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���©ÙA:, ±9���©Ù�m��p'X. (JL², c 3Y�¬« IR68144 (°�c¹þ

21mg/kg,  ¹þ53mg/kg)� IR64(°�c¹þ11.2mg/kg, ¹þ23 mg/kg)dâØÓÜ ©Ùäk

é���É. c/ pL8¬« IR68144dâî�¡þ?¿ �Ñ�±uÿ�c , �$L8¬« IR64

�dâ¥uÿØ�c . IR68144���c ¹þ' IR64$3.5�, «�Ú�Z¥c ¹þ%²wp

u IR64. c ¹þ3ü�¬«�ØÓÜ ©Ù�34wÍ�É, ��1!W!�3«���LyÑ

wÍ½4wÍ�'. �ïÄ(Jéu?�ÚïÄY�dâc È\Å�Jø�Æ�â.
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2 ¢�

2.1 ¢�á����

¤ ^ � ¢ � á � � d â c/ p L 8 ¬ «

IR68144(c¹þ20.4mg/kg,  ¹þ53.0mg/kg)Úd

âc/ $L8¬« IR64(dâc¹þ11.2mg/kg,  

¹þ23.0mg/kg), òÀÐ�Y�dâ^�lfYE�

24háä, �3−16℃�^�e^�Y?1X�

î, �dâ����î�2±YXÈ1—2min�¡.

�¡Sü3dâ¥Ü, þÝ�40µm,ò����¡Å

Nuà¯L��µþ, 3−16℃�^�eg,ZH.

ZH��Y�dâ�¡�¬�^. Y�dâ�¡9×

£:�I�«¿ã�ã3.

2.2 SRXRF×£

Y�dâ�¡�×£3�®�K>féEÅ�

4WIB ÓÚË�X��F1©Û¢�Õþ?1. ÿ

½�Ñ���>fUþ�2.2GeV,å6rÝ�88.4—

102.8mA. ò1kY�dâ�¡���1��½3�

Å§�n��¬£Ä²�þ?1XRF×£, £Ä²

�Ú?°Ý�0.25µm/Ú. N!Y²ÚR�ü�d¿,

ò\�x1�1���20×20µm, �¬�\�1å¤

45◦, �¬�&ÿì�ål�6.0cm. ÏL1Æw�º

O(½ ×£:� �, ÷�¡����à�,�à

���þ×£, ��Ú«�«��Ú��20µm, �Z

«�200µm. z�×£:ÿþ�m�100s. ÿþ�F

1&ÒÑ\õ�UÌ¤,��ÓÚË�X���å-

u�¬�UÌã(ã1).

ã 1 Y� IR68144dâ�¡«�Ü �;.-uUÌ

2.3 ãÌ)Û9êâ?n

^AXIL^�é¼��XRFêâ?1)Ì, ��

�¬XRFÌ�¥���A�¸�¸¡È. 3ÿþL§

¥P¹ÓÚË�å6�Cz,^u��\�å6P~

¤E¤�K�
[12]

. æ^UÌ�Compton¸é���

�A�¸¡È?18�, �������é¹þ
[13]

.

õ����'©Ûæ^SPSS 10.0^�?1.
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3.1 ØÓÄÏ.Y�dâî�¡c ¹þ�©Ù

A:

ÏLéü�ØÓÄÏ.�Y�dâî�¡?1

SRXRF×£, ü�¬«�×£ ��ã3. (Ju

y, 3 IR68144Y�dâ���Ü Ñ�±uÿ�c

Ú , 3 IR64�SÜ�Z�uÿØ�cÚ , ü�

¬«�ØÓ×£:�cÚ ¹þ�Czª³�É²

w(�ã2(a,b)), L8¬«3«�Ú�Z�w«Ñü

�©Ù¸, $L8¬«Ì�©Ù3L�Ú«�«,

3�Z«©Ù��½uÿØ�. c! ¹þCz�Ù

§E���Czª³���, ²�'5u�, �'X

ê�0.9471(IR64)Ú0.8895(IR68144), Ñ¥4wÍ�

'(�L1Ú2). ùé«Y�dâ3c ü«E��

�È\þ�3�ÓN!Å�, �ò�Î�¥�xÄÏ

ferritin=\Y�¥, Ù=ÄÏ���c ¹þÓ��

ã 2 (a) IR68144dâc ¹þ©Ù; (b) IR64d

âc ¹þ©Ù

ã 3 (a) IR68144×£:�I�«¿ã; (b) IR64

×£:�I�«¿ã
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±O\kaqy�
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. ù�(J�ÏL¢D�«å»

JpY�dâc ¹þJø�Æ�â. lã2(a,b)�

�, 3Y�dâ�z��×£:þ �¹þÄ�þÑ

puc, ù�^zÆ©ÛY�dâ�L�!�zÚ°

��c ¹þ(J���. ��ISY�¤^�zÅ

3ØÓ�mã©Û���c ¹þ©Ù�(J�q.

��c©Ù�3l«��SÜ�Z�Åìü$�ª

³, `²3dâu�¤ÙL§¥, c ��´ldâ

�L�Åì�SÜ=$�L§, ØÓÄÏ.Y�SÜ

 c¹þþ�3��É, �U´c �SÜ$Ñ�É

�A�ÄÏN�.

3.2 ØÓÄÏ.Y�dâ�|�Ü c ©��É

®k��, ØÓÄÏ.Y�dâ�c ¹þ�

3XwÍ�É. =3939°ISY�¤�Y�¢Dá

�¥, Ù¬«m�É4�wÍ. °�¥c¹þCÌ�

7.5—24.4mg/kg, ¹þ�13.5—58.4mg/kg
[15]

. �ï

Ä¤æ^ü«�LY�¬« IR68144�pL8¬«,

Ù°�¥c¹þ�20.4mg/kg,  ¹þ�53.0mg/kg;

Údâc $L8¬« IR64, Ù°�¥c¹þ�

11.2mg/kg,  ¹þ�23.0mg/kg. æ^ÓÚË�X�

�F1©Û�{, Uì×£:©Ù�ØÓdâÜ ,

r×£(J©¤
3�«�, =��!«�Ú�Z, ?

éü�¬«dâ�ØÓ|�mc ¹þ�É?1©

Û, Ù(J�ã4(a,b). 3cÚ �¹þþ, IR64��

�pu IR68144, 3«�Ú�Z¥�c ¹þ$u

IR68144. IR64�|��c ¹þp$^S���!

«�!�Z;  IR68144�|��c ¹þp$^S

%´«�!�Z!L�. `²c ¹þp�Y�¬«

IR68144�cÚ Ì�©Ù3dâ� Ü , c 

¹þ$�¬« IR64�c E���Ì�©Ù3��

�¥. ù�(J3,«§Ýþ�«
ØÓÄÏ.Y�

c 3dâ¥È\5Æ, =dâc p¹þ�¬«�

Uc Ì�È\3� Ü , $�¬«KÈ\3�

� �L��¥, ÙÅnk�u?�Ú�².

ã 4 (a) dâÜ  ¹þ�É; (b) dâÜ c¹þ�É

3.3 ØÓÄÏ.Y�dâ¥c �Ù§E����

'5©Û

;�3dâ¥�c ~~��
kÅzÜÔ(

Üå5, Ø���ØÓÄÏ.Y�dâ�c ¹þ�

�É, �K�dâc �)Ôk�5. Glahn�<

æ^
Caco-2[�XN	uÿEâ, L²Y�dâc

)Ôk�5�3X²w�ÄÏ.�É, ��Fe¹þ

vk7,���', �ÙÅnEØ�Ù
[16]

. é�U�

ØÓ¬«K�cáÂ�OrJ½³�J¹þ9c3

dâ¥/�k'. �ïÄ|^ÓÚË�X��F1½

 ©Û
ØÓY�dâc �Ù§5«E�����

'5, (J�L1ÚL2. 3 IR64dâ¥, ØÔ±	,

c! !1!a!WÚ�ÑwÍ�'½4wÍ�';

3 IR68144dâ¥, c�� !W!�¥4wÍ�',

�Ù§��Ø�',  K´ØÔ±	, �Ù§��

¥wÍ�'½4wÍ�'. ü�¬«dâ�c! !

W!����'5�Ð, `²ù4«��?\dâ�

U�3X�Ó�N!Å�. c��7á13¬«m�

�'�É, �U´E¤ØÓ¬«m)Ôk�5�É�

��Ï�. k�uUY�\ïÄ.

L 1 IR64Y�dâ�«���'5

Fe Zn S K Ca Mn Cu

Fe 1.0000

Zn 0.9471** 1.0000

S 0.6320* 0.7435** 1.0000

K 0.7042** 0.7849** 0.7382** 1.0000

Ca 0.7855** 0.8994** 0.6423** 0.7998** 1.0000

Mn 0.8746** 0.9499** 0.8680** 0.7444** 0.8491** 1.0000

Cu 0.3054 0.2403 0.1697 0.3027 0.1543 0.1479 1.0000
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L 2 IR68144Y�dâ�«���'5

Fe Zn S K Ca Mn Cu

Fe 1.0000

Zn 0.8895** 1.0000

S 0.4367 0.7025** 1.0000

K 0.242148 0.5281* 0.7128** 1.0000

Ca 0.7508** 0.7445** 0.3159 0.1928 1.0000

Mn 0.8308** 0.8641** 0.4676 0.0874 0.7564** 1.0000

Cu −0.0457 0.2850 0.6511* 0.8195** −0.0064 −0.1402 1.0000

4 (Ø

(1)�ïÄÄgæ^ÓÚË�X��F1©Û�

{ïÄY�dâ�c ©Ù¯K, ��
���êâ.

mM
�À/!¯�ïÄ�Ôc ����«©Ù9

Ù�é¹þ�#å». ��\ïÄ�þ��3dâ¥

�LÈÅ�Jø
�Æ�â.

(2)ØÓÄÏ.Y�dâ¥c ©Ù�3²w�

É, pc ¹þ� IR68144�¥
�Z�Ñ�±uÿ

�c , 3 IR64�¥
�Z�uÿØ�c ¶ü�

¬«dâî�¡�c ¹þ©Ù�3wÍ�É.

(3) c ¹ þ 3 ü � ¬ « d â Ø Ó | � m �

� 3 w Í � É. 3 c Ú � ¹ þ þ, IR64 � L �

pu IR68144, 3«�Ú�Z¥�c ¹þ$u

IR68144. IR64�|��c ¹þp$^S���>

«�>�Z;  IR68144�|��c ¹þp$^S

%´«�>�Z>��. `²c ¹þp�Y�¬«

IR68144�cÚ Ì�©Ù3dâ� Ü , c 

¹þ$�¬« IR64�c E���Ì�©Ù3��

�¥.

(4)ü�¬«dâm�c! !W!�4«��

3dâ©Ùþ¥4wÍ��', �7á��1� w

Í��'. ��k3$L8¬« IR64¥w«
c�1

wÍ�'5.
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In situ Analysis of Cellular Distribution of Iron and Zinc in Rice

Grain Using SRXRF Method *
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Abstract In this study, SRXRF method was used to analyze distribution of iron, zinc and other 5 nutrient elements in

rice grain of Fe/Zn dense (IR68144) and non-dense (IR64) cultivars. The contents of iron and zinc in the dense cultivar

IR68144 were 21 and 53mg/kg, respectively, while those in the non-dense cultivar IR64 being 11.2 and 23mg/kg,

respectively. Iron and zinc can be detected in anywhere of the transverse section of IR 68144 grains, but cannot be

detected in the center of IR64 grain. The contents of iron and zinc in seed hull of IR68144 were 3.5-fold lower than those

in IR64, but higher content in endosperm cells of grain was found in IR 68144 than in IR64. Remarkable differences in the

distribution of iron and zinc across rice grains section were noted between the two cultivars, however, the accumulation

of Fe/Zn in rice grains was closely correlated with sulfur, calcium and manganese. The results obtained form this

research can provide definite gist for further research on accumulation mechanism of iron and zinc in rice grains.

Key words synchronization radicalization X radial fluorescence(SRXRF), rice grain, distribution of elements, iron,

zinc
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