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 E RALEEGRK s, DRI X AT AR A 32 ASKEE SRR AR, 2E R RN (0 mg kg CA)FIES N Cd
(5 mg kg CAZEMT , ISR SRR REARRL 58 2 FIMR R H Cd Fe . Mn.Cu.Zn.Si JLFHEITTR N BRSMAREURE
TIZ AR R S5 R R, JURMR TURTEMR RAZER i B R ARG, Horp Cd Fe 7EMR RFNZEM- o ity RRUTIE = T
HATTER o KBEARFBALE R ITCR ZRIRBHERINEM KR, N Cd AF/EITTER Z RIS ] B, JLHRAPRH Cd
S5HAuRZEMAKI Cd BRI Cd 5 X BIR BEHAKY  MEEITTESBNRE 3 B MF (BEEREA R H Cd Fid
A R C R A RARR AR, T 8(FEIR-1)M 27(FF 03-2843) 5 R & B E . NEFRMEME R LM ELEH R ELXTH
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Influence of Cd on Microelements Accumulation and Their Correlation in Different Rice Cultivars of North—
eastern China

LI Jun', LIANG Ji—zhe', LIU Hou—jun", HAN Xiao-ri', HUANG Yuan—cai? LU Jun—jun', ZHAO Xi?

(1.College of Soil and Environment, Shenyang Agriculture University, Shenyang 110866, China; 2.College of agronomy, Shenyang Agricul—
ture University, Shenyang 110866, China; 3.Liaoning Fujie Environmental Technology Consulting Co. Ltd., Shenyang 110031, China )
Abstract: A soil pot experiment was conducted to investigate the influence of Cd on several microelements accumulation and their correlation
in different parts of 32 rice cultivars, which collected from Northeastern China. Two uniform rice seedlings cultivated previously were selected
and transplanted to soil amended with 0 mg-kg™ or 5 mg-kg'Cd(as 3CdSO,-8H,0) in May 26 and harvested in September 30 in 2009. After
harvest, the concentrations of Cd.Fe . Mn.,Cu.Zn and Si were determined in root, shoot, glume and grain of rice. Results showed that concen—
trations of these microelements in root and shoot were higher than those in glume and grain, especially for Cd and Fe. In most cases, the rela—
tionship between elements showed positive correlation, which was intensified in treatment supplied with 5 mg kg™ Cd. Especially in grain,
concentrations of Cd and other microelements showed significant positive correlation at Cd5 treatment, whereas no correlation was observed at
CdO treatment. In general, the cultivars with higher Cd concentrations in grain also contained higher concentrations of microelements, such as
Qianchonglang-1(8) and J 03—2843(27), whereas the cultivars with lower Cd concentrations in grain had lower microelements concentrations,
such as Yueluzaosheng(3). Concerning the nutritive value and food safety of rice grain, Yueluzaosheng(3), Qianchonglang—1(8) and J 03—
2843(27) were recommended to plant in non—polluted agriculture soils.

Keywords: rice; microelements; cadmium; different cultivars
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FEFEY L AR 5o REFMIEZFIR, S IS YIRS BB, JRR

R IR R BA A5 T R B, ik
ZHNEIIELAM IR TP R SR B TR
FMgERITTR RGN — N EZEREY, Rt
REERE TEEM, Cd 75 YL BURIE 2R, R R
A Cd Birpy g, +3EH R Cd NMURBE K
AP BEHEESERRER Cd W5, mAE
—ERRE LA RN A M E T R MRz
B, ARV, BRI TFARICH X KRS & R el mfb
MMEITTRNEEES, UHE Cd FEXRM T HE
LR BRRHERIER D, X0 B AL E SR
KRR RAR UL EFERBNE—F 5k

HFU R, AR R AL X ) 2 FAE A
2 AKFERFERTRFES ., LA Cd V5 B RHNT
WA IR, ZERTHASM T LE SRR Cd ) RBUR M A SR
M AR SO IR AR [R] S R K R RO BT L ZE R
AR H Fe Mn.Cu.Zn Si JLM I EITTE K B 0MH
FHIERL K Cd XX $et R R

1 #REFZE

1.1 ftit 1%

RIT 2009 4E 5 A Z 10 AfEL A KF+
SR B M E N HEAT, A T Y,
KA AR R FREE TR S, ¥R EH 0~20
em B2, HEEEMEFXT, T 3 mm 7, H TR
MKRE . BGRA A, B, 43305 1 mm
0.25 mm JR Je i, F Fill e TR AN, e R
H:pHAE 6.7; &% 1.24 g-kg™; ©85 0.38 g-kg™; &4
12.6 g-kg™; Blf# A 58 mg kg™ ; THALHE 6.5 mg-kg™;
B 96 mg-kg s AHLE 23.1 g-kg™; 2248 0.04 mg-kg™,
DL A8 hR R I H T TR E
1.2 7K T8

PR RS S R AE BT 3R 48, 32 K AR S Fh Y
SR, 1 B AR M X OR R bR (L 7 AR B e
LA BAS), HiBEH 22 FEK X 2 Fh 435108
Ok 265, DA 9741, kA, @HiL 9052,
G 371, £ 1 5,0 9, OFER-1,91r
i 294, (0T K 454, WL £h 241, QiTKE 326, LA
5,@i1dh 2,531 EE 16,068 8433, (DAL £k 283, B8#:
B 68, 9Lk 190,09k 1Kk 32, QUL FE 9 5, Q2L F 3
5, B 65, WHH, S 2843, 6HHE 9,807
03-2843, Q87K FH/INHT , Q9 HL¥K
G2ULRE 12( F X EIEH 1~32 54

BERE AR BN AR A N , B AR 2 K
1.3 R HESEE

BR(NO0.2 g-kg™) B (P,050.15 g-kg™) B (K,0
0.2 g-kg™) EELBFRIERALENT 158, H
FRES R, e 0 0 R R A) l 0, W R &R
3 RIERNE S HIEFRSIRA B A RS 2>
HEHEEAA S8, R ZIRS  EAN, e
PR 3.0 kg 3, 3008 Cd AR AITE R PEA 35,
SEFREL 3CdSO,-8H,0 th&H) 3.286 1 g, FIEBFK
Bl B2 1 920 mL 759K, iR AL 38 F RS W B 20 mL
BLAF VMBI 3.0 kg T3P 13 HIEDEE RS
F 5.0mg ke ZEWEERSES AT, RE 3
Wo BAKRERBAIIR BRI (Cd 0 mg-kg™ ) FM
H(Cd 5 mg-kg?) M0, B IEES 3K, 3L
192 Z5, #Im AZEREFIR Y 1 8% A 30 cmx20 emx
15 em ¥BLE P, H BRKBEF 8081, F
54 Fl. 5 A 26 B E /KRBT BARR 138,
B 2 Bk, FIRTHEK KR A KR K w 2~3
em, WORRTHIJEZ 1E K . KT 9 A 30 Bk,
14 BRRESHH

TKAE LG , B FE AR D\ 25k R | (AR R
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BT KT AR R A B EBGE R BT E,
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HEfb 25 Hr
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TIA 10 mLIBSHR , R THALIE R K H KRR E TH
Pt I, SefRIE (100 *CZAA )IHA 1 h, JFEE (200 °C
Eh) BAHE ZBREG N EaIFE AlE, B
YRR R ZRR 2 mL 25, 24, N 20 %% il R 2
mL, VEfRUIIE, €K E 25 mL KB M. MNERPME
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W (A TERR BT R 2 9
1.5 #iEMES5ITHT

% SAS Geit3R {41 Excel #HATEIE AL

HZRESM

21 KBEARBHUIMETESETLE

IKFEFERL I AR A& Cd.Cu.Fe Mn,
Zn 1 Si FE W 1, T HEHInER(CdS)E 2R
5 (Cdo) b3, Cu TTERAKRBEE NS B
%, Fe TEAPRL P & B MBAL, (BEZH AR R T E &
HWRRE ., TP CdJEKRBAIWA Cd F8& £
MFIR R Fe ST EUKAR R H Cu FIZEHH Zn &
REEREM, MARRD S HFENEERL. NE1
#E—F H,Cd . Fe I TR AR RMZN P& &
WIm R AR S, MRS Cd.Fe FRBMR T
) 1000 52, RBGCH LB RS, fn Cd 4b3, Cd
AN EREER TR C A, BLBHN Cd
Ab 3R 5 ZE LR Cd I EE BRGFT. X F Fe T
&, nCd B ERAPHERRESTARM C L
B, HAITE CuMn.Zn.Si & EHRIABR R
R FAPRLRIER 7S , (EAH RS R 7R LU
JEEA, KT Cd F1 Fe, 3¢ HFEDN Cd FAKfin Cd
AbFEA SRR B i 22 5, UL X Se ST R A KRR AR N
K& AL TR B BRES
2.2 KBAEIBUMETE Z EHHEXMHE

2 2 4355 ORI SR OK RERERL B 5 2R
& Cd.Cu.Fe Mn.Zn.Si Z [ AHK R (n=32,

2

"0.05:0~349,r0.01:0.449)o bk%*ﬁ?é/%ﬁﬁﬂ)){%& ,%i}l@ﬁ
BILRZ A REHEN TRIANEMIRKR, RE7E
RARMZEM PR RIA AR R, XA AR L
TR Z I TEAR R BBCF ) ZE s it BB TP R fE A A
HIEHURAER , (BEEF S PR B R R, EA
Z ) X RIAAHE W RIVE . TR Z AR FH MR 3R
BAFPRL P B TS R TR AR RS, 3
Hin Cd A F AR Cd 403, R HEFR A Cd 5
HA TR Z IR MARAN Cd B AH AR B2 20 Cd J5
IRFN BB AR R ANZE N TR Z A A S
BEFRES XM S BB RER(ILE1H
YA R,
23 AESMABITFHNIRETESE
WRETHTR , TOR Z [0 A R F R i
TS R TR, B P Cd 435
FFARN Cd b3, JEHEABARER AR, N Cd JEFPkL
HCd 5 Cu.Fe Mn.Zn.Si Z [8)¥)3K 3] 8 & IEAHE, T
K Cd AP ARIR BN BEAR . K THEFRIA
PRI ME TR RS, MESETETEMRM
KRB, FES LSRRGS MGT 32 1K
RS ME TR SR, WE 1 s, £
HIYRIN 5 mg-kg? Cd J5,8.14.17.19.27 S5 Cd &
B8 ,30.22.5.24.32.3.31.6.4.13.23 & 5
PPk Cd S EEMK, WFHEMTE, 8 5M 275
PRI Cu Fe Zn Si &85, 1M 5.6.24.30
FFFRLH Cu Fe Zn Si & BEIEML, X 5FkH Cd
TEMAE -3 WHKAEX Cd.Cu.Fe Mn.Zn,Si
R SCELAE R

R 1 AEFRBUIMETRNSEEE (ng ke

Table 1 Concentrations range of microelements in every part of 32 rice cultivars(mg-kg™)

_ TosmAabL(CdO) JnémaLEE(CdS)
JGZ Elements — —
¥FRL Grain Hire Glume 251} Shoot % Root ¥RL Grain Fi7z Glume 251} Shoot % Root
Cd 0.039 0.26 1.27 46.1 0.114** 0.44%%* 16.4%%* 113%%
0.012~0.102 0.14~0.43 0.20~4.53 15.7~109 0.022~0.285 0.19~1.04 9.20~24.8 48.9~214
Cu 5.24 4.34 12.2 20.5 5.39 4.35 13.5 36.4%*
3.51~6.40 3.44~6.47 3.38~21.2 12.9~32.1 3.59~8.77 3.19~5.52 7.62~17.4 13.4~88.2
Fe 8.52 59.9 923 9 682 9.76 61.4 1137* 56 633**
4.49~11.6 44.9~84.5 68.7~1 478 6 482~14 246 4.64~23.2 39.8~105 918~1 380 6 104~149 819
Mn 20.7 84.9 175 344 20.4 80.1 166 355
15.6~24.5 60.1~130 109~310 225~478 12.7~26.1 51.4~121 97.4~266 184~523
Zn 33.0 47.7 37.1 78.0 33.2 45.8 49.6%* 72.0
20.2~57.7 31.6~102 20.8~61.4 52.3~140 13.2~70.5 28.9~73.4 26.9~104 34.4~125
Si 235 87.5 114 204 24.4 91.1 120 156%*

16.6~39.9 213126 o 95:3~159

119~296

14.8~39.6 73.8~141 83.6~171 85.8~249

o %Elﬂﬁt%ﬂailzi@lﬁ%ﬂliit*ﬁ*ﬂ(ﬂ‘@‘f@%{;p' fals Y AEESFEE ) - wn Lmnzmirena®
www.adul tpdf.com

E5



444 T Cd XARE SRR R TR 2R R HARR PRI 20124£3 H
R 2 FEGMKBERBIMETRZENEXREY
Table 2 Correlation coefficient between microelements in different part of 32 rice cultivars
— Cdo Cd5
Cd Cu Fe Mn Zn Si Cd Cu Fe Mn Zn Si
Cd 1 1
Cu 0.061 1 0.664** 1
Fe 0.046 0.470%* 1 0.352*  0.461%* 1
Mn 0.328 0.401%* 0.379* 1 0.623*%*  (.362* 0.351* 1
Zn 0.182 0.384* 0.362* 0.380* 1 0.614*%*  0.447*  0.513%F  (.583%%* 1
Si 0.048 0.368* 0.411%* 0.226 0.046 1 0.539%%  0.385*  0.664**%  0.533*%*  (0.642%* 1
At Cdo Cds
Glume Cd Cu Fe Mn Zn Si Cd Cu Fe Mn Zn Si
Cd 1 1
Cu 0.193 1 0.462%* 1
Fe 0.253 0.303 1 0.298 0.248 1
Mn -0.246 0.088 -0.072 1 0.461**  0.492%* 0.154 1
Zn 0.196 0.475%*  0.440** 0.118 1 0.712%*  0.667**  0.451%*  0.622%* 1
Si 0.171 0.064 0.373* -0.009 0.258 1 0.021 0.267 0.212 0.107 0.345 1
1} Shoot Cdo Cd5
Cd Cu Fe Mn Zn Si Cd Cu Fe Mn Zn Si
Cd 1 1
Cu 0.398* 1 0.146 1
Fe 0.410*  0.962%* 1 0.185 0.625%* 1
Mn -0.305 0.185 0.128 1 0.310 0.651%%  0.581%* 1
Zn -0.593**  -0.233 -0.195 0.296 1 -0.165 0.198 0.120 0.322 1
Si -0.188 -0.023 -0.051 0.209 0.131 1 0.267 0.265 0.174 0.291 0.312 1
JEZ Root Cdo Cd5
Cd Cu Fe Mn Zn Si Cd Cu Fe Mn Zn Si
Cd 1 1
Cu -0.042 1 0.737** 1
Fe -0.118 0.376* 1 0.766**  0.956** 1
Mn 0.431* 0.408* 0.240 1 -0.222  -0374* -0.441* 1
Zn -0.071 0.254 0.458%* 0.237 1 -0.156 -0.241 -0.311  0.672%* 1
Si 0.016 -0.110 -0.008 0.074 0.199 1 —0.480%* -0.638** -0.681** 0.639**  (0.471** 1

3 itiesE

3.1 BETREKBENNSENST
TEMTFFRL I E TR & BT R, RSB KM E
JLRBZ C 2N A HIG R E R BEAF R, 15
A ERFER BBV RTE . bRk A5 Br (IRRL) Y
NG R il A LR BUKREFFRL Fe Zn & &
HATHIEEE , KIAE 6 MEERIZEEY 939 /KA Ry
¥ Fe Fl Zn &5 20 433 & 7.5~24.4 mg kg F
13.5~58.4 mg-ki ", AN 2] 1022 53551 3-4 F69, T

TR IT S R0, iﬁﬁmsﬂw
Fe BI& &N 4.49~11.5 mg -kg',® 8.52'mg kg,

Zn W8N 20.2~57.7 mg-kg™, ¥k 33.0 mg kg,
Cu.Mn.Si B &8558 3.51~6.40.15.6~24.4.16.6~
39.9 mg kg, EHIEESHIHN 5.24.20.7.23.5 mg kg
AR FZHRUIE T AFRKE RSP HMETR S
2/, ARSI

X FARTTRAKEARBAN S &, X5
G KW Cd.Fe IR TR ERZAMEN TS E
IR THRLAFSE, AT Cd.Fe & &R
91 000 B e , RAE P LA %, Cu Mn. Zn Si #
A RBRIE MR MZEN R RFHPRARTE . ST

ahmg T 2R TR B M AR
/\>:|:n Sl 7 MY, Efﬁ#j[a@[ls]o Fe\Cd Wjﬁ%fh
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W& RIS THMTE, XS KEREA
REIERAEYIXRR, TEEKAGTREH
AABRBIR TN Fe** , Fe* LUK R 3 W O,
FAIDIRER RRE A IMAZS |, FHIE LA
RREA IR, FrLUKRER R Fe S BB TwA]
RJLBLH 5, iR R R AT B BRE RE 88 1T
MR NEFIERA S M TEE S, MMTE
FE AR R BT, Forh BREEXT Cd 1 W AR AR
B 002,

3.2 Cd FKBHEAMETERRIENN

UL TT R AEAH YR RN 2 H i i R AR
RAFETLRM EAER . AR T, 239 Cd
SEFEIEIN Y K FEZE AR R Fe MR R H Cu FIZERT
H Zn MRS R, O TRARD SRS E,
TR R TS HFPR P E TR S B . X 5
Cheng M IRIEA AR, AT PF5E LB, L3S
I Cd W KRR Fe F0 Zn )& &, 50 Pb
1 Cr 7EZEM i R, WATHRIGE , B
A 2.5mg-LCd 7, WA T H/NE KGRI B Cu,
Fe Mo #1 Zn BJ& 2,

XF 32 KRS R AR P E TR & BT
KM &M, Fe Mn,Cu.Zn WFPFEITTE Z[H] K
ZHAEH T HWEIEMAHIKKR, I Cd 4B /5 X FAE K
PR NBA R, RBTFPRL D Cd 5HANTTE Z [ F AR
PN Cd B AR SREE A2 i Cd J5 B9 B3
FHSR. HFIN Cd JEKRE& I =R — e R
FARBTTFREM, X TR WA — W YRR, T
RES MR TT R Z A A SO o BOTE 5 i MR AR AAN,
IRTER T , LT R WU R B S5 1 (B R B ),
RILTCER Z 0] I IEAE R RARRAFTE , T HAFRL
Cd 5 Cu.Zn.Si Z [&] 2 AN Cd B A HH 2 2 i
Cd 553 B 2 aliil i A0 ¢ . KAREFP R TR Z 1]
MY IEAE R R RTERT A IR R 45 R h A G , Bl an
Wang %5 55 32 38 /K RE#T KL Cu 1 Mn.Zn F1 Mn
Z A 2P B EAHKERK R, Ren S5 19 45 R BRI
IKFEFFARLH Fe 5 Ca.As,Zn 5 Mg.Cu I K Mg 5
Cu Z A2 BIEAHR KR, W] WY B+
IR SRR Iz B[R] 20 PER (H L R fp i —
R
33 ABHHNHHETLESESERMENRRER
E:IESER

Ak, i FARE A o pettie ko
e ey &l ver

B, Cd SRR SF, Rt E TS EN
B, 2EHIEHPEIN 5 mg-kg! Cd J5,8.14.17.19.27
ZmF Cd & EMXEE,30.22.5.24.32.3.31.6,
4.13.23 SRR Cd & 285K, MHMITE,8
B 27 B B AR Cu.Fe Zn.Si F &R ,5.6.
24 30 @FFPRLH Cu.Fe Zn. Si & EHAK,

FERRATICHT B3R IE R A AN (3 5)
YER A A = s AR Y R D, 22 3 5 R R
Cd W EHERE 9, MAPRL P Cd & BHMN K, H
A HMEITTRE SR, 3 SaA BN, HAR
AR, TELR 65 IBOK R PR E SR E N2 2 XU Y
AT, 3 5 S FBER AT R R A F= i e 1t
iR, X FTEIR-1(8). 7 03-2843(27) fhFh A 2564
BIUUESERS, HArkid Cd S8&dE, X3
3 FREONIHBMKRE SR, BEBREER N
T Cd it B AN, R aB4 =
BILEMAEYERHE
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