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Drought stress effect on abscisic acid accumulation and stomatal conductivity
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 9������ �&�: ;&< �=>� �? �> ���! @!��A �� �4*

       �B! ���B$ �*��� ?��! �� 0���&5>   �B! �B�?C   �45B6 ��

�! �B�&� .  �B*� ��       �BD*��� ?&B�*� � E&BFD� ��    �B*�: 0&B�

     �B'$ ��B'-. �BG�: �� �BA��� �&�&�H(Beta vulgaris L.)

 BB6 I*��BB� �? �BB�� �BB� �?&BB$ �BB> �� � J?�BB� �K�BB �45

    L���� �� ���&� ��?��6�� ��:�� @�&$ 0?&MD$� ?�4G�A

           �&B�&�H �BA��2�� � 0?�NB'�� ���&>��� )	? � ��<< !

�!��&� .ABA             ��&B�H �B�� J�B''> O�BP'� ?��B! �� �4* 

       �K': �� 0�&��� �? ���! 7< �> )	�     �B� � �B�� 0&�

   �BB� 0�&H�&BB	 � �QBB� E��BB6 ��H��BB	� �BBG�: �� J&BB�H

BBBB�7' &BBBBR*� SBBBBGDF! �BBBBT� ! 0&BBBB�U�BBBB! �BBBB'>

) Seo et al., 2000 .(     S*&BX� �*�B� OB�! �� �B4*ABA

   ���� ��� �D�� U&<��        )B	� E3 ?�BK�> &� ��:��! �? &� .

   �E3 ?�K�> I*��� ) � �T	ABA�5*� �?   7*�2BY� &�

        /�B� �� &� �5*� �� � ��&* �!   �*&B: &B�   ��B� �D�B�  �B>
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_–      �!#	� ?��3 J&d5�? �&*?&D	� –    e�> ���� fg     �B'$��'-. �QB� ���� � h#+� 9&<�< � ��	i! 7��N( �&�5�? `g�      �D5B�� ���B� J&d5B�? �&*?&DB	bg   J&d5B�? �&�5B�? 
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 �BB! U&BB<�� �� �BB�����BB'>�BB! n&BB<D��BB�&* .&BB� �BB��D �?

        �B! OB> o��� &� ���� ��� �D��  ?�B� .     �B*� �B� J�#BA

?�BBK�> �BB���� 7*�2BBY� E3ABA/�BB� �?  pBB*��� � &BB�

!           �� &B� �B��� ��B� �D�B� � m���(� �� @�Y�2! �� �3 ?��

  ?��? n&K? ��.  ���� �Y�q ��&�      )6&B	 �� �?&$ 2�ABA

  �'D�� ?�6 �&� ?��! .ABA�>   7'B� �E3 ?�K�> �r� �?

     �B! 7*�2Y� 1� 0s&� 0&� O>��� � &!�	   9��Br� ��B�&*

       �B! �� J&B�H �� J�� ?��� �R'! �B�&> .   J?�D�BH 9&B��&T!

�&5          �B��� )*��B� �? 7�&B> �> )	� J?�?    �/�B� 0�

            �TB	 7*�2BY� �B� 0?&B*� �B� &�ABA      ���B. �B�3 �? 

 ?��? �dD�� .  �*���&'�ABA �! �� �������'A  )B!#A 1*

  �BBB��� )*��BBB� ��45BBB6 7'BBB� �BBB'> O�BBBP'� �� 0�

(Zhang and Davies, 1989,1991; Davies and Zhang, 

1991; Tardieu et al., 1992).

F5BB! ���BB<! �BB> )BB	� J�BB*?�H tABA/�BB� �?  &BB�

(Beardsell and Cohen, 1975; Harrison and Waltan, 1975; 

Zeevart,1977)m��BBB� �  @BBBH 0&BBB�(Morgan, 1980) � 

      �! 7*�2Y� �456 7'� I*��� ) � �&�&�H�?   �B> ��&*

/�BBB� �? �3 �BBB���� 7*�2BBBY� )BBBGA �BBB� �BBB!� �BBB*� &BBB�

�! ��&�.(HarrisonandWalton,1975,Wright,1978) �? 

    )!�&<! �> 9�� 0&� u���v       �45B6 �B� ���&BRD! 0&�

��'D��?  ���<!ABA  /�� �?      7*�2BY� m�&<! �&�&�H 0&�

�! 0�D5�� ��&*)Larque – Saavedra and Wein, 1976.(

)BBBPGw  ?&BBB*� 0&BBB�ABA �BBB�� 7�&BBB> xBBBA&� 

�BBB! ��&d5BBB*&!�3 � 0?&BBBA I*��BBB� �? /�BBB� ?�BBB�

) Zhang and Davies, 1990a, 1990b .(   pB$��! �yB�� �?

            )BPGw 7*�2BY� �� @BK$ /�B� a�D�H )A�	ABA  �? 

  �BBB�&* �BBB! 7�&BBB> �/�BBB� &BBB* ���BBB. �BBB�3 J��BBB�

(Dadd and Davies, 1996) .  �> �'DY&*�? ��<< ! �6��

  ��H �6�� �?          7'B� )B � J&�H �? ���. ��3 J��� �&�

��45BB6 0���? �Y&BB> J���BB� �BB�ABA �BB��D� &BB� )�BB� 

ZBB	&(    z&BB6 �? �� J&BB�H 0�BB� � �4*v�BB��*2�Y 0&BB�

 ?�&	 J?��3��)(Aspinall and Paleg, 1981 .

              pB��� ��B� �BT��� �B	��� 7*&B!�3 m&B�� �� L�� 

ABA     SBBGDF! 0&BB� uBB���v �45BB6 �BB� )BB!�&<! � 

              ��RB	 �4B� �*&B� ?�B4G�A ��2B�! �� �:�� &� �'$��'-.

��&� �! 7'� ���� � 7'� I*��� �? &� �3.

���& h$	 $ >�
     n&	 �? {�< � �*�
"|}        ��5B! � e�> �<T'! �? �? 

  ��          ?��3 J&d5B�? 0���&5B> J�45B�? �BA�2! �? ~B����

�� m&�� ��5! o�q �A�2! �? � e�> ���� �!#	� .

      h�BBq ~BB�&$ �? @BB*��D>&Y 9��BB+ �BB� 7*&BB!�3

z�G�            ��B:� �BG��! �� ���4� �	 �? � �Y?&M� @!&> 0&�

�!3�? .��D>&Y ! 0&� �'$��'-. u���v @!&� �	��� ?��

)  �?� �T	  (        �TB	 �? �? 7'B� �)   ���B� � 7'B� 0���?

7'� (?�� .            ���<DB	� &B� �B> ?�B� 9��B+ �*�� 7'� �&���

       �( � )Y�H m&�� 0�&��3 �&� 1* �DR� �� &� ���� @!&>

             9�B! �B� � �B� 7'� ?��� �A�2! �3 ��,�    0�&B��3 ��� 

�*?�d .      '� �&��� �� �> �*&� 9�> �? �'DY&* �&MD6� 7

     7'� n&�A� �� �(,�   0�&��3 J�&��? J���       )5B� �B� &B�

   1* ���    )BY�H 9��B+ �&� .          �q&B6 �B� 7'B� ��B �B*�

        JNB*� �B� �Bd*? 0&B� )5B> �? @MY n�� E3 �� J?&RD	�

    �� n&�A� �: � m�'H .         ���B� �&B��� �> ?�� ��&� �? �*�

�� �! 0�&��3 ~��! ��q �� 7'�.

  u���v 0��� ��D>&Y 0&�  �B> ?�� �'$ ��'-. SGDF!

     �� 7*&!�3 �*� 0����� u���v      ���&BRD! 0&� 7'>�� �>

        ��'DB��? �45B6 7'� �� )K�   �B� J?&RDB	� .    9�B> �B�

      n�q �� I6 �? 0���? 7B�       SB*?� �GB+&Y � �BD!    &B���

    ���� �G+&Y �> ?�� �D��D&	 I6 0�� �� &��� �? �D��D&	 

�BB� �BBDY�H �BBP .9�BB> �GBB+&Y ?��BB� &BB�,/
! ?�BB� �BBD .
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9�>       �B� m&B�� 0��?�� ��� SGDF! 0&� . �B��   �� &B�

  ?�����        �� � 9�B> �B� �? ����   /�B�       �B> IB	� 0&B�

�#!&>   �B?�� J?�D�BH ,   �B� )B��?�� .   �B�� ��B	  �? &B�

 0&BB!?��– � &BB!? �? � �BB'DY�H ���BB$ ?��d�D&BB	 �BB:�?  

 ��*&BBB( �&5BBBY) 0&BBB!?%}g�&5BBBY � ?��d�D&BBB	 �BBB:�? 


"/�  �&� �G�!  (       J&dDB	? �� J?&RDB	� &�"   15B6 ?&B���" �

 �� m��$� .  ��� �*� ��       )B�: m�H 1* J�� 156 0&�

BB�J��� ��2BB�! 0�BB�HABA  7*&BB!�3 ?��BB! � �BB� ��BB: 

  )BY�H ���$ .          0�&B� n�BG ! e��FDB	� �� �B(ABA   �B� 

�� � 9���D	� a��0�K� )Stewart and Voetbery,1985 (

 a���� J?&RDBBBBB	� &BBBBB� 1*2�BBBBB�3 ��BBBBB	� )BBBBBPGw

HPLC)Performance Liquid Chromatography(High 

 �� 0��H J���� . J���B� )�:  ��� )B!�&<! 0�B�H �B 0�

   u���v �� m��> ��    J&dDB	? �� &B� �B���    1B��&!��� �'B	

�*?�H J?&RD	�.

    �45B6 7'B� 9�B� �KB	& !(Stress Intensity) SI

)Fischer and Maurer, 1978 (   n�BB!�Y �� J?&RDBB	� &BB�

nonstWSY

stWSY
1SI −=     �> �� m&�� stWSY     ?�B4G�A ��d&B�! 

             z�D5B! 0&B� uB�� �v �? �&D4� �? n&M D	� @�&$ �'$

            �B�� J��? @*��� 7'� I*��� �? 7*&!�3 n&	 �? �� �?

�nonstWSY&MBB D	� @BB�&$ �BB'$ ?�BB4G�A ��d&BB�!  �? n

            �? 7*&B!�3 n&B	 �? �? z�D5! 0&� u���v �? �&D4�

    �'�&� �! 7'� ���� I*��� .  ���<!SI        1B* � �RB+ ��B� 

)	� .            )B	� 7'B� 9�B� J�B'�? �&5B �3 0s&� �*?&<! .

       �45B6 7'B� 9�� �K	& !)SI (        ?�B4G�A �B� �B:�� &B�

   �? n&M D	� @�&$ �'$ �*&��   �? �? �B'$��'-. uB���v 

 �7*&!�3 ?��! �<T'!�� m&��.

i;! $ Z��K#
ABA  �? 7'BBB� ���BBB� � 7'BBB� 0���? I*��BBB� �? 

  /��            7'B� 7*�2BY� &B� ��� �� J��&5! �'$ ��'-. 0&�

       )BY&* 7*�2BY� �3 ���B<! �456 .   ��2B�!ABA     ��Bq �B� 

  u����v �? I	�D!       e�B>�? 7'B� 0���? 0&�
}�/
�  � 

uBBBB���v �? 7'BBBB� ���BBBB� 0&BBBB���"/|ppm?�BBBB�  .

 ?�� �? �> ��q �&�� ��
 m&$�� m&�� �? ?�� �! J��&5! 

       pB��� 7'B� I*��� �?ABA         I*��B� �� �D5B�� /�B� �? 

            SBGDF! m&B$�� �? 7*�2Y� �*� ��� )	� J?�� 7'� ����

  )	� J?�� 9�&RD! .        7'B� 9��Br� &B� J?�? �&*��� �*2��

  ���BB<! �BB�ABA�BB'�! ��   ?�? �&5BB ��?)�
/�P< .( �?

 ��*2�Y ���&T!�    ? �&5B �456 7'� �4*v   )B	� J�B� J?�

 )BBPGw ��45BB6 7'BB� �� �BB( �BBDR� 1BB* �BB>ABA�? 

              )BY&* 7*�2BY� �&B��� ?��B! �B'$��'-. J&B�H 0&� /�� 

)Keller and Ludlow,1993 .(  9�� � m�B'H 0&� u���v

        p��� �? L#D6� ����� �	 &� 2�ABA      I*��B� )B � �? 

 �BB?�? �&5BB ?�BB6 �� �� �45BB6 7'BB�)Quarrie 1980 .(

  ��2BB�! ��d&BB�!ABAuBB���v �?   �? 7'BB� 0���? 0&BB�

  ��5B!"|�/
,uBB���v @BB�&<! �?  �BB> 7'BB� ���BB� 0&BB�

|��/
�ppm            �B'�! O�&B� &B� �3 L#D6� � ?��    �B� ��?

)�
/�P< .(     ��2�! �� �<T'! 9��r�ABA   �� ��? �'�! 2�  .

  pBBB��� IBBB	�D!ABA e�BBB> �? ���/} ��5BBB! �? � 

��}/
%ppm ?��  .      �45B6 7'� 9�� �K	& !SI   �&5B 

    �*?&<! �> ?�?SI     ��5B! �? ����/�      e�B> �? � 
,%�/�

?�BB�.� 9&KBB	& ! �BB*� C  9�BB� �?�BB� ��s&BB� J�BB''> �BB�*

    �! ��5! �? �456 7'���&�.         @B*s? �B� �B��� �! �> 

             �B�&� J?�B� J��w � z&6 9�&RD! I*��� � �*��� � E3

                7'B� ���B� � 7'B� �&��� �? �� �? )	� J�� xA&� �>

   p��� ��2�!ABA  ��5! �?     ��&� �D5�� e�> ��  . tF5!

  ���BBBB<! �BBBB> )BBBB	� J�BBBB*?�HABA/�BBBB� �? &BBBB�

(Beardsell and Cohen, 1975 ; Harrison and Waltan, 1975; 

Zeevart,1977)m��� �  @H 0&�(Morgan, 1980) �&�&�H�? � 

     �! 7*�2Y� �456 7'� I*��� ) �      �B� �!� �*� �> ��&*

  /�BBB� �? �3 �BBB���� 7*�2BBBY� )BBBGA �BBB! &BBB��BBB�&�

.(Harrison and Walton, 1975, Wright,1978)  �B:�� &�  

    9�! ��� 0��	 �� �( 7'� ���� �&��� �D� �> �*� ��

            �BDY�H ���B$ �B�2: 7'� ) � 0��� 0�&��3 )�: m�s

     ��2�! ���D �? )	�ABA       �? �BD� � )	� J�� ?&*� �3 

  ��5! u���v �?BP   � |

�      pB��� &�'� � ABA    �B� �? 

     B� � 7'� �&��� �?            �B4G� )B	� �*s&B� �B� �? 7'B� ���
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 �	��� ?��! 0&� u���vGenotypes

 @4�_g ���<! ��*&<! ABAe�> �? SGDF! 0&� u���v 

Fig. 1. ABA content in different genotypes at Karaj

 �	��� ?��! 0&� u���vGenotypes

 @4�fg ���<! ��*&<! ABA��5! �? SGDF! 0&� u���v 

Fig. 2. ABA content in different genotypes at Mashhad

 �	��� ?��! 0&� u���vGenotypes

 @4�`g /�� �*�*� � s&� �T	 0� ���� )*��� ��*&<! 

Fig. 3. Stomatal conductivity at up and down of leaf
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       ��2B�! �? 7*�2Y� ��> 7'� ���� �&���ABA     �B� )K�B 

                 )B	� J?�B� �&BPD� L#B6 �B� �B> )B	� J?�? �&5 7'�

) ��?�BB�� (  �BB*� )�	&�BB� �? �� �3 )BBGA ���BB� �BB! �

       &	 �*&��� � 7'� �� )K� &� u���v      ?&B*� � p*�B	 )6

ABA          &� �� �D���� 7'� ���� 0&��&��� �D� �> )��? 

       �TB	 0�&B��3 �? ��B� �? ��2: 0&� 7'�ABA  �BG6�? 

     �B'�? 7*�2BY� �� ?�6 .            &B� uB���v �B*� @B��? ��B�� �B�

 @BB�&$ �BB'$ � �5BB*� ?�BB4G�A �BBP �� �� L#DBB6� �*�D5BB��

           �B?�? �&5B 7'B� ���� � 7'� I*��� �? n&M D	�.  �? 

BBBB���v   )BBBB!�&<! �BBBB> 2BBBB� 9�� 0&BBBB� u 0&BBBB�

   ��'DBBBBBB��? �45BBBBBBB6 �BBBBBB� ���&BBBBBBRD!���BBBBBBB<!

ABA/�BBBB� �?    7*�2BBBBY� m�&BBBB<! �&BBBB�&�H 0&BBBB�

�! 0�D5�� ��&*)Larque – Saavedra and Wein, 1976.(

   #K$ �> ��q �&�� "          &B� ��RB	 �4B� ?�B4G�A �� �>�

     7*&!�3 �<T'! �? �? �&D4� �? �5*� ?�4G�A , �dD�K��

     �? �B> �'DB��? )K=!   0�&B!3 �TB	
 %  ?�B� ��? �B'�!. �� 

�3           �n&MB D	� @B�&$ �'$ &* ��R	 �4� ?�4G�A �> �*&:

  �BBBB	��� �? �)BBBB	� ��?��BBBB6�� 0�D5BBBB�� )BBB���� ��

         ��RB	 �4B� ?�B4G�A ��45B6 �B� )!�&<! 0&� t6&�

    )	� �DY�H ���$ �	��� ?��!.         7�&B> &B* 7*�2BY� ���  

ABA  u���v �?    � ?�� 9�&RD! �<T'! �? �? SGDF! 0&�

          uB���v �B� �� �<T'! 9��r� J�!3 )	? �� �*&D    �&5B &B�

 ��? �!)Larque – Saavedra and Wein, 1976.(

    ��2�! ��� �dD�K�� ABA       @B�&$ �'$ ?�4G�A &� /�� 

 e�BB> n&MBB D	�"
|/�g= r �? 0�&BB!3 �BBP �� �BB> ?�BB� 

  �T	, %�'�!         ��2B�! ��� �R'! �T��� �> �5 ��?ABA  � 

�BBB! �&5BBB �� ?�BBB4G�A?�BBB� . 0?��BBB� &BBB� �BBB!� �BBB*�

 �BB! �&5BB   7*�2BBY� �BB> �BB�?ABA  J&BB�H �? �BB��? 

?�BBBB4G�A 7�&BBBB> xBBBBA&� �45BBBB6 7'BBBB� �BBBBr� �?

)BBBBB	� J�BBBBB�  .1BBBBB*v���*2�Y 9��BBBBBr� �3 )BBBBBGA

ABA�BBBB'&! J&BBBB�H 1BBBB*v���*2�Y 0&��BBBB'*3�Y 0�� 

�BBBB��� )*��BBBB� 0�� ��rCBBBB� �BBBB� OBBBB> n?&BBBBK� � 0�

J�BBB�w � &BBB� n�GBBB	  �BBB� � �BBB�� �&BBB��&H �BBB!�BBB�&�

 �B>    �B! J&BB�H ?�B4G�A 7�&BB> xBA&� )BB*&� �?  ??�BBH

(Zhang and Davies, 1989,1991; Davies and Zhang ,1991;

Tardieu et al.,1992 and Seo et al., 2000).

            ��2B�! � n&MB D	� @B�&$ �B'$ ?�4G�A ��� �dD�K��

ABA  �5BB ��? �BB'�! 2BB� ��5BB! �? ) n��BB:
 .( )BBGA

    �� ��*&( �dD�K��  ? 7'� ?�:� �q&6  �B�� J��? @*��� �

 J���� �  0��HABA    pBY� �� ��� �> )	� �&!� �*� �? 2� 

         �B> �B&! �$&B� 7'B� ���� J&�H J&! �*�'. 9�! �� 7'�

    �B'> �B! ���K: �� ?�6 �*&� ?�4G�A .   �� 9�B! �B*� �?

               � �B� �DB	&> �B�� J��? @B*��� 7'B� �� �B�& 9��&�6

            �B*?�H OB> )RB+ �? �B*� ��B� �dD�K�� �*���&'� .  ��B�

�BB��� )*��BB� ��2BB�! � 0�ABA�dD�BBK�� /�BB�  �BBR'!

  ?��B��,/�–r =  )B��? ?�B:�  .  �dD�BK�� �B*�  �? OB�

  ���� )*��� ?��!         ���B$�� /�� �*� O� � /�� 0�� 0�

           �B�3 O> I*��� ) � J&�H )���� J�'�? �&5 �> �?��

�!��&� .          E3 �BR� �B� ��BK�! J&B�H I*��� �*� �? ��.

�!     �� )*��� ���D �? � ?����    �B! 7�&B> �3 0�  �B�&*

)��?��" .(   �&B��     �#KB$ �B> ��Bq   ��B� �B>�ABA  n&B�A� 

     �B! n?&�D! �� J&�H 1*v���*2�Y �B'> .      {B�< � �B*� �*&BD

     O�! �� �4* �> ?�? �&5     S*&BX� �*�B�ABA  U&B<��   �D�B�

�BB��� ��BB�   �45BB6 7'BB� I*��BB� �? ��BB*� )BB	� &BB�

    7*�2Y� �3 ��2�!           B� �B��� ��B� �D�B� xBA&� � )Y&*  � &

   o�B�� 7�&B> �B�(Zhang and Davies, 1989, 1991; 

Davies and Zhang, 1991; Tardieu et al.,1992).

"	�(c,�j,
   9&BBB<�< � ��BBB	�! 0�&BBB4�� &BBB� 7��NBBB( �BBB*�

  �e�BBBBB> �BBBBB'$ ��BBBBB'-. �QBBBBB� �BBBBB��� � h#BBBBB+� 

     � �&BBBBB	��6 �BBBBB'$ ��BBBBB'-. 9&BBBBB<�< � 7BBBBBF�

       �B� m&�� ����� �D5�� ���� 0�&	���? J�45�? .  �*�B�

�  �&�$?&BBBBB+ �BBBBBD>? �&BBBBB*&$3 9&BBBBB��� �� �G�BBBBB	,

       ��&*�� ! �D>? ��&<�&q ��� �DY�D>? �0�� !�� �D>? 

 ?�� ����BB� �BBD>? ,  �J?�� �&BB!� �BBD>?�BBD>? ��BBK�K� 

   �0�BBB��� ?���BBB! 1BBBG! j�BBB'�! � 0?�� j�BBB'�!

   ��&BBB�> j�BBB'�! �0�BBB��� ?���BBB! j�BBB'�! �?�NBBB

 O&6 9&��� ��'. O� � 0�4�A j�'�! �G�!&Y j�'�!

��*3 �! @�A �� ��?��$ � �45� �!�&+ O&6 .
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