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**3?86/3  **43/=7  **64>7737  **9/734  **3=63/3 **?4/98 **?=6473? **6/?66 9  A'B C*��� 

333:/3  DD�/�  

*DE<�D  **<F/GD  FF�D/F ;�F/F HDHF; ?87/9 >  %��  !�( 

**3>34/3  **;�/;<  **DFI;FEIG  **EDE<  **��D�/F **EG/�F **;E�H�HHD **G<DD 9  ��1- 
*33?3/3  **GG/GG  *���I<HE  **G/�D<  **FFH�/F **DD/�I **�I�;�;� **F/DFD ?  ��1-×A'B C*��� 

3348/3  *<�G/�  �FFE�  **�;/�H  FF�I/F DI</F E�;<E EEE/G 46  $��  !�( 
**3=67/3  **I;/E�  **G�EIE�G  **�GIG  **FE��/F **HG/ED **GFE�H<G **�EID 4  +J��K�� 
**33>?/3  **EE/��  **E;E�F;�  **D/GFF  **FFI�/F **DE/�F **D�EDF;� **�/�IF 9  +J��K��×A'B C*���  

3393/3  **86=/:  **6698>:  **8/8??  3394/3 **IIG/� **HHH�I; **�FF� 9  ��1-×+J��K�� 
*33=6/3  **3:4/?  **=76:48  *?/486  *33??/3 **G<E/D **:673=4 **?/483 ?  ��1-×A'B C*���*%��  

3343/3  7?49/3  6/4=4>7  >8>/:  3349/F G�I�/F >399: 3::>/9 97  /*�	�� !�( 

* �** ��� �����	 
� �� �� ����  �� ����.  
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 �& @�1A� ;�<=�E�� ��! �M�2N� J�E��  

��9#�1 C�8���1 
-D��  

E����  
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 �� ��� ���9:

&.$� 67;<  

��� ���9: 

&.$� ��  
**I/JK  **J/L  **M/NON **J/N  **P/NQO N A�>  

ILKL/NO  LIPO/L  JKMR/J LNQI/L  LQRP/K R A�� ��!"  
**O/MO  **LP/L  **P/JR **K/K  **O/IOQK J S.< T$��:  

J  **LM/L  **Q/NR **P/L  P/NPM J A�> ×S.< T$��:  

J/P  LLM/L  P/J  LP/L  L/QI NJ U�� ��!"  

O/P  **K/K  **J/OL **J/JK  **R/MKNPM J &�7�  

J/I  LP/L  N/N  I/L  Q/RL J  A�> ×&�7�  
**I/IM  **N/L  L/K  *I/N  **J/RKII I &�7�  ×S.< T$��:  

I/J  LK/L  **J/NK J/L  O/JM I &�7�  ×S.< T$��: × A�> 

K/NK  LI/L  R/N  OI/L  N/NKQ KR U7> ��!"  

N/NP  LP/L  R/N  M/L  **I/NIORL N *VFDWC�  

R/J  LLK/L  J/L  LLR/L  LLN/L N  A�> ×*VFDWC�  

R/NI  **J/L  K/L  LO/L  **P/NQQN J C�*VFD ×S.< T$��: 
**L/RM  **N/L  *M/J I/L  **P/QKJR J &�7�  ×*VFDWC�  

Q/L  LLLR/L  *R/J LN/L  M/K J *VFDWC� ×S.< T$��:×A�> 

M/N  LLLQ/L  M/L  LLI/L  L/R J C�*VFD × A�>× &�7� 
*K/JK  *LM/L  *N/J **P/L  **N/ROL I *VFDWC� ×S.< T$��:×&�7� 

R/K  LLLJ/L  Q/N  LJ/L  J/NK I C�*VFD × A�>×  &�7�×S.< T$��: 

R/M  LJ/L  Q/L  JI/L  Q/RO OI X$�1�E ��!"  

      * �** ��� �����	 
� �� �� ����  �� ����.  
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��� ��� 

��	
 �� ���� ����� ��	
 ��� ���� )g/plant( �	��� ��� ��� ����)kg/ha( �� ��� ���� (mg/plant) 
����!"#  

µmol/lit 

 $!	�%�  

��&'��� �� 
*+�, -	
�� *+�, -	
�� *+�, -	
�� *+�, -	
�� 

.�� .��  ���  .�� .�� ���  .�� .�� ��� .�� .�� ���  

/0//0  a 20/3  b 45/6  fg /752/0  gfe 0452/0  gh 0862/0  h 6335 e 6667 fg /5/5 hij 00/24  a 00/63  b 62/60  c 9:  M. polymorpha 

35/;  fe ;5//  j 00/;  fg ;220/0  a 6720/0  c /200/0  gfe ;62; d /;78 kj /684 k 62/7 ghij 30//  kl 86/; hijk 9:  M. radiata 

36/2  c /6/6  hji 46/7  dc 6700/0  c ;000/0  b /500/0  de 3762 a 7;74 b 78/; b 62/3  fg 20/5  ef 52/2  fgh 9:  M. rigidula 

70/7  de 75/2  c 60/6  hgi //00/0  fgh 0862/0  h 0300/0  h /470 hg 623; fe /580hi 20//3  d 62/4  e 20/8  e :  M. polymorpha 

46/6  fg 20//  ji 86//  hji 6052/0  dc /462/0  dce /362/0  dfe 6700 fe /3;0 hijk /7/7 kij 62/;  ijkl ;2//  l 42/6  ijkl :  M. radiata 

36/;  f ;5/6  hg 75/;  f /420/0  dce 6/00/0  cd /352/0  de ;483 c 7624 c 2088 b 62/2  figh ;2/6 jkl 06/3  fgh :  M. rigidula 

��� ��� 

;2//0  a 02/5  b 25/6  fghei /500/0  dce /600/0  fe 0500/0  g ;072 d 6235 e /320 h 20/3/  a 62/64  b 52//2  d 9:  M. polymorpha 

70/;  edf /6//  j 22/6  fghei ;662/0  a 6600/0  c /;52/0  dfe ;0// d //27 j /037 j 35/;  figh 76//  i 62/;  igh 9: M. radiata 

72/2  c 56//  hij 42/;  ed 6600/0  c 6562/0  b /720/0  dfe 24;4 a 7054 b ;522 c 36/2  fgh ;6/3  fg 20/;  igh 9:  M. rigidula 

35/7  cd 45/2  bc 42//  ghij /;00/0  dfe 0420/0  gf 0752/0  g 6;26 f 6855 d /56; h 52//4  c 20//0  e 20/5  fe :  M. polymorpha 

32/6  fghei 62//  ji 20//  hji /800/0  dc /500/0  dce /;62/0  dfe 6/38 g /706 i /665 j 46/6  igh 60//  i 70/6  igh :  M. radiate 

65/;  egf 06/6  fghei 40/6  fghe /862/0  cd /800/0  dc /762/0  dfe ;574 c ;566 c ;476 b 26/7  figh 06/6  hi 20/;  igh :  M. rigidula 

��	�� ��M N1	�� O��� �� N1+� �2 �� ���'	 P��Q �� ���R�  �S��� !�)F�/FP≤ (���	 PV+(� ����� !���. 



���            �����	
�� ����� ���	  
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 ������ ����� �� ����� 

7�83 T9 /�FE��� J2��#� ;
�)
 !�� Q&�#1� /�12$3�  ,��R '���( �E�� ��E�� @�1A� ;�<= �& ��E�� �� �M�2S� !�� 7�% �� �� 

������	 �J*�W	 �2  
J����K+ 

µmol/lit

,�- ������'*� �'*� N1XY �2 �� ,�- �����   ,�- �Z (mm) 

A[�Y C*��� A[�Y C*���  A[�Y C*���  

%�� $�� $1� %�� $��  $1�  %��  $��  $1�  

M. polymorpha 

GF c </=9  a �/�>< a =/�><  bc =/9  b �/>  a 9/?  :@/�  b :@/�  b a;//  

M. radiate 

93 g A/�<  hi ?/�:  g >/9?  efgh </�  fgh @/�  fgh @/�  @B/:  de ?9/:  g 25/0  fg 

M. rigidula 

93 f B/>=  g �/9>  d B9  cdefg 9/9  defgh 9  cde ?/9  B>/:  f AA/:  fg =:/:  f 

M. polymorpha 

3 e >/?@  b =/@@  d >/B>  bc =/9  b �/>  b 9/>  <�/:  dc :>/�  bc :A/�  bc 

M. radiata 

3 gh ?/�B i =/B  g </�<  gh =/�  Fgh @/�  defgh �/9  A@/:  fg AB/:  fg BB/:  f 

M. rigidula 

3 ef >/?�  g 9/�<  ef @/?>  cdef >/9  h B/�  cd A/9  3;/0  f 56/0  fe 30/0  f 

  
��1- N\��+�� ���W	�2)mg/g( �'*� %1] )cm( 

 
%�� $�� $1� %�� $��  $1�  

M. polymorpha 93 ef B/>�  de �/>9 de >/>9  bcdef �/99  ab >/9A  f �/�<        

M. radiata 

93 cd :/>> ab �/>? ab �/>?  def 9/9:  ab A/9?  a 9=        

M. rigidula 

93 de >/>9 ab �/>? ab �/>?  def A/9:  bcd A/99  bcdef >/99        

M. polymorpha 

3 f �/>�  ef =/>�  ef </>�  ef �/9:  abc 9?  ef </�<        

M. radiate 

3 de ?/>9 bc @/>> abc </>>  def =/9:  cdef �/9�  cdef @/9:        

M. rigidula 

3 de 9/>9 a </>?  ab A/>?  bcd ?/9>  ab >/9?  bcde B/99        

  �S��� N1	�� O��� �� N1+� �2 �� ���'	 P��Q �� ���R�)F�/FP≤ (����� !��� ���	 PV+(�.  
  

7�83 U9 /�FE��� J2��#� ;
�)
 !��  7�% ��=
�E�� @�1A� ;�<= �& ��E�� �� �M�2S� !�� �� �� 7�%  

   &'( ,��	  

,�-  

(mg/plant)  

&'( )��	 

�*�12 /0� 

)kg/ha(  

&'( )��	

�'*� 

)g/plant( 

����� 

 �+��  

�'*� ,�- 

����� 

 ,�-  

�'*� 

 ,�- �����

 N1XY �2 ��

�'*�  

 �Z  

 ,�- 

(mm) 

���W	  N\��+��

��1-  �2

)mg/g( 

 %1]

�'*�  

)cm( 

%�� %�� a ��/�F  aG<�G a47>=/3 aHIE/E aIF/D< a DIE/G a I�G�/F a <H/EE a >=/99 

$�� %�� a G�/�F bGHD; a�;E�/F a�H;/E b�E/DH bEFD/G a HDEF/F b<G/E� a 69/94 

 �S��� N1	�� O��� �� N1+� �2 �� ���'	 P��Q �� ���R�)F�/FP≤ (����� !��� ���	 PV+(�.  
  

)� �� "�  A
�4 "� ���1��> ��k� I	%�&F �%�

��U$O n^%+ %O"���%� I	�  7�^ *+ '<�
 ��4 �@N

 7�^ %	 ��k� �b	� A
�4 )� "� �/) �D �F ��k�

��(� ��_\� ���1��> ��k� H'D�
 �"�� �py "� 8"�

 Yy "� �	�1@�+��4 c@N d�%� )� �� "�  �%� "�A
�4 

M. polymorpha  ',�s %+VW  �1�/ "� ���)�2��

 �	��4 YS%! 7�� '@C w	"%� "� ��1��>) �)�>� .(

 ��_\� %+ *T+" "� ����R� �	%� �	%1
 %+ YS%! �	%1


1��> �@	$O� *+%@� ��4 c@N d�%� "��� �+ ��

�� �D%+. �1��> & ��%�1���%� ) ��4 �N@�  ۀ� �)�

4 "� " ��4�$O �%	<p� #)�D �%�& ) ��� I�
 '� �])�1

�� "� "	
%�& ) �D" YkO ��K "� % � &��� m%N *y

��� ��> '� �� �&�
(Zhang et al., 1996).  

 ��%� "��� �+ ���1��> ��k� �%� )� �� "�

 w	"%� "� ��"�+ �"�� A
�4 *� �� �	�� I6+ �@N

��(� ��_\� 7�� '@y "��� I	$O n^%+ ) 'D� 8"�

 �D '@y w	"%� �%J� "� �F ��+"%y 7�^ *+ '<�
 �F

) �)�>� .(H�) '@C w	"%� "� ��[%U 8%�%��  �xJ�

 ��_\� Y�/�+ '����� ��� �%�1
 ) $1���1O "��� �+H 

 I�%y n^%+�%�� �� I6+ �@N�	 �D%+ ��D. 	 �

��R� G��� *1x
�� �	�<� �b� _%� �+�%�� �8 %U�	 �+ �


 $1���1O� '� ��D u"$4 $(Sloger et al.,  1975) .

A
�4 �%� )� �� "�  7�� 'D%y w	"%� "� g)���	"

 Q���� %+ ��J�1��> %+ �F "h+� �@N d�%� "��� ��

 �	 "� �F *@	" �@N d�%� %� ��J
 ��/�� 8�1@�+

 ��%� %�%	�" �x^�+ ) ��+ %�%	�" & �1Jy 'D%y w	"%�

 & �1Jy '@y w	"%� ��J� "� �F �	�� 7�
 �@N

 7�
 �@N ��%� �py�! g)���	" H'� ���+ g)���	"

/�� 7�� 'D%y w	"%� "� " �	�� H'� ���J
 ��

w	"%� "� ���qJ�%�8  ��x�J^ �$�� $�
 �b	� '@y

 �	 *+ *>�� %+ h/ H��+ �b	� A
�4 )� & I�+ �F AO��^

 '�S �%�4 "�yh�7)%�� *� �	 ��+ */%�x	 *�
�	 �	��
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�� ) ���+ %��� *+ *
�4 �	�� 7�
 ��/�� �py�! �
��

 �(+ ) �D%+ *1D� 7�� 'D%y w	"%� "� " %�%	�" �F &

��U %=1
 "� ) �"� "�Z YZ�! %O"���%ۀ�  I6+ �@N

���	  ��y ��/�� ") �)�>0 .(��U *
�4 *?�4 %O"��

 �py�! 8"� �@N d�%� ) ��4 *1�� ��(� H��4 ��(�

 H��+ �%� )� �� "� ��4/)�  "� *Z%� ) *@	" �@N d�%�

� *1O%	 I�%y �b	� *
�4 )� *+ '<�
 *
�4 �	'.  *+

� �,
��U A
�4 *y ��"� " ��N ��� �	�1@�+ %O"��

%��!) u�1�4 ��S8  �])�1�
 '�<p� *+ P�+��

�� �	%J
 �qJ����4 H'� �xJ� �%�8 x@�� �+ ��D Y

)"8 "	@* *
�4%�8 "	���" ) g)�	/) ��D%+ �%(O %�%� 

 %+	 *x����4 ��(�U *
�4 "� %��
�4 )� *+ '<�
 %O"��* 

�	 �b+� '� �1@	��4 �/%(O %��
��? '�  �,
 &

<p��
 '� *1D�
 �])�1+ ��D%)�> �)0  )�.(  


�4 "�* ��U "� HI	%�&F �%� )� �� "� %O"��

w	"%�  *+ '<�
 ���1��> ��k� 7�� ) 7)� '@y 8%�

*1�� ��(� I	$O n^%+ �F ��k� 7�^%�8 ��4  H�D

�� �g%J1! *y�%@
 �
������� � �_ "� ���1��> '<p

*1�� ��(� I	$O%�8 �	�1@�+ ���qJ� H�D%+ ��4 

 ��4 *1�� ��(�"�  A
�4M. polymorpha  w	"%� "�

',�s ) 7�� '@C µ mol l-1 VW 1��> �1�/ "���� 

�D YS%! ) �)�>�.(  


�4 "� 'D%y w	"%� *� �� "� ���1��> ��k�* 

��U��(� I	$O n^%+ %O"�� �D ��4 ��(� "�

)�)�>�( "� *y �D ��	� *
�4 ��J� "� ���qJ� H

 ���1��> ��k� G	�D "� 'D%y w	"%� 7�� ) 7)�

�4 ��(�� ��y ��/�� �) '@y w	"%� *+ '<�
 8�1@�+ .

w	"%� "� *
�4 "� 7)� ) �) '@y 8%� ) %�%	�" 8%�

��(� �_ ���1��> ��+"%y g)���	"��4 ��(� �+ 8"�  %�

'D�
 .1@�+ ���qJ��	� A
�4 "� ��4 ��(�  

M. polymorpha �',�s "  µ mol l-1VW   ) ��1��>

'@C w	"%�"�  7)� 8%� ) 7���	�1Jy ) A
�4 "� �F  

M. radiata "� ',�s "� ) 7)� '@C w	"%�8%�  

µ mol l-1 W  )VW  �D YS%! ��1��>) �)�>�.( 


�4 "� %=�� ���1��> ��+"%y* ��U 'D%y w	"%� "� %O"��

%+  7�� 7�^ *+ '<�
 ���y �� "� ��4 ��(� I	$O n^

 ���qJ� �D �F ��k� ���C �� "� ��4 ��(� �	�1@�+

 "� ) *
�4 H'@y w	"%� ��J�',�s  µ mol l-1VW 

�1��>� � �	��4 ���%@�) �)�>�( ��_\� & �C%! *C H

��4 A(��� ) �D" �+ %�� %�  "�	*
�4 � �� �D%+ . & �2	

C 8�+ Y	g� �	�1J=���4 I�%  A�T�� LC 8%�� H�	&

'� *@	" )Zhang & Smith, 1995 .( A>"� I�%C

��4 �+ 8�	�D ) i�2(� �_ H*@	" A�T�� a"�!  �	&

�� �])�1�
 '�<p� ) %=��b/�"h4 (Jeranyma et al., 

1998).  ��	F�O YJ^ 8)" ��	%U a"�! A>"� a�_

��4 "� �])�1�
 '�<p� �xJ� ���qJ� *@	" 8%� '�

�D%+ ����y *+ '<�
 %@s 8�	hUo��
 "� ����� '�^ *+ 

)Weisz & Sinclair, 1988.( %1
	� �	��R� �b�
 �� �+ $

�\_��1��> '<p� ����4 �+ �&�	 y\���"� � . & ��%�1�
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