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 +8��� "D E�&) F�GL1911 (+���� H�� �I4�HJ ���� �� ) H4GS59 � ���$K���H�L4(   �� ���M�N� �& :NO7� �NK�   H�N�
P�Q��&R ) S�M�50 S200 �800 �G"���%�� ( +��B 
"7��H� . �� ���N���� +	�����	 V8�Q� �� W����R�    
�N �� ���N�7��� PN��

2003 H� 6�X�� ����� .V�"������ �� �H� ����	 E�& �� �����&�K� 5 S10 S20 � 40 H� 6�X�� +��B 
"7�� �� LB :8� . ���&
���� �� P� �K�K� ��� ��Q�� �"&Q��
�%Q�R :�#�,; S�!��H�K H��4� �B � H��4� �B" ��K�Y    Z��N� +8�N;� Y��� �� Z�[� ��K

�B"  � ��H��4��B P�&�"%� S�G�	�4 S��	"���� H��4��"�	�	"7� ���H�� ���4��� �����   �N�� +8�;� Y��� �� Z�[� Z��"8 ������
��4 � 
��;"4"	 �M#R S��&�"%� Z��� +��Q�R�H�\"$	�K    	 WX$N 6�NX�� �N& +#"7 �"��H��4� ]^ ��Q�� � F��,	��&��&"�  PN��"

��H�� ����H� . ���� _���� ��� V4��� ��Q�� �I4�HJ�
�% �!��H�K H��4��B � H��4� �B" ��K10     
"N7�� 
�N�8� �� LNB :8�
 H�� +��BP�Q��&R  Z��JH�  ZJ��� �� �R �� LB �20  �40 H� VOJ�� +�K�4 H��� :8� .  VN�"�� ZNJ��� 6��	 �� �����N&S 

 :O7�800  H�� �G"���%���&RNP�Q� ��&N�� F���N��H ����
�%�K ��X�� �� �"&Q� ���4 .� ��NQ�R V�74 ��"�Y    VN,#�^� ��"N� ��NK
���M	 Y���78�K� +\QDS  H��P�Q��&R +$,� ��`a	 Q�$ � :�#�,; ��Q�� �& ���� Z��"8Q�R��+��Q�R��� � +  N��N  N� VN& :'N HK�

��N��� �� .�4� ]^ ��Q��N +#"7 �"��H� Q��:O7� ��`a	 :�	�K�ABA V�"�� ZJ��� +.��&  W��QN;� ������b �". V& ���
:;�� .+74 �". V&S ��� ���� V,#�^� F�� _���� V4 :O7��K� �B� F�ABA � V&� �c50 
"���%��S    �� +#��N,�� ]^N W��Q;� F�d

����
�%�c��4� ��KS  +��Q�R ��� � +��Q�R +8�;� Y��� P���	 V& �X$�H�       � "�	�H�N�4� W$N	 ���N& �� ��N�� V7�N� F�HN& � �
����[ �"e� V."&�� �+� H��� .  
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40                                                              f�"� H�,�"B :�� ��`a	H�� +��B 
"7 :�#�,; �& P�Q��&R  Y�Q�R �K "D ��  

4��5�  
 H�� �"��"K "��;P�Q��&R  Z��8 P� ��"$8 V& 
�����

 6��B� ��NW$	 g����K�  �H��� �N �H����M��N W�� ��
+�H$4 .R�; �� 
�J F�8 ��� �� +%�!"#"�Q�; Yh� ��KH$

�! ���& 
��$4 � �A& f�"[ ���� Y�O$	 Z�'i ZJ��� �� �K
 j7�k� ����� :��K� Q\�J "��:� )Nambara et al., 

1998; Siddiqui et al., 1998( .  
 H�� 2�X	P�Q��&R :;�& ���K� K��� j7�k�N +

	 ��`a	 :�	�W$	 j7�k� ��K����K�  �H�� ��� � �H��
 W�� S�Q�����& Z��"8 � +%���	 S��� S��"� S+%�[ ��O�

 P� ��"$8 V& ���R ��AB�� ��%������ Z��86��B 
�  H�\a	+�H$4 
(Shinozaki and Yamaguchi-Shinozaki, 1997;    

.)Hare et al., 1999   
�� Vb���  :��� F��� l���4 W�� F�� m�i� ��4 �

� ���� +	�����	 HK�"� +#�+ H�� HK�P�Q��&R  ��
��� :O7� Y�O$	 m��.�
�% �c��4� ���R ��K)Active 

Oxygen Species – AOS (� F�$b �M�� �� +��+�H$4 
)(Guan and Scandalios, 1998; Pei et al., 2000 .

 ����%�K � ��"� V,#�^�)Guan et al., 2000 ( F�'�
H��4� �B W��Q;��!��H�K  ����	 �&P�Q��&R �"& H�� .

 H�� ��&��4P�Q��&R  Y��� :�#�,; H�H�	 V& �X$� +��R
��H��4�� H��4� �B" Y�Q�R :O7� W��Q;� � + ��	"���

L�-  FKR � ���)Kaminaka et al., 1999 ( �
 Q$�$� ��	"���� H��4��B")Bueno et al., 1998 (H� �

:� .  
 H�� +��B 
"7�� 
��8� F�$n�KP�Q��&R  V& �X$�

Q�R :�#�,; W��Q;��Y S��H��4� �B P�&�"%� S�G�	�4 ��K
�"�	�	"7� :;�& �� ���4����K� K���+  :� �H�

)Bellaire et al., 2000; Gong et al., 1998(. ��  +;�.
 H��P�Q��&R  W�� ��M�� ���B V7J�� ���#� � ���R ��

+�H$4 )Yi-Ting Hsu and Ching-Huei Kao, 
2010( . ��"& "�� Yh� ZJ��� �� ���B P�!"#"�Q�; V7J��
[� V4N�K��H� h�N�; � +%���! YN"�QJ �R �� +%�!"#N o��

�+�"� .Yh� V7�D ���	�
"%#"� V�QX	 2��i� F�� F�K� 
6�H�� V& V�QX	 �� Z��J ��"� 
����� � +	��J E�Q&�K� 

[p���� V& ��� V��� �c:� )Navabpour et al., 2003( .
� �& ���8�F H�� �KP�Q��&R  H$�R�; �� +���#� W�� HD��

&�b �"��H��4� �B+:O7� � ��"& �K�K�  V& �X$� �R G�&
�	N F�� 2���[ V���� �� � H$�R�;N q��� V& ���N 
"7
+��"� )Bueno et al., 1998( .  

 H�� V����� W�� V& VD"	 �&P�Q��&R  r"; ��8�.� �
� �O� V& �4A#�+ � +%���! �����s	 ����� H�

 Q4���� m���	 � ��"& G�& �R ��`a	 �� +��� +%�!"#"�Q�;
� +����& 
"'i Z&�i VX��� P� V& �H�� ���& j�. �

t[�� �� +,�� l��'���K� ���AB ��"� V."&�� . F�� ��
:O7� ���& ��4 V& �& F����� +[�& �����K�  j7�k�

 H��P�Q��&R :;�& �&�K�  �����s	 V$��� +K��� j7�k�
�! ���&u	��B Q�$ H��� S�K�F �����s	 � ��4�� +��& S�K

��� :O7� +&����� � +8�;� Y����
�%���R ��K  � �c��4�
 V,#�^� �� +�"��H��4� ����[��4�H��  )Bueno et al., 

1998; Guan et al., 2000; Bellaire et al., 2000) .
:O7� ��`a	 m���	 F�� ���K�  H�� j7�k�P�Q��&R  �&

��� ��Q���
�% �!��H�K H��4� �B � H��4� �B" ��K
 F��,	H� .; ��Q�� �"&Q� �����	 g���� �� F�$n�K :�#�,

 Y�����H��4� +��RQ�R ������ ���� ���H�� �& +��Q�R +�Y
 ��H��4� �B P�&�"%� S�G�	�4 S��	"���� H��4� �B" ��K

 ��"�	�	"7� H� F��,	 ���4��� .  
 Y��� :�#�,;+��R��H��4�  +&����� �& Q�� +��Q�R ���

 H�\"$	���4 � 
��;"4"	 �M#R SP�&�"%� H�� ����s	 ��Q��
X$H� �H� .&�b �"��H��4��B ��Q�� :��h� ��+ �& �K

 H�� WX$ 6�X��P��"��&��&"�	 )TBARM (H� 6�X�� .  
  
  

  
6%( % +����&  
�&��7 +���  

A&��K�  Wk& H��� F�GL1911  +8��� "D
)Hordeum vulgare L. ( �H� V&10  V��i� �� ���M�� �&

Y�H :��74"v�K 2/0 � �H� +�"M8 Hd H��� ��� �� g�
 :�4 +�� ��"� V& V8�Q�H� . Z��� +�����R HJ�� �K

4  ��HJ 
". V& :�4 j���2 �"& ��� .���j ���$4 ��K
 :��8� �& g� j��� �� �� �����& V�"�� � V���J ��"$8 V&

:;��AB ��"� +#". V���J .:�4 Y4��	  ��HJ350  V	"&
 j��� Z��"; w�� �& 2&�� ��� ��10 +��� V7��; � ���

"& V	3 +��� Y�O$	 ���H� .  
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 ���� (�����������  
 H�� +��B 
"7��P�Q��&R :O7� ���K� 50 S200 

 �800 �G"� ��%��  � 6�X�� E�& ���H . fR +��B 
"7��
:;��AB ��"� V&��� g���� �� Q�� HK�� ��"$8 V& .

	�+���� H�� �I4�HJ ���� �� �K��� ) H4GS59 ��$K��� 
)L4�H��(  ��� ]'� � ����) �� ����"7D �"O$� V&

��"� �"��H��4� (H� 6�X�� .��,#�^� +[�& �� Vb ���S 
V."� ����	 
"7�� �� �H� �HD E�& ��+��"� +#� S���� _

 �����	 g���� 
��8� �� Z��J V& ���� ��� E�& ���
��&��4 x��#�  :� ��"& �	�`y� Z�8 :i� �)Louis et
al., 1998( . ��H,	 +��B 
"7�� +�[�"$%� �"O$� V&10 

� V& ���%	 �K �� ����	 �K ���& +&�k��� V	"&� 
"�v4 V7
����; ��"K ) ���;��HJ 3 �M��	�( �"� �����	 :O7� �& �

 +��B 
"7�� �O�H� .  
(�+�� 4���� % 3(��� 8�93  

����R *�. ���M�� ��"� z"7&��K  �& +;��e	 Z��44 
�"& ���%	 .�����& V�"��  �� +;��e	15 E�&  ����	 �� �H�

 ���%	 �K���� �� ��K� 5 S10 S20  �40  �� LB :8�
:;��AB ��"� +��B 
"7�� . ���H�� +[�& 6�X�� �"O$� V&

����KV�"�� ���"� ��� �� � ���	 ��"� �� � �� l�,�� �K
2��� �!����� �H� H�X$� WX$ 6�X�� ���� �	 ��K� 

 ���� �� V."&��80- +��� VD��H� ���Hh�� ���� .  
/)����+�( 3��7�
�0 ���$� �	 % ���$� �	�� 3�&

;2%(��&  
 H��4� �B" �"� ��Q��)O2

- ( @�� �� ���M�� �&
�K � �$��#� ZB")Elstner and Heupel, 1976 ( �&

H� 6�X�� ��� *�� V& +	����s	 . �". V& E�& V�"�� 6�� P�
 :[�"$%��H� �H���  ��H�� �3  ��M�; �;�& ���# +7��

 Y���B65  �G"� +7��)pH=7.8 (H� ���Q;� �R V& .
 �H� V& Z��J {"7k�10  ��� �& V��i�g5000 

 !"�M�����H� .+7�� P� �� ���# V& � :����& r"; 
"7��
 ����K9/0  Y���B ��M�; �;�& ���# +7��65 �G"� +7�� S

1/0  F��R Z��4�H�K H���74 ��H�K ���# +7��10  +7��
 �G"� ���� ��25 +��� VD�� �H� V& ����20  ���i V��i�
:;�� . V;�d� �	� Z�	� 
"7�� YXJ 
��,� ��H�� �R �� LB

 ��� �& � H�g1500  �H� V&5  !"�M����� V��i�H� .

�� |"� 
". �� fAD ��Q530 ��� "���  �� ���M�� �&
����"�;���%v� )Uvikon 930 Watford (:\��i H� . �&

��&��4  S���H���� +$�$�:}7�  ~�J �& H��4� �B" �"�
 HJ���	 ��� 6�� �& V��i� �& 
"� "��� Y�O$	H� . +$�$�

:O7� �� ���M�� �& �"&Q�H�#"	 ��K  �H�O2
-  ~�4�	 ��

 +������NO2
-  V�h	 F��R Z��4��H�K �H� . 

 �!��H�K H��4��B 
�%���� ��Q��V&  � ����& @��
 Z%��;)Brennan and Frenkel, 1977 ( �� ���M�� �& �

H� 6�X�� 6"�����	 H��4��B L%7v�4 . 
". �� fAD ��Q��
 |"�415 � V& � :\��i ���"���� ���H���� +$�$� V7

O7� �!��H�K H��4��B :)H2O2 ( ]��e	H�  �& _���� �
H� Y�O$	 HJ�� ~�J . :�4 �� ���M�� �& �"&Q� +$�$�

 ���H���� :O7� V& 6""� ����RH2O2  V�h	H� 
)Orozco-Cardenas et al., 2001( . 

/)������� ������ 3��7�� 3�&�,�� ;����$�  
 @�� �& Z4 ��	"���� � H��4� �B" Y�Q�R ��Q��

��D�"B "#��� L�  L��)Giannopolitis and Ries, 
1977 (H� ���� ���H�� ��� *�� V& .1/0 V�"�� 6�� �&3 
+7�� Y���B ��M�; �;�& Z��� W$4�� 
"7�� ���#50 

�G"� +7�� pH=7. 8 F��"��� S13�G"� +7�� 6"7������	 S
75 �G"���%�� F���;"'�� S2 �G"� ��%��S EDTA1/0 

�G"� +7��  |��k�� Y�Q�R �100 ���#��%��  � {"7k�
 :[�"$%�H� . ��"� g���� �� {"7k�5000  V& L4"#

 �H�15 H� ���� ���i V��i� . P� ���Q;� �& �"���'�#�4
 q��J� ���& H��4� �B" Y�Q�R HJ��50  6"7������	 H���

 |"� 
". �& :�#�,; ��Q�� � ���Q;�560  g"	 ���"���
����"�;���%v� )Uvikon 930 Watford (H� :\��i .  

 �G�	�4 Y�Q�R :�#�,; ��Q��I  +&� @�� �� ���M�� �&
)Aebi, 1984 ( F��,	 ��� *�� V&H� .1/0  �& V�"�� 6��3 

 Y���B ��M�; �;�& Z��� W$4�� �;�& ���# +7��50  +7��
�G"�pH= 7.8 Y�Q�R � �!��H�K H��4��B ���H���� S

:[�"$%� � {"7k� |��k�� H� . �� 
"7�� fAD ��Q��
 |"� 
".240  g"	 ���"�������"�;���%v� )Uvikon 

930 watford (H� :\��i .�"�	�	"7� Y�Q�R :�#�,; ��Q�� 
 6��& � 
Hn� @�� �� ���M�� �& ���4���)Schaedle 

and Basham, 1977 ( F��,	H� .  



42                                                              f�"� H�,�"B :�� ��`a	H�� +��B 
"7 :�#�,; �& P�Q��&R  Y�Q�R �K "D ��  

1/0  W$4�� �;�& ���# +7�� P� �� E�& V�"�� 6��
 Y���B ��M�; �;�& Z���50 �G"� +7�� pH= 7.8Y�H S 

EDTA2 +7���G"�S NADPH 5/1 �G"� +7��  Y�Q�R �
 |��k��200 ���# ��%�� H� :[�"$%� � {"7k� . ��Q��

 |"� 
". �� ��"� fAD340 H� :\��i ���"��� . �& _����
 �"}J ��H& fAD ���H���� ~�JNADPH H� ]��e	 .  

 ��Q����H��4��B P�&�"%� Y�Q�R :�#�,; I  @�� �&
 ���R � "��4��)Nakano and Asada, 1981 ( V'���

H� .1/0 �� ���# +7�� P� �� E�& V�"�� 6�� W$4�� 
"7
 Y���B ��M�; �;�& Z���50  �G"� +7��pH=7. 8 S

 ��H��4��B P�&�"%R ���H����5/0+7���G"�S H2O2 1/0 
+7���G"�  |��k�� Y�Q�R �200 ���#��%�� H� {"7k� .

 |"� 
". �� ��"� fAD ��Q��290 H� :\��i ���"��� .
 F���� �& ������ ]��e	H2O2  ��"� Y�Q�R �"}J ��H&

:;�� .  
<���' 3��7 /)���� �,�� ����� ��! ;����$��  

 ��&�"%� P�� ��Q��V& �R @��� ����%�K � ���4
)Arakawa et al., 1981 (:;��AB ��"� ��� *�� V& .

 ��H��5/0  �� V�"�� 6��10 � ���# +7��� ��74 ��	H
 P���5 H� {"7k� :[�"$%� �". V& H��� . {"7k�

 �H� V& �d�J10 �& V��i�  ���g14000  !"�M�����H� .
 
". �� ��"� fAD ��Q�� � ����HD +���R V& +�G�& ��;

 |"�530 H� :\��i ���"��� .���H���� +$�$�  �� ���M�� �&
 ����� Z��"; �& t#�[ ��&�"%� P�� 
"7�� ��K :O7�

5 
"� "���  V$��� ��25 -0 V�h	 
"� "���  V& VD"	 �& �
D ��Q��N. �� ��"� fAN" |"� 
530  ���& ���"���


"7��S���H���� ��K  Y�O$	H� .  
�"� @�� �� ���M�� �& 
��;"4"	 �M#R ��Q��- � @"&

 ����%�K)Munné-Bosch et al., 1999 ( ���� ���H��
H� . ��H��5/0 �� E�& V�"�� 6�� �!�����  �". V& 2���

 :[�"$%��H���  ��H�� � H�5  ���J 
"���� ���# +7��
 P�� H���Nd� �R V& ��&�"%N V;��NH . ���Q;� �&4 
+7����Q�K ���#  L%	�� V��i� P� �H� V& �d�J {"7k�

 �H� V& Lv �10  ��� �& V��i�g1500 H� !"�M����� .
 q�[ VOM�� P�4 �& � �AJ :i� �& +��i"; ��Q�K V�G

 P�[ +'��H� . ��H��2  V;�d� V�"�� V& 
"���� ���# +7��
%� 
"7�� � ����� V& Z��J :[�"$HPLC H� Z��$� .

 �M ��#� �"� V7�� V& �H� �HD 
��;"4"	 �M#R ��Q��
)OD=5μm ( �H� ��5/1  t#�[ V��i� �& ���# +7��

 WM$&��; �� ��%�R ����� P�4 �& �R :O7� � H� ���
 +��k�����& |"� 
". ��295  +D��[ � ���"���328 

 F�,	 ���"���H� .  
 ���4 ��H���%v� 6�X�� �& H�\"$	� ���M�� � ����"�;�

 �#�	 F�n�# @�� ��)Lichtenthaler, 1987 (���H�� ����
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�HD1- z"7& *�. ~#�i �� V,#�^� ��"� ��M� L������ V�QX	��K +;��e	 Z��4  
Table 1. Analysis of variance for studied traits in randomized complete block design   

  
��,&�� F������ Mean square  VD��

����R df  
���s	 2&�$�  

Source 
of 
variation TBARM CAR  �-Toc  ASA  AXP  GR  CAT  SOD  H2O2  O2  

5*/35  1ns/33  3*/46  8*/7  7ns/36  5ns/28  9ns/14  37/9ns 4ns/5  3ns/6  3  z"7&  Block 

0**/161  2**/223  0**/511  3**/42  2**/197  1**/170  6**/88  0**/213  1**/57  2**/53  3   :O7�
ABA  

ABA 

7/9 16/0  13/0  2/0 20/3 19/3 7/8 39/6 5/2  4/7  9  �^[  Erorr 

ns S * �**: & V+$,� ��� ~�	�	��� +$,� � ]^ �� ���
���J� 5%  �1%  
O2

- : H��4� �B" �"�H2O2 : �!��H�K H��4��BSOD :���� H��4� �B" Y�Q�R ��	"CAT : �G�	�4 Y�Q�RGR : ���4��� �"�	�	"7� Y�Q�RAXP : ��H��4��B P�&�"%�
ASA : P�&�"%� H���-Toc : 
��;"4"	 �M#RCAR : H�\"$	���4TBARM :+#"7 �"��H��4� ]^ t[��  

ns, *,** not significant and significant at 5% and 1% probability levels, respectively.  
O2

-: Superoxide ino, H2O2: Hydrogen peroxide, SOD: Superoxide dismutase, CAT: Catalase, GR: Glutatin reductase, AXP: 
Ascorbic peroxidase, ASA: Ascorbic acide, �-Toc: �-tocopherol, CAR: Carotenoid, TBARM: Cellular oxidation level index. 
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 Z%�1-  H�� +��B 
"7�� ��`a	P�Q��&R ��� ��Q�� �&�
�% H��4� �B" ��K)a ( �!��H�K H��4��B �)b (���� +.�K� �& V�"�� ����
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� V& V."&�� HK�� �& F������ �K ���� �"��R V7t :� �H� tk�� ���� :��8 �& � 6�X�� .Q�R �����s	 F�������Y" ��K H��4� �B

��	"����  Z%� ���a �4 � �G�	 Z%� ���b  ��"� V&��4 +^[ ��V\��� :� �H� .  
Figure 1. Effect of ABA spray on levels of O2

- (a) and H2O2 (b) in leaves of adult barley plants at 4 sampling 
times after spray. Values are the means of four replicates. Error bar represent SE with n=4. Asterisks indicate the 
significance difference at p<0. 05 level by t-test when compared to control. Average of enzyme activities showed 
by linear line: superoxide dismutase (a) catalase (b).  
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"7�� �� LB �����& V�"��
:� �H� Y�O$	 +��B .� :��8 �& ���,� ��^[ ��H���V7:� �H� ���� ���� �� .  

Figure 2. Effect of ABA spray on anti-oxidant enzymes in leaves of adult barley plants. (a) SOD (b) CAT (c) GR (d) APX. 
Values are the means of four replicates at 4 sampling times after spray. Error bar represent SE with n=4.  
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Figure 3. Effect of ABA spray on non-enzymatic anti-oxidant activities in leaves of adult barely plants. 
(a) Acid ascorbic (b) �-tocopherol (c) Carotenoid values are the means of four replicates at 4 sampling 
times after spray. Error bar represent SE with n=4.  
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 Z%�4-  ��Q��+&�b �"��H��4��B�K )TBARM (���� ���K� V�"�� �����& H�� +��B 
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+���� H�� �I4�HJ ���� �� +8��� "D . F������ �K ���& ���,� ��^[ ��Q��)n=4 (� :��8 �&�V7:� �H� ���� ���� �� . 
Figure 4. Effect of ABA spray on lipid peroxidation (expressed as TBARM) in leaves of adult barely plants. 
Error bar represent SE with n=4.  
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Abstract
Leaves of Hordeum vulgar (line L1911) were sprayed at maximum vegetative growth in four concentrations 

of abscisic acid (0, 50, 200, 800 μm). The experiment was performed on the research field of Warvick University 
in UK in 2003. Samples were taken from treated leaves in interval time including 5, 10, 20 and 40h after 
application. For each sample, the amount of superoxide (O2

-) and hydrogen peroxide (H2O2) content, the activity 
of enzymes involved in defense system including superoxide dismutase (SOD), catalase (CAT), ascorbic 
peroxidase and glutathione reductase were measured and determined. The content of several non-enzymatic 
antioxidants such as ascorbate, �-tocopherol and carotenoid and the degrees of oxidative damage (TBARM 
assay) were examined. The obtained results revealed that maximum levels of superoxide and hydrogen peroxide 
radicals were produced at 10h after ABA spray and declined slightly at 20 and 40h after spray. During the whole 
process of sampling, the maximum level of these radicals were produced by 800μm ABA concentration. For all 
of the studied enzymes, despite of minor differences, the activity of all the activity of all enzymes showed 
significant increase by ABA spray in compare with control (water spray). Also, degrees of oxidative damage 
(TBARM level) showed significant increase by the effect of ABA concentration. In general the results of this 
study showed moderate concentration of ABA particularly 50μm induce enzymatic and non enzymatic defense 
system prevents plant from oxidative damages. 
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