
�� � ���� 	
�� ����� � ������� �� /��������� /��� ! ��")$(/��&� '()* 

��� 

�+���",
- ./��"�&� 0-��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8�

"0! ���.��9� :"�4�;�< �

7��=�> .	,��� '� ?�,�3	�3@�A 	'��"95�=�7< B"��/@" �0�� ?C0&�" .��1
� ?�(D5 ��/>" ��E	F

;G��,

�� ��� ���;	�"�&� 0-�H����5 8	���IJ- �."���� �" KL M �� N01� 0L 0A�4�" 650� �� .B��E- ���-�5P �Q	&=�- 2��7 	����7�" 8

�� ��� � 2 3- 0D5 �" 650� R�ST����"� ��=� ." 4U��!�B��E- 8���0
� �	��� � .� 2 3S� ��7�" �	V��� "� ����� N01� ,5"�-

,�� .�",
- 2 3- ?0W�> V��XL ����"�&� 0-�"� ��7�" 8���� �� ! 650� 6�� ��� � .� 4�/5 �� �� 	����< Y�.Z��9� V"�)''

�7� (4�;�< �)'*�7� (��" �������	4�0M �"07 .���<�V��[��� \0 �� ������1- 2���	9]- � ,! ��]5" Z��3- � .Z���"� 2�Z� �Z�

 ���� �� \0 �" ���ES�"	�� ^_� 2��! �,! ��]5" �7� �.�� ��� ^_� ��&G����< �� �.��9� V"�),��! ?C`?`a�'aa ���0M�Z�

 �� ��� ��S;� ���(���< �� ^_� .� ��4�;�< V�;- �" ���ES�" �� �Y��-b� c0���)2��!'(a L�@�
� ����; Z� �� 4��"�< .Z� �"�Z�� 

,��! ?C(�`L�����;.��"��� -���� � ��  (�0M �� �"�,."9=" V]�� 0� ��b��"0! �� �0;� � �.��9� :"�dU�! ������ ,Z!�

"0!��� 01�� �",+� � 4D�e ?4�;�< :�VT� �� ���M R�ST��,! V]�� ���� .���< ���.Z��9� V�""9Z=" .Z � .Z� .Z=�- �Z� ?�

f���� � ",5�" ��7�" ?�0;� �.��"��� ����5 "0-��� .� 4�/5 8�)0- f�/>���� � 0�"0� �� 8(�9U � 4!� ��7�" �.��"�Z�� 0-<��Z� �8

�� .� 4�/5�)0- 2 3S����� � 0�"0� �� 8(��"���	,!. !�� ��� ?0]� �7� .� ?4�;�< ��	",5�" �.��"��� 0Z- f�/Z> ���Z7�" � 8

� � 2�< ?gE!�.5�.��"��� 0- 2 3S� ��0
� ��7�" 8	,5,! .��0S���� 4D�e 8�� � ",5 � 0]� ��7�" �� .5"� �� �0S���� ��Z� .� h��L 8�

�" iS!��5" 0D5	"�1�� 8.5"� �� 0��� ��� � 4 
5 �7� �� ���5� �	�� ,! �,���� @�>	.�" ?f���� �� �j�-, � 01�� 8.S!��5" ��� �� 

,! ."���0� 8	�0
� 0� ��b� 	��7�" ��� 5 	5 ��,� .� ��� ��� .� �������� �0;� � 	���5 "� �	0- k���� ?,����0ZD5 �" "� ��Z7�" 8

" 8S!��5"�.5"� �� 01�� 8��l��" .�	�"Ie"9�" "� 650� �V�	4�" ��0� dT�� ?,��.

�P"� ������,�:�� ��� � ?650� ��7�" ?650��"��� ?H	�� 01�� 4�/5 �

�.��� 	
������������� ������� ���������� �!�"#$ %�&' (�)*+� ,�-"�#� (�.*+� ,��

�.
�/"��������� �!�"�0 %�&' (�)*+� ,�1���+2�/ (�.*+� ,	 

3.�4*+��������� 5
�� " %�&' �!�"#$ %�&' (�)*+� ,�-"�#� (�.*+� ,��

6.�4*+��������� 5
�� "2����� 78"�0 %�&' (�)*+� ,�1���+2�/ (�.*+� ,	 



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

��9 

.�,+� 

�� �:�'���� �;<+ �!����������)"+� �+�  " � �1�=!�

 7=�� .���>�==? �==&� �+ (�==��� @==/�� �==�	==
 A3BB�==+C �D

/"���
 .�� �:�'�=E�
 � "�=+C �D�=!)+�
�� =� G+C A=�2��� ,

8��
�����)�C ,2H���I8� � 2���I8� J�2�K (����� ;<+��=�� � A

E�
"��.)! @)���2�+���� 8�� �0�� ,� �=�� 2���M8RNA 

&0"2��/ (���E�� ;<+��� .�=+C ���� ��D�=!��������,

����
 �:�' J���-� ���-� 7���=+C 2� �.�D�=!)!=�2�+����

�! � ,�!2N���C ,�� ,�! 2��/����I8=� O+��2H�=! 0 ��2���I8=���

�+�C"�� 	
 	�8
�� �(���P�� (�
 ���-� �=�=Q�� �� �=G+C 7�D

/"�M+��)��.(�+C�8���0�� D� �=��� 2���M8�R�=) �=!��2C 

8���0����C @/�' 	� ��R�&=� 	=
 ��=! =/ "=
 �� ��=��
"�=S� 

/"���)�3(M! 	
 ��� J�� @���=
 �:�' J�� �=T��' UV=? 

 �&?���� 2� �G+C 7*+ 2� ����P 	*�7�� )��.( ��1�=!�

 �� �#M� ��W�� 	
���� � (X�
 Y"2��! �=�2��=! D=� ��

Z�E ��+�/ �!�
�[�\"��-� 7�� J)M/ ,�! @=)�� 7=�2�+����

 ;!�==��.�==��#+� �#==� � 	==���"���==�M==� �"]����==�C �� �

��	*�!��)��.(

�� �#M���)"2�DG/ ���]�=���+ J"�=!�V^� =�	�� =�(�


�[�\ _+�
"�!��*=� � �,1��8=��0 ,�=�! 	=&M? 2� `=&�a/ 

W�� ,J0�� ,J�&�K��� ,J������� R�M� ,1����/C � ��7��) .��=��Y


�[�\"b� ���,pHN�
 �N�=
 �T� � Z�E �8=&� c�=�
�� �D

8
 �����Z�E 2� �!�2�+ _+�
 7*� ���D=G/ �=��@=/��' J

���� �#M� �4�7�� )d��d.(��� ��b� Y�]�"� �=?�/ 

Z�E �!�� � 	
 ,U�[�\�@,M!��� "���;!�� /"�R�� ,�
�

)*==��I��==� U�==�� @��� ��%� �,�� UV==?�ef==� �==
 

8&� c��
���
��� D! � D"�=� �=
 �Z�=E c��g �)�6��h.(

�����
 7Q&\ ;"��� Z�E R�&i/ c��
�� �1���' 	
 U�[�\ Y

�)"� @/��' 2� ��� �#M� �4���� � ��!����j���=  _+�=
 

7�� (��)h��B.(

� �==�1��,�� �==#M� �
�==[�\ _+�==
 7*==� � "R�M==� � 

��*�DG/ �=��]�=���+ J"V^� =�	���=� J=��=T��' 2� O=0 (�

 7=�� (�� j���  k�:/�0)3.(=��"�=b 1���=)M! � �X=+ 

+��i
"������/�/�&"� � %� �-� %� �&��(�=� Jm=��0 �

�� c�I��=� 	=
 _+�
�� �� 6�=P��� 2� �=T� "��=� �����

�+�� j���  1���+2�/)3.(�� �=� �
��=� ,1�/2 1C 2��	=
 

'��2�T�� J��</ 	��� �! � (�� 	�G?�=� @=
�[ �"�� �=� �

��� _+�
 Y���k�:/ 1�/"��.

�� �� 2� (�I�����!�	��!�����N�
 �� �/"�
 .�=� 2��

�	
 	?�� �
 �.��J	�
���� ��*�	=
 	=?�� 1��
 	����! 1���)

 -[�� ���</"M!��� "�����+ �����
 � Z�E � �R�=� _�=!�

� 	��V �T�� �� 1���� _+�
 	��� �� �.�k�:/ /",�=���

�0�.���#+� (�"� (��M! ��+ �T��' � ��C � Z�E � �!�� J"

UC �!�*)!2"/"	=
 c�=/ �=�&
 � �=+��� =� � @n=-/ A

�����D�8 �!�2���*���=#� ��=� @)��.(�=
�G"	=� 7=�� 

��+� 7E����o�!��� �#M� 	
 @Mi�/���� ��2� (�I�=�� _

����+� J�o�!/"�! ;!�� �� �!�� �
��� �+��� .

c��I� �!���=+��K"G?�=� @=
�[ "�� �=#M� @=Mi� � �

�� �=?� .��+� ��=/ � =�o�=!�/ � (�=� pH=T�q	8==�


�J&&M��"<i� �_+�
 c�<(IRRI) =���
 ,"�=!�2=���%�=4+� 

-/ %�[�� � 	��� ��"	
1���' ��-/ �#M� 	
 @Mi�/ %�[�� "(�� 

�  ra*/ �=�� 	=� 7=�� (� =� ��+� J=�o�=!��������=� "

(efficiency) ��N�
 ��� �:=�' 	=
 7#8=+ �=/"��=��
)��.(

"����� 	
 7#8+ ���+��� 1���' 	
 �:�' A"���+� A���=
 o�

����
 ����*�Z�E � �)&M' J��!"��=
 �:=�' 1C �=#M� �
 �

���+� A=��-� ���+��=�� o=�`=/"�= )��.(c��=I� �=!�

��+��K"�#M� @Mi� � ��"����� / @/��' 	
 s�
�/ �=-��2�

����� � c��I� 	&M?"Z�E 2� �:�' UV? �i/ ��Y"��V=\ ,

%��+� 	
 R�<�+� � c��I�"���! ���� (�G
 � c��I� ��7#8+ 

���
 ef� � �Q+ ��/ �:�' 	
"7�� )��.(

�==� 2����� �==#M� ,�==.��� � ==��V==\ D"���+��==� 1�

 (�� j���  ,����
 1�+2 t�:a
)�(	=
 	=?�� �
 ��=�J	=� 

/� _+�
��V\ J�&/"� � ��� �=#M� 1�� uI��/ ,7�� 1���

�� ��D"��V\ =�\ 2� (�I�=�� �
 "2�=� �	=+� �=!��=� J=�(�



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

��h 

��,='.U0� 	��MX	�����9�;	! �� ���	���< �" 2�7 .��9� [�U �V

pH %TNV EC OC%Z�E 7��
(%) 

(dS m-1)	��/ ����7&

�/9�/���/Bhd/��h393h

����/ ���(�� J�</ � ����@=M)/ 2� (�I��� �
 	8�=!���� =�"

U�8i//"��.

1���� � �!� � 1���+2�/�2� D='� _+�=
 �=-�/ %�[�� ,1H

&i/"?��E �"E�
 	�"� � �� pHT� @b��/ ��=� 7*0 1��

 7*� ,	���V  /",c�=�C 	
 7/��</ ��/ � c�'H$� 	� ��

 �� (��� �"�
�[�\ @Mi� �")�(w��#8+ �G+C ��� "=�� 7=�� "

w�T�:=E �=G+C � �=T��' �=#M� @=Mi� ��/ � D=� �=T��' 

�� ��+�/ k�:/�!�'H$� x"M+ �?�/ "���
 .

�</ k�! �
 �P�b ;!�X0���+� 	8�o�!���+��"_+�=
 

�� �#M� @Mi� y�i� 2�����
 �"Sz���� 1���� ��:�' J

i/ 	
�&\ �
 ��� Y%��=+� � 1C 7=Q "���=! %�=4+� 	=+� �

�� .

l�� � �"�� ��

�����
 J"�/2C 	� @/�� ��
 	+� ��? ;.�/2C�	'��/ ;���


2� (�I������/2C � D[� �=i/ � ;�2� (�I�=�� �=
 7*=)
C Y

�)�����H� A{�� �
 ���
 ��9�� %�4+� D[� .��=
��</ =�	8

��+�i/ 2� @T�b _���=�H� Y{���=
 =i/ �=
�\ 7*=)
C Y=��

���H�–���
 ,�/2C �2� (�I�=�� �=
 %�� ;6�=� %�=4+� D=[� .

���H� 7*)
C � (�I��� ��/ D[� (�+��{���
 �=4� @/�� ,

M��! %��$"&-+�n=/� %��=$ ,��=+�� ,"%��=$ ,7=� ,@b�=� ,

&i/" %��$ ,�+�M&",5I=� ,%��=$ ,��=E ,7M-+ ,���� ,��+ ,

� @/C /�	+��
 .G��		M! �V
 �9��
 D[� ��=/2C �	='��/ ;��

� �*+ ���</��� � D[� ��/2C J�;)%��=$ �=4
 %�=[�� 	=M!

M��!"&-+�n/� %��$ ,"/ � @/C ,%��$ ,�	+� (���
"�+�=� .�

�/2C���8b �
 D[� ��GW %�� ;��� �=#M� 	
 c��I�/ 7��

�/2C����H� ;{@/�� ���
 )M��! %��$"/ � @/C ,��+�� ,�	=+�(

�+�� 	���� � U�a�+� .&��
 	-��f/ ��/ %�[�� 		/ (�  �?�	=+�

 	���� ��*� R�M� � /"�+�� .����V
 ��!=
	(�=  �V=
 �=?

/�'��2 2� 	� 	+��G� J�/ 2� ,�� 	q<i� 	8�� � _+�
 c�<�1H

)7�� (�1���+2�/ �)@/C (G���  	��.

.��9� 4�� "�

���/2C J�$ � ;"�8
�� � ��G
 1�d3��)"��=� 2� ��!����

������� ,H���� ��G� D]�[ (�? _�0 ��/�& {�?�%�=4+� ��=#

�� .7��� 2� @#[,	+�M+ ���/2C 	'��/ Z�E 2��*")5M' ��

�� �+��"�=�/�(=E�
 � 7=���
"��= X"�=!�����=)"�

��M���"-� 1C ���� J)R��? �.(=! 	�=�V  R�=� _�0 ��x

���/ �0 �T��' @/�� � k�:��� �� ����=/ Z�=E � 

�/2C��
 (�*+ k�:/ ;.�� �:�' ���</��
 }��a��� @
�[ 

DTPA� � �Z�E J9d/B/�&"� � %� �Z�E %� �& ���</ �

���@��/��/�&"� � %� �Z�E %� �& -����� J.

2�� (�/C�/2���� k�' ���� �
 J�2� O=0 � %�4+� 1���)

 ��
 2�/�
�c�� J8+ �! � R�M'� 	
 7#��=!��M��=� �%��=[� 

�� .�/2C�� ;�Z�&
 p�$ A�!���:� @/��"@=/�' � �
 

�� �� � D[� @/����� %�4+� .� �!��
 ��M6�=! � � ���)� 

���)���0� 	��� 	���� (� .c�� �-
� �!��=/2C ��=/�	=
 ;

�2�����==)� �==! 6B×66B �+�==�"�==�/ �!�*==+ 7==��� 	&==T�� �

��×��=��+�"�=�/ �=
 .�=!����� c�I8=��0�� �@==K � (��� ,

���0 ���&��=T�� 	
 	?�� �
 D�	�=!��=����=
 �Z�=E �=!�

7��  ���[ (�I��� ��/ 	<f�/)3(.

��� 	+��E�	'��/ 	
 R�<�+� �:���=� �=E��� ���!�V=
 ,J


	c�/6+�)/ � 2�� ",�=+2 	=+��? %�=  ��#8=+ � U�=$�/ 

@<��/ 	+��E 	
 OK� �	
c�/ 3B�+�=� (� ��� 1C � 2�� .



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

��d 

��,=C.3���;- �" ���ES�" �� 4�;�< :���-b� Yc"0� 0��� �M�650� ��(pH=6.8) 

k�:/ �0 �T��' k�:/ D� �T��'

1.5 mM NH4NO32.0 µM H3BO3

1 mM CaCl25.0 µM MnSO4

1.6 mM MgSO42.0 µM CuSO4

2 mM K2SO40.05 µM (NH4)Mo7O24 
0.1 mM KH2PO440 µM FeCl3

20 µM ZnSO4 )� ���!��M��!�� (

100 µM HEDTA (N-2-hydroxyethyl-ethylenediamine-N,N',N'-triacetate) 
5 mM MES (2-[N-morpholino]-ethanesulfonate) 

��,=(.3��e 4�;�< :���-b� 0c"0� 0��� �M�650� ��(pH=6.8) 

��' k�:/ �0 �T k�:/ D� �T��'

1.5 mM NH4NO32.0 µM H3BO3

1 mM CaCl25.0 µM MnSO4

1.6 mM MgSO40.2 µM CuSO4

1 mM K2SO40.05 µM (NH4)Mo7O24 
0.3 mM KH2PO4100 µM Fe(II)EDTA 

0.5 µM ZnSO4 )� ���!��M��!�� (

,	+��E 	&b�/ ��BB��)! � %� �& �=� k�:/ (��� �� ��� .

2� O03B�+�� @<��/ 	'��/ 	
 �!�*+ 2�� .�!�*+ R�<�+� 2� @#[

 /2 	
�J,��B���� c�I8��0�� �� ���)! � %� �&�� @K��B

���� ���)! � %� �& ���0 ���&��Dc�� 	
�!�� 	��P� .�=�

	
 ��� 8�� 	��� "�� c�I��� ����4� "t�&E �
 3B%	=� �


	
 ��Tc� ef� ��GW���M��!�� @/�� )�=� 1��=�� 1��=


���(ef� ,�)����R�=-/ �� %� �&�/h���� %� �=&��

��==�)!(ef==� ,�)�B��R�==-/ %� �==&������ %� �==&��

���)! (ef� �3)�BB ��R�=-/ %� �=&3B���� %� �=&��

���)! (�  R�M'���.�� �� ��+��</ ���	
��� f�/ 	��� 5=#

 T�� ���</ � ��+ �
�� (�� 	�=P��� � �� J"(�=
 1���=+2�/ 

7��)3.(=�"����*=+ 2� O=0 2�� �,���=</ �B��� %� �=&

 �&� ���)!�=���0 ��@/�=� 7=
�+ 	=� � � D�B,���6B2�� 

����*+ 2� O0�w�-M? ���=</ 	
�BB ���=� ��=�)! � %� �=&

 c�� 	
 (��� �!�� 	��P� .&M'��� 7�� c�
C @/����k�:/ ,

?� ,;� `&' � D��J��
 (2��#/ 7�C �!/�M� �"c�� �=!�

�/2C�*"	
��$ �A�� %�4+� 7E��+.

4!"�0� 

�G� R�� 	�I! � 7���
�+�=/2 (�=/ ��"	=��E 	=� �=! wH/�=� 

����� %�4+� ,�+�
 (� .�V
 1�� ��? 2� O0�!,7��
 (�� 2� 

1�� A*E 2� O0 � (�� �� 12�	
c�/ 6d�=/ � 7'�=� �

hB 8&� 	? � �-� A*=E 12� ,J=� A*E � �� �=� �=� J.

D! �W�J+ � 	+����! 12� �	+� ��-� ��!���E"	=+� ���=! � 

-����� J.

���<�3� �� V�4�;�< :

���/2C J�i/ � � ;�=i/ @/�=� 	=� �=� %�4+� c��I�/ Y�Y

���H� 7*�–���
 )2� (�I��� �
HEDTA ( �=� 	=]��� ��=
 (�

�� J�(�)�9(i/ ��\ 7*� Y=���=�H� �–���=
 	=
 %�=��/

i/�Y������)��(7�� (�
 .����i/ ��� � 7*=� Y=�� J

i/�� YR���? ��37�� (�/C .



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

��� 

���<�3� �� V���-b� 4�;�< :c0��� 

� ���/2C J�;3�� ef� ��=!��� ��=�� �=
 	� �� R�M'� �

&#["��+� ��/ � �o�!��a/ / 2� `&q	8�IRRI 7=�� (�
 

)�B.(�� `&�a/ p�f����� 	
���
 �����!��M��=� �=#M� 

�I��7��/�,B/���B/��=
 R�=/��) .��-� =� �� 7�� �2C 

��i/ J�Y�!���=�� %�=+ Y=��� 	�GEOCHEM �=� 	#=��i/ 

)�d(��� 	
���,�3��3B0�7�� (�
 R�/�) .

���<�V3� ���e 4�;�< :�-b� 0��c0��� 

� ���/2C J�;��� ef� �i/ @/�� 	� �� R�M'� �Y"��V=\ 

G��f<� ��
 � UC � (�� 	��� 1���� 1��
 ��)�I=T ef=�

R��(i/ ,�Y"��V\ G� �UC �
 (�� 	�Af<� ��
�1��=�� 1��
 �

���)%� �IT ef�(=i/ � ,�Y"��V=\ �=
 �/B��/B�B/�

/��� �N�/��)�7�� (�
 .� (�I�=�� � ��=
 � UC 2=�A��=


f<��� � � ����
 R�� ��M�(�!�*/ Sz���:=��E�+ "� �=?�/ 

� ��
 � UC�f<� ��#)��</ � ����+ 	8�� � ��� _�=i/ � J�Y

�� �
�� ���!��M����7�� (�
 .

�/2C ��;�!�7*)
C ,V
 ���
����! O0 ,`&�a/ %�[�� 

+�I' �P 2�"if� "�� �
 �! D��&��K�7B�/B	
c�/ �B

[�<��� � ,	�)"=+2 	=+��? 7G? "�=����  ���=[ .2� O=0

 +2 	+��?")��b�E 2� O0 2�� �1�+�8 (7=�� 	+� �=!�

�� �
 1��?��=+ 	)#=� �+�&")�*=� � 	=� "UC 2� �=0 )�

8&� c�I����DB�/B/�&"R�/ (�=����  ���[ ,�
 �� 	$�\ .

2� O==0�R�==&i/ 2�� "��V==\ ��%2� O==0 �32�� ��==.

 R�&i/"��V\ �B%7�� 	+� 	
 �! � �� R�M'���=� 1�=!�

��  2�� "� � �i/ J�0 Y��+�� 7*� ;.R�<�+� 1C 2� O0

 7�� 	+� �!1��&  	
 �!)D4b �
3����(�=� %�4+� .�=! �

 �� 	� 1��& � 	�� ��/2C ��+ 	
 	�8
 (��	�� �! � � ;

3 ��� 	���� (� .�-��=i/ ��Y"��V=\ =! �h2�� ���=#)

 a#� 	+�2�� � �� %�4+���� 1��#? �f</ UC 1���� �
 UC �

�pH R�&i/ �!�"��V\ Q�� ��  D=��.�=/2C�=i/ � ;�Y

+ 7*)
C��	
c��T �������Z�&
 ���[ � � @�=!�@=/��

��:�")�� �� @/�' � D[� @/�' @/���(���=)� ��GW �


�� ��?�.

4!"�0� 

��� 	�I! 	� 2� O0 i/ ��� Y� ,��M��+�=� 7=���
 1�=!� .

,7���
 2� @#[ 	&T��H
 ���&� ���</����&� 2� (�I�=�� �
 @=�@

�==�/(Minolta, SPAD, 502 ) �==! %�==� ��==
 � ==� 	==� (�

rE�� ���� 	
 �� m��0 J���M �!=/"(2��=+� ,�=+�  =����=� .

��%��+� � 	*"���! f<� ��
 � UC �
 ��� � � (�� �*�8� ��

��T V\��"�+�=� A*E .� 1�=� ��=? 2� O=0 =� %��=+� � 	*

"���! -� � D! 2� ��	+�M+ ,�� 12� J�!	=
 c�=/ 6d� 7'�=� 

�/ � J� A*E�hB�=G+C A*=E 12� � 	=���  ���[ 	?� 

-����� J. (��  ���.�	+�M+ 2� �!� R�$�2� (�I�=�� �
 	*

	)#� j��M� j�� ��(2��=+�  =����=� )�6.(���{=�����"

(Zn Efficiency) 	
c��T�8���? 2� >�=Q+ ��=/ �=)&M'

 ��� ���#M� Y(-Zn) ��� 	
 �\ Y��#M� �(+Zn) �	
c��T 

�T�)��(�  	#��i/��.

9]-�01�� .�.5� 5 ��

��==
�-��==�	==+�M+ � �==T��' 7==Q&\ J�==!� ==�!�"�==/2C �;

	'��/ ��,2 1�� �E 2� O0�M+ �	+� ]�!"� 12� 	
 �<�#"�BB 

/�&"��=
 � 7���
 %� ��+�=� (�=/C ;4�=� .(2��=+�  =���

�� 7Q&\�	+�M+ � �!�+ �V
���:=� 7���
 �
 �"=-� ���

�<� 12� �
 �V
�#"�BB /�&"�� %�4+� %�  .�/2C ��7*)
C ;

	+�M+ %�M� �!-� 2� O=0 �=� �4� A*=E 12� J=��+�=� 	.��=�
�

	+�M+ �!	
c�/ d�=/ � 7'�=� ���B8=&� 	=?� �� ��

 �+�� ��8��E (��� .�� � RHi+� 2� O0��&� �=����A�B%,

I� c��T ��	+�M+ 1�#+ �=�� 2� (�I�=�� �=
 ,�=!�+ ����=�A

&\�	+�M+ ,� �!w��4/ �� � �����b 	iIT ",1�=� A*E �� 

w��=4/ � (�=� Dn! 6 7'�=� ��=����  ���=[ (��=� � �=. .

	+�M+ �!���
� (�� ��8��E�� � ���&� �����A�B%(�=� @b

 f<� ��
 � UC �
 ���+�� (�+��� D4b 	
 �.�:=�' � 7=Q&\



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3BB 

���=M�� UV=? (�.�=� �=
 J!C �"(Shimadzu, AA 6500) 

�� %�4+� .

�4�==�&i� � 	==���==/C @�(� �==! ���==�� %�==+ 2� (�I�==�� �==
 

Sigma stat (2.03)�</ ��/ 	8 =�.+��J�=! 78=� 2� (�I�=�� �=


���")B�/B(P< �� %�4+�.

�S5�6

�+��-�5P h��L ./�n���� .�����< �� �.��9� V"�

��-� ����+� 2� �o�!�� �� k�:/�Sz=���=�-/ "���

�
 %��=+� A*=E � �=� 12� "���=! =
 �	�=� ��=I��� (X =� (�

7���+,��"Sz����� �� �� �=
 =�rE�=� J�=! =E�
 �"

��+� =�o�=! ef=� ��%=�-/"�� �=
 )R��=? 6.(Sz=���

�� �� k�:/�%��=+� �=� 12� �
 "���=! ��=+�� %�=[�� � ,

5I� � 7�,%��=+� A*E 12� �
 "���=! ��=+�� %�=[�� � ,

 %��$�+�M&", ��I��� �
 � 5I� � ���� �%��$ %�[�� � (�

==&i/", %��==$ �+�==M&",==�-/ 5I==� � ���==� "�==
 �� 

)R��?6.(Sz����� �� ���-� �
 	=+� �=!���=E"12� �

+ 	+� ���!�w��:i�/ �=E�
 � "��+� =�o�=! =�-/"�=
 �� 

)R��? �.(�� �� 	
 m��0�7� %�[�� � , %��$ �+�M&",

	=+� ��-� ;!�� �Q+ 2� 5I� � 7M-+ �=!���=E"%�=[�� �

��+��, %��$ �+�M&",���� �Q+ 2� ���� � ��+ ����! 12� ;

�-/ 	+�"�
 �� )��=? R�.(Sz=����� �=� ���=?� �=
 �

	+� ��-� � �
 c��I�/ �)&M' �=!���=E"	=+� ���=! � 


��� 2� ��*���?� ��7=i� �)&M' Sz=���=! �=� "���=[ 

7�� )R��?�.(	
��$ �	�	
1���' %��=$ D=[� � R�=�/ 

�+�M&"!�� 7#�/ �S� "%��+� A*E 12� �
 "���=! �B%,

 ��I��� �
�(�6%�	+� ���! 12� �
 ��%�� �
"� 1C �S� 

	+� ��-� ;!�� �!���E"��6B%�� ���
)R��?�.(

��==�����==?� ;��==� %� ef==� �==� ���==M' �==)&M' )�B

�����)! � %� �& (�=� %�=� ef=� � �
 (�!�*/ @
�[)�BB 

�����)! � %� �&(/�=M' ;!�=� �=?�/ ,"��=?� �`=&�a/ 

� 1�*+ � �� �)&M' � 	��
 ef� J�+ 2� ��*� 2��(�=
 1�!�

7�� .Sz���=I�/ "k�:=/ �BB ���� �=� ��=�)! � %� �=&�

�
 %��+� �� 12�"���! 5I=� � ��=+�� %�[�� � ,A*=E 12� �=
 

%��+�"���! ��+�� %�[�� � ,7� ,&i/ %��$ "�=
 � ���=� �

 ��=I��� =� =&i/ %��=$ %�=[�� � (�",���=� ,5I==� � 7=M-+ 

�-/"��
 �)R��?6.(���� ���� D[� ��	+� ��-� ;�!�

��E"k�:/ �
 	+� ���! 12� ;!�� ��BB �����)! � %� �&

 �� ���=�-/ "�=
 ��)R��=?�.(=M! 	=
�� J=�	#=��i/ @

��� rE����"�</ ���� �
 �
 	8�(� J�=!�ef=� � �!�=�

 ���)�B�����)! � %� �& (�� %�4+�)R��?�.(

%��+� A*E 12� �Q+ 2� "���=! =
 ,	��� =���+� �=�o�=!�


 5I� � ��+�� ,�������*��� �=� 	=
 �� m=��0 J�1�*=+ 

��
��
 � �+��� �Q+ 2� J��? J>�)&M' ,����+ ������+� J�o�!

� ,�+�
��b"	�
 ,	=+� ���! 12� �Q+ 2� =���*�m=��0 J	=


�������� � �, %��$ � ��+�� �+�M&"�*/ �=� (�! .��=-�

	+� �!���E"�
��� �S� � �B���� �=� ���)! � %� �&�

;!�� `:+ �� ��+�� D[� ��7��)R��?�.(� ��=M4/ �

 �</ 	
 	?�� �
�]C��� (�� 	#��i/ �"�=? � �=! 	
 7#8+ >

�)&M')R��?�(,/"��C��=��+ �� ���=� � ��+�� 1����� J

��� �� ��E � 7������[�� J�=/2C � %�	='��/ ;��=��-/"

��.

��+��4� R��? _���� 	���+� �S� 	� � 1�*+ O+���� � o

�����?� 	M! �
 �ef� � �)&M' B�/B�-/ "7=�� �� .2�

 k�$�=�-/ @=
�<�/ �=S� �."���=
���+� J=��� �=� � o�

�*+ (�!�*/ .��
��
���+� m��0 J�o�!�� �=� 	
�p�f=� � 

�� `&�a/����#+ c��I�/ )R��? 9.(

�+��-�5P h��L ./�n�� .� ���3� �� �4�;�< :

���<�3� �� V���-b� 4�;�< :c0��� 

� ��� ;!������ 	*�=�/H' J"=�b 2� @=#[ 	=� �=
 "��=G� 


 c��I��� J� ��I��� �Q+ 2� �!��M��=
 (�!�*/ @
�[ (� .D=]H'

�!����� �#M� �	
c��T  ��I��� ;!���1�!�,1�� (�+�
 

��
 �!���&� ���</ ;!�� ��@��
 �!�� (�!�*/ .	=
 	?�� �
 



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

3B� 

��
��

�.
�	


�
�	
�
	�

�
�
�
��

��
�

�
�

�
��


�
��

��
��

��
��
�	

 !
"
�
#�
���

$
%&'

(
)
��

��
�*

+
�	�

*
��

)
�
��

�

!
��

�#
(

)
��

�

!
$

%&'
(
.

/

0
��
�

)
��
&1
�
��

��
�


%�!
(

 2
�3

(
+
�	�

*
��

�
�*

 &
*�
!
)
	

.

���
�
���

��
	

��


�
)

�	
�

/
���
�
�
��

(
���

��
�
�
�
��


�
���
�

)
�	
�

/
���
�
�
��

(
���
�
��
�
�
�

)
�
���
 

	�
!

(

"
�
�
�#

��
�$

%&
&'

('
'

��
�$

%&
&'

('
'

��
�$

%&
&'

('
'

	)
*

a
+(

±
-+
.

a
((
%

±
-(
/

a
(0
1

±
&(
%

a
.&±

-+
&

a //
%0±1/

(0
%

a &/
0'±0/

(0
&

a ./
-&±(/

(1
.

a //
(&±-/

(-
&

a
.&/'±

('
-

a
(/&±

('
0

a
0/-±

('
+

a
%/%±

('
%

��
�
�

b
%(±

-'
/

b
++±

-'
&

a
-0±

0(
/

b
%+±

%/
1

b 1/
((±(/

(%
0

ab
(/

%0±&/
(-
%

a ./
%%±+/

(+
(

b
0/%±%/

((
0

a
0/%±

((
.

a
%//±

((
1

a
-/&±

(%
'

a
-/+±

((
+

2
3�
 

a
+1

±
--
+

a
((
+

±
%/
%

a
(%
-

±
--
(

a
++±

%.
.

a 0/
(/±-/

((
/

a ./
%/±//

((
%

a ./
%-±+/

(-
/

a //&±&/
('
-

a
./%±

/.
a

+/-±
/1

a
1/0±

/&
a

0/0±
/0

4
$5

ab
(&±

%.
.

b
%(±

%-
+

a
0'±

-'
'

ab
(&±

%0
/

ab
-/

(+±1/
(%
/

ab
+/

((±0/
(%
0

a %/
((±0/

(0
1

b
+/0±0/

((
'

a
(/-±

('
0

a
-/.±

((
'

a
'/%±

((
%

a
//0±

('
(

�
67
!�
��
8

a
+1±

%.
(

a
++±

%+
(

a
&'±

%1
%

a
&(±

%+
.

ab
%/

(-±&/
((
1

ab
-/

(%±-/
(%
0

a (/
%(±//

(0
%

b
1/+±%/

((
%

b
&/0±

(-
.

a
%/+±

(0
/

a
(/+±

(0
+

b
1/&±

(-
/

�
��9
6�5
��
�8

a
&%±

%.
+

a
(%±

%&
(

a
1'±

%.
.

a
('
(

±
%.
&

b
&/&±./

((
&

ab
-/

(%±%/
(-
(

a -/
%'±'/

(0
-

ab
1/0±0/

(%
%

b
(/0±

(-
.

ab
0/%±

(0
%

ab ./(±
(0
0

a
1/-±

(0
+

��
�

a
(-±

%%
-

a
-/±

(1
/

a
0(±

%%
/

a
%(±

%(
0

a ./0±-/
((
'

a +/
%'±1/

((
-

a 0/
(+±./

(-
'

a %/&±//
((
(

a
&/%±

('
&

a
./-±

('
+

a
'/-±

('
/

a
'/-±

('
-

:
5
�;

a
0/±

%'
+

a
-&±

(&
0

a
-%±

(/
+

a
-+±

(+
'

b
-/

(-±-/
..

b '/
(&±%/

.+
a -/&±//

((
+

b
//

('±0/
1.

ab
&/(±

('
-

a
0/-±

('
+

a
//(±

('
1

b
1%/'±

//

4
9<
�

a
&(±

%'
(

a
0%±

(&
0

a
-/±

%'
%

a
%0±

(0
.

a ./
%(±//

.1
a %/

(.±-/
.+

a %/
%&±0/

((
'

a +//±(/
/'

ab
.-/'±

('
%

ab
'/%±

('
0

a
0/0±

('
+

b
-/-±

//

�=
�

a
(-
&

±
%.
'

a
+1±

%/
.

a
(1
0

±
-(
%

a
0'±

%1
1

a +/
%(±'/

.0
a

+/
%1±(/

.&
a -/

0'±&/
('
&

a //
(&±&/

.-
a

&/(±
('
+

a
0/-±

((
%

a
+/&±

((
%

a
//(±

('
+

>
�$

b
%+±

(/
1

b
%/±

(1
%

a
-&±

%+
/

b
%&±

%'
.

b
./

('±//
/0

b
1/

('±//
/0

a (/
(+±-/

(%
%

ab
%/&±+/

('
'

b
-/(±

/%
a

./(±
/1

a
(/-±

/1
b

-/%±
/(

!?
�
�


�=
@�
��
���

;
	�

AB
C
�B
	!
D
�5
�
�
�5
��
E�
F
�B
�

G
4
 �
�5
�H
��
�5
�
�<
!I
��
��
�$

J
K
�
!�

��L
M�
N
	
3
�B
A;
5	
M6
9E

)
'&/'

(P
<

.



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3B� 

��
��

4.
 
	�

�	
�5

�
�

��

�

��
 
	�

�	
3�

��
�
�

 
	�

�	
3�

��
�
6��

)
��

��
�*

+
�	�

*
��

 !
"
�
#�
���

$
%&'

(
)
��

)
�
��

�

!
��

�#
(

%&'
(
.

/

0
��
�

)
��

�

!
$

)
��
&1
�
��

��
�


%�!
(

 2
�3

(
+
�	�

*
��

�
�*

 &
*�
!
)
	

.
�

��

�

�
78�

�!
�*

 9
0�
:
(
��
�
�


(�
;�
#�
�

:
�	
�
	�

�
�
��

�
�
�	


�
 
	�
�	
3�

��
�
��

��
�*

��
=�
��

�
/

�	
�
	�

�
�
��

�
�
�	


�
��
=�
��

�
 
	�
�	
3�

��
�
��

4?
)
��

�

!
��
�


%�!
×

A?
?

.

A��
5
5��

<

��5
��=
�
�5
�
P��

G
��

A
A��
5�
�=
�
��


)
�	
�

(
G
�

	Q
�E
AB
4
HL
��

RS�
�;

"
�
�
�#

��
�$

%&
&'

('
'

��
�$

%&
&'

('
'

�
�
�
��


A��
5�
�=
�
��


	)
*

a
0(±

(.
+

a
0'±

(.
0

a
%+±

(0
%

a
%.±

(0
1

a
+/(±&/

%'
a

%/(±(/
%(

a
&./'±&/

%%
a '/%±&/

%-
.'

/(

��
�
�

a
/&±

(/
0

a
%&±

(-
(

a
(1±

/0
a

%.±
((
0

a
+/0±0/

%%
a

(/-±1/
%0

a
./&±./

%+
a

%/(±//
%1

1+
.0

2
3�
 

a
((
.

±
(+
'

a
0/±

(.
(

a
0+±

%-
'

a
%(±

('
.

c
'/(±0/

%'
bc

%/(±1/
%(

ab
1/(±%/

%-
a

1%/'±'/
%&

.&
..

4
$5

a
0(±

(/
%

ab
%&±

(&
(

b
(%±

('
/

ab
&%±

(&
+

a
1/(±'/

%'
a

(/(±0/
(/

a
0//'±+/

%'
a

%/(±%/
(/

..
/1

�
67
!�
��
8

a
0-±

%%
.

a
-/±

%(
-

a
+%±

(.
&

a
&.±

%%
0

a
&/(±%/

(1
a

-/(±'/
(/

a
.0/'±%/

(/
a

/%/'±0/
(/

.%
/'

�
��9
6�5
��
�8

a
(1±

%(
.

a
(1±

%'
-

b
-0±

(0
0

b
(&±

(%
0

c
(/(±+/

(+
b

./'±1/
(.

ab
0/'±+/

(/
a

1/'±&/
%'

.%
.&

��
�

a
(/
%

±
(/
/

a
&(±

%.
/

a
0/±

(1
%

a
&/±

(1
%

b
//'±%/

%(
ab '/%±+/

%%
ab

./'±+/
%-

a '/%±%/
%&

.0
/'

:
5
�;

ab
0.±

%&
1

ab
(1±

%%
'

b
&.±

(.
(

a
+&±

-%
%

c
./'±&/

(.
ab

(/(±%/
%(

a
-/(±1/

%%
c '/(±%/

(1
1&

.(

4
9<
�

a
0/±

-'
.

ab
+&±

%1
'

b
1&±

(.
'

b
0'±

(1
%

a
./'±&/

(/
a

//'±%/
%(

a '/%±'/
%%

a
+/'±&/

(/
.(

./

�=
�

a
-+±

(+
%

a
0-±

(.
0

a
0'±

%'
'

a
-0±

(0
%

a
-/(±1/

%(
a

'/(±'/
%-

a '/(±1/
%-

a
&/'±+/

%-
.'

/%

>
�$

a
01±

-+
0

a
%1±

-0
/

b
%&±

%%
.

b
%&±

%%
+

a
//(±//

(.
a

1/(±'/
%'

a '/(±-/
(/

a
%/'±0/

(/
1.

/.

�=
@�
��
���

;
	�

AB
C
�B
	!
D
�5
�
�
�5
��
E�
F
�B
�!
?
�
�


T
�5
�H
��
�5
�
�<
!I
��
��
�$

J
K
�
!�

��L
M�
N
	
3
�B
A;
5	
M6
9E

4
 �

)
'&/'

(P
<

.



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

3B3 

��,=o.9]-��"� .�B�EA p"0� K5�,!����",5" M����< �� �,! p0�.��9� Vp"

/�.+��c�-
�/ J

u
��/ �2C 	?���� 12� 

%��+�"���! 

�*E 12�

���+�]��! %

��I��� 

 �(�

	+� ��-� �!�

E� ���	+� ���! 

���! 12�

	+� 

��+��o��**�/����� **�/���� **�/���� **�/����� **�/��

��� �� �**�/����� **�/����� **�/��� **�/����� **�/��

��+��o*��� �� ��ns �/���� ns �/��� ns �/��ns �/���� ns ��/�

[�
"(�+�/ ��� �/���� �/��� ��/���/���� ��/�

@� ��� �/���� �/��� �/��� �/���� �/�

** :kH�E���-/ ef� � ����/�ns:�[����-/ kH�E� �� 

 ��C ;!��"i/�Y"��V\ � � �j�� J,2 c��I� �=�=
 ��J

� ef==� 	==����==M���-� �==Q+ 2� ==��� 7�,R�==&i/ � �2C 

c��I� �!���+��K"=
 (�!�*=/ @=
�[ p�=P� 	
 ��� �Q+ 2� �

)R��? h.(

� ef� ����M��0��� R�/�)�,�2C 	
��@��=� ��=<� Y

� @/���+N�=$ 	=
 	=?�� �
 � �:�' J"�=�� (�� 1�=
 )��

2��(�G���I� ,"�=
 	=� ���+� J=�o�=!�=$ � `=&�a/"(�� 

�/2C� ��� �Q+ 2� ;����
 ,�
 (�� (���0 7M� 	
 _�(�� 1�

�/2C�;!�� ;�7=�� .	=?�� �=
 �V=� 	=
 �=�J	=� =
 c��=I� �J

��+��o�!ef� ��30�R�/�)	
c��=T =-[��"O)-�=/ �=� 

/"� � ,���
 j���  J�ef� � J�3B��30��� R�=/�)�

�</ �2C�	8�!�7�� 	���  %�4+� 	$�
�/ .

/���"��+� �o�!�</ ���� �
��' ��
	��=
 (�/C 7��

�����",�����+ 2� �����=� 	
 %�[�� J����� � �=� 	�=��+ %�=[�� J

���+ R���? ��� ����� J��'� ���  7��.%��=+� �=�� ;!�=�

"���! ��+� � �o�!�M��! %��$ ,�4�"
 ��+�� �	��� =� ���,

�d �6�� �
 �T� ��b"	=� �� �=#M� �Sz=���=�-/ "���

�����+� �o�=!�@=/C ,5I=�,/�7=���+ ��=E � %��=$ ,	=+�

)R��?h.(

� A*E 12��+ 	*�8=
 	P�' 	
 m��0 � ��W�! ��D=� ��

���;!�� ��� ,7��"� 1�W =��</ � ;!�=� J=�%��=+� �=
 	8

"���! �
 ��M� )	
1���' R��/ 3�%�</ ���=
 	8%��D=[� � 

�4�(� 7#8+ ,�%��+� 	
 	*"���! 	=M! � A*=E 12� �Q+ 2� 

��+��o�!� ������ �!��M�;�7�� .� R�$�A*E 12� ��+�/ 	*

��� 	M! � 	*���+� � �!��M�o�!	=P�' ;!�=� 	=
 m=��0 �

���;!�� �=&i/ %��$ ��/ � �./ ,7��" %��=$ ��+�=M&"

���� 	���-/ ;"� R�=$ �� =�� � 	*���=M�30��� R�=/�)�

�� (�!�*/ .c��I� �!���+��K"���&� ���=</ ;!�� � =�� @

������ �#M� Y�+�2 �b �� ����c��=I� �
 �=!�� �=?�/

 %��+� A*E 12� m��0"���! 7�� ��#f+� )R��?h.(

��+��4� _���� 	�(� O+� �!����/2C J�+ ;�	=� � 1�*+ �

��+� �S��� � o��� ��M�rE�=� 	=M! �
 �=!��=�����=/ 

���
"�-/ "7�� (�
 �� .�=� 2����=/2C kHE�=
 �=.�;

	'��/ ��
 @
�<�/ �S� ,���+� J�� o����M����-/ "	=� �=� ��

1�*+ /"�! ��+� m��0�o�!� 	
��� ��M�`=&�a/ p�f� � 

���� ��M��
 c��I�/ )R��? d.(

���<�3� �� V�e 4�;�< :���-b� 0c0��� 

���/2C J��� �
 ;���+� ��GW ��=� %�=4+� o.�!�=� D=]H'�

�� �#M��	
c��T ��
 1�� (�+�
 �!M=��! %��$ � Y<�"

�� (�!�*/ .Sz����� kVb �R�&i/ 2� "��V\  ��� �
 �1�=!�

�-/"�
 �� .���
"�� `&�a/ p�f� �S� �R�&i/ � "��V=\ 



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3B6 

��
��

B.
��

	
�

�
�
�

�	

�
�	
�

 �
��

�
�

C
�	


�
�	
�
	 

# 
�
��

��
�
D

9E


 !
"
�
#�

��

�

F
��
GH

��
I
�;�

�%
!
�	
�J
(
�
 �

��
�


K
C�

�

�L

!
�
7	M

N
�


%:
(
��

)
��

D
�6�
5;

O
��
�&(

��
��
J(

��
P

�
�*

��
	�

�*
�
�;
�#

.
��
!

�	
�*

 9
0�
:
(
��
�
�


(�
;�
#�
�
�

��

�

�
:

�	

�
�	
�
	�

�
�
��

�
��
=�
��

�
�

QR

1

�S
�


(
/

�	
�
	�

�
�

��
�

�
�	


�
��
=�
��

�
AR

?
�


(

1�
S

×
A?

?
.

���
�
���

��
�
�
�
��


�

)
�
6�!

�	
�

/
���
�

(

A�
��
�
�
�
��
 )

�
6�!

�	
�

/
���
�

(

A�
��
4
HL
�

/
���

��
�
���
�

A�
��
U�
8

)
	�
9�
���
 

/
���
�

(
2
�*
	6
;

)
�
HL
��
3�


(
��
;

�
�
R

G
�

��
9�



U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(

�
4
�P�
<*

U�
67
!�
5
5��
SG

 )
U�
!�
M�
�

(

U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(

U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(

U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(

"
�
�
�#

&
%-

(-
'

&
%-

(-
'

&
%-

(-
'

&
%-

(-
'

&
%-

(-
'

	)
*

c
1±

/%
b

(-±
(%
-

a
1±

-'
%

c
(±

&/
b

.±
1(

a
+±

('
0

+0/'
&&/'

-0/'
b

0-±
-&
.

b
(&
%

±
&(
.

a
(.±

11
0

b 1/
(-±//

&.
a 0/%±-/

.&
a

//(±
('
'

0(

�
9$
��
��
�8

c
&±

(%
'

b
(%±

(0
/

a
(.±

-&
&

b
&±

+(
b

+±
+1

a
+±

((
'

0//'
0&/'

-'/'
b

-.±
-'
-

ab
+%±

0'
+

a
-%±

0&
'

c ./&±//
+%

b %/%±(/
.(

a
+/(±

('
'

0%

��
�
�

c
+±

11
b

%'±
%(
%

a
%'±

-+
-

c
+±

00
b

(+±
10

a
(-±

((
/

&+/'
-0/'

-%/'
b

(-±
(-
.

a
.%±

-1
&

a
++±

-/
1

b 0/0±0/
.(

a (/&±0/
/-

a
.&/'±

('
'

&.

�
6<�
�V
!�
��
�8

c
0±

//
b

('±
-+
-

a
-'±

&1
+

c
0±

&'
b

0±
(0
0

a
(-±

%'
.

&0/'
-//'

-+/'
b

0(±
(.
%

a
01±

+'
-

a
(&±

&(
+

c ./%±+/
+1

b ./%±-/
.1

a
'/(±

('
'

+-

2
3�
 

c
+±

+-
b

('±
-'
%

a
&'±

0+
-

c
+±

&%
b

('±
(-
.

a
%(±

%'
%

.(/'
0&/'

0-/'
c

0±
%+
%

b
&0±

('
'&

a
.1±

(%
1'

c 1/(±+/
1(

b 0/0±0/
/(

a
%&/'±

('
'

+&

4
$5

c
-±

+0
b

-'±
%+
/

a
-'±

&1
0

c
&±

--
b

(1±
(%
1

a
&±

(.
'

&'/'
0+/'

0-/'
b

00±
(%
&

a
1-±

+&
(

a
(&
&

±
11
&

c &/%±+/
+'

b '/%±./
/%

a
'/(±

('
'

++

�
67
!�
��
8

c
0±

//
b

%'±
0'
+

a
-'±

&1
0

c
0±

&(
b

.±
((
1

a
(1±

%'
0

&'/'
0-/'

-&/'
c

.±
%(
-

a
1-±

1/
/

b
00±

&'
/

c 0/-±'/
1'

b 0/-±./
.&

a
(/(±

('
'

1'

�
��9
6�5

��
�8

c
(1±

(0
1

b
.±

-%
+

a
+(±

0-
(

b
&±

11
a

&±
(-
(

a
(&±

((
/

&%/'
-//'

%1/'
c

%/±
%1
&

a
/-±

1(
&

b
-+±

&&
'

c 1/-±+/
&.

b +/%±+/
.0

a
//(±

('
'

1+

��
�

c
0±

('
(

b
(/±

%-
(

a
+±

%/
0

c
-±

+.
b

1±
((
%

a
0±

(%
+

++/'
&'/'

0%/'
b

0'±
%1
1

a
/+±

+%
'

a
-.±

+&
%

c %/-±'/
&&

b &/%±0/
/0

a
'/(±

('
'

1/

:
5
�;

c
('±

1/
b

((±
%+
&

a
%0±

--
0

b
&±

01
a

.±
('
0

a
(%±

('
%

&//'
-//'

%//'
b

(0±
(+
.

a
&(±

0-
-

a
('
-

±
01
.

c (/&±1/
&0

b +/'±./
..

a
+/%±

('
'

1/

4
9<
�

c
('±

1+
b

0'±
-1
0

a
%'±

0&
'

c
1±

&(
b

(0±
(+
1

a
(1±

%'
'

++/'
00/'

00/'
b

%&±
(1
.

a
&'±

.%
/

a
&%±

1&
/

c (/%±//
&.

b '/(±0/
/'

a
+/(±

('
'

.-

�=
�

c
%'±

(&
+

b
-'±

0&
&

a
0'±

&-
(

c
-±

+(
b

(0±
(0
%

a
-±

(+
1

-//'
-'/'

-'/'
b

%-±
%%
/

a
('±

0(
&

ab
((
-

±
-.
-

b -/
(%±//

+%
a +/%±+/

/'
a

1//'±
('
'

.+

��
�8

b
-±

(0
/

a
&'±

0.
%

a
+'±

&-
%

b
(±

10
a

(1±
(&
.

a
%/±

(&
&

0//'
-%/'

%./'
b

/±
%/
(

a
('
/

±
+'
&

a
1(±

0/
+

c //%±./
+.

b -/-±1/
..

a
.%/'±

('
'

/(

>
�$

b
1±

(+
+

a
&'±

-0
%

a
('±

-+
/

b
-±

1'
a

%&±
(-
(

a
+±

(-
-

0(/'
-./'

-&/'
a

0'±
0%
0

a
(1
-

±
++
+

a
..±

+'
'

b &/0±+/
.+

a
1(/'±%/

/1
a

+/(±
('
'

/-

2
!S

b
1±

(%
&

a
(%±

-%
/

a
-±

--
0

b
((±

('
0

a
(-±

(1
.

a
.±

(&
.

.%/'
&-/'

0//'
c

-.±
0/
0

b
00±

.%
/

a
.&±

('
0/

c 0/&±%/
&1

b
%-/'±1/

/'
a

0/(±
('
'

//

A�
��!

b
.±

%1
-

a
%-±

0+
.

a
(%
.

±
0-
%

b
.±

(+
%

a
(&±

%%
+

a
%0±

%0
&

&//'
01/'

0./'
b

-0±
-/
0

a
.'±

+.
/

a
%(
(

±
('
+(

b &/&±0/
/&

a &/%±//
/0

a
%-/'±

('
'

('
.

��
���

;
	�

AB
C
�B
	!
D
�5
�
�
�5
��
E�
F
�B
�!
?
�
�


J
��
$

��
��
$
J

K
�
!�

��L
M�
N
	
3
�B
A;

4
 �
�5
�H
��
�5
�
�<
!I
��
�

)
'&/'

(P
<



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

3B� 

��,=).9]- ��"� .�,!� B�EA p"0� K5����",5" M����< �� �,! p0���-b� Vc0��� 

/�.+��c�-
�/ J
u
��/ 

�2C 	?��12�A*E %��+�"���! �*E 12���	*� R�$�	*���&��@)#8+"(

��+��o��**�/����� **�/����� **�/������ **�/��� 

����M��� �**�/������� **�/������ **�/������� **�/����� 

��+��o*����M��� ��**�/����� **�/���� **�/����� **�/��� 

[�
"(�+�/ ��� �/��� �/���/���� �/�

@� ��� �/����� �/���� �/����� �/��� 

** :kH�E���-/ ef� � ����/�

2;!q.�",5" Y�U ���	�"�� ���.���&G �� �7���+� �� .� 650� R�ST� ��� .W0� B��ES� 0����3� �� 	�"Iee���-b� 0–,!� 0��� 

,5,! ��"� .3� .� s��0� ��" 0EA ^_����tS�" .� 0A��� �� - ,="� 4�;�< :�����	.� ,!��_+- ��� �� $< �� �1@�U�5 V��� 4&= 0	&-�.

4�" �,! .3� .� s��0� ��� 0EA ^_����tS�" .� 0A��� �� - ,="� 4�;�< :�����	$< �� .� ,!���_+- ���;�&- 0�4�" �,! ..

	==� � 1�*==+�/B/��� R�==/��)�R�==&i/ � "��V==\ �#==� 

������=� %�=[�� %�=M� ��� ;,���=b"	=� 	=
 ��=� 1�=
 B/�

/��� R�/��)�%��+� A*E 12� ;!�� �#� "���!�  �	� �

T�� ���</ �
 5
�f� ����
 (�� 	�i/�7*� Y�=�����=
 ���

_+�
)��(7�� .�� �#M��%��=+� A*=E 12� ;!�=� �#� 

"���! �� %�[�� %�M� � ,
=���*�D=[� � 	=
 s�=
�/ ;!�=� J

M��! %��$")hd(%��+�� �)36(%��M� ��/ ;!�� J	=
 s�
�

 @/C)��(%/ ��	+�)�h(%�
)@)� �.(



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3B9 

J-���� 01�� �",+� � 4D�e B"0�

�/2C ��	'��/ ;���� �=� �
��� ,���=�� �#=� �7=Q&\ ;

���%��+� � "���! �� .� �
�J=E�
 ��=/ � R�=b"%�=[�� 2� 

�4� @/�� �� 7Q&\ 5I� � 7M-+ ,7� ,�%��=+� "���=! � 

�� �� 	
 m��0�	
c��T �-/"��=�� �� �+ ;�7=�� .7=Q&\

���E�
 � "�=4/ ;!�=� ���=/ ��� �=� ef=� � ��

) %��$ � H�/�+�M&"(�ef� �3)wH�/ ���=� � (� 1�*=+

)R��? �.(	
 	?�� �
�=�J	=� �=��=
 (��=M! 7=Q&\ ;!�=� J

������-/ ;"M+ ,7�� (�#+ 12� � ��"7[� �S� 	
 �� 1C 1���

� 7#8+ .

��+��4� _���� 	�(� O+� �!��� 7Q&\��=S� 	� � 1�*+ 

��+���� �� � o��� 7Q&\ �
 �%��+� "���! =�-/ 	+� �"��

 7�� (�
 .�� 2����.=
 @
�<�/ �S����+� J=�� o�=� �� �

�-/"1�*+ 	� �� �� /"��+� m��0 �!�o�!�`&�a/ �� 	


���^� �Q+ 2� ���� 7Q&\ � ��%��+� "���!
 	+� ��p�f� J

`&�a/ �� ���7�� 	��� c��I� )R��? �B.(

�/2C �����H� ;{���
 ,��=�� �=
 ���-� ;=��� 7�� �2C 

i/����� ,7*� Y�� ���=</ � 7Q&\ � ;=�%��=+� � �:=�' J

"���! � ���  (�!�*/ 	*��)R��? ��.(��+� 	� =� @/�=� o


 ,5I� � 7� ,��+�����*��� 7Q&\ J�%��+� � �� "���=! �

��� � 	*��!��M��+� 1�*+ �#M� .

��+��4� _���� 	�(� O+� �!��� 7Q&\��=S� 	� � 1�*+ 

��+��� � o��� ��M��� ���=</ � 7=Q&\ �
 �%��=+� "���=! �

���-/ 	*"7�� (�
 �� .�� 2����.@=
�<�/ �=S� =�-/"�� 


���+� J�� o����M����=� (�!�*=/ 	=� 1�*=+ =/ "�=! �

��+��o�!�^� `&�a/���� ���=</ � 7=Q&\ ���m=��0 	=


��� ��M�� �:�' J��-� `&�a/ p�f���� 7�=i/ � �2C �Y

�7�� (�#+ 1�8))R��? ��.(

	+�M+ � �!� �!�"�/2C 	
 s�
�/ ���=�H� ;{� � ���=
 

���
 %�[�� 	M!"%��+� � J!C 7Q&\ ,(�� "���! ��=�� �=
 �;

�� 	P�'�;!�� ��b 	� @/C ��/ � �./ 7��"���� �+ ;��

� 1�*+ J!C 7Q&\ �)@)��.(%��+� A*E 12� 	
 	?�� �


"���! �  ra*/�%��+� � J!C 7Q&\ ;!�� 	� �"���! � 

E�
 ��/"%�[�� 2� 	
�=�@%��=+� 	=
 1C ��� ;!�=� "���=! 

)�4� (E�
 ��/ � �"��+ �=.�[� 	=4 =� 1�=� 5�=��:=�' J

	
 ��@�i� ��� 	P�' �
 ��� A�)M��! %��$"(7=�� (�=
 .

� ���M� 	*�&"��=��+ %�=[�� � J=!C 7=Q&\ � ;!�=� 	
 ��

�����=�-/ @/C ��/ � 	� C��� %�[�� � J!C 7Q&\ � ;"�� 

�  (�!�*/ ,�
��)@)��.(� A*=E 12� 	=
 	=?�� �
 =� 	*

�  ra*/�^� 	� ���/ J!C 7Q&\ � �^� 	
 s�
� =�� ���=</ �

�==�� � �:==�' J==��+ � 7==�� 	*�^� 	==4==��A*==E 12� c�� 

M+"���
.

	+�M+ 	
 s�
�/ �I8� �!��/2C����H� ;{+ ���
 ��	=
 �=�@

(�� 	�E��� @
�<�/ �S� ��� 	���� �
 �:�' J�=E�
 � ,�� "

�� ;4�� %�[�� 2� .� �I8� 7Q&\ ,��Q�+� 5
�f/�
 	*	�=���/

 =+� 2� ��M� %�� "���=! �=
 .�� �=#M��^�=�� =�-/ �"�� ��

� �I8� 7Q&\�� ,�*+ �?�/ 	*��b"	�� 7Q&\ =��:=�' J

%��+� � ��"���! 	
c��T �-/"��=�� %�[�� 	M! � �� �� ;

)@)� 3.(

u3� 

�+���S5 ./����< 6�.��9� V"�3� ���4�;�< :

��+��/2C _�	'��/ ;��=E�
 ��=/ �"��+� =�o�=! =
 �=�+ ��_

�/2C�i/ � ;�7=�� c��=I� 7*=)
C Y.��=/ � 	=&M? 2�

==i/ � 	==� 5I==���� 	==P�' ;!�==� 	==
 7#8==+ 7*==)
C Y�

��8b�M� 7"� 2� � 7�� �.M*W c��I� �Q+ J���D=[� �=
 

� � 1�*+ �4���b"	�	='��/ 7*� � ����=?� 	=M! ��

�)&M' ��8b ��� �#M� 	
 7�� 2� � � 1�*+ �=�b �=Q+ J"

��==+�"2�� �==4� D==[� 2� �==� ��8==b ==�
�"�==� .�==�
 (��== �

��+��o�!w��:i�/ �/2C ���� �
 �;�!�=i/�! Y=�+�0���� A

�	'��/ ���+ �#�-/�78.	
1���' i/ � ,R��/ �E�
 7*)
C Y"

C������!����I������/���0 ��+�/ �!�
V?"1�W Cmin + �=��

8�� c��[ �S�� ���� �"���� �
 	� 	*�V?�=T��' USz=���

2����+�� )6(���
 @
�[ ,"+�78.	=� 7=�� (�=� j���=  



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

3Bh 

��
��

T.
D

U%
N

�	
�
	�

�
)
��

�V
G2

�
�	


�
 
	�

�
�

��

�

)
��

��
�*

+
�	�

*
��

 !
"
�
#�
���

$
%&'

(
)
��

)
�
��

�

!
��

�#
(

�

!
$

%&'
(
.

/

0
��
�

)
��

)
��
&1
�
��

��
�


%�!
(

 2
�3

(
+
�	�

*
��

�
�*

 &
*�
!
)
	

.

�
���
�
���

��
�5
G
�

4
W6
X

)
�	
�
	M
�!

/
�
�
�
��

�	
�

(
A��
5
�5
G
�

4
W6
X

)
�	
�
	M
�!

/
�	
�

(
"
�
�
�#

��
�$

%&
&'

('
'

��
�$

%&
&'

('
'

	)
*

a
(/

%1±//
/(

a
//

(-±0/
..

a
-/

(%±./
&%

a
%/'±&/

%1
a

(/1±0/
0%

b
0/1±0/

%0
ab (/0±-/

-'
ab //-±0/

-/

��
�
�

b
//-±+/

%&
b

//(±+/
-%

b
+/'±-/

0-
a

%/
(.±0/

1%
a

&/-±0/
%+

a
-/-±//

%&
a

./(±-/
%%

a
(/%±(/

%+

2
3�
 

b
&/

(1±+/
0(

b
(/

(/±+/
--

b
(/1±(/

-'
a

0/
('±1/

/%
b

./0±'/
(&

ab
+/'±//

%'
ab +/(±+/

%(
a

1/'±//
%(

4
$5

a
-/

%%±1/
.1

a
./

10±+/
((
(

a
0/

-+±//
+-

a
&/

('±(/
0(

a
&/-±0/

%1
a

//'±0/
%/

a
1/-±1/

-'
a

//-±./
-(

�
67
!�
��
8

b
(//±1/

%.
b

(/.±0/
%+

b
%/-±&/

(+
a

&/(±&/
(+
+

a
+/%±&/

%0
a

1/%±-/
%(

a
'/0±-/

%-
a

-/%±%/
%-

�
��9
6�5

��
�8

b
+/

%&±-/
10

a
//

(%
1

±-/
%&
(

b
%/&±(/

1.
ab

//
(/±-/

.+
b

(/(±//
%&

a
%/0±1/

--
ab 1/(±%/

-(
a

-/(±&/
-%

��
�

b
./0±&/

0.
ab

%/
(&±-/

1/
a

0/
0(±%/

(-
-

ab
0/

%.±0/
1&

a
%/1±+/

-&
b

&/(±+/
%%

ab 1/0±0/
-0

ab (/-±//
-%

:
5
�;

c
./-±0/

%-
bc

1/
0(±(/

.(
a

+/
1(±%/

-'
+

b
./

00±-/
(+
&

a
&/(±+/

(/
a

(/-±./
(1

a
./-±-/

%'
a

1/(±//
(+

4
9<
�

a
%/

%/±1/
10

a
//.±1/

%.
a

-/(±-/
0%

a
//

%'±0/
-1

a
&/(±(/

%+
a

./%±1/
-%

a
&/-±+/

-(
a

//%±1/
%&

�=
�

a
-/

0.±-/
.-

a
(/&±-/

--
a

-/
.0±1/

(%
0

a
-/

%.±//
&-

b
-/(±./

%%
b

-/(±'/
%&

a
0/(±&/

%/
a

-/(±+/
%/

>
�$

a
//

(/±-/
%&
(

a
-/

%0±(/
%%
1

b
//'±(/

+-
b

./
%&±//

0(
a

//'±1/
(+

a
-/.±(/

(0
a

+/(±1/
(1

a
-/-±&/

(.

5��
E�
F
�B
�!
?
�
�


4
 �
�5
�H
��
�5
�
�<
!I
��
��
�$

J
K
�
!�

��L
M�
N
	
3
�B
A;
��
J

��
$
��
���

;
	�

AB
C
�B
	!
D
�5�

�
�

)
'&/'

(P
<

.



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3Bd 

��
��

WX.
3Y

�
�

�	
�
 

�
Z
	�
#[

�
)
��

D
U%
N

��
	�
	

��
��
*
Z
�

 2
�3

(
\

��(
�8

��
)
	

.

?
�<
B	
!F

�Y
���
!

ZB
��!

G
5��
SA
@�
5

A��
5
�5
G
�

4
W6
X

���
��
G
�

4
W6
X

�
���
�

"
�
�
�#

('
** -/

+&
&

** 1/
%.
0/
-

[
�

5�
;

-
** //

.%
** &/

%+
&1

"
�
�
�#

*
[
�

5�
;

-'
** &/

10
** (/

%%
&%
1

�
]�B

��
��!

(1
+

%/
('

'/
('
((

2
^

%(
/

1/
0/

1/
&%
&-

**:
N
`
��
�

a
b 

�5
��5

c
�<
!

'(/'



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

3B� 

��
��

AA.
�	
�
	�

�
)
��

�V
G2

�	
�J

(
�
D

U%
N

�
�	


�
�

��

�

 �
��

�
�#

$
%&'

(
)
��

�

�L

!
D

�
!
+
�:
(
��

)
��

D
�6�
5;

O
��
�&
(
��
��
J(

��
��

 !
"


P
�
�*

��
	�

�*
�
�;
�#

.

 
	�

)
��

�	
�
	M
�!

/
�	
�

�	
�
	�

�
)
��

D
U%
N

�
�	


�

)
��
��

�1
�(

/
�

�
�

��
�
��
�

(

 �
��

��
)
��

D
U%
N

)
��
��

�1
�(

/
�

�
�

��
�
��
�

(

�	
�
	�

�
)
��

�	
�J

(
�
�	


�

)
��
��

�1
�(

/
��
��

(

 �
��

��
)
��

�	
�J

(

)
1�
(

��
��

�
/

��
��

(

G
�

��
9�



U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(
U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(
U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(
U�
67
!�
5
5��
SG

�
4
�P�
<*

)
U�
!�
M�
�

(

"
�
�
�#

&
%-

(-
'

&
%-

(-
'

&
%-

(-
'

&
%-

(-
'

�Y
;

1&/%±(/
(0

b
(0/&±&/

-'
1

b
'0/

00±//
-.
/

a
/+/

-1±-/
&+
+

b
/./

%/±%/
0%
%

a
10/

+&±&/
&1
-

a
0(/

+1±1/
+0
-

b
&//'±

+&/
('

b
1%/%±

'-/
(0

a
+-/+±

+//
+'

b
+&/'±

1-//
b

-//(±
'0/

(%
a

10/(±
'-/

%-

�
=*

��
��
�K

+&/-±
-&/1

b
++/

(-±'/
%-
(

b
/%/

%-±//
%/
-

a
+'/

-/±//
0-
/

c
'(/

(0±./
-&
(

b
-//

-0±+/
0+
+

a '/
&/±0/

&1
.

c
0+/'±

&-//
b

&//'±
'1/

(&
a

'%/-±
0'/

&%
b

0+/'±
.(/.

b
0%/'±

'0/
((

a
0+/(±

+%/
%-

	�
�
	

++/
(-±%/

%1
a 0/

-1
+

±//
%'
%/

b
+./

&&±//
+1
&

b
0+/

('
-

±'/
++
(

a 0/
(%
'(

±
-+
%%

ab &/
0-
'

±
(/
0'

b
&&/

(&
'

±
(%
-1

b
+//-±

1%/
&-

b
/%/0±

/+/
&'

a
/./.±

&0/
1/

a
0&/-±

(&/
&-

a
(&/-±

&'
a

+%/(±
&'

�
%5
�]

(�
��
�K

-//(±
.0/

%(
a

%-/
1%±-/

0+
+

b
0(/

((±./
%'
0

b
&1/

&1±-/
%.
1

a
-%/

(-
/

±./
+.
%

c
.+/

%.±0/
-/
0

b
-0/

%.
+

±//
0/
1

b
1'/'±

&//
(0

b
/+/(±

+1/
%+

a
10/

(%±
'&/

&+
a

++/(±
(0/

('
a

'./%±
.+/

%'
a

0(/
%(±

/./
-0

I
^
�0

.1//±
.(/

&.
a //

((
/

±&/
0&
/

b
.'/-±0/

(/
0

a
(&/

0(±//
&'
.

a
///

1&±%/
&&
'

b
'(/

%0±&/
0'
(

a
.+/

(-±(/
+'
1

c
01/%±

+-//
b

-'/(±
(+/

%(
a

.1/-±
-./

1-
c

%//'±
-'//

b
&0/(±

(%/
%'

a
%0/-±

+'/
0'

D
*�

-1/
%0±

%(/
0/

a ./
0'
/

±(/
(+
.&

b
1%/

((
-

±+/
&0
1

b
+(/

&(±1/
+-
/

a
-1/

((
'

±
-/
-%

b
(0/

%+
-

±
((
/.

b
&'/

/&±./
(%
(1

b
.(/1±

.-/
-&

b
1./

(0±
10/

&(
a

.//
('±

&+/
.+

b
.'/(±

'%/
-/

b
(1/1±

+./
&'

a
(+//±

0&/
10

�
%:

(
��
�K

/-/
%&±'/

0%
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
�
�=

%��
��
�K

0./%±./
%'

b
.+/

--±+/
%'
&

b
0&/

(%±'/
(1
'

a
%0/

&%±&/
&'
.

b
.0/

(.±//
-%
-

b
1//

(%±+/
-0
1

a
+//

%(±%/
+.
/

b
0./'±

.(//
b

+&/(±
01/

(.
a

(1/1±
/1/

1(
c

%&/'±
-0/.

b
%//(±

.%/
(0

a
((/-±

'1/
%1

	�


'./(±%/
(-

b
/1/

0(±-/
(.
0

b
'-/

(0±0/
(/
&

a
+//

0&±&/
01
'

c
+'/

%/±+/
(.
%

b
&./

%0±&/
--
-

a
+0/

--±-/
&/
/

c
/1/(±

&'/+
b

&+/(±
0+/

(&
a

.-/0±
-0/

00
c

&+/'±
'%/0

b
'+/%±

+&/
(-

a
'./-±

11/
%-

_
��
�!

&1/(±
(&/

(0
a

/0/
+(±+/

-/
+

b
0(/

0(±'/
%-
1

a
./

+-±-/
0'
&

ab
/&/

0+±//
&+
/

b
.%/

1-±0/
00
1

a %/
0.±%/

+1
0

c
(1/(±

('//
b

00/%±
&+/

%'
a

%1/+±
%'/

0&
c

&-/'±
.%/.

b
0(/'±

(./
(&

a
/-/(±

0//
%-

D
=5


.%/.±%/

(.
b

&//
&/±1/

-'
-

c
+./

(%±(/
(+
+

a
0%/

%+±'/
0+
-

a
%'/

+%±(/
0.
.

b //
--±&/

-%
.

a
(//&±

0(/
&1
.

c
0+/(±

%'/.
b

-//-±
/&/

%'
a

'1/%±
%'/

+.
c

/0/'±
(//1

b
+//'±

+./
(.

a
%1/(±

%//
-1

�3
�

0(/
(%±1/

%(
ab

/-/
(/±0/

%.
/

b
00//±%/

(&
1

a
%./

(0
&

±//
0.
(

a
11/

(.
%

±+/
+&
/

a
.//%±0/

-/
0

a
.%/

-(±+/
&.
1

b
11/'±

'1/
(&

b
/&/'±

%//
%-

a
+(/

(+±
+0/

.'
c

(1/(±
('/

(-
b

11/'±
1//

(+
a

/0/(±
01/

%.

��
�K

+1/%±1/
%(

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

nd
nd

`
�*

+%/-±
0(/

(0
c

1%/
(%±./

%1
'

b
-'/

1+±//
&%
'

a 0/
('
-

±'/
((
1'

b
1%//±+/

&'
1

b
1+/

(1
%

±//
+.
'

a
(%/

(+
(

±
(+
0&

c
/&/'±

+(/
(&

b
0//1±

%0/
&0

a
%&//±

/0/
(&
'

c
-./'±

0%/
(%

b
.&/%±

%./
%+

a
(&/+±

0'/
1-

I
(8

'-/(±'/
((

b
&1/

%'±+/
%1
(

b
+./

(-±(/
%0
(

a
1/

.&±%/
&%
(

b
1&/

%&±-/
%/
0

ab
&(/

(&±1/
-0
'

a
0-/

(0
/

±%/
&(
1

c
0(/'±

01/
((

b
%1/%±

-'/
%+

a
%//0±

%1/
&-

a
0./%±

%./
(%

a
(+/(±

+&/
(/

a
1//0±

/-/
%0

 
��(

nd
b

+&/
-%±%/

(0
+

b
1(/

(&±1/
(0
1

a
///

(1
+

±(/
&0
+

b
%(/

%/±-/
%(
'

b
0./

-&±%/
%&
(

a
.0/

-0±0/
0(
+

b
1-/-±

1'/
(0

b
'&/(±

%(/
%-

a
&./&±

&&/
1%

b
'-/(±

&1/
((

ab
///%±

-0/
(/

a
-+/(±

0//
-&

J
��
$
��
���

;
	�

AB
C
�B
	!
D
�5�

�
�5
��
E�
F
�B
�!
?
�
�


��
$
J

K
�
!�

��L
M�
N
	
3
�B
A;
��

�
�<
!I
��
�

4
 �
�5
�H
��
�5

)
'&/'

(P
<

.



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3�B 

��,=qv.9]-��"� .�p"0� K5��� �",+� � 4D�e�M ��",5" ��,! p0���< �����-b� Vc0��� 

u
��/ /�.+��c�-
�/ J

�2C 	?��
�� 7Q&\�%��+� 

"���! 

�� 7Q&\�

��	*

�� ���</�%��+� 

"���! 

� ���</��

��	*

��+��o��**�/������ **�/������� **�/���� **�/���� 

����M��� �**�/������� **�/������� **�/����� **�/���� 

��+��o*����M��� ��**�/������ **�/������� **�/��� **�/��� 

[�
"(�+�/ ��� �/���� �/����� �/���/��

@� ��� �/������ �/������ �/��� �/��� 

** :kH�E� ef� � �� ��-/ ��/�

2;!v.- ^_� .� 0w"��� �@�
� �" R�ST� ��� 4��"�< )L�����; (4D�e 0� 8�< �",5"	�"��� ����/> �� 650� �7� ��&G .��4

�� ��� � .� B��ES��3� �� ���-b� 4�� :c0��� 



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

3�� 

2;!x.- ^_� .� 0w"��� �@�
� �" R�ST� ��� 4��"�< )L�����; (�",5" 0E/� 4D�e 0�	�"��� ����/> �� 650� �7� ��&G .��4

�� ��� � .� B��ES��3� �� ���-b� 4�� :c0��� 

����+� 	*�o�!�8�� c��[ _+�
 `&�a/ � ���� �"���=I�/ "

�+��)��(��+� ��o�=!����=� �� �:=�' 	=
 7#8=+ ���� �

�� 	<f�/�u���8�� 2� ����� 1� � ����+� 	
 7#8+ 	*�o�=!�

�����+ /"����
)�h.(�� 2��� ,�=. =� ��� _+�=
 (��]�=+��� "

2�����
 �2�� �2C �i/ 	
 1����0 �� Y�	� 7�� 	*/"�+���

 �T��' RHi+� ��M!��� �
 "�� �=�+�/ Z�=E � D=� �;=<+ 

2����=��
 	�=�� )�B.(��
�=�
�N 2� J=��=)&M' c��=I� @

 �� 1�!� �� �#M� �
���� J�	='��/ Y��=i/ ��7*=)
C Y

/"c��I� 1��� �!���M�b�"8�� c��[ � � ���� �"��,�=! 	*

+ � Z�E 2� UV? c��[���+��� �"\ ���=+� RHi+� =�R�=&i/ �

����M� �
 �� .�/2C ��%�=[�� �=
 ;IR +=�=�W ���n=� J�

,7�� (�� (�!�*/	
��$ �	�D[� IR54 ��=� � �='��/ Y	��

����� D[� A��=� � ��! 7*=� Y=�+�0���=M[� A"c�*=
 

����+�7�)�B.(��	=+�M+ %�=[�� J�=!�#=���/"��=
 �=���
 "

C������!����I����/"��=� 2� (�I�=�� %�&�8=/ 	� ����
�Y

�4
 Z�E � 7*��7�� 7*)
C .

�� ���</ � c��I� 	�#���	+� �!��
 	���/2C � �;	=
 ��=� 

,7�� 	��� /"�+����)"N 2� ���+ � c��I� @M�i/ @�� _�� J

�/2C��  ��M&[ ;.�
��J	=� �=/2C � �=! ��V=
 ��=���/ 2� ,;

<i��G� _+�
 c�<��� ,�
 (�� 	"]�G���I� "
�� J��V
 (��  � J

�� ���</ �Q+ 2��7�� �?� .�</�=
 	8��� 7=Q&\ J���V=
 

	
 ��� ��
 	��� ��/2C �H� 7*)
C ;���{2� @=T�b ��V
 � ���
 

	'��/ 7*� ��)� ���!�� ��M (ra*/ /"� �=�W �! 	� ���

 E�
 ��/"�� 7Q&\ (��i/ ,%�[�� �� � =�	
�*=/ (��=  � J

�� ,7��"	=
 s�=
�/ ���=</ 2� ��M� 7M-+ � ��+ ,�4� ��/ � 

�/2C�	'��/ ;��=&i/ %��$ � 7� ,@b�� ��/ � �"
=���*

2� �/2C��/ ;	'� ��7�� (�
 .wN�=M�b� �=)"N 2� =�c��=I� @

��+�� _��/2C � J��=4� D=[� ��=/ � ;,�� 7=Q&\ �	=+� � 

7�� .�
�G"��� 	� 7�� "�� u=#�/ 1�
 ���=
 �,�!�*=+ �=�� 

�=�� m=��0 �'�
�	='��/ 	=
 R�=<�+� 2� O=0 �!�*=+ � �=�M� 

/"�� .



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3�� 

�+���� �0;� � h��L ./��	"� ���	�� ��� .� �

�/2C ��	='��/ ;����=�� ,��� �=)&M' ;=�*")� A*=E 12�

��I��� ( ��! �� 1�!�"7=/H' � �=#+ 	=?�� @
�[ (�� �=!�

 � �#M���!�=� 1�=!�)=! �=� 1��=
"(�*=+ (�!�*=/ .�=�J

�� ��P�/ /"�� 	
 1������ �#M� 1�#+ ��� � �7#8=+ Z�E J

� .	+� ��-� ;!�� 	�#�� �!���E"���=�� � 	=+� ���=! �12� ;

2� 	+� ���!DG/ �����?� J��
 �)&M' 7=i� 	=� �=+ Sz=����=� 

�����==�� �;��==���� .==�� ;!�X==0 �"1���==)M! � �X==+)3(�==S�

 �� �� 1��������� �
 ��:i�/ �(�=� j���=  	=+� �=)&M' ;

�� 1C �S� � 7���=���
 (�� �)&M' "7=�� (�*=+ .=���
 �"

���,�6�=P��� � 	=-��f/ ��=/ 5$�=�/ �T�"1��=�� ��=� 

���� 1���+2�/��-/ ;"�� ��� �=� �
��=� �=
 	+� �)&M' � �

��� (�)3.(/"�+ 1����=+��i
 ef=� 	=
 	=?�� �
 	� 7��  	4"

�#M�)3(P��� �"��� �����=&M' ���=</ � ��*=� R�M� "���

� � }��a��� @
�[�Z�E J�!,�� �#M����� � �Z�E J�!D��b

M+"���
,! �� �V� "���� @/�' ��:i�/ �	+� �)&M' ;/"�� .

�� �#M���� ��=�-/ m=��0 @/�' Z�E � "�=)&M' � �=! ��

���*"�2 ��*"�� �� 	
 �7�� )�.(

J-��B"00A����",+� � 4D�e 

Sz���!�� "�� 7Q&\ �
 �%��+� � "���! 	+� ��!�7E���)

�#+ .7=M-+ D[� �)=' � 	=��R�=b J=�7=�C��� D=[� A(,

!��"���� �'�
 ��W �! ��� 7Q&\ ;�=�� ,�*=+ (�� � "

��=�� �?�/��� ;��  	=+� � =���=�� �= � 	=� ����=-� ;

	+� �!�+ � �0�� � 	=� 	+� ���! 12� �=�	=
 m=��0 � D=[� J

!��"(�!�*/ /"+ �� ���.
 �Q+ � �=���,D=/"�+ 1��=��	=4

 �</ � 7M-+ D[� 	� 7�� ��=� �=
 	8�%�=[�� �,�=���/ �=��J

�� �� �
��� 	
 m��0��� ���</ � 	+� �)&M' �Q+ 2� �	+� 

1�*+ �E 2� /"�!.
 	
 � 1���� �� DG/ ;a
 �.�k�:/ 

��
 Z�E � (�����	+� 	
 ,D[� J�!R�<�+�/"��
� .	=
 	?�� �


��J	��� �� �
��� ,�@=#[ =$ � � (�=
 �!�*=+ R�=<�+� 2� "

@  !"�� �� ,	+� 1�� �0 ��HM�i/ 	
��$ Z�=E 2� @/�� 

,7�� (�� 7���
 /"�+ 1����1C DG/ ;a
 �-f[ 	� 7��  	4

�+���<�+�2�
 	4"��
 2� �!�7�� ���
 .O)'��J7��b D=[� � 

��+��)' � 	��R�b J������+ D[� A7�(�� (�!�*/ ,.�
���

��� ������ �'�
 ��� 7Q&\ ;�%��+� � "���=! �=�D=[� J

� ����b"	��� 7Q&\ ;!�� �'�
 ��  	+� �	� ,�	
��@

t�:�E���� J����;a
 	
 (�� UV? �!����*"W�=+ ���

��<�+�2�
 1�
"	+� 	
 �!�7=�� (�=
 �=M+ R�b � .1�=�� �=�

���
"�!�2����� �
 �c��=I� �=!���=+��K"��=<�+�2�
 �"

;a
 2� �T��' �!����*"	=+� 	=
 �=!�%�=4+� �=M+ R�=b �

 ��<�+�2�
 	� 7�� (�� (� 1�*+ � 	��� "2 ;<+ ,��� ����

/���+ J��:�' 2��	+� �!��)��.(�
����</ 	� 7�� 	?�� �

N�
����,�! 	+� � /"+ �+������ 	
 2��2�=\C 	=&b�/ � �� 

����*+��+� �+�=/2 � 	���� 	'��/ 	
 R�<"� 	=� =�	*�=! �=��

���"(�)+ + ,�+�� 2��/�� �� (���M+ J��.

	
 	?�� �
��J	�7i� ,�T��' 7Q&\ Sz=���A*=E 12� 

 ����[ 1�!� /" ��:�' 	P�' ,��-=P� � 	=� ��=#M� 7

/"���
 /"*G? �'�
 �+���"1�=M! 7Q&\ 	� �� ��� � 


 �� �:�'	;!�� c�� /"�! .���
 �V�"1��=�� 	=
 m��0 

��Q+ 2� �:�' A����� � 	� (�+2 (�/ ;�2� ��M� C��� 1�!�

 ������+ 1�!� /"^� �
 �n� � ,���
����/ �:�' 7Q&\ c��

 �
 �!��E �Q+ .T�� �V����
 (��  %�.�! 	
 	� 7�� (�� 	�

��+��o�!�1��=�� 	=
 m��0 �Q+ 2� `&�a/ =� 	=
 �:=�' A

i/��4
 7���G
 ,Y�7Q&\ 	
 	?�� (Concentration) =�A

���</ 	
 ,�:�'(Content) �=� 	?�� 1C )�.(=���
"�=! �

 ��+� ��/�o�!�%��  `&�a/)9��(_+�
 �)�B(�=Q+ 2�

]C���"�� �:�' 	
 7#8+ �+�
 	� 7�� (� 1�*+ �����</ J

�� �:�'�]C��� 7IT � 1C 7Q&\ 	+ �":=�' 	=
 7#8=+ �

���D!.�8
"�#�/ "��+� � �� �=?� =�o��=!"���=</ �=
 

�� �:�' ��N�
�/�[�� ,"��� ���+� O)'�
 ��o��!"���</ �
 

�� �� D��/�[�� "�����+ /"����
 .=���
 �"+ �=P�b =�� �

�/2C����H� ;{� 	� �� (� 1�*+ ���
 =��+ J�	=4  =����

==E�
 ��==/"��+� ==�o�==!i==T�e==/ "�==��
 .	==
 ��==$ �	==� 



�" ��",
- ./��+��&� 0-�� ��� 01�� ��� � 2 3- .� 4�/5 650� ��7�" 8� ... 

3�3 

��+��o�!�/�%��+� � @/C � 	+�"���! � ��� 	=
 7#8+ 	*

��+��M��! %��$ � �4� o"�� D� 	P�' � ���� ����=</ 


 ����M
��� ��*�/"����
 .� �
����</ ,R�i�)+ ��7=Q&\ �(

�����+�� D[� 	� � )C����+(7=� ,)Y=��� �=b (5I=� �

)C��� (�� 	
 7#8+���+� ��o�!
��
 ��* .� 	=
 ���=�� �=
 =� J

�! (�,ra*/ /"=
 s�=#��� 	=� �= �7I=T � ���=</ J

]C���"M!�+ ��T 	*�78.�� 2����=. ,� ��=+�� D=[� �

 5I�	
1���' /�[�� "]C��� �
 "�� (�G
 �&' 	=� c��I�/ =�D\�

 �� 	
�*=/ 7=Q&\ J����%��=+� � "���=! � �=�m=��0 ,	*

����8
����I�/ ��"1�*+ /"��-/ ,��!"� (�� /"�=�+���

�-
 c�-��f/ ��P�/� ���[ ��+�.

�� kHE �
 @/C D[� ����+� ��o�!� J=!C 7=Q&\ ;!��

������ �#M� Y��=� (�!�*/ .��=� � J=!C UV=? ;!�=��Y

IE �#M���� `�7�� (�� j���  )��.(O)'�
,Sz����=#M� 

������� �
 ��� �4� D[� � J!C 7Q&\ ;/"1���	
1��=�' �=)"

#+�? ����' 2�"�� �#M� ��� ���� ��M&[ .E�
 �"��=� �Y,

�� �#M��
�[�\ _+�
 � "M� �
 �7�� %��� J!C 7)��.(�=#M�

���E�
 � " �� �
 1�!��M=� �=4�7=�� (��=M! �I8=� 7)�3.(

�� �#M� � 	� 7�� (�� (� 1�*+�%��+� 	
 �I8� R�<�+� "���=! 

�����;/"�/�M8/ D]H' ��G� �'�
 � �
��7/"�=�)����9.(

� �����
 J"+����� ��%��+� �I8� ;"���! /"�+����)"N 2� =�@

�� �#M� � ��� ;!������
 .

�</��� 7=Q&\ 	8�`=&�a/ %�=[�� � 	=+� )� ����=M

�!�� 	'��/ ��(1�*+ /"
 ��+ � �4� %�[�� 	� �!���*�� J

b�� %�[��@,�=�M� ���=� � 5I� ��� 7=Q&\ J��� 	=+� 

�+� 	��� .�� ���</�	+� � �!�	
 	?���
 ,_+�
��J	�	+� 

MG/ u#�/ _+�
 � %�� "��
 ��z/�+ J=�� 	=
 2� =� � �:=�' J

���D"��V\ ��+���M!� ,7�� 1��2 7����� .�� �=#M��

� (�=� ���8=/ 	=� 7�� R�� ��W ��*� � ����
 1�+2 �

 @M)/ 2� (�I��� �!�����"��
 �0 1C 1�=� uI��/ =��G�*

 7�� (��)�.(�#M� 1�� uI��/ (2��/� �=!�V^� =�	��2�

�$��\ 5"2�� �(��C�� �!�"��V\ %�=�  ��+�/ k�:/ �0 

@M)/ 	
 7#8+ _+�
 ��!���� =�"���� =�
 7=���*��� .

��
��
���+ 	
 	?�� �
 J�� _����
 J"�
 ��=�J	=� 	=+� �=!�

$ � _+�
"7��0  ���*a
 "7=�2� �� �=E �T��' 2� 

/",��! /"��� ��/ � 1����/�[�� 7*� _"�=
 �4� ��+�/ 

N�
 ���</����� 	+�� �/�=[�� �"%��=$ � 7=M-+ 1�=W 

�+�M&"�� �� 	
 	� ����� �
 �� 	?�� @
�[ ;�� �:=�' J

	+� �!m��0/"�M+ %��[� ,��! .

Q��"9i���

��<i� J�*!�X0 p�$ ��#�'� @i/ 2� 5"�#� (�.*+� U�:/ =��

7�� (�� %�4+� .���8/ 2��/ Jq<i� 	8=��@=/C � _+�=
 c�=<


	��)M! �$�E��!��/2C ;a
 � �T�:E �G+C�	='��/ ;��

� �z/�+���[ �V
 J"/"��.

����� ���� ���ES�" 

�.
"%�+ .�3dB )W�M� cN�</ (�������� A(2�� �S� �1�8+� 7/H� � .)��0 %�&' (�.*+�"����G
 c�/�E �"+�/� "G���

�*G
"1��G� ,.

�./�b��� ,"C.k.,%.p.%�M�!� �%.�.&' �#��1�.�3d3.���
 "��� � _+�
 ��G
 �M+ @/��' �
�=[�\ Y"D=[� 2� (�I�=�� �=
 �=!�

'��2"��1��.2���*� 1��� � %�&' �#$ u
��/ ��-"d)�:(���{�36.

3.��",�X+ %.,%.}.��)&/",%.p.���,1.��-� ",%.�.,��K+�n/�%.�Mi/ ��%.�Mi/�1�.�3dB.-���+��i
 �b J"����

���
"�� c�I��� 	
 m��0 �P��� � "��� �����1���+2�/ .��G
 k�:=/ 	/�+ (X�,�=� 	=� _+�=
 c�=<�<i� 	8=�q/)@=/C(,

��)�6B.(



	
�� ����� � ������� ���� � ���� /��������� /��� !��" )$(/��&� '()* 

3�6 

4. Ando, T., S. Yoshida and I. Nishiyama. 1983. Nature of oxidizing power of rice roots. Plant Soil 72: 57-71. 
5. Cakmak, I., N. Sari, H. Marschner, M. Kalayci, A. Yilmaz, S. Eker and K. Y. Gülüt. 1996. Dry matter production 

and distribution of zinc in bread and durum wheat genotypes differing in zinc efficiency. Plant Soil 180: 173-181. 
6. Cakmak, I., L. Öztürk, S. Eker, B. Torun, H. I. Kalfa and A. Yilmaz. 1997. Concentration of zinc and activity of 

copper/zinc superoxide dismutase in leaves of rye and wheat cultivars differing in sensitivity to zinc deficiency. J. 
Plant Physiol. 151: 91-95. 

7. Castro, R. U. 1977. Zinc deficiency in rice: a review of research at the International Rice Research Institute. IRRI. 
Res. Pap. 9:18-20. 

8. Chaudhry, F. M., S. M. Alam, A. Rashid and A. Latif. 1977. Mechanism of differential susceptibility of two rice 
varieties to zinc deficiency. Plant Soil 46: 637-642. 

9. Graham, R. D. 1984. Breeding for nutritional characteristics in cereals. PP. 57-102. In: P. B. Tinker and A. Läuchli 
(Eds.), Advances in Plant Nutrition Vol. 1, Praeger, New York. 

10. Hajiboland, R. 2000 Zn Efficiency in Rice (Oryza sativa L.) Plants. PhD Thesis, University of Hohenheim, 
Stuttgart, Germany.  

11. International Rice Research Institute (IRRI). 1970. Annual Report for (1969, PP 134-137, 155-157. IRRI), Los 
Baños, Philippines. 

12. Johnson, A. D. and J. G. Simons. 1979. Diagnostic indices of zinc deficiency in tropical legumes. J. Plant Nutr. 
1:123-149. 

13. Loneragan, J. F., D. L. Grunes, R. M. Welch, E. A. Aduayi, A. Tengah, V. A. Lazar and E. E. Cary. 1982. 
Phosphorus accumualtion and toxicity in leaves in relation to zinc supply. Soil Sci. Soc. Amer. J. 46: 345-352. 

14. Marschner, H. 1993. Zn uptake from soils Zinc in Soils and Plants. PP. 59-77. In: A. D. Robson (Ed.), Kluwer 
Academic Pub., The Netherlands. 

15. Marschner, H. 1995. Mineral Nutrition of Higher Plants. 2nd ed., Academic Press Inc., London, UK. 
16. Parker, D. R., J. J. Aguilera and D. N. Thomson. 1992. Zinc-phosphorus interactions in two cultivars of tomato 

(Lycopersicon esculantum L.) grown in chelator-buffered nutrient solutions. Plant Soil 143: 163-177. 
17. Parker, D. R., R. L. Chaney and W. A. Norvell 1995a. Chemical equilibrium models: Applications to plant nutrition 

research. PP 163-200. In: R. H. Leoppert et al. (Eds.), Soil Chemical Equilibrium and Reaction Models. SSSA 
Spec. Publ. 42. Soil Sci. Soc. Am. and ASA, Madison, WI. 

18. Parker, D. R.,W. A. Norvell and R. L. Chaney. 1995b. GEOCHEM-PC: A chemical speciation program for IBM 
and compatible computers. Soil Chemical Equilibrium and Reaction Models. In: R. H .Leoppert et al. (Eds.), 
SSSA Spec. Pub. No. XX. Soil Science Society of America, Madison, WI. 

19. Pearson, J. N. and Z. Rengel. 1994. Distribution and remobilization of Zn and Mn during grain development in 
wheat. J. Exp. Bot. 45: 1829-1835. 

20. Rahmatullah, F. M. Chaudhry and A. Rashid. 1976. Micronutrient availability to cereals from calcareous soils. Plant 
Soil 45: 411-420. 

21. Raven, K.P. and R.H. Leoppert. 1997. Trace element composition of fertilizers and soil amendments J. Environ. 
Qual. 26: 551-557. 

22. Roberts, J. K. M., J. Callis, O. Jardetzky, V. Walbot and M. Freeling. 1984. Cytoplasmic acidosis as a determinant 
of flooding intolerance in plants. Proc. Nat. Acad. Sci. 81: 6029-6033. 

23. Scandalios, J. G. 1993. Oxygen stress and superoxide dismutase. Plant Physiol. 101: 7-12. 
24. Tennant, D. 1975 A test of modified line intersect method of estimating root length. J. Ecol. 63: 995-1001. 
25. Yang, X. and X. Sun. 1992. Varietal difference of rice plants in response to N and its mechanisms. Acta Pedologica 

Sinica 29: 73-79. 
26. Yang, X., V. Römheld, H. Marschner and R.L. Chaney. 1994a. Application of chelator-buffered nutrient solution 

technique in studies on zinc nutrition in rice (Oryza sativa L.) plant. Plant Soil 163: 85-94. 
27. Yang, X., V. Römheld and H. Marschner. 1994b. Uptake of iron, zinc, manganese and copper by seedlings of hybrid 

and traditional rice cultivars from different soil types. J. Plant Nutr. 17: 319-331. 
28. Yoshida, S., D. A. Forno and A. Bhadrachalam. 1971. Zinc deficiency of the rice plant on calcareous and neutral 

soils in the Philippines. Soil Sci. Plant Nutr. 17: 83-87. 
29. Yoshida, S., D. A. Forno, J. H. Cock and K. Gomez. 1972. Routine methods of solution culture for rice. PP. 53-57. 

In: Laboratory Manual for Physiological Studies of Rice. 2nd ed., The International Rice Research Institute, 
Philippines. 

 


