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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� .  
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�"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
 ��#� �"�
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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   
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-: 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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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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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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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.  

B
�  
 H�
� V4 :
� ���� ���� ��,#�^� +[�& _����

P�Q��&R 
"%#"� P� ��"$8 V& 6��B 
�����  �� +�h� W��
�H�K H��4��B H�#"	�! ���& S�!��K  H�#"	 H$�R�; �

�BF�u	�Q�R Z�'i �� +8�;� ��K�Y ��K+��R ��H��4�  �B"

 � ��H��4��B P�&�"%
� S�G�	�4 S��	"���� H��4��"�	�	"7� 

:
� ���� �� ���4��� )Kaminaka et al., 1999;  
Bellaire et al., 2000; Guan et al., 2000( . F�� �&

� �O� V& F�$b w�
�+ H�
� V4 H
�P�Q��&R  �� ���#�
 +8�;� Y���
 H$�R�;���R���� +�h� W�� ��H��4� . _����

 H�
� V4 ��� ���� m���	 F��P�Q��&R  W��Q;� �� �h$	 V�
�!��H�K H��4��B ��Q�� ) Z%�1 f (Q�R :�#�,; ��Y��K 

�"4A �) Z%�2 ( W��Q;� ~'
 V%7& ���� ��`y� W��
4� �B"
 �"� ��H�� ��� +$,� Q�� H��+��"� ) Z%�1 

j#�( .��� +74 �". V&�
�%� V& �c��4� ���R ��K� �B"
 �c
 Q����� W���� HD�� �!��H�K H��4��B � H��4�H$��K S

:O7� �� Z��"8 F���K�  W$	 
��8� �& S��"& +�
 G�&

"%#"� V& ����[ ~'
 "�	�H��4��K�  ��O� +	��J

u	��B�F�KS DNA &�b �+��K+H�"� .��  ~D"� +;�.
 +#"7
 ���"�� ~�
RH� �� +#"7
 q��� �G��'	 H��� � �

� Z�k�+����$ H)Golden et al., 2002( . �� V%�#�J��
:O7��K�  ���& ���� +'�� ������
 ���#� �� 
��,��

W$	 �&��& �� :����� ��X���K�  Q\�J �H�� ��� � �H��
H$��K :��K� .
"%#"� ��"$8 V& +;�. ���K� $��
 �� +#�


��BN�! ���& Y�O$	 Vu	��B Q�$
 � �K�F�K ��M W�� ��
�+����$ H)Larkindale et al., 2007( . H��4��B


"7
 +$�$��# ���"�� Z�%�	 �� �!��H�K�K�  W�� +K���
 ���� +�h�)Lewis and Yamamoto, 1990( . Z��8 F��

 Y�Q�R +%�#"&��� ���� :�#�,; W��Q;� �& +#�%����MAP 
$�4V���� �H� V��& � ��& �H$& ���� �"�#� S�� V& �� �K

 Y�O$	 W$	 g���� :'�� +8�;� W$4�� P� ��"$8+� -
H$4 )Neill et al., 2001( . �� H��4� �B"
 �"� :��K�

�! :�#�,;�K� �!"	�B V& :����� �K)PR1, PR5 ( @��Q�
 :
� �H�)Mackerness et al., 2001( . 
�%���� �� F��

$4 ���� ���"��"K H�#"	 +#���K�  � P��"���D SF7�	�
 H���� ����� :��K� P�7���#�
 H�
�)Mackerness, 

2000( .  
� ���� +	�����	 HK�"� Vb���+ H�
� V4 HK�

P�Q��&R ��� ��
�% Z��"8 ��"$8 V& �c��4� 
�,; ��K
R�; �� V�"��`� �"� ��� SH���� :#�[� +#"7
 Yh� ��KH$

�R {�'	��+$��� V& �K :
� �H�� F��,	 . F�$b 
�J F�� �&
� �O� V&+ H�
� V4 H
�P�Q��&R  �����s	 ��X�� �&

��� ]^
 W��Q;� V& �X$� +#"7
 P�#"&����
�% ��K
�4�N �c�H���
 :�#�,; �R +B �� � �N +��Q�R +8�;� Y�  



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

  
� G�&+ ���)Guan et al., 2000( .  

 w"�#�H$%
� � ��"� ������	 _���� {�'	�� F�� ��
)Guan and Scandalios, 1998 (� ����+ H�
� V4 HK�

P�Q��&R V���� �H� V��& z��� Z��8 �X$� V4 ��"& �K
��Q�� WK�4 V&  P�$&�4 ���)CO2 ( ���& w��
� Z&�i

 Q�$
"�;:
� . ��Q�� �Q�$
"�; Y���
 ���H��� :;�
����%#� ��e��K� � WK�4 �� �!��� �B+ VX��� �� � HK�
��� H�#"	 H����
�%����%#� W$4�� �& ���R ��K�K�  � �"&Q�

 Z�h�	 �c��4�H���� +�����; :��h� �� � ��
�% ��K
� G�& �c��4�+���.   

 ��Q�� W��Q;� �& V4 ��� ���� Q�� m���	 F�� _����
:O7� ABA V�"�� ZJ��� �� P� �K �� ]^
 �����&

����
�% :;�� W��Q;� �!��H�K H��4��B � H��4� �B"
 ��K
) Z%�1( .���� F�& V����� �� 
�J F�8 ���K�  V�"��

��� F�� ��Q�� F�����& �����&�
�% ���� �� �K10  :8�

�� �� LB +��B 
"7ABA  Z��JH� .+h&��� H���  Q��

�� Q�R Q�$
�Y� V& ��H��4���B ��K� H��4� �B"
 �c
 +��B 
"7�� ��`a	 :�	 ��	"����ABA l��"e[  ��

 :O7�50  H� VOJ�� 
"���%��) Z%�2 j#�( . WK�4
 :O7� �� H��4� �B"
 Y�Q�R ��H�� VD"	 Z&�i800 

 
"���%��ABA ) Z%�2 j#� ( V& �X$� V4 ��� WK�4

"��N Q�� �R g�NH )�N Z%1 j#� (��N �O� V& V'i��� �

�+H�
� . �G�& :O7� 
��8� �& V%$�� +#���J� <
�B P�
ABA )800 
"���%�� ( ����& "�	�H��4� W$	 ���& ��%��

:
� Z���� . +#"7
 �"�
�H��4� ]^
 ��Q�� _����
) WX$
TBARM ( Z%� ��4 H�"�  �"d"� F��:
� .

� VX��� �� V7u�� F��K � ��"& G�& +#"7
 E�� ���& ��%�
 �". V& ��	"���� H��4� �B"
 Y�Q�R ]^
 �	 �H� ~D"�

H&�� WK�4 +'�� .
��&+ �"%
��%�� �& �H� 6�X�� ��K
 H��a	 �� V7u�� F�� :�� WM$& ��;��4 )�����K  ���� ����

:
� �H��( .���� Z�a	 Z&�i �"d"� �� V%$��  H$�R�; H�#"	
��4��B �� �!��H�K HFKR �"� ��Q�#�	�4 �"}J  +.

�'��K W$4��– L���  Z��4��H�K 
�%����)OH ( �&
 H�#"	 �����& +'�� +�����;�+ �"�)Iturbe-Ormaetxe, 

1998( . V���� ��	G�& +'�� :��
 Z��4��H�K 
�%����
� & W$4�� F�d � ��"& f�k� �H� V&� 
"%#"��K� 

 +#"7
 ���"�� ~��k	 �& +	��J 2���	 �� 
"7
 E�� H���
+�H$4 )Evans et al., 1999( .  

 H�
� ����	 ��`a	P�Q��&R  +��Q�R ��� Z��"8 �&
 � 
��;"4"	 �M#R SP�&�"%
� H�
� Z��� +8�;� Y���


 ��� ���� H�\"$	���4) Z%�3 ( W��Q;� �& Z��"8 F�� V4
 :O7�ABA W��Q;� � ����+H$K� .  

� V& P�&�"%
� H�
� +'�� WK�4� ����	 �� �c800 
 �����& V�"�� ���� �� �G"���%��40  
"7�� �� LB :8�



"7
 +'�� W��Q;� Z�#� V& lG���J� +��B�K�  ��"& ����
H� ����� �R ]�d"	 V4 :
� . ��H��� Z�G��� 
�J F�8 

�4A#� r"; +��Q�� ��� Z��"8 W��Q;�S �R +�����; � �K
���j7�k� ��K� #"	 �Q�$
 "�&�H Rh� �:
� . H�
�

P��H�� �I4� �� P�&�"%
� S:
�B��74 ��O� +#"7
 ��K
+�4��B S��H$4"��� V& +�
�B"��
 g��� � Z\"4�� S6��

 ���� �"D� �";�)Jimenez et al., 1997( . 
��;"4"	 �M#R
 �� l�	H�8 �R W�� V4 ��"& +���� ��H��4���B Z��"8 ��

&�b �"�
�H��4� 
��$4+:
�K .� H��4� 6�; �M#R �H

� V& 
��;"4"	� V[�b �� � q��J� l��HX� ��&�"%
R V7

 +��R +��H��4�� ���i+ ����)Smirnoff and Wheeler, 
2000( . 

  
  
  
  
  
  
 
 
 



��� ������	 /
�� 
�
 / �����
�� /������ 1390                                                                                     49  
 

References 
Aebi, H. 1984. Catalase in vitro. Methods Enzymology 105: 121-126.  
Arakawa, N., Tsutsumi, K., Sanceda, N. G., Kurata, T. and Inagaki, C. 1981. Rapid and sensitive 

method for the determination of ascorbic acid using diphenyl-1, 10-phenanthroline. Agriculture
Biology Chemistry 45: 1289-1290.  

Bellaire, B. A., Carmody, J., Braud, J., Gossett, D. R., Banks, S. W., Lucas, M. C. and Fowler, T. E. 
2000. Involvement of abscisic acid-dependent and– independent pathways in the upregulation of 
antioxidant enzyme activity during NaCl stress in cotton callus tissue. Free Radical Research 33: 
531-545.  

Brennan, T. and Frenkel, C. 1977. Involvement of hydrogen peroxide in the regulation of senescence 
in pear. Plant Physiology 59: 411-416.  

Bueno, P., Piqueras, A., Kurepa, J., Savouré, A., Verbruggen, N., Van Montagu, M. and Inzé, D. 1998. 
Experssion of antioxidant enzymes in response to abscisic acid and high osmoticum in tobacco 
BY-2 cell cultures. Plant Science 138: 27-34.  

Elstner, E. F. and Heupel, A. 1976. Inhibitiono fnitrite formation fromhy droxy lammonium chloride: 
a simple assay for superoxide dismutase. Annals of Biochemistry 70: 616-620.  

Evans, P. J., Gallesi, D., Mathieu, C., Jesus Hernandez, M., de Felipe, M., Halliwell, B. and Puppo, A. 
1999. Oxidative stress occurs during soybean nodule senescence. Planta 208: 73-79.  

Giannopolitis, C. N. and Ries, S. K. 1977. Superoxide dismutase. I. Occurrence in higher plants. Plant
Physiology 59: 309-314.  

Golden, T. A., Hinerfeld, D. and Melov, S. 2002. Oxidative stress and aging: beyond correlation. 
Aging Cell 117–123.  

Gong, M., Li, Y. J. and Chen, S. Z. 1998. Abscisic acid-induced thermotolerance in maize seedlings is 
mediated by calcium and associated with antioxidant systems. Journal of Plant Physiology 153: 
488-496.  

Guan, L. and Scandalios, J. G. l998. Two structurally similar maize cytosolic superoxide dismutase 
genes, Sod4 and Sod4A, respond differentially to abscisic acid and high osmoticum. Plant 
Physiology 117: 217-224.  

Guan, L., Zhao, J. and Scandalios, J. G. 2000. Cis-elements and trans-factors that regulate expression 
of the maize Catl antioxidant gene in response to ABA and osmotic stress: H2O2 is the likely 
intermediary signaling molecule for the response. Plant Journal 22: 87-95.  

Hagege, D., Nouvelot, A., Boucard, J. and Gaspar, T. 1990. Malondialdehyde titration with 
thiobarbiturate in plant extracts: Avoidance of pigment interference. Phytochemistry Annal 1: 
86-89.  

Hare, P. O., Cress, w. A. and Van Staden, J. 1999. Proline synthesis and degradation: a model system 
for elucidating stress-related signal transduction. Journal of Experimental Botany 50: 413-434.  

Iturbe-Orrnaetxe, I., Escuredo, P. R., Arrese-Igor, C. and Becana, M. 1998. Oxidative damage in pea 
plants exposed to water deficit or paraquat. Plant Physiology 116: 173-181.  

Jimenez, A., Hernandez, J. A., del Rio, L. A. and Sevilla, F. 1997. Evidence for the presence of the 
ascorbate-glutathione cycle in mitocondria and peroxisomes of pea leaves. Plant Physiology 114:
275-284.   

Kaminaka, H. Morita, S., Tokumoto, M., Masumura, T. Tanaka, K. 1999. Differential gene expression 
of rice superoxide dismutase isoforms to oxidative and environmental stresses. Free Radical 
Research 31: 219-225.  

Larkindale, J. D., Hall, J. R., Knight, M. and Vierling, E. 2005. Heat stress phenotypes of Arabidopsis 
mutants implicate multiple signaling sathways in the acquisition of thermotolerance. Plant 
Physiology, 138: 882–897.  

Lewis, N. G. and Yamamoto, E. 1990. Lignin-Occurrence, biogenesis and biodegradation. Annual 
Review of Plant Physiology 41: 455-496.  

 



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

Lichtenthaler, H. K. 1987. Chlorophylls and carotenoids: pigments of photosynthetic biomembranes. 
Methods of Enzymology 148: 350-382.  

Mackerness, S. A. H. 2000. Plant responses to ultraviolet-B (UV-B: 280-320 nm) stress. What are the 
key regulators? Plant Growth Regulation 32: 27-39.  

Mackerness, S. A. H., John, C. F., Jordan, B. and Thomas, B. 2001. Early signaling components in 
ultraviolet-B responses: distinct roles for different reactive oxygen species and nitric oxide. FEBS
Letters 489: 237-242.  

Munné-Bosch, S., Schwarz, I. and Alegre, L. 1999. Enhanced formation of �-tocopherol and highly 
oxidized abietanediterpenes in water-stress rosemary plants. Plant Physiology 121: 1047-1052.  

Nakano, Y. and Asada, K. 1981. Hydrogen peroxide is scavenged by ascorbatespecific peroxidase in 
spinach chloroplasts. Plant Cell Physiology 22: 867-880.  

Nambara, E., Kawaide, H., Kamiya, K. and Naito, S. 1998. Characterization of an Arabidopsis 
thaliana mutant that has a defect in ABA accumulation: ABA-dependent and ABA-independent 
accumulation of free amino acids during dehydration. Plant Cell Physiology 39: 853-858.  

Navabpour, S., Morris, K., Allen R., Harrison, E., Mackerness, S. and Buchanan- Wollaston, V. 2003.
Expression of senescence –enhanced genes in response to oxidative stress. Journal of 
Experimental Botany 54: 2285 -2292.  

Neill, S. J., Desikan, R., Clarke, A., Hurst, R. and Hancock, J. T.  2001. Hydrogen peroxide and nitric 
oxide as signalling molecules in plants. Journal of Experimental Botany 52: 9-17.  

Orozco-Cardenas, M. L., Narvaez-Vasquez, J. and Ryan. C. A. 2001. Hydrogen proxide acts as a 
sound messenger for the induction of defence genes in tomato plants in response to wounding, 
systemin, and methyl jasmonate. Plant Cell 13: 179-191.  

Pei, Z. M., Murata, N., Benning, O .,Thomine, S., Klusener, Allen, G. J., Grill, E. and Schroeder, J. I. 
2000. Calcium channels activated by hydrogen peroxide mediate abscisic acid signaling in guard 
cells. Nature 406: 731-734.  

Schaedle, M. and Bassham, J. A. 1977. Chloroplast glutathione reductase. Plant Physiology 59: 1011-
1012.  

Shinozaki, K. and Yamaguchi-Shin Ozaki, K. 1997. Gene expression and signal transduction in water-
stress response. Plant Physiology 115: 327-334.  

Siddiqui, N. U., Chung, H. J., Thomas, T. L. and Drew, M. e. 1998. Abscisic acid-dependent and -
independent expression of the carrot late-embryogene¬sis-abundant-class gene Dc3 in transgenic 
tobacco seedlings. Plant Physiology 118: 1181-1190.  

Smirnoff, N. and Wheeler, G. L. 2000. Ascorbic acid in plants: biosynthesis and function. Critical
Review of Plant Science 19: 267-290.  

Yi-Ting H. and Ching-Huei K. 2010. Abscisic Acid-induced Leaf Senescence of Rice Seedlings is 
Due to Hydrogen Peroxide Accumulation. Crop, Environment & Bioinformatics 7:243-249.  

 
 
 
 
 
 
 
  
  
 
  
  
  
 
 
 



51                 Cereal Research, Vol. 1, No. 1, 2012 

  

Effect of abscisic acid application on enzymatic and non-
enzymatic activity in barley (Hordeum vulgare L. )

Saeed Navabpour*

Assistan Prof., Dept. of Plant Protection and Biotechnology, Gorgan University
  
  
  

(Received: August 30, 2011- Accepted: January 4, 2012)  

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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