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Breeding Rice Cultivars with Low Accumulation of Cadmium : Cultivars Versus Types
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Abstract: A pot experiment was conducted with 6 rice genotypes in the spring of 2008 to study the feasibility of selecting or breeding rice
cultivars with constantly low accumulation of Cd based on cultivars and types. All the rice genotypes were grown within two different water
managements, under continuous submerging condition(2~3 cm )and pot drainage from heading to harvest stages. The results showed that
cadmium ( Cd ) concentrations varied among cultivars, and the order of Cd concentrations almost identical for both submerged and drainage
treatments, indicating that screening cultivars for low levels of Cd concentrations in rice grains are a practical method to control the food chain
pollution. Both water management patterns and different cultivars had remarkably influenced the concentrations of Cd in rice grains, and
characterized that the contribution of water management to the total variation was much larger than the genotype factor, indicating that the
predominance of water management was related to the grain Cd concentration. The selection by rice types did not work out as there were no
significantly differences between the types. It is suggested that in order to control the human Cd exposure by diet, an appropriate water man—
agement approach under the continuous submerging condition, especially at the later stages of rice growth where soils are polluted with Cd,
and a combination of rice varieties of low Cd in rice grains with effective water management, would produce safe rice grains in low-level Cd
polluted soils.

Keywords: rice( Oryza sativa L. ); grain; cadmium(Cd ); cultivar; type; water management
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BRI (AZERAEE A RIS RO R SR A R
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1 #MR5FE
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I T 2008 4E4E) RAAESIR S MR T
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PR 3R 32 K52 i X5 YL 2T e KRS +
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Table 1 Basic properties of studied soil

pH EHHLIT % B Si/mg kg™
4.64 2.28 68.03

4> Cd/mg kg™
0.60

1.2 E&ile
PR R 0 I A AR R Al K2z AR B F )
RABRFHEKFEATY 6 MKRE(E 2).

<2 Kk M
Table 2 The rice genotype

A A2 S| HWICA/H)
R S 1 LES S T))
TR 2 RS (GHERS)

. e $&Hh.03/15

KR 998 3 =R GBARE) i
b 163 4 LESSa BRL0407
e TR W3k 07/13
KA 2168 5 — RARAEHE
Jik EL 221 6 WA

T BRI KRRy =L

IKFEZERGRISAERE AR | JF A, AN 17
em 5 20 em BYSRBHE , AR 1 4.5 kg, 4% R T 50
+Jihn 0.10 g N.0.10 g P,05.0.10 g K,O, 43 I LAR %
BRSNS AL FE =it A SRR, 5 R
IRAIRIIK ., RERMEZES , SefE ois JemRg M afe,
22 d JE R BER T RO AR BN AR AP, AR 3 K
FEAR G R 107 AR 2~3 em K2

WEMAAI . TR, KA
(2008 4 6 J1 17 H )5 i THEK AL B, 12050 58 4=l AL
Wit &3 NEE,
1.3 HmRESHHT
1.3.1 FESHIPREE

FRKRE G | Sef Ak, (AR ARG B8 30 R
SEMRBR SR SeH ARV TR EHR R 1, B
FE TR VRAEAREAR , 43 B AR 25 R A5 AN [
FLE 105 CAT 20 min, 70 CHET, BRI, 45N
KRR, AR . 250t | R A sei i, i
0.25 mm Je i, fefb oM o ARPR E 2 ES 5 , 43
Wit 1 mm F10.149 mm JE B0 , A4k 22 0T
1.3.2 FES

Rk Cd &3« 2R H HNOs—HCl0,(3:2,V:V)
RGBT, S IRE PR AR FRIOB R A4
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BREER 0.5 ¢ 247, BT 50 mL = A, A 10 mL
RATR, AR, WH KB E TR o
IR (100 V Z247)TH A 1 h, J5 =i (200 V 2247 )b s
HAE BB R B AN TEITE WG, HaksE L &
TR 2 mL 2245 VA0, N 20% 56 i R 2 ml, 3% f#f U
VE, ERZR 25 mL A M. TEARES Cd . Fe Mn 1Y
e FRPGE T 1 mm 5 B9 X £ 10.00 g A 100
mL ¥R T, 0.1 mol - L'HCI 50 mL,25 CH#
¥ 1.5 h, 2 4 AR k™, YRR TE R
TR A $EURCR FH A S5 R O i i (b
BT TAS986 )7 Cd, Fe I Mn R FH I TR 40
BESHI A2 (AL HR R WEX=130) , 75 Ak Fnil &2 v T
AR GR 9, DAEZARAEDY) Bt GBW (E)080684
(FKEBFREY T, 0.009 mg-kg™) Sk PIFRIE 1 40 B7
o pH {EIMRE : pH (A% pHs-25),
1.4 ¥IRFEIT 554

SN R P YA bR £ GE T, Geit R R
FH SPSS for Windows 11.0 %4,

2 HR5iTR

2.1 RIERM BT IH LR ATTIE
2.1 AP EDRS KA 7 22 5

Xof Y 7K ALk BERIHE 7K AR B DA KRR it o T K
B ZE S AT RN R T 2200 b A5 R R W K Ak
BHLPAT 8 o TR O 5 22 S I 25 (P<0.01) , T HE
IKALHE T AT 35 2% 57 (P<0.05) o 3X Fe B4 7T i ik
i RO E 750k AR AR Rl TR AL A T AR EE R T
el 15 b LRI 2 - B0K

MR REAT SR A3 58 B4 7 e 22 18] Y B2 1M 2R
KR SRl LI (36 3), JieHKiL 2K
ARERTR, ARAGER S S A 3 AR E R SR A
A R A EAOCE  TAREAT SRR AT 52 1
BEA W E AN . (ERPR 552 M5 & i AR
FRHE

HIML SR, R AR ML 0 Ay 15 o T SO T
ANt . fEfR]— % L S KA
it AR ZR RS 22 40 , I 1) i 308 i i B R A L
151 iR 2R TR WAL 1) 22 S5 T RE IR TR R B RE T LA
FARFR S A s AR M AR K 16 5 Y
ZE SRR TAR F 40 &, i R T 7EA kL
8973 HE , 3 Wl W B 7R 7K R AN [l e B R 49 20 e EE A8 TR 7K
R4 At AN [ T A S 2 2 5 DRI TR R AR
ol ) 8 T AN S T A AR AR AR 4 MR AT 7 L 9

R3 E2NKSABAKEEREE Cd HRRHFEXKXR
Table 3 Pearson correlation coefficients between grain and

straw, hull, root

Hk Cd FFF Cd B Cd

i H
K Hizk K Hizk K Hizk

BCd  0840" 04917  0.593°  0.505° 06777  0.498
A Cd 0.405 0236  0.901" 0.631°
FEFF Cd 0.169  -0.005

Tk R AR S 5% M 1% K1 5525 R R

AR S5 25 2 ] 18 43 e ) A
2.1.2 JKAYEHRNT AR R o i 28 S R 2 AR Y
A

MFE 4. B 1 DT 25 Hrd R ATT LI
HEAK AL B R AR S i B T K AL B AR
o WEKAEFET 6 AN Eh R RS KA A KT 0.2
mg kg™ X —EFAR AR EARE, HEAKZBE T R K
W BT 035 mg kg, HAPS(EZHKALHLRY
5452, AL FERETS Y 1 K ARE U HEK A B
FAW KR &L R, RINGRX KRG K4S B
WFFE , TR A ) F /KRR KA M IS i 7K o 3
Jid o W2 SR IR e B, /K Rl A e X — it
THREOK R S AR . ARYEA N R T 250
B AR FEIZK A BR DR A58 R IR & A i
F 25 (P<0.01) CHE/KAb 3 5 2 w25 Tis Ak AL 3 ) 1717 A
FREG o i M b 5B A LA SR PR A 30 & (R
5) .pH (Y%A W3 22 5 (P>0.05), WL, RIFR7K5
BT KRS E2Z 5 Z M T pH s AR
SR, HHE AR KRR PR A RES
Fe Mn(3k 5) & 2 5 THEKAEHE(P<0.05) . X 5 20 i
WS PIRIF T 4 AR AR, LA 2 B, FR 1R AS H £
B SATR I /K A8 B o B 1o PRI R A A I
FL R N+ S IR RSB L PR R S 4%
BHESF, LA SAE /K 5 2 i e 9 pH AE T, il
T AR X R F S E TS Cd YSE ST, Fis
JRABIEF5 Cd ALTTTEVE R, M ik 2] R AR K A
Rk Cd S EAHAY,

11 Bt o HE AR AL BT A R 5 2 38, ot ] 1
25 SR BN 55 2 3 AR PAERE N, 1 B CV% Max/
min (A 2P AR TR K AL BRI

SRS Yu SFURT Grant 55218 TA Sk 7KORE X 4 1) I
W R I P AP i A, T ELX — s A PRR F AR E
EJE AR AT A FE 45 FE I A 22 55 508 i, mT LASFE K
T KT X6 6 ) W i R B A R 5 I R R AT A
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Table 4 Difference between two water treatments in grain

Cd concentration

IKAMEFR Mean/mg-kg” Min/mg-kg” Max/mg-kg” CV/% Max/Min
KA B 0.089 0.036 0.151 4714 424
HEZK b1 0.449 0.364 0.577 18.16  1.59
0.71 3 for A L -1
O 7k b H57 & e /mg kg
0.6 O HEZKALFGH & it /mg - kg l T
= 05¢
=To]
-
E—D 0.4
W o3l
e 0.3
4‘1% 02 L
0‘1 - ’l ’l
O 1 o 0 o0 *
E 4 & & & 2
N v p I\ —
=) & g2 £ o &
H #HE R K X H
i

B 1 2 ANREKGEENBERRS LR

Figure 1 Cd concentrations of rice grains in two water treatments

FHBYZESE o 1R AT 2 KR b ] AR 4
MR MAT e ) R 2 B B B B AR5 S e K Rk
R A E R A PR R R AR 20 M (5
i eSO A pH (AR ), TR B G U
SN PRIE R 2R T [ S K REDR AL P A 5 25 6
PSR AR PR B 6 A ah Al 7 22 70 T4l Rk
WI(FR 6), Sl 7K 73 Kb 3HO6E FRE K 9 0 1 1 #8A 1
#7225 (P<0.01) o XS] PRI R R AP K
RAFCII R FELE SRARL, AT A g ZK RS AT L A 5 5
SR RE AP AR DI TR PRIE eI BRI ERE BAR 3 A
T RSENE o AEARES T, K I3 B R R ) A
XA BBV AR B2 K R — e i 7

2205 BT Z R, AR AR BRI 5 22 Bl R,
82.78% , Tl kb Al BT o5 4 LU e /N TR oAb B 5 BT
ZERI LD, AR 9.46% , AT ULAHXS T A, 2K oAb B
THREARGR S AR R IMERWIEAS 5
R & 22 5 B TR 7 B

TCIE I i it SR AR A Rl , K RERPRL A B 58 5
I 2 52 B I I A S P R R IR B T T g
6 H SO ARLAER %0 i o /K RS A R, R RO 7K
Kb B PR AR KR X R B WA 5 AR A o - 445
o R A SRR )/ B I S O A A8 Dl i
ABEYEET.

H13R 7 ZH BT LR ), WK AL RS HE K AR B
ARG A8 2 B HE A4 Y SRR oA o8 2 — 2 (HE %
JEFNZE IR X — AR W KA B HE K AR BT
FRPRE KA 5 B A HE 24 2 AT DX B0 o T EL 35 i e i 1Y
PAASAR A, A 2B 163 S 58 e — 80N, fE A
IKIFAL PR R T AL T o — B A g R] L,
RIRIK OIS BRI 7 22 (B B T7 22 09 Lo 9 240 R
i, (ELIE Al R TR A 22 53 B HE22 B0A 52 2K 70 A8 PR
SN, DR T — AR E T, DR AR Bl 2 DR R 22 e Xof

F 6 KBEREE ko EREZHEEAMELR
BEEMEMAESHT
Table 6 ANOVA results of G, WT and G x WT effects for Cd

concentration of rice grains

Source SS MS F
G 0.133 0.027 7.07"
WT 1.164 1.164 309.40™
Gx WT 0.019 0.004 0.10
Error 0.090 0.004
Total 1.406

T %% FoRIK 1K1 PR G BRI WT R M G x
W B[R R 5K M8 B 22 HAR

&5 KBRBRLEER Cd . Fe Mn &2

Table 5 Cd, Fe and Mn concentrations in rhizoshere soil

5 Cd/mg kg Fe/mg-kg Mn/mg-kg'
WK AL Hek Ak 3 WK AL I Herk Ak # WETK AL HE Hek Ak
i 221 0.336+0.019 0.346+0.010 146.160+12.985 107.451+7.450 15.616x1.155 11.529+0.562
rdegiE 0.347+0.010 0.359+0.024 155.1889.019 115.185 122.705 16.656+2.002 8.455+1.789
Z4kr 163 0.352+0.020 0.391+0.026 135.396218.095 126.789+28.790 12.250+0.960 10.07020.405
FAk 998 0.376=0.009 0.38620.010 103.206+40.177 95.388 3+5.488 16.063+3.011 10.407+1.177
FoAk 2168 0.388=0.021 0.37920.014 134.730£10.280 88.004+17.973 12.879+2.858 7.543+2.173
A 0.41120.023 0.408+0.029 197.021+31.907 112.283+6.884 18.900+2.934 9.751+0.630
FHEIE 0.368 0.378 145.284 107.517 15.394 9.626
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Table 7 Multiple comparison of grain Cd among genotypes

KR SR ek e
a=0.05 a=0.01

WEAK AL B 6 0.035 7 a A
1 0.057 6 ab AB
4 0.071 8 b AB
3 0.080 5 b B
5 0.140 0 c o
2 0.1512 ¢ C

Hizk Ak 2 1 0.363 9 a A
3 0.394 2 ab A
4 0.404 4 ab A
6 0.408 2 ab A
5 0.547 0 be A
2 0577 1 ¢ A

T AP AT O A AT AT Y
2.2 REKFE LB FHAT IR IR AT AT 1%

TR 3 2RI 7 NS 1 6 > AP T 02
(IR AN W ARSI SS R 5 (2)4% P /2 .
RFAARBYAT ; () IEIASAF AT IS IR AAL
TR = RIS A — DAL SRR Cd &
HEFTEARI R 7 2550 . S5 RRWT, LIt R Wk Ab A
FEHKAE BT AT AN A K Cd & %
A1 5225+ (P>0.05)

ARG SRR RO RS (8] A K B & B 25 5o
RIS FVEERS J SR G RBO A 0 2K EE
AFXT A ST PSSR PR PR 2 531 [ A K A 2 st 1
FHE DR 22 S LR o AFURIRR VRS 3222 T Hh P53
AT [R] , 2 O LA (] — M 5 A T, B9 4 SR
XTI K AR A A A R % T

1T LR B T ) 8, FEAS [l A il 24 1 (32
BRIAGE DL R BUR) it AR ), E AT 2K i Ao
R 22 S W TE A R A 22 57 5 8 Ji 24k, At
TP BIFFE S ] 14 22 S R T AR A S 30— B 45 2R
KRR FZEAIY 73 28 SRR R (R R — 03k
TR G ARMEFR B S8 AN, H AR A3
()3 AR B R AR 25 R A T 1Y TSR IR S
e BR R it A R A KRR R MR AT SR R 431, A
SRRy T T, A AT | A M S
Tt SRR IAE i, 2R  (EET X S Rb i 12k
HRAEAS R SCHRHR B D 485 2R, FT LU S5 15 Hh T — 2642
SE I AR AR KA A, B ik o 3 50018300
REFAE 7 5112321 FE Arao fllshikawal "5,

NIPPONBARE /i Ffife 9 ot 198 v 412 S b i
4% & B 241 ,LAC23 L & HU-LO-TAO /& Fh7e P
b AR AL TR b e (R i R A SR AR TR AR
ANFIPAEE ORI 4504 ) , AL 6371042182021 g
P Juie- s\ A JE T AR R KRR LA X R
WU . PRI T SR AR RS 1 A, I et
HAFE, R ARAS B

3 HiE

N ESE R DL R B b i/ S O T AR A 75 % 1l
SR I A A 7 o D RE R 7R TP RS e Y £
e bR AELAE SR SRR 22 4K R BOR B AZ 3 5 T o i R
OIS R B, KR X 58 B R R R AR A ik PR A 22
S, IR WIA R RES 7 vk ok A s e 48 1
AR 5 KR i i (ECR 2R 2Kk B e
s F NI Cd ZARGR: , M HAR D [R5 [ e 5 2
TRV o AT 45 R AR B K 38 PILX — PR A 3R 0]
TR RN R Cd 5 B A RO 2 I KT AL A
RARENE o ABAEPIAS K SAE B b 7K e it R )5 2 i )
HEAA M FEA R — 2 KA bGE 17K R
(AR AR PR i SRR 2 5, SR T T2 7R 14 i e
WFFEES R SR 25 A — CH S PR D 2R AN R] )
ZAZEFEZRIPE , MARKI: A2 8] 4 & B A
HEES o NI T R G E B SCAN I, T X 0
R AR E Y A AR A T B AT, S A IO

HEAAL BRSO TR B 5 A2 . ih
LT SR , IR S 7K AR it o 0 ] o 245 5 FIR il i SR BR 4
PRI ) R S REA RO Cd e AWk .
VA e B st 7K 734 BEAE PRIE R 30 K R o5 i A
SN

K RE AR AL b A B A i R B HOR TAR R L
SR PR R AT B, IR A [ 0 25 10 2 S S R T
TERFRLA 73 E o ZKAE XS SR Al iz  RARAGHLEE
DA 70K i B WA TR 700 22 S D LRI PR P A E Tl
AR — PR,
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