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Abstract: As one of the essential nutrient elements in plant, calcium, accounting for about 2 percent of body weight in rice
plant, is the important component in cell wall formation, and participates in the most of metabolism process, such as
growth, pollination and fertilization, regulation of enzyme activity, stress resistance, and the signal conduction. However,
the precise distribution of calcium, and its relationship with some heavy metals in rice grain are largely unexplored. In the
present study, the Ca levels of 21 rice genotypes in 6 different grain parts were determined by environmental scanning
electron microscopy combining with X-ray electron probe microanalysis ( the inner and outer surface of rice glume, surface
of caryopsis, center of caryopsis, near aleuronic layer and aleuronic layer) , and its relevancy with the contents of other
metals in whole a rice grain, including P, Mg, K, Si, Cd, Al and Pb , were investigated. The results showed that there

was remarkable difference in Ca levels among different portions of rice grain, with higher Ca levels in the inner and outer
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surface of rice glume, and the surface of caryopsis, while less Ca amounts in the near aleuronic layer and center of
caryopsis, implying that Ca predominantly located in the aleuronic layer for a whole rice caryopsis. Moreover, the
considerable differences in Ca level were also existed among the different rice genotypes, with a comparison of the same
similar portion of different rice cultivars, suggesting that rice genotypes had a dominant effect on Ca accumulation. Ca
content in aleuronic layer was closely related to those in outer surface of rice glume, surface and center of caryopsis and near
aleuronic layer of rice grains. In addition, there were significant non-linear correlations between the content of Ca and that
of P, Mg, K, Si, Al, Cd in different parts of rice grains, but no significant non-linear correlations existed between the
content of Ca and Pb. That was, the Ca accumulation could facilitate the accumulation of P, Mg, K and Si. However, Ca

might also enhance Al and Cd accumulation in rice grains, which have potential toxicity to human beings.
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Fig. 1 Part of rice for X-ray electron probe microanalysis
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Fig. 2 The content of Ca in different part of 21 genotype rice grains

A FRAFEME; B. FxHEE; C FHRFEWM; D. KHFE; E. EBHE; F. BEE A Inner surface of rice glume; B. Outer

surface of rice glume; C. Surface of caryopsis; D. Center of caryopsis; E. Near aleuronic layer; F. Aleuronic layer
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2.2 JKAEAPRLAFFL Ca S EZIAIKI KR

IKTEAFRLBI AR E ALY Ca B B 5FFEAMREAFRERE Ca TR BEH SR BERFLMLR,
i 5A5e N RE AT BERIELERR(E 3) , SHKFER TR E MBRREE Ca & EXFORMIKZ
HRALE Ca FEA M,

IKFEAFRLBI AR E ALY Ca & B 5 RTPHAEMMIZN Ca FRZ MG EHRBENIFLEXR(E4),H
W EIRALH Ca & B SFRHL Ca FRMMRAL( =0.8466) MEL FHSIEMMZ Ca FRMIERE
B(r* =0.8459) , BIFR O AGEHIMZ Ca TR SHMENXREFHL, WKETMHN Ca FRPME
Kep AR R Ca T8
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Fig. 4 Relationship between the content of Ca in aleuronic layer (F)

B3 21 HEREKIFRRE Ca ARSFRARE SIRE
MFMRRE Ca FRZAHRR

Fig. 3 Relationship between the content of Ca in aleuronic layer (F)
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2.3 KFEFFRAEERN. Ca 2 ALCA.Pb FEZAHIR R

21 FAEEEBRKZ BARRA Ca S85 AL FBZMAHAFLEBESKRBENELAN XA, 5
Pb FBZAIMAFERERR, EFRHWARE P, H Ca FE5 ALLCd FEZMHAGFERENIEL X
R(F1);MAEMFIIRE TR Ca T2 5 ALC FREZBIFAEDBENIELEXRR,MH Al S2FEE Ca 58
H3EIMTIEI (y = 0.0690 + 9.6849x — 108.2641x" + 388, 13402°) ,[FlH} Ca BB 5 Al 5B MM X ASK
THE G F2HXARK(ER L) , WA KBHIIMRET, Al F25 Ca B XABFT, KBIAREKT
B Ca F 85 AlLCd FERZAIFAEBERRBZENWIFEREXR; MATEE Ca F25 AL FEZHHF
TR BERIELERXRR, IEH ALLCd SEFEE Ca SEMGINTIE B3N LA TR 258 yen
= 0.0401 + 2.0190x - 21.8271x + 122.6724%° ;y¢, o = 0.0081 + 1.3081x + 8.1158x" — 55.4206s°) , 7
ERBED,Ca WEE S ALLCd FEZBFERBENIELME LR, HH ALC K& EFEE Ca S EIIEM
M3 (e q = 0.0396 + 2.0869x — 1.3337x" — 82.1527x7 590,00 = —0.0089 + 3.7507x — 40.3590%" +
201.63592" ) s ZEWIKE T, Ca IFBS ALCd FEZ MBAERBENIERERXR(K ), BIBTUE
L EFREE KPR GEM B EULERETH Ca 385 Al FEMMEXRYI/NDTHS Cd FEHHER
RE, AR B AH Cd F 25 Ca FRIRARENF,
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2.4 KTBHRAFRFA Ca F2E5 P Mg Si. K FEZAIMXR

AR ZEEB KBRS RARES, K Ca 385 P Mg Si. K FBZEI¥AFEBENIELERXER
(R1D);MAEFAIREF, HCa FRE5 P Mg FEZAFERERKBENIELRERR, IFFEFRRINERT
H Ca 585 P S EMMHXRECEL/NTHS Mg FE2MMHXR (KR L) , A KBHTI/IIERE,Ca FEF
mE P.Mg Z8,MHE Mg §BXAEFY, MAEFARKE, H Ca 385 P FR2IAFERBENIELH
XA(FE1),[FN P EERE Ca SEMEIMTHBHEM(y = 0.0618 + 0.4061x + 0.8801x" — 2.1500x°) , i
HI7EFR KT Ca T X P W EHEAREEM.

AEFEEBF KRR DI Ca 85 P Mg K FRZAFAERBENIFLEXR,ME S Z
HAFESENELERRA(EKLD),, FHIRTHY Ca 325 P FENHXRAE/NTHS Mg 214
KA, MAKRDMTHEHS K FRBHHRRL, HHESR T Ca F2HWE P Mg K&, MAS KFEX
REF,

F1 21 HERWKBEFHFFPLE Ca 8BS Al Cd,Pb,P. Mg Si.K B2 HHAXRH
Table 1 The correlation coefficients of the content of Ca and that of Al, Cd, Pb, P, Mg, Si, K in different part of 21 genotype rice grains

FFRARE FFRE FRRE KR

Eliifnt Inn?r surface Out'er surface Surface 'of Center (')f Near jﬁfﬁf layer Alelﬁfi}ﬁayer
of rice glume of rice glume caryopsis caryopsis

Al 0.3990 0.6391° 0.6163 " 0.8386 ** 0.8218** 0.9274 %
Cd 0.3959 0.6009 * 0.9448 == 0.9435** 0.9376 ** 0.9842 %
Pb 0.4740 0.4727 0.5468 0.5127 0.3470 0.2130

Si 0.4819 0.3686 0.3686 0.5280 0.6752°* 0.7336 *°
K 0.2840 0. 3696 0.5252 0.9197 ** 0.8970 ** 0.8038 **
Mg 0.2522 0.7778 ** 0.4297 0.7673 ** 0.5344 0.9106 **
P 0.2413 0.6197°* 0.8001 ** 0.7501 ** 0.4503 0.8553**

* (% ) BRCFTENHELESEZRAEE (HMEFE)MAE =+ and = % indicate correlation between the content of Ca and other
elements, significant at P <0.05 and P <0. 01 respectively

TOKTBFPRLEEN B, H Ca BB 5 Si. K FEZAFERZE SR BENEREXR(F 1), HAEE
Wi E Ca SEFWE S K S8, LS K FEXAFY ., MEMKBEH Ca 585 P. Mg K.Si FEZAHY
FERBENIELERXRR(EL) FFAMHENK Ca T8 5 Mg FEIMRREE K, BLEAZE KRR
WZE Ca EE&FME P Mg K.Si &, MA5 Mg SBXRRE®Y,

3 itig

ARG REY , Ca TKTIPRLENERAITH 4040, BT ST EERBR, Hp , S5t WA RE S
REME Ca FEES, MK EFAFR IS 2B M BA FEEBUK B RLE — AL AR ER A Ca B9
ERUABRKRER , XTHRHBEZERFIERN (B AEREK 21 A REEBRRI A = FHM K2ER —
AW, 7T LLEER IEHK P RIS Y Ca X 21 FpEEEKFEMF Ca BEEME MAEXHE) . MR
CREK) R, 8B Ca §BE LWHMMNER L (E 2) . #iknEREINRZE HME LRGN
SR AR RLRE KSR A AN mE" ARENE TR
g5, 18 MM 2R AR R ER . ERE ORI R R A 5 82 sh, BT aE SR E
T IRFAR S HE IR R A ok, TE R SR e A RS, JE SR JR AN Ca %59 AU R B BRFIAR &
R B TENME . Ogawa 2% Tanaka 2" F] X SHR BAMFENE T RRPT TR, 4
BRI EARPEE P.K.Ca Mg S5 R E, FEFETHRSEFTROBE) B st B2
R R R B KBIE AR RN A RS, B EA BB E R EN s AR ANEY ",

AHARER, KBRS E S Ca FE 5F50IRE FREREGEMB EMARF.OH Ca FE(E
3 ME 4) BEYIRER, FBFUKFEFFR P B P Mg K. Si i EEWBIMR(E 1), P Mg K. Si hR2%ERAE
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Wi IE A AR AT T B TG R ENUR R AR R R R TR, B, Rk Ca M & B4R
B BRI 2 R AR TR A P Mg K. Si B8 8, tusb i T RS R E FRUME.

P RTEEABIRENER, ELEN—EBELBTEROS KRBT EEMEARYE, FELBT
ZBRABET AP 3P ABERABEN R, MREXD Cafl Zn SBEERBEWEMLR
AP Ca BT HEBEBMEHBEKSS CdWBH™ . APIRSREEY, Ca KRR PR EELS ALLCd %
FERNEEERESRBENERM XA, H ALCdNEBREME Ca S RBHY MR, i8I Ca a7k
Rk AR R B I, 4R 3E T ALLCd ZEAPRr LR R AR R, T Pb ZE KRR EER S Ca
HEERE BEXR, BHEMETRIENBETNEEORAAZRN(F 1), B, 7ERAEBRX
i Ca FRIFER, WEEBKHESR S EMMORG, BREBKS ALCA.Pb £E4LETEM Ca TEH
B, TEERENMES  EENREARE K T RRERS, XU BEL B TRRAERY R, &
HEA P IERLRTABOR M AT g, TR KRR AN E S B E R, B, $IK 2 AR 2 &
SRPBNEEERE, B OUE T LN, R RN R B E SN E N RN A E S R R SR
EfaE, BNEREAEE, BBIOS TG H AL Cd Pb ZH £ B TR MR KR, Hife s
BABT , NEXTE X BB TENTRES A, B, RE ALCISELBABKTNEELHE
TGk Ca TR A BEBTHM, BHRA—ESMMELBEANRTREN NG, REY55RARREN, &
FRBATHESRLESSHENBREZHERET AMET Y XAESELRELRNLX, NTIEER,
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