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Abstract: In order to provide scientific basis for breeding Cd low accumulation rice varieties and rice safety pro-
duction, here the characteristics of accumulation difference of Cd in rice tissues and its relationship with Cd subcel-
lular distribution were studied in a soil pot experiment. The experiments were conducted on low Cd accumulation
rice varieties (overwintering rice and R1088) and high Cd accumulation rice varieties (IR34582 and Taijing 558)
with three different cadmium treatments (0, 5 and 25 mg-kg™'). Here are the results, (1) About 65% ~83% of Cd

concentrated on roots under Cd stress, and the Cd content of low accumulation varieties in roots was significantly
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higher than that in high accumulation varieties, but the trend was opposite in the aerial parts. (2) The efficiency of
Cd transportation from root to the aerial parts and then to brown rice was significantly higher in the high accumula-
tion varieties than that in the low accumulation varieties. (3) The Cd contents of cell wall (F1), organelle (F2), cell
membrane (F3) and soluble part (F4) in roots of low accumulation cultivars were significantly higher than those of
high accumulation cultivars under cadmium stress, but the opposite trend was found in stems, leaf sheaths and leav-
es. (4) The proportion of F1-Cd distribution in the root and shoots of low accumulation cultivars was significantly
higher than that of high accumulation cultivars, but the proportion of F4-Cd was opposite, and there was no signifi-
cant difference in F1- and F4-Cd distribution in leaf and sheath among different varieties. (5) TF and
TF

ratio. In summary, as for the ability of transporting Cd from root to the ground, high accumulation varieties were

root-stem

were negatively correlated with F1-Cd distribution, but positively correlated with F4-Cd distribution

stem-brown rice

stronger than low accumulation varieties. Cell wall restricted the migration of Cd in low accumulation varieties’

roots and stems. Soluble fraction played an important role in the transportation of Cd from root to stem in high ac-

cumulation cultivars’ roots and shoots.

Keywords: cadmium; rice; subcellular
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Table 1 Basic physicochemical properties of the tested soil
AL EE7) T AL R A Cd 44t Cd A3
" Ag-kg™) Amg-kg™) (mg-kg™) (mg-kg™) Amg-kg™) (mg-kg™) (mg-kg™)

P Organic matter Total N Hydrolyzable N Available P Available K Total Cd Available Cd

fg-kg™) (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™") (mg-kg™")
6.55 203 1.15 563 584 119 024 0.092

F30% 1) H,0, % WIHEE 30 min, ZE18 /K PE SN
0.1% (%) NaClO ¥A W 7% 20 h, T 37 C Z£ 18K AE
TEIR G FRAG AT 2E AL B 48 b, PEHGER B T8
THATRIE A SR 0 F & R R, KRR
BE T 14 WS B8 R AT R BE R 57 B IR
e il 2 AR Pk SR 1 0 . TES i B AR T 35 d X
MR - R N Cd(CdCL, -2.5H, O) Mk ik B 158 3
A~ Cd AbBEIKSFE . CdO (A Cd) . Cd5 (5 mg - kg™ ) Fll
Cd25(25 mg-kg™ "), FEAAbEREE 3 ANH A 4 AIKAE
PR 36 Aifl, b - g8k 7E 10 L PR, B
% 7 kg(T ), R4l = mt—0 B #e—
H fRFRK R L AR A 2 T A Cd 15 5
s A BT AR PR R IR — S A
SARER 4351k 200,100 F1 105 mg-kg™' 1, 4
TR R AE A 30% 1) RAETERS R T — K AE A HEAE
A , TR BNEAEKFE 53 BEHA(30% )Rk 17 HA@E0% ) 7
2 WA TR it , B e HR RLAET B AU By Y s L
TAE. TKFERCAIIAE S T2 N A
1.3 WMEm B X7k
1.3.1 A HEEARHAb Bl

AR B T s 2 IR R 2R [ Y
%
1.3.2  Cd 7E/K FtE bR A B 00 .20 Bl 53 A1

AN 7> B 5 08 Liu 522 i vk, ek KA
MR 25 S AT 2 S IBORE B TR [R] Y 24 v SR
JE A AT RRIUR & ¥ 5 AR 25 g ATt 1.0
g BERE A 20 mL $EBOGRJS , FEWHER ok I BT S %
A1 PRI 2H A R 50 mmol - L™ Tris-HC1 2% th ik
(pH 7.5)+250 mmol - L' JHEHE+1.0 mmol - L™ —Hi ik
HEHBE(DTE)+5.0 mmol - L™ LR ML AR +1.0% (W/ V)
RIS BEE(PVPP),, A1 e 48 240 pum JE
TeAT U, B Ay A ELRE A3 (1) 5 08 R 48 e v U
B 0> HL (Model ALLEGRA-64R, Beckman Coulter.
Inc. USAY °C FLL 10 000 g &5.0> 30 min, JTIETS 2
R AR A (F2) 5 B 38 V8P TR 8 48 V8 U 5 L

Ml 4 °CFLL50 000 g E.0 30 min, YLHERR A AN
FAr(F3), IR AT o (FAY G- ZaFE A 5T A
L TEHLES TR N K 7). B Ak 24
FILIR G2t , W B AR A2 A R A
1.3.3 Cd &8E

HUAH O RE(F 1) 40 M0 25 (F2) R0 48 i B (B3 ) 3 43 7
70 C FHETARER, , LA SOK RS I A0 AR B 1358
¥R 03 g, fin 10 mL HNO,-HCIO,(4:1, VIV)IR
B 24 h fES A VA EEE I LS
FoKITUEE] 50 mL 28 e 2, R 7ot
Y61 (Analyst 800, Perkin Elmer, USA) & Cd &%
7, DAEZAMEY T GSB-22(Cd &4 4(0.018+0.002)
mg-kg ™) A NARIEEI ST B R, A Ak 2= R 1
KRR W F AR A i A BRA ]
1.4 Bdlaab s K oA

izfH SPSS 19.0 #F 17 ¥uHlE 41t 5 4 i, R H
LSD k36 77 1k i 47 22 5 i 3 14 43 BT (P<0.05) ; 2 HH
Excel 2016 #1745 ab 1 5 BRI R Hil1E

Cd #8530 . TF, , =B 2B Cd & /A 28
i Cd i x100% 2724

R S 6 58 1 A7 AS W] KRG i R 45 41 1 ) i
B 5 40 ML A3 A BB R R S A BT, e TF
LA AERE Cd 43 BE L BIAE CHE AT DR TR, . 58
H 4 EE Cd 43 H A Sk 24T

2 ZR 54 #(Results and analysis)
2.1 A[FEVEEE Cd AbFEFOKFEA 42 Cd F i K
AR BE Cd Ab PR oK RS 4 A 207 Cd 7 &=
FEULINZE 2 FiR , KR HL0RAL Cd & BE Cd
AR BRI P BN TR N, Cd FEE R TR R R
HEEAARZR Cd B i He 1 2 83% , i e B 2R Bl AR
Z Cd BT 5 HeAi1 2 65% , #5 LA Cd & AR Ry
AR > 25> iHig > i > BioKk, Cds absgrp IR
R AEACAE T R1088 #E AR Cd &5l 272
26.5 mg-kg™', B E S T R RS F(P<005), AL
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Table 2 Cd content in different tissues of rice under different levels of spiked cadmium
Cd A FH¥E R#& Cd Zcd - Cd mCd &K Cd
Amg-kg™") KR b /(mg-kg™") Amg-kg™") A(mg-kg™") /(mg-kg™") /(mg-kg™")
Cd spiked Rice cultivar Root Cd Stem Cd Sheath Cd Leaf Cd Brown rice Cd
/(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™") /(mg-kg™")
Cdo R 121£0.05a 0.33+0.03a 0.14+0.01ab 0.10+0.01a 0.03+001a
Overwintering rice
R1088 1.15+0.14a 039+0.05a 0.12+0.02b 0.11+001a 0.04+0.00a
IR34582 120+0.10a 040+001a 0.15+0.02a 0.12+0.03a 0.04+001a
KA 558
1.19+0.10a 039+0.05a 0.15+0.02a 0.12+001a 0.04+001a
Taijing 558
Cd5 o ) 272+09a 2.62+0.14b 1.35+0.09b 1.06+0.05b 0.10£0.01b
Overwintering rice
R1088 26.5+0.6a 2.60+0.04b 1.23+0.08b 1.17+0.11b 0.07+001b
IR34582 174+0.5b 391+0.09a 1.95+0.10a 1.66+0.09a 0.67+0.03a
KM 558
152+02¢ 3.85+0.05a 191+0.07a 1.71+0.03a 0.68+0.02a
Taijing 558
Cd25 L 785+14a 839+047c 478+0.13b 3.73+0.13¢c 0.56+0.05b
Overwintering rice
R1088 754+13b 7.68+024c 450+047b 3.64+0.18¢c 0.50+0.03b
IR34582 464=x1.1c 11.1+£0.1a 640+042a 539+023a 240+0.14a
KHE 558
463+1.1c 103+0.6b 596+0.16a 488+0.11b 224+0.12a

Taijing 558

T FFUAR [F)/ANG -5 R R K AR A FE R — Cd W BE45 (0 .5 R 25 mg-kg™' ) FAE P<0.05 1225 B3 TR,

Note: Different small letters within one column mean different rice varieties in the same concentration of Cd (0, 5 and 25 mg-kg™') showing significant

differencebetween Cd treatments at the 0.05 level; the same as below.

ZE R AR AT R1088 KK Cd & 40914 0.10 F
0.07 mg-kg™ , BT E ZARE(GB 2762—2012) 11
BEK Cd & BRE 0.2 mg-kg™'; Cd25 4bFE  fERFR
F LRI EARE A R1088 AR A Cd Frs il 78.5 Ml
754 mg kg™, BEE T Cd LS5 Rl IR34582 Fil
KHE 558 (P<0.05); 9K 1M, Cd5 1 Cd25 AbFH IR AR
FELFZE i rRREK Cd A B E KT AR
E L Fh(P<0.05),

AW EE Cd AbFEH K AR 4S8 Cd s HOR
BN 1 FR . #E Cdo AbPERT ) & A Bk RS 4
A R] Cd FHz 3R TC 0 3 22 5% 78 5 mg-kg ™' A1 25
mg-kg™' Cd [ T AR R G A TF s Ty
TF e A1 TF yp e 2 0BT R B R S
2.2 REZKASHFRZ Cd WA/ KA Ho ]

AR KRG S FP AR 22 Cd 740 i 0 A5 Sz He Ay e e
FlanZe 3 fron, Cd Wi AR R S AP AR F1 F2 |
F3 Fll F4 rf Cd & it 34 b 25 5 T = FLER s AR v
W40 ML 2 5y Cd oy Bt EZE4E R F FL M F4(KR Y

75% LA 1), Cd 43 Be EL B4k F1 > F4 > F3 >
F2 ; IR B2 Rk 4 F5 A R1088 AR F1 43 b 124
B T AR R L Bl IR34582 HIKKE 558, i AR
F4 3B Lo A5 20 35 5k 251K T v AR 22 B b TIR34582 Al
KAF 558 ;Cd Bt R, HR F2 Fi F3 A Cd 43 B E )
TREESR,

2.3 KR[E KRG S FhZE R Cd 40 88 43 A B He 4y
fic kb A7)

AR RS AP ZE R Cd 20 o3 A X H e e
Bk 4 fros, Cd Bria T AR R SR 2K F1 F2
F3 fl F4 1 Cd & B &K T E AR R Fh 22h W
MIZH 53 Cd Frfic F AL TR T F1 M FACKZ 75% LA
1),Cd AECLLFIMKIR A F1 > F4 > F2 > F3; {0
ZFEE A AT A R1088 25 FI 43 Bt b 1 ¥ B 3%
T FUR 5L AP TR34582 AL KA 558, 1M 25 F4 43 Bt
LA 50 ¥ 3 2K T v AR B 5 Al TR34582 Fl K #H
558;Cd it F, 25 F2 M1 F3 w Cd 20 e He 49
EES,
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Fig. 1 Cd transport efficiency among rice tissues under different levels of Cd concentration

Note: Different small letters mean the translocation efficiency of different rice varieties in the same concentration of

Cd (5 and 25 mg-kg™') showing significant difference between Cd treatments at 0.05 levels. TF,  means

TFmot-stem’ TFS-B means TFstem-brown rice»

TFLS-B means TFleaf sheath-brown rice » TFL-B means TFleaf -brown rice *

2.4 OKR[EIKHRE SR8 Cd 4R Mo A KA 70% LA ), Cd Ay AR Yl FT > F4 > F2 >

e L 151
ANTRIK e SR8 Cd I 40 6 43 A B H

E3 (K FH 25 A -5 v F1 F2 E3 1 F4 v Cd 43 Bic
fic kb RRGIEST=YAE ST SR TE S =2

BanZE 5 Proac, Cd A T, R ESA S F1. 2.5 REZKEESFh Cd WAL 6 M A3 )
F2 F3 Fl F4 1 Cd & & 44 B &% T = B2 5 AR KA AP i Cd V20 23 A B H 3 TR He
AR 5y Cd 23l B P T FL A FA(K Y e 6 Wr~, Cd Mg+ (KRR SRt F1L L F2 F3



545 4

F A5 < AN [ KR ot o R R 2R 1) 22 e B HES 00 IV 40 Y A 11 O 3R

249

£33 AEKBMFHRP Cd THAES R RESE LG
Table 3  Subcellular distribution of Cd in the roots of different rice cultivars

WAL 5 Cd & /(mg-kg™")

MEANMIZH 53 Cd J3 B LL 16 /%

Cd Ab 3k fz
B The Cd content in subcellular components/(mg-kg’l) Cd allocation proportion in subcellular components/%
fmg-keg™) KR " . o " -
) : ) HIEEFL) AMLER(F2)  AAMERE(F3)  FIVAFRN(F4) AMEEE(FL) 4UAu#R(F2) AUMMEL(F3) Al (F4)
Cd spiked  Rice cultivar
/ ! Cell wall Organelle Cell membrane Soluble fraction Cell wall Organelle Cell membrane Soluble fraction
me -
(mg ke ) (F1) (F2) (F3) (F4) (F1) (F2) (F3) (F4)
Cdo Overwintering 0.16+00la 0.04+0.0la 0.06+0.0la 0.11£0.02a 442+39a 105+13a 15.1£2.7a 303+3.0a
rice
R1088 0.16£0.01a 0.04+0.0la 0.05+001la 0.10£00la 456+24a 102+18a 15.1£2.0a 29.1x19a
1R34582 0.16£0.01a 0.04+0.0la 0.05+00la 0.11£00la 445+10a 104+15a 142+£25a 31.0+34a
KM 558
0.16£0.01a 0.04+0.0la 0.05+001la 0.11+00la 450+04a 108+0.7a 136+09a 306+1.7a
Taijing 558
AR
Cd5 Overwintering 229+0.04a 044+0.02a 0.56+0.03a 165£0.06a 464+07a 885+045a 113x0.6a 334+0.6b
rice
R1088 231+£0.07a 042+0.02a 0.55+0.05a 1.70£0.08a 463+14a 847+042a 11.0+0.6a 342+09b
IR34582 126+0.08b 031+0.02b 041+001b 127£0.04b  386+1.0b 9.64+047a 12.7+0.7a 39.0+0.6a
KA 558
127£0.08b 030+0.01b 041+0.04b 127+006b  39.1+x19b 925+047a 12.7+09a 39.0+19a
Taijing 558
Cd25 Overwintering 6.37x0.14a 0.79+0.03a 1.04+0.11a 2.58+0.11a 59.0+00a 736x044a 9.68+091a 239+0.8b
rice
R1088 631+£0.04a 0.75+0.08a 1.08+0.12a 249+006a 594+08a 7.04+068a 102+1.0a 234+0.1b
1R34582 395+£0.07b 047+0.05b 0.73+0.07b 185+£0.05b 564+04b 6.70£068a 104+1.0a 26.5+09a
KA 558
349+0.15¢ 045+0.05b 0.67+0.08b 140+007b  544+18b 7.03+087a 104x14a 28.1+1.0a
Taijing 558
F4 FRKERHESR Cd TABHFHRES LD
Table 4 Subcellular distribution of Cd in the stems of different rice cultivars
WAL 5 Cd & fk/(mg-kg ™) T AN 5 Cd 2 L 4/%
Cd b3t i . o
_ The Cd content in subcellular components/(mg-kg™) Cd allocation proportion in subcellular components/%
(mg-kg™") KRG A - " o N -
) ; ) AUNEEFL)  AHAER(F2)  AHRERE(F3)  ADATRANF4)  AENUEE(FL)  AHAEER(F2)  AHAERE(E3) TV (F4)
Cd spiked Rice cultivar
) o] Cell wall Organelle  Cell membrane  Soluble fraction Cell wall Organelle  Cell membrane  Soluble fraction
me -
(mg-kg™) (F1) (F2) (F3) (F4) (F1) (F2) (F3) (F4)
Cdo Overwintering  0.079+0.006a 0.020+£0.002a  0.015+0.003a 0.057+0.003a 46.1+2.1a 11.8+0.8a 8.67+1.81a 335+1.0a
rice
R1088 0.074£0.009a 0.019+0.001ab 0.015£0.002a  0.062+0.005a 433x42a 114+08a 8.76+0.83a 36.6+4.2a
TR34582 0.079£0.009a 0.018+0.001b 0.014£0.001a  0.060+0.008a 464x23a 104+13a 822+094a 35.0+2.5a
I 558
0.084+0.009a 0.018+0.001b 0.016+0.002a  0.059+0.004a 477+3.0a 10.1+0.1a 8.79+0.75a 334+37a
Taijing 558
Cds Overwintering  0.566+0.045b 0.151+0011b  0.119£0.009b  0.385+0.015b 463+14a  124+03ab 9.77+127a 31.6+04b
rice
R1088 0.567+0.040b 0.146+£0.011b  0.120£0.010b  0.366+0.023b 473+0.5a 122+1.1b 9.99+0.33a 30.5+0.8b
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Yida
EAMELLS Cd it/ (mg-kg ™) SEANELLS Cd A BELL 1%
Cd b sk i . I
‘ The Cd content in subcellular components/(mg-kg™") Cd allocation proportion in subcellular components/%
(mg-kg™") KA A e [
, _ , MAEEFL)  AMMERR(F)  ANMENEG3)  RIVARSAN(P4)  AOMERECFD)  ANAEAR(F2)  ANMIIR(F3)  AIVAEANTF4)
Cd spiked Rice cultivar
) ! Cell wall Organelle  Cell membrane  Soluble fraction  Cell wall Organelle  Cell membrane  Soluble fraction
me-
(mgke™) (F1) (F2) (F3) (F4) (F1) (F2) (F3) (F4)
IR34582 0.667+0.011a 0236+0.023a 0.174:0008a  0.616+0.039a  394+l1.Ib  139:09a 103+03a 364+1.0a
KA 558
0.664+0.040a 0228+0.023a 0.173x0012a  0.628+0.036a  392+08b  13.5+0.8ab 103+0.7a 37.1+0.8a
Taijing 558
AT
Cd25 Overwintering  0.947+0.023b 0259+0.025b  0.193+0.010b  0.494+0.015b 500+03a  13.7+09a 102+0.5a 26.1+0.8b
rice
R1088 0933+0.023b 0239+0.029b 0.186+0.022b  0.490+0.057b 50.5+1.6a 13.0£19a 10.1+1.0a 26.5+£24b
IR34582 1.15£005a 0334+0.012a 0254+0014a  0.820+0.015a  449+1.1b 13.1+0.3a 9.96+0.76a 32.1+04a
B 558
1.11+0.02a 0313+0.011a 0268+0.014a  0.808+0.066a  445+15b  125+05a 10.7+0.2a 323%1.5a
Taijing 558
x5 AEKBEmIITED Cd LHA0 575 K& H 5B bk Fi
Table 5 Subcellular distribution of Cd in the sheaths of different rice cultivars
\ T ALASY Cd 5 /(mg-kg™") WAL 5 Cd 43 E il %
Cd 4b sk i ) L
, The Cd content in subcellular components/(mg-kg™") Cd allocation proportion in subcellular components/%
/(mg-kg™") YT - " e o o Wi
A , , MMBEFT)  AMERR(F2)  AMMEBNF3)  RIVARONP4)  MHAREE(FI)  AMEAR(F2)  AARDNF3)  ATWEHRAY(F4)
Cd spiked Rice cultivar
) ke ) Cell wall Organelle  Cell membrane ~ Soluble fraction  Cell wall Organelle  Cell membrane  Soluble fraction
me-
(mg-ke (F1) (F2) (F3) (F4) (F1) (F2) (F3) (F4)
Cdo Overwintering  0.050+0.003a 0.012+0.001a 0.009+0.001a  0.042+0.004a  44.1+2.1a  103x08a 8.18£0.57a 375+33a
rice
R1088 0.050+0.001a 0.012+0.002a 0.009+0.001a  0.044+0.005a  43.6+26a  105tl4a 7.85+037a 38.1+3.0a
IR34582 0.053+0.005a 0.012+0.001a 0010£0.001a  0.042+0.003a  452+29a  10.7+09a 8.52+120a 356+33a
KHE 558
0.049+0.003a 0.012+£0.001a 0.009+0.001a  0.045+0.006a  425+24a 108+14a 8.12+0.29a 38.6+32a
Taijing 558
A RE
Cds Overwintering  0.355+0.011b 0.138+0.009b  0.099+0.005b  0247+0.018b  423+l.la  165+07a 11.8+09a 294+18a
rice
R1088 0351+0.022b 0.131+0.009b 0.092+0.007b  0249+0.018b  427+08a  159+0.la 112+1.0a 303+04a
IR34582 0.560+0.027a 0218+0.016a 0.154+0.008a  0427+0.026a  412+l.1a 16.0+0.82a 114£0.7a 314+14a
KA 558
0.556+0.026a 0209+0.014a 0.147+0005a  0423+0011a  41.6+20a  157+10a 11.0+03a 317+0.7a
Taijing 558
AT
Cd25 Overwintering  0.543+0.062b 0213+0.026b  0.156+0.007b ~ 0429+0.017b  404+22a  159%1.0a 117+13a 32.1+2.1a
rice
R1088 0.537+0.044b 0204+0.014b 0.147:0017b 040500106  415+18a  158+14a 114+1.0a 314+13a
IR34582 0.881+0.019a 0301+0.013a 0226+0013a  0.671+0.038a  424x13a  145:05a 109+0.7a 323%12a
M 558
0.863+0.028a 0312+0.012a 0224+0.009a  0.661+0.062a  419+1.7a 152+07a 109+04a 32.1+22a

Taijing 558
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Table 6 Subcellular distribution of Cd in the leaves of different rice cultivars
WAL 53 Cd 7 /(mg kg ™) T AL 53 Cd 3B E /%
Cd A By iz . .
_ The Cd content in subcellular components/(mg-kg™") Cd allocation proportion in subcellular components/%
/(mg-kg™") KRG A ~ ; ea .
) ; ) AUNBEFL)  AHAEZR(F2)  AHBEREGF3)  ADATRNF4)  AEMURE(FL)  AHAEER(F2)  AHAERE(E3) VA3 (F4)
Cd spiked Rice cultivar
) ! Cell wall Organelle  Cell membrane  Soluble fraction  Cell wall Organelle  Cell membrane  Soluble fraction
me -
(mg-kg ™) (F1) (F2) (F3) (F4) (F1) (F2) (F3) (F4)
Cdo Overwintering  0.041+0.003a 0.007+£0.001a 0.005+0.001ab  0.031+0.002a 490+19a  8.06+0.72a 6.01+1.08a 370+2.8a
rice
R1088 0.044+0.003a 0.006+0.001a 0.004+0.001ab  0.033+0.002a 504+06a  741+040a 449+087a 37.7+0.1a
IR34582 0.046+0.005a 0.007+0.001a 0.006+0.002a  0.034+0.005a 49.7¢34a  7.58+042a 6.84+2.04a 359+22a
KM 558
0.043£0.002a 0.007£0.001a 0.004+0.001b  0.032+0.001a 500+2.6a  7.83+090a 458+082a 37.6+09a
Taijing 558
AR
Cds Overwintering  0.317+0.017b 0.077£0.006b  0.073+0.004b  0.180+0.008b 489+14a 12.0+1.1a 11.320.6b 27.8+0.3b
rice
R1088 0271+0.010b 0.076£0.005b 0.074£0.003b  0.189£0.010b  44.4+0.1b 125+09a 12.1202a 31.0£0.7a
IR34582 0531£0.017a 0.152£0.008a 0.137£0.005a  0338+0.029a  459+2.0b 13.120.8a 11.8+0.3ab 29.1422ab
KM 558
] 0.546+0.018a 0.152+£0.003a 0.131£0.006a  0346+0.013a  46.5+09b 13.0£02a 112+03a 29.4+09ab
Taijing 558
AT
Cd25 Overwintering  0.467+0.008b 0.114+0011b  0.105£0.006b  0.274+0.011b 48.6+02a 119+1.0a 109+0.7a 28.6+13a
rice
R1088 0472+0.009b 0.113+0.010b  0.105+£0.004b  0.280+0.014b 48.7+10a 11.6+0.6a 10.8+0.0a 289+04a
IR34582 0.845+0.021a 0213+£0.010a 0.192+0.009a  0490+0.024a 48.6+0.6a 122+02a 11.0+02a 282+04a
AT 558
0.843+0.008a 0210£0.007a 0.188+0.012a  0499+0.010a 484+£02a 12.1204a 10.8+0.8a 28.7+04a
Taijing 558

F3 fil F4 1 Cd & 53 0 2K T m AR5 R it il
YL 2 53 Cd 4rHic FEAE R F F1 M FA(CKZ) 75% LA
F),Cd BRI R F1 > F4 > F2 > F3 K
Z SRR FL F2 F3 FI F4 H Cd 3 BE L 5 s R
AR EES,
2.6 N[RIKFE iRl & 41 4 B) 5508 30R 5 040 i 43
A7 A AR S 53 B

NI KA it P 45 Al R ) A2 3% 5 Cd 4
I3AR LB RAR D E AT an 3R 7 Fi7R . TF .. 5410
BE(F1)Cd 3 Be L FIAH M BT B A TR, SHR 40
JfLEE(F1)RY Cd 3B Fu BiAE 50T

FE Cd5 ', TF s F1 TF .y, ¥95 F1 43 EC H 0
B UG HHOC R 1 2 -0.893 F1-0.974(P<
0.01), TF o 71 TF sy 5 345 F4 43 HO 5] 15 1 25 1EAH
XK, M R BN 0.869 F10.979(P<0.01); 7E Cd25
B TF s A1 TF s 395 F1 40 FC E A9 A% 8 25 6 AR

X, HHE B B0 B - 0.852 1 -0.934 (P<0.01),
TF e F1 TF sy Y955 F4 530 LU 8 0 2 TEAH DG, AH
KRB A 0.887 F10.934(P<0.01),

Cd 38 F AR F1 F4 3595 TF . M6 1E B
%25 F1 F4 355 TF. 0 AHCHE B35 5 17 0 o
F1 F4 355 TF g B 255 I F1 F4 8
5 TF, g MR PEAR 3

FE Cd5 W', TF . 5 F2 43 B b ] A% &2 3 1E A
%, MR BN 0.704(P<0.05), TF . 5 F3 43 FC H 5]
B IR A O, AR R B 0,711 (P<0.01), 1 £
Cd25 HHHIRMEAR B3 7 CdS W, TF i 5 F4 53
et L f51) o8 b 25 TE A OG  AH DG R ECH 0.660(P<0.05), 1
£ Cd25 A B 2

3 itif (Discussion)
IKAEAS R #8 B X Cd A W IR BB ) A7 AR K 22
S, Hr DUR W I & 48 Cd iU RE ) ek , — M DA AR >
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Table 7 Correlation coefficient (r) between the subcellular distribution ratios

of Cd and translocation factors (TF) of Cd in rice

Cd AL FEYREE/(mg kg ™) - £ HEE(F1) HHEER(F2) ANHUBECE3) Al S (F4)
Cd spiked/(mg-kg™") A Cell wall (F1) Organelle (F2) Cell membrane (F3)  Soluble fraction (F4)
TF .
Cdo 0015 -0372 -0.144 0294
TFrool-slcm
TP
0343 -0.132 0.191 -0372
TF stem-brown rice
TF gk
0.083 0.170 -0.174 -0.087
TFleaf sheath -brown rice
TFurx
-0.062 0311 -0.158 0.102
TFleaf -brown rice
TF
Cds —-0.893% * 0.704* 0.711%* 0.869* *
TFroot-slem
TFs ke
-0974%* 0673%* 0308 0979* *
TFstem-bmWn rice
TF up .ok
-0450 -0.308 -0.179 0.660*
TFleaf sheath -brown rice
TFup gk
-0.058 0519 -0273 -0.120
TFlcaf-brown rice
TF i
Cd25 -0.852%** -0273 0260 0.887* *
TFmol-slcm
TFos gk
-0.934* * -0282 0.140 0.934* *
TF stem-brown rice
TFurgspeok
0376 -0.548 -0.346 0.138
TFlcaf sheath -brown rice
TFurpa
-0.187 0391 0.043 -0223

TFleuf -brown rice

L " RFEMSCMETE P<0.05 K- L 3%« = "R T SMELE P<0.01 K B3,

Note: “*” significance at P<0.05; “* *” significance at P<0.01.

SRS PRI 0 2, AR R, Cd iha T,
AN Cd FLR MK RER R Cd &3 B35 T
L EREOT AR I 5 i A 4 AR — 8, Cd i aa
T,Cd RZER R TR TAL, AR R & Fhoa] DL
F80% LA Ry Cd, = FLER SFP AT IR 2R 60% LA I
) Cd, 3K T6HAHR 2R 3 B8 VR AR X Cd Jikia
() FE ML

RN Cd BRI iz M - ERXT Cd 143 i e
FETRARL Cd LR, s 0RO Cd 7EK g4
LU E e ] s SRR AR SR i % iz
RE bR s | X AP R Cd AR B sE g iKY ) A
R B, E A KA i A AR R ZE A Cd =1
e AR KR LAY AaF5EH Cd hiE T m AR
FUKFEM AR R Cd & & 0 28 TR B oK F

Fofr 1 b L3R4S A Cd 7 AN B 3 TR 2
KRR AR 3T BES R [ KRS S R B AR B A st A
PEAHDCE ) E AR R, AR R R AR R A b
s s Cd MR TR SRR S AR A
FEER G S5 R I R A
i ia Cd Y HE ) o 2 I8 T AR 2 Sl Al B 44 g A
R1088 412803 TF . R 10% 247, T IR3482 F
KA 558 =135 20% LA b [ B, B4 A Al R1088 Mt
LARAERE K iz Cd By RE ) 34 2 2 (KT IR3482
A 558, A EL AR 82 b, o B 3R A F o 22
TEHh b #8F%iE Cd J& T BOAIE Cd LR R i 22
PLEEEY

FE A0 A K- - REVR ABFFE KRG X Cd A
iz BRI Z AL, 4 Mo BEDTRE Cd DL S 4
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JEL P 1 DX PR AR AR FH 2 A 4 R D i tifk Cd 1 2 A~
T FREY A RE SR AR KRR % Cd FEE R —
TEPERE , H b 1 21 2 | - 21 4 R0 R s 25 W o A B 1
Cd #EAJRA R ZET R b, A [ 2K R 5 il 4% 40 220
LS AR R Cd & S A I LA 2 B s
/0 Cd A FEY AR A R 2 IS, A A
S ESHIER A Ta S, Knas—
INYF AL A W) LA A S B A7 76 T 0T 3 3 4
HBS R LL Cd R HB 43 AF AE T M A RE AT 4
FB0 1R, 6T Cd 7EVAR M P B o A AT A AE
W,k B AR SE & B, Cd WhaE R, KRS M R Cd
{14 IV 40 603 A5 30 A TS 30 43> A4 i R > A4 L 2 , i
AR KB, Cd 1 20 43 A 22 30k 40 it B > m]
>SS . ABF ST K B, 7E Cd e T, R
[7i] 35 PR R0 7 AR ] — i 4% 2 40 Cd 0 400 i 3 i L 4
Y8102 L Ay 240 B B > ] U > A M I L A 2, X L
T AR AR SRR A ol ) 4R 0 25 40 i 20 43 Cd 43 i
LA % 30, A8 FI R1088 4H Jf B 43 e L 451 4] . 2
T TR3482 FIKHKE 558 ; i 4 e Fll R1088 FJ J&
A3 BC LA 20 2 i A T TR3482 FlIACKE 558 ; 761
R L e Y R W NCIE e [ T E P
535 Liu 250 (U BF9E 245 B — B, X SeF o 45 R
F 2% S ] BE 2 F TSI A L R AR 05 S o A A ]
T KRR SR KR R TR AR RN 25 40 i 41 4y
Cd ZrBe B AR TR], AT BE S T BCE AT AR B A
Wikiz Cd UK M\ ZEfERECK S 2 Cd RE S frfE 2
SR BRI

V41 £ 240 R R AR UK R Cd R AR R AR
F LI Cd MAR BN ZE M FE2 ™ mTER o 2 7K
FEks Cd iz BRI E 8 Cd WA ™, A
o & B, A BB R B] AR 5 25 1 40 B i i n]
RS Cd A BC B AEE R 22 5l ak AH DG 4
Mr & B, 76 Cd B R, TF o A1 TF o 0 5 240 0 RE o
Cd F3c Lb il 2 5l e 25 0 R O T TF s P TF o 1
S ATV Ay 4 e FL B 2 5 W S AR ARG FR el DA
T, AR ZE v A8 RE R RTS8 43 Cd Y T A i 43 AT
JERU Cd KR B %% 1z 2 b b 38 L % 25 BkEk 14 &
BRHE, —EWRE Cd il F(CdS i), TF .. 5R
1 g A 200 B B B 910 A A S AR DG T AR
Cd25 WA B2 TF gy e 5 04323 B LE
BB AEAEAR R DG R, X Al AR K Dy Cd 3 — 2 i [l
JEFTHE T I Cd BT SZ AL 5 T Cd 227K
e A i iz BT R

AR KRG i R Cd W 0K F 32 A B A7 7E
25  MUAUE A4 43 Cd 43 BC He AN [ BT 2,
BT L, AR S (NPT) A48 BE H K (GSH) 2
M Cd R EEY ™, KRS OsHMA2 453
A 1 B T 5532 25 AR S 5 7 Cd™ AR R 1] Hb
s KRS R RGL R P, OsPCRI 5 Cd )
FERLA Iz B PIAR O™ L BARA B LA 1F
iE— 5T

ARG A EELELUT .

(OAEA TR AR S A b Cd K20 B BTk 75
WA R ESMRAR cd S EE THEHES R,
M 4% A 2R Cd & e X T e AL R A
 BUR AP R FLE Cd 1 RE T B

(2) /S [F) 35k PR AR 7RG o P25 4L 2R 452 Cd 17 1 240
L3 AR A7 AR 25 55, (IR RL 28 AR 0 25 b 41 i BE Cd
3B Lb A8 v 1 R B R Rl T R 4 Cd A3 L
BIEME T o BB A A, Ul B 20 B R ] 50 40
Cd it i E mEAEH .,

G)ER ARFL R B TF e Al TR 395
HHHERE Cd 43 BT Lb ) B 2 0 AH C G R T 5 mT i
F AT R IEAHDCOC R . XU W20 i i B s 1Y
Cd [EHFRE ST, MRS Cd BB M EZ Y i ; 1 Cd 1)
RS bl T 345 38 4 — Rl B 4T, ATV &84 Cd 43
Lol g, Cd SRS RE Ty ki

Bt R N ARk K ORAGAR G0 P B4 A SR AR

BITEBE N 2 R1976—), 5§, LEFH L B A F
%A R E A A A
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