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  ' !� 6	
	V�  Q&$9 !�  !��TC") 8�/    #�X�  !"X�    X
 �X	'(��=Z    �$XC��       !� �(��NX�� �X
 �

Y��'� ! #��C9!"	 �V� "	q&)V9 C ��
�(Holm et al., 1977) .�(8�/ .C"C�9   ���   �X�O !"�   �;R�X�

 �
UC� .[���   ���  Y��X'�     ��X�  X�	9!"C!  !� V ���  X	     � ��(�=X["
 VX-�[ . .X�.  TC"	X�   2�X	


(Glycyrrhiza glabra L.) ;R����O ��	
 #�   ;�C�i !�Astragaleae �"	) "C! �Papilionaceae  �"X	) � 

Fabaceae �9   ���
        
 ���=$> !� ���	<
 �( ;O "
� ;>   ;          ��X> � .$X> �XC���( ��	
 rC 2�=�/

�9   �R� (=� �(  PC(   ��!  ��� N�� �2  ��� ���$'�9">             �@X>"9 si�X�9 t��@X9 �uXd
 � v��� �Y,C� 

 k��� � 2�0�-� ��'�9 2�"C�(Mirkamali, 1995)8�/ rC 2�=�/ ;
    Q&$X9 !"X�    t��@X9 �( !�X�

Y��
�  (=7' (Robson et al., 1991).�� ��� ��"d9 . G. glabra L.TC"	� wR�m ;'=
    2�X	
 �(

    ;> .�� 2�"C�      Y�@C� ;�	�=
 �J
 "
 ��,/  @	' 9 "	q&)� =�( .Y�@C�    ��X�        �X
 ��X	
 TXC�  NX��( T

;'�=�   ���  � (�dN9   ���% ;N[��'��    ��"X
 �(�C! ���\  "X	q?)  � 2���"X� R=) X	�   �XC�� 2�X��	
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 �    �X��  Y��X'�    #�X� X�	9!"C!   �� V �X9     X
 2�=X)   6X'�( �

 �x=R=C@	�=>� ���	
 ��"\ ���"
 (�=9�(% � (��  =�'( (Holt, 1991).Y��'�  ! #��C9!"	 ' VX� X	 @

 ��J
 ��'���  ;'�=� ��"
  ��( !�	' ���"_ ;��( Q\��_ ;
 �'!'��     "�X- �� ���"X_ ;X��( TXC� 

�?Cx=R=	
 �      �9 ;C�K ���"_ ;��( �C   ��C=
 .��	
2�    ��"
 T	�y��      (=[ ���� Q_�"9 �i  ;X


    ��( !�	' �)��"_ ;��( t=�h9'       �X9 �X)��"_ wC"z �� 2� ;> �  �X�9�' . �"X
   wC"Xz ;*X��59 �

    I�� !� ���"_;��(� !�� �C  �
GDD  �9 �(��N��   (=� ;>    ���"_ ;��( T	1'�	9 t=�h9     ��X� 

 �?Cx=R=	
 "�- !� ")p�
  .X��(Holt & Orcutt, 1996). Soterre et al. (1996)  �( 6��UXK  #�X� 
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 ���1$C�9!�N'	 ���N�"
 ;h8�/ Y�@C�  !"� {"9(Cynodon dactylon (L.) Pers.)( �(   "XN�> ��9

  !�� ;��(  VN'��   �'(@' ;'�=� (�"
.      ;'�=� ��"
 ��� ;*��59 ;C�K ��9(       Y�@XC� �X'! {"X9 ��/� 

;��( VN'�� (�"
    �X� (���"X
  .          ���"X_ ;X��( "XW� �X��"
 �( "X
  I�X�)    TC"	X� �JX
    2�X	
  

Ghadiri & Bagherani (2000) =�' I��@
'(�J
 ;> � �����	
 TC�  �( ��9( ` ;��( VN'�� (�"
 

=� �'(@' ;'� .       ;
 2�	�� ��"
 {"9 �)��"_ !�	'`b   ;X'�=� �-�(    �X'!     2�X� @*X� �  a�   ���^ 

;��(� !��) �=� ��9( T	1'�	9 v��� "
 ( �� T		d)(Soterre et al., 1996) . 2���	
R=)	 ��X� � 

    � �J
 � Y�@C� !�	"CT 
	 )=%� 2�	} #��  v��� 2�N��  �          �Xi �� (=[ ���� ���( ��$'�9"> ��` 

� 3ba ��     !� ~K ! 2�� @*��   �i   �'=(�'              (��X_ 2�X��	
 TXC� �X)��"_ !�X	' v��� TC� "
 �  

33�3  �3�^`  ;X��(� !��  (=X
 (Rahimian Mashhadi, 2005).  Donald (2000)� GDD  t�"X� 

;'�=� ���  ���� C ;R�X���O ;$ "X1�>    �$X_�(Circium arvensis (L.) Scop.)   k�X[ !� ���c� 

;��(� !��   � GDD    ;
 2�	�� �b   � cb �-�(    2�X� @*X�    �� 2�   (��X_`��   � ^a�  ;X��(� 

!��("> ;*��59 . Rahimian Mashhadi (2005)    ;X> �X'("> ����$9  6XC�� !� ~XK ;X)=
    ��X� 

    � Y�@C� ��df\ !� Q-�_	"CT 
 X	 
� �2�     Y��X'� �X�� ��XN    ��X�           !� ~XK � �X� rXC"5) �C�=X�   

     ��_"9 ;
 ��	
 2�	���� `  �4R� �
"
 # ;$C�     Y�@C� �( ��(    ��X�  TC"	X�        Y�Xh'� 2�X	
 .X�"
.  

Chacellor (1967) Y�@C� (�h9 ���  ���.��  ��
 (Polygonum amphibium L.)    �( ��X� .$X%

   �� 2�N<�1'��p=�d9     �9 "%� TC(��"� o���� �(   ��%.     6��UK TC� "�' v��� "
   "
   ��X� ��"[

          Y�@C� (�hC� � .$0*C(�� QC��� �( n�[ ef� !� �"
 �   ���   9 �( �C�� ��   ��X�      "X	) � (�("X[ 

  !�m�  ��.    ��� "q%��_     �C�Jm (�=9 �"	[� �Y�@C�    ��9 �i ��  ���       ( ��� �=C"0X� � (�("X9 �(�� 

 �K �(	C  @Y��'�  ���     T	
 !� �C�=�   ;N[��'� � .�� Y�@C�  ��� k�[ 2��( ��'��	\�
 �(   ��X0
  M�X�

  �d
.��
 �	R=) �"- ��� �C��  �� . XN�% ��"
 g�\"m !� si��9 �["
 �( 8X�/ M"  ��X�   �@X�

   �9 �(��N�� ;R����O ���/  (=�.    "i !� Q�/ TC�C   8�/ 2("% Y�"59 s  ���    !� !"�<%�	2U  �2�  �� 

�9 M"N�% �� ��% .��	\ (Sorghum halepense (L.) Pers.) ;X7�) � repens (L.) D.C.) (Acroptilon�  

l9!� (Cardaria draba (L.) Desv.)  Vi �) lC��9 �(  g�\"m�) QZ� �(  2�N<X
   �'�X� M"XN�%
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(Radosevich et al., 1997) .�\"mg;$C�   ���"1�%    ��9 ;
 �$_�3;'�=� "
 �!��    �X'!2�  �X� 

"	W�) ��d9       ;'�=� �� w*� �9� �.���' ���(    �'!;$C�    ��  (=� t�"� ")"C(.     ��9 ;
 g�\"m �3 

  ��^     ;X'�=� �C�X� 6��% w*� !��   �X'! ��b  !�� g�X\"m   ;X'�=� 8X\=) w*X�    X� �X'! �

(Hamdoun, 1972). )	Y�@C� ���  ��� ��	
�	
 (Agropyron repens (L.) Beauv. ) �X9( �
   ��X�  "XC! 

 2�=�/ ;
 @	' "�-C � M"XN�> I�� l XC� T XCY�@    VX9 �(��NX�� �X�   (=X�et al., 1956) (Dunham. 

;$C�   ��� "1�%             !� �Xd
 ���1$XC�9!� oC�"X� �( �$_��     ��X9( �( �./�X�  ^�   ���  ;X��( 

VN'�� "
(���N�� T	
 !�  (Hamdoun, 1972). I��@X
 ;
  Dunham et al. (1956)  ��X9(��  ;X��( 

  VN'��    (�"
    � 2("
 T	
 !� ;
 �(�\CY�@  {"9 #�� n�[ ef� #���� .�R�_ �(   Y�@XC� ;X%   ��X� 

(2��     ��9( �) n�[ ��� ;��(  VN'��   (�"
  �X'�'�9 ��'! .      ;X'�=� ���1$XC�9!� oC�"X� �(    ��X� 

   9( �( ��	\ Y�@C��� ��   �C`� ;��( VN'�� (�"
       Y�@C� TC� �N\� �9� ���N�� T	
 !�       n�X[ �( �X�

��9( �) ��'�� 2=��9 c�;��(  VN'�� @	' (�"
�'�'�9 ��'!  (Stoller, 1977) . V��"
 �("	W�)DC  

 �g� Yeo & Dow (1978)   !"X� 8X�/ ��J
 TN�� T	
 !�Eleocharis coloradoensis   ��X9( �( ��

3b�;��(  N'��V (�"
  ��X9 ;
 g�\"m � �a !���) �  �X'("% �X	C. Webster (2003)   �X��"
 �(

"	W�);'�=� "
 p�
 ��9(    Y,X���C�� ��m �'!(Cyperus spp.)      (�! Y,X���C�� ;X% ("X% ����$X9 

(C. esculentus L.)  ;
 .*<';'=
 �'�=m�� (C. rotundus L.)      �"N$X	
 .	��<X_ p�X
 ��X9( ;


(��(. `b �-�( ��m   ���      �9( �( ;% �N\� (�! Y,���C��   ��� a`  �`b   �``  VN'�� ;��(    ;
 (�"


)")	  w   ��9 ;
�b  �^   � �/b      ��N�� T	
 !� ���N�"
 ��"\ ./�� .  �R�_ �(   ;%`b �-�( ��m   ��� 

 ��XX9 ;XX
 �C�XX9( ��XX�	) 2�XX�� �( �'�=XXm�� Y,XX���C���� �3�  ��/� �XX�N�� T	XX
 !� ./�XX�.  

Boose & Holt (1999) 2�$'l$[ ;% �'(�(  ��"\ ��=Z
 �
��  Y�@C� 2(�(L.  Arundo donax 

   2�� �(�b ;��(  VN'�� (�"
  �Vi      ;'�=� �C�� 6��% w*� ;N�� lC        Y��X'� TXC� �X'!    �X� �X�.  

Nezamabadi et al. (2005) �'("% I��@
 ;'�=� �'!Y�@C�   ��� k!�' ) �=Z79 2!�b`/b  �X) 

a/b g/cm (   �=f\ �)   �=Z79 2!�a�/b   �) ^/� g/cm (TC"	�   2�X	
     !� ~XK �^   � a�   ./�X� 

l$[   �
�X�       ��=X� "X
�"
 �(  �R=X�d9 )     �*<X' .X
=i�3a       ��X9( � �X-�( �^�3c  ;X��(  

VN'�� (�"
(�C("
 8\=N9 �.  
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 � �(C   6��UK T  ��9(;C�K    �X)��"_ !�	' �  (GDD)  ;X'�=�   �X'!�  Y�@XC�     ��X�  TC"	X�    2�X	
� 

  �x=R=��  6C���  R=) !�m� 	 � �CY�@   Z7) � 	 
��9 ��  Y��'� �(   � #��CT    �( ��	
   � ;X'�@[  "	W�X) 

 &Cx=R=C@	�=%� Q9�=/V    ����> (��59;'�=�   Y�@C� �'!    ��    � M"N�% 2�&9� �=��9 ;
CY�@  � #�� XC T


	 �� Q9��l$[ � V
�� CD   g����1$C�9!� oC�"� �(.�"
 ��"\ V��"
 (�=9 .  

 
)��*� +��  

 TC"	� Y�@C�     45) ;/�@9 !� 2�	
	   +,-� ;<�:9 V)�4M��> �( ��\����O  @%�"9 t��@9 � (�
�

45)	 N�� ��4�2  ��    ��� ��$'�9"> � v��� #  �� ����. Y�@C�      Q	9=�
 �
 � ;N<� ����
 `/b   �X-�( 

   ��9 ;
�`           � =$N<� QC"N�� "f49 g� �
 � �'=�/�z ;4	\(    ;N�� �(    ;'�[("X� �( �X
  ��X9(    

`�a ;��( VN'��  (�"
�'�� ����01' .  

    � �"��j .��*� Q	R( ;
   TC"	� Y�@C� � ;$C          7$X) �C�X'�=) �=X��9 ;
 � 2�	
	    �( TXC� �

   ��� !� ��	9!"C! Y��'�C I"
 �"1   ���         � ;	0) Y��'� �( TC� !� �z"/     �X'� !� ~XK     �@X	9�  "XC!

�=?��"?	9�   �49 V��"
 (�=9C;<   ��N�"
 ��"\ #�.  �'� I��            ;X> (=X
 ��=X- TC�X
 �@	9�

.��
   ���`    �( ;4	\( ��C � P	"�%=AC.  �b -�(   ��"\ ��    �
 �) .�"
  (=� �'�. �    ;*)"9 ;� ~A

            ;N<� �	�� r	N�� �
 P� ��
 rC � "f49 g� �
  �� .    �X'� �=X��9 ;
    .X��
 �@X	9�   ��X�   �("X9 

    �C @*� M=�59 !� ���	
�    ��9 ;
 �    �(��N�� ;	'�W  ��           ;X
 "f49 g� �
 =$N<� ��
 ;� !� ~K �

  ��9`    T9��> M=�59 �( ;4	\(   ���!�   �'� �=��9 ;
   	9�  .X��
 �@   ��X�      ��"X\ ��X'!      � .X�"


 � .�"
 ��"\ Q9p � Yp ��� "
 � ��� �(�( =$N<� ~A�!C9 "	�� V��"
 g=&��"&.  


  #�"   ��9( T		d)C�K ;'�=� �  �'! ;'�=�  Y�@C� #��  TC"	�   �2�	
 �b      �!��X'� �
 Y�@C� C  2�<X&

)  (��_`/�       M=i � ") 2!� Y"
 � �N'�� "N9 (  �(a       �,9�X> +"Xi ��=ZX
 ��"?)     �( ���(�ZX) 

  ;'�=� w���9 oC�"�  �'!) 3`   �) �b ;��( VN'�� (�"
    .
=i� � �b �-�(  (   .5) �=)��	9�x �(

                                                           
��  Germination 

��  Benzimidazole, Benomyl 

��  Iodine green 

��  Carmin 
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���	)  ��� `  ��   ���  ��a � 3` ;��(  VN'�� (�"
       ;X'�=� �X-�( � ��N�"
 ��"\    �X'!      !� rXC "X�

 �!��'� �����	)  �� �"	
 .Y�@C�  ��       ;'�=� M��N_� "1C( ;% �'�9! ��9 �)  �'! ��' ��.)   "q%��X_

 ��9 �((    ��N�"
 ��"\ �=)��	9�x �( � . ;X'�=�          !� rXC "X� �X'!���	)    !� �X� �[�X�    ��X�   �X-�( 

;'�=�   ;'�!�� �'!� )GPD ()  ;R(�d9�(   �   ;X'�=� ./"�   �X'!� )GRI( ) ;XR(�d9 3(    �X� ;*X��59  

(Holt & Orcutt, 1996).  
 

);R(�d9 �(  
                                                    ���	
 ��
� �� ���  

                                     ���	
 �� ����� ��� ��� ���� ��� �)��
( 
  

);R(�d9 3(  

  

  

  

G1  �J
 (��d) ���     �( �(! ;'�=� T1  �T1     R�� �) .$% #��!�� (��d) 	   �V'! ;'�=� I���� T  

G2 (��XXd) �JXX
���;XX'�=�  XX
 �(!	 TT1 � T2 �T2  XX� �XX) .$XX% #�XX�!�� (��XXd) Y�( I���  

(Holt & Orcutt, 1996)�9  ���
.
  VX��"
 #�"     
 �( Y�@XC� I!�Xm� 2�X9! � �X�� QX_�"9  X	 ��

�	"CT 
	  2�q&)	   ��� " "i !�C  � ��df\ sCY�@� Y�@C�    C��  V M=i ;
 �b �N'��    !� "N9   }X	)=%� ;�

     ���$'�9"% � v��� ��"%���     � �'�� #���  �((  �  ��9���3      �( ��(�Z) �,9�> +"i ��=Z


�    8�/ ;'�@[ �( ���"?)      ;<�:9 !"� #��45)	��4   ����	
 � ����    ��� ���	
     �'�X� .$X>  .

  ;)=
 6C�� 2�9!    ;)=
 � .��((�C ��   ���    ��� @*� �����  �'�� ���J
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Fig. 1- Root (a) and rhizome (b) tissues cross-section of G. glabra (10X). A  

depicts the rhizome pith and B is new germinating bud 
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Fig. 2- The relationship between temperature and % actual germination ( ) and % 

germination per day (x) of G. glabra rhizome buds. Fitted lines: Real data ( ),Y = 3.78x-21.1, 

R2 = 0.95, data yielded from GPD index ( ),Y = 0.38x-2.52, R2 = 0.97. 
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Fig. 3- Resources allocation in G. glabra at 6, 12, 18 and 21 weeks after emergence from rhizome 
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Fig. 4- Means of resource allocation percentage in G. glabra plants. 
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 ����	�� y = -0.09x+6  �R2 = 0.86   ����! ������ � )       ( y = 20.24/(1+exp(-(x-25.95/5.7))  �R2 = 0.96 
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Fig 5- Trend of shoot (        ), y = 27.41/exp(-(x-16.23)/4.72)), R2 = 0.97, root (        ), y = 

20.24/(1+exp(-(x-25.95/5.7)), R2 = 0.96, mother rhizome (       ), y = -0.09x+6, R2 = 0.86 and new 

rhizome (       ), y = 20.24/(1+exp(-(x-25.95/5.7)), R2 = 0.96, dry weights variations after emergence 

from rhizome. 
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Table 1- Effects of soil moisture and freezing temperature on germination of G. glabra rhizomes 

 

Temperature (oc)  

-10 -5 -3 0 5 Soil moisture 

0e 0e 0e 11/111c 72/21a Dry soil 

0e 0e 0e 5/0d 30b Submerged soil 

0e 0e 0e 10c 72/94a Field capacity 
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)����� ��c ���!5 �d��� "�.(  
*Numbers followed by similar letters in each column are not significantly different 

according to Duncan’s Multiple Range Test. 
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 y = 72.21/(1+exp(-(x-0.84/0.46))� R2 = 0.96 �  y = 72.78/(1+exp(-(x-0.79/0.43))� R2 = 0.98 � 

 N
R�W)        ( y = 72.7/(1+exp(-(x-5.7/2.11))� R2 = 0.994�  ���
�.  
Fig. 6- The relationship between temperature and % germination of G. glabra rhizomes 

under dry and field capacity (     ), y = 72.21/(1+exp(-(x-0.84/0.46)), R2 = 0.96 and y = 

72.78/(1+exp(-(x-0.79/0.43)), R2 = 0.98 and submerged (     ) soil, y = 72.7/(1+exp(-(x-

5.7/2.11)), R2 = 0.99. 
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