FE PR ARG SR A B R N3 Cd
F LG T AT ET Ay, D62B 13 3 54 A T 40 i
RBE @ AR Luhui 17 WRIAE AR R4 3, R W]
D62B b - &P 40 M BE Xt Cd (% [ 2 e = T
Luhuil7, BRI T Cd 40 8 19565 , gk miisi/h T Cd
XK AR P EEF AR, KRB D62B HAT B s it
Pk

4 it

(1)Cd %436 A ML D62B 7R [Rl A4 B AT Cd
(W IR R BE ) 5 AR i 25 5 (B Cd FE Al
PRAR N 532 e 0 2 2T Ak, =3 Cd
FEILHE B FL AR, BAITRE K Cd 5 5 &K
FE5E Ak Luhuil 7,

(2)24 Cd 2R FE R 1 mg-kg™ 1 4 mg-kg™ I},
Cd 2 3EAR K D62B (K Cd & BT &M%
S EZARME(Cd<0.2 mg-kg™), 4 Cd AbBRMKEE R T 1
mg-kg™ B}, Luhuil7 EfF7E Cd Z g Al Rk,
D62B fE K Cd %435 A MBI AT TR E Cd % 4K
(ETTY N

(3)D62B M- Cd A4V 41 i 434 kg 240 Jf e > v 375
4>, Luhuil 7 S ] 355045 > 40 BE S A0 AL A5
HR 22 U2 Sh AT 3 > 21 M BE S 2 i 25 - D62B X Cd
(4 [ 45 e T e L WA T Cd E M PN B 25k, B/
T Cd FEAEF G W kR # Cd AT RE.
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