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�� ����� %" f� 3� )2002 Dehkordi, Ghasemi(. %Bm��2S	� a3�!� Z-�l @� 50 f�� Z� E�j �B m7�B )6�6 10 ����4���7 ����3� DP�� � �B �4�������5 �B Y l 10 �������7 )%3�!� .%" hK& �m� �2��� �� �2C N2� 603 ���23�3 �� )�;�!� ��?�!�4���2�P� �%� S22 -libera Biochrom Dp��\ %" � 9�!��B ��B�� @�� ��%�� m7�@���5 ���8�B ���%� )IHP.(    C= [(50 ×10× E × 184.3) / (ε× 1000)] × 100  �� ��B�� n�B* C: %-�� m7�@���5 �� *a3�!� �%�50: �@� Z� E�j a3�!��4�� )%" �B *f�� �%� 10: Y l �J3�� *�32�3 �%� 3/184 �@� 72?72�� *m7�@���5   E= �%� BK&� Dp��\ )%" � ε DB�T hK& �n2� m7�@���5 �5 �B��B 420 ��%"�B.       a� @� ��	��C� @� ��j�2	?� )����
* ��_ � a3����� )����
 �B )��,�!� @� f�3��_P� (Ver.9) SAS %" f� 3�. 4��B �<���� m�;3����
 @� �2�@8 LSD �� e�! ����l� 5% )��,�!� %"t m�s �� 4��B ���,- �5 �T� ZB���� 4���B8 × ��@2��5 �	����� *%" M�B�
�  4�
�T�ZB���� �� �
 E� @� H2�! 4���B8 �B )��,�!� @� f�3��_P� SAS %���� f� 3� � �<���� m�;3��� H2�! w��d� ��@2��5 � ��:�4%	B �J38 �� �
 e�! 4���B8 �B�2C �_ � f� 3� .%"    �����  O�L0 � )��P     ��3�L _ ��� ����a3� ���3 ��� �5 ����� 4���B8 �� e�! ����l� 1% ��TU� �	�����4 �B i�,��� ��2B D"�� ��%&) 2.( L���3 �<���� m�;3����
 ���3 ��� �5 m�����B i�,��� �32B�B �2B�� �B ����� 4���B8 %
�"   )01/43 ��3�!���( �2B � ����� X	� Y5 �B8� 	� �B X
�5 14 4%-�� i�,��� )��� %���� ��%&) 3.(    
���0 �8�5 ���<  �� m�� ��7��� ��%�� �j�" ���P �� )��� D�� ��TU� X	� ���\ *DP�;3 �7� ��@2��5 ��TU� �	����� 4�B D,- �25K� D"�� ��%&) 2.( �<���� m�;3����
 ���3 ��� �5 ��B��5 ����� e�! f�� �2��� �"����@2��5 )2K( � 	� �B X��_P� 10 4%-�� ��%�� �j�" ���P D:<3 �B ����� 
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�" f%� g�^� ��@2��5 .%���� m����5 ��_�� D,- �25K� )33/16( _�3 �B ����� 5K )�2��� �"����@2��5 �B DS�z 250 ���� f���� ���7 �� 75 @��( q��� D"�� ��%&) 4.(    
���0 >P  
 �0��      _ ��� ����a3� )����
 ���3 ��� �5 Z��� 4���B8 ��TU� �	�����4 �B ��%�� Z� �� ��2B �32B�B 3��78� D"�� ��%&) 2.( �!��B �<���� m�;3��� )����
 ���3 ��� �5 m�����B ��%�� Z� �� ����� 4���B8 %
�" )3/101( )%
��� %" � X	� �?�j v��B X
�5 )09/31%( ��%�� Z� �� ��2B %���� ��%&) 3.(  ��:7�m�� D,- D�� ��TU� �2��� �"�� ��@2��5 � Y
�BX	5 4���B8 � ��@2��5 ���\ DP�;3   ��%&) 2.(    23$ QR8 �0��      ��  m��*X
��� 4���B8 �� e�! ����l� 1% ��TU� �	�����4 �B �@� E�j ��2B �� ��)� �32B�B 3��78� D"�� ��%&) 2.( �<���� m�;3����
 ���3 ��� �5 m�����B �@� E�j ��2B �2B�� �B ����� 4���B8 %
�" )58/6 (f�� �2B � X	� �?�j v��B X
�5 �@� E�j )��� �B ��_�� 37/32% D:<3 �B ����� %
�" %���� ��%&) 3.(   23$ QR8 >P  
 �0��  ��_ � a3����� )����
 kd�� ��5 �5 ��@2��5 ��TU� �	�����4 �� e�! 4���8 5% �B �@� E�j Z� �� ��2B D"�� ��%&) 2.( �<���� m�;3����
4 H2�! ��@2��5 �P�^� kd�� ��5 �5 �� m�� q���� �2��� �"����@2��5 �� ������ � ���@4�
 w��d� [&2� X��_P� 33 -24 4%-�� �@� Z� E�j D:<3 �B ����� %
�" %���� � m�����B ��_�� D,- )%"��� �B 4�
����� H2�! f��J{ � f�� ��@2��5 q��� D"�� ��%&) 4.(    
�9��� >P QR8  �� m�� X
���  4�
�T���-� ��@2��5 � 4���B8 ��TU� �	�����4 �B ��?��� Z� |�j )��� �32B�B �3��78 D"�� ��%&) 2.( �<���� ���3 ��� �5 m�����B ��_�� ��?��� Z� E�j )��� �32B�B �3��78 )4/683 (f��2��5 �B ����� 4���B8 q��� D"�� � X	� �?�j v��B X
�5 )80/20%( ��?��� Z� E�j %���� ��%&) 3.(   �2��� 4�
����� m�B �� m�����B *��@2��5 �"�� ����� �B �2B�� E�j Z� ��?���4K �2���) �B �"��  DS�z250 ���� �� ���7 �� f��60  (D"�5 @� a� @��  ��_�� �B5/748  ��?��� ��_�� m����5 � �2B f��2��5) ��@2��5 g�^� f%� ����� �B Z�6/449  (f��2��5 &) D"�� q��� ��%4 ��?��� D,- X���@8 m�� �� .( ��@2��5 � 4���B8 ZB���� 4�
�T� ��TU� D�� E�j Z� ��%&) DP�;3 ���\2.(      



 -$�' 2- :;S0� T��: �$ �.� ?I0 �, ��@$ 2�3�4�, �� �PU:$�	" V�,� $ �L�, )��P ������ ����G@ )L. chamomilla Matricaria(  W��I� 7����X0  �' 
  "
�3@  O�L0 �  )��P  
���0 �8�5  ���<  
���0 >P   
 �0��  23$ QR8  �0��  23$ QR8  >P  
 �0��  
�9���  >P QR8  2�;��  T��D�  
�9���  T��D�  2�;��  KG$3���,  =���  2  343/25  381/38 1078  656/0  087/0  788  021/0 225 **123/1  " ���@  1  **201/271  ns945/2 **7431 **17/34  ns259/0  **1516  ns000/0  ns24/152  **200/18 2�3�4�,  4  ns151/20  *108/52  ns897  ns79/2  *854/0  **672  **077/0  **355  **156/30  " ���@× 2�3�4�,  4 ns018/22  ns502/2  ns901  ns10/1  ns274/0  ns83/86 **075/0  **282  **480/7  �Z8  18  482/13  388/18  376  10/1  224/0  114  008/0  97/48  220/0  [:�\ 7����X0 (%)    17/9  41/21  73/22  01/19  34/18  48/17  17/12  44/21  49/7  ns* * � **: �B[���� ��z�	�����* �	����� �� e�! ����l� 5% � 1%     -$�'3- :���MK�]���� �>P 
���0 �)��P O�L0 � 7�L
 �� " ���@ �.� "�	 ������ )��P QR8 >P 
�9��� $ �0�� QR8 23$ ��0��  
 ����G@ )L.Matricaria chamomilla (   ���0   )��P O�L0 �)cm(  �0��  
 >P 
���0  �0�� QR8 23$)g( ) QR8 >P 
�9���1-kg.ha(  (�	�5) -���� " ���@  a01/43 a13/101  a58/6  a4/683  �, ?I0��@  b37 b69/69  b45/4  b2/541  m�;3��� �2�! �
 �� �2�@8 9�!��B *%	�<
 ]���� g�l E� 4���� Z\�%l �5 ���
LSD  ����l� e�! ��5% �	�� ���,� 4����.%	�<�3 4���      
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���0 �8�5 ����< 23$ R8Q $ 
�9��� >P QR8 )��P   ������ ����G@ )L. chamomilla Matricaria (F�0 ^�ZD _�4`� -���� �5�!2�3�4�,  -���� �5�!2�3�4�,  
���0 �8�5 ���<  23$ QR8 >P (g) 
�9��� >P QR8 )1-(kg.ha  
1K ab63/21  b95/1  c6/449 
2K  a06/24  a78/2  ab5/646 
3K  ab70/18  ab67/2  abc5/640  
4K  ab36/19  a93/2  a5/748 
5K  b33/16  ab57/2  bc2/561 �� �
 �2�! m�;3����
�� �5 Z\�%l 4���� E� g�l ]���� *%	�<
 9�!��B �2�@8 LSD �� e�! ����l� 5% 4���� ���,� �	�����4 .%	�<�3     -$�' 5- �M:��� K�]�����	" 7�L
 �
 
 $ 
�9��� T��D� )��P ������ ����G@ )L. chamomilla Matricaria (  F�0 ��./0 �	��?I, " ���@ $ 2�3�4�,  2�3�4�, 

) T��D� 
�9���1-kg.ha( (%) T��D� 2�;�� (%) KG$3���, 2�;��  (�	�5) -���� " ���@ ?I0 �,��@ (�	�5) -���� " ���@ ?I0 �,��@ (�	�5) -���� " ���@ ?I0 �,��@ 

1K bc21/2 c66/1 b41/0 b37/0 c44/4 d91/3 
2K a40/4  a14/3 b44/0 a74/0 b28/5 a91/9 
3K  ba63/3 c67/1 a55/0 b28/0 a76/9 a11/9 
4K c79/1 b20/2 c21/0 b34/0 c33/4 b40/7 
5K  b88/2 c67/1 ab47/0 b32/0 d75/3 c19/5 �� �
 �2�! m�;3����
�� �5 Z\�%l 4���� E� g�l ]���� *%	�<
 9�!��B �2�@8 LSD �� e�! ����l� 5% 4���� ���,� �	�����4 .%	�<�3     �
 
 $ 
�9��� T��D�  �� m�� q���� %-�� � ��?��� a3�!� �32B�B �B��2- �	�����4 � �� e�! 4���8 1%* D�� ��TU� ��@2��5 � m�	o�
 Y
�BX	5 4���B8 � ��@2��5 ���\ %	�P�� ��%&) 2.( �� W���" 4���B8 *�2��� �2��� �"�� ��@2��5 �B ��_�� 125 ���� f���� ���7 60 @�� a� @� D"�5 � 	� �B X��_P� �	����� %-�� a3�!� �32B�B D:<3 �B ����� %
�" f%�) g�^� (��@2��5 %���� �5 ��:7� �B ����� �2��� �"���B ��_�� 250 ���� f���� ���7 75 @�� a� @� D"�5 gI�j� �	�����4 D"�%3   ��%&) 5.( �� W���" X	� �2:�5 DB2C� _�3 %-�� a3�!� �B��2- �	�����4 D�� ��TU� ����� 4�
����� �2��� �"����@2��5 ���\ .DP�� �<���� m�;3����
4 Y
�BX	5 4���B8 � ��@2��5 ���3 ��� �5 �2��� �"�� 125 ���� f���� ���7 ��@2��5 60 @�� a� @� D"�5 �� W���" X	� Y5�B8* %-�� a3�!� �� �B�2C �	�����4 D:<3 �B W���" f%� g�^� ��@2��5 �� )��� �32B�B X��_P� ��� � �lp_ �:�� ���B �� ��%& <����� m�;3����
4  4�
�T�ZB���� %���� ��%&) 5.(   



128                                                                         -���� ��./0... �� 2�3�4�, �5�! )��,�!� @� 125 ���� f����@2��5 �� ���7 �� ���@   60 @�� a� @� D"�5 � 	� �B X��_P� 52 � 47 4%-�� ��?��� a3�!� �B[����  ��W���" 4���B8 �2��� � X	� Y5 �B8.%���� m����5 ��_�� ��?��� a3�!� _�3   )66/1 f��2��5 �� (���?
 �B ����� f%� �2��� �"�� ��@2��5 �� W���" �2:�5 DB2C� q��� .D"�� L���3  m�� X
��� ���3 ��� �5 �2��� �"����@2��5 �B ��_��   125 ���� f���� ���7 60 @�� a� @� D"�5 D�� �
 �� W���" ��B2C� ��2� ��7��� [&2� X��_P� ZB�\ �SlI� ��?��� a3�!� )%" .D!�     �
 
 KG$3���,      �� m�� X
��� Z��� *4���B8 ��@2��5 � Y
�BX	5 4���B8 �� ��@2��5 ��TU� �	�����4 �� e�! 4���8 1% �B %-�� m7�@���5 %	�"�� ��%&) 2.( �<���� m�;3���  4�
�T�ZB���� H2�! 4���B8 �� ��@2��5 �;3��B �8 �2B �5 m�����B %-�� m7�@���5 )91/9%( �2B�� �B e�! f�� ��@2��5 )�2��� �"���B ��%�� 125 ���� f���� ���7   60 @�� a� @� (D"�5 �� W���" X	� �?�j �2B �5 �B ����� e�! f2! ��@2��5 �� W���" 4���B8 �2��� � X	� �� )��� 4���8 �B��� ���\ %	�P�� ��%&) 3( �5 m�� ��� �n���l� ���3)%	
� m�� D!� �5 ��B��5 H2�! ��@2��5 )%"��� �� X��_P� )��� �TG�) )��� �32B�B �3��78 ��TU� ZB�\ �SlI�4�� D:<3 �B ���! H2�! ��2� �B��@�� ��"�� .D!�    ���      9�!��B L���3 m�� *q���� X	� �?�j v��B X
�5 14 4%-�� i�,��� )��� %���� �5 � ��3  m��q���� �B M��_� 4�
�2&2� �� ���7��� �B��� D�B��� .D"�� Ghanidehkordy � ����?�
 )2011( M��_� %3��5 �5 X	� �?�j � 	� �B X
�5 i�,��� )��� �32B�B �3��78 %����. m�	o�
 �C ��7���4� �5  �B��4 ��)� ������ 2:"���B f� 3� *%" kd�� %" �5 X	� ?�j� �� %l 40% P���D ���@� [&2� X
�5 i�,��� *��2B �2C � ��� *��B �2C ����*)�� ��?��� f�%3� �2
�� � ��?��� a3�!� ����% )7200 ,.al et Safikhani(.  m���B�	B�B�S3 ��%!� X	� �?�j @� q��C X
�5 D��! %"� )��� [&2� X
�5 i�,��� ��.����  ��:7� X
�5 %"� � i�,��� )��� �� �J&�2� �B X	� �?�j �� |3��� )��JB )2011 .,al et Farrokhinia( � ����� )2011 .,al et Aslani( _�3 M��_� )%" .D!� �?� @� m��<d3 �3��34�
 �2:�5 *h8 X
�5 a3�!6�2� � �� � ��3 X
�5 %"� � ��!2� �2�! �B)��� �� �\�! � ��B�
.D! �B4�2C  �5�B X
�5 %"� *�2�! )@�%3� f�%3� ��%�� �� �2"� �Bm��
 Z�7� D!� �5 X
�5 i�,��� )��� � )@�%3� ��?{25 ��B �� ����2� m�7�� ��TU��� 92<�� Y5 �B8�� ��
��� .���"�B      ��B4 �B�2&� �%�8 *Z� ��)� 3�@� �B %"� ���� � [!�	� � 72��% f�%3��
4 Z�?��)%	
� �8 �� Zl��� w��d� %"� ����� � �@��� *���� m���B�	B ��TU� �2:�5 DB2C� �B �
 �E @� �_&�4 ?���Z)%	
� Z� ��3�2�% � 	� �B u���� �� ����_ Z� 72��%4 .�2" m��@� ���B �S3 ��%!� X
�5 32 4%-�� ��%�� Z� �� )��� �32B�B �� W���" X	� Y5 �B8���3 @� ��TU� �,	� X	� Y5 �B8�� �2C )��� %"� )���  4��BZ��?�  %	���P%"� V�5� � �,�5 �2j �2B �5 �� � ��3 �?�j � 	� �B X
�5 ��%�� Z� �� )��� )%" .D!� �C �
���� kd�� %" �5 X	� �?�j � 	� �B X
�5 ��%�� *Z� �@� Z� � �@� E�j f�%3� ���2
 )2011 .,al et Ghanidehkordy( � ��_�� �
%�p23�IP �� )��� ������ �32B�B %���� ) .,al et Afzali 2007(. Sultana � ����?�
 )2017( %3��5 ���B �5 �2��� �"����@2��5 � 	� �B X��_P� *i�,��� ��%�� Z� � ��?��� �&2��;3�P %".      9�!��B ����J�� ���;�
��� X
�5 �@� E�j ��2B �� W���" Y5 �B8�?� @� ���2� X	� �2:�5 DB2C� ��%"�B )2009 .,al et Bettaieb(. �C ��7���4� 
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�5 ����_ h8 � ����  *X	� i�,��� *��2B �@� �� ��2B � �@� E�j ��2B �� )��� ����� X
�5 DP�� )2011 .,al et Aslani(. M��_�4�
 �JB��� _�3 �� �	��@ ��TU� �2! X	� �?�j �B %"� )��� �32B�B � X
�5 i�,��� � ��?��� Z� �32B�B �p��� )%" D!� )2008 .,al et Baghalian(. m�	o�
 ��7��� )��� 4�,�&  ��W���" X	� �?�j ���3 ��� �5 �?�j [:! X��_P� a3�!� )��� 4�,�& %"* �� �7�l�5 ��?��� )��� E�j )��� �� X
�5 ��� ) et Petropoulos 2008 .,al(. �
��� @� ���;�
��� )��� ������ Y������ �� �� W���" X	� Y5 �B8��2� �!��B ���\ %3��� � ���R� %3�2�3 �5 X��_P� *a3�!� X
�5 *i�,��� X
�5 e�! ��B � X
�5 �@� E�j f�%3� ���2
 )���  ��W���" X	� )%
��� %���� )2009 .,al et Bettaieb(. �� W���" Y5�B8* X
�5 )��� E�j ��3�2�% �BZ�7� ���P 9��8 �2�! �"�3 @� X
�5 e�! ��B  )���.%"�B �� W���" *X	� )��� e�! ��B �2j �� X
�5 )��� � m��
 ��� �B X
�5 %�72� ��2� 4_�	!2�P  ��� D��J3 �B X
�5 �@� jE� )��� � 	� ��.����       m���B�	B�B�S3 ��%!� �5 X	� �?�j �B �� �� �I�j� �� %"� ����� � ����@ *)��� �� D��J3 � 	� �B X
�5 ��?��� ��
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Effects of chitosan foliar application on quantitative and qualitative characteristics of 

under water deficit stress conditionsL.)Matricaria chamomilla (German chamomile  
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Abstract      In order to evaluate the effects of chitosan foliar application under water deficit stress conditions on quantitative and qualitative characteristics of German chamomile (Matricaria 
chamomilla L.), a study was conducted based on randomized complete blocks design with factorial arrangement of treatments and three replications at Gonbad Kavous University research field, Iran in 2014 growing season. Treatments included irrigation at two levels, irrigation after 60 mm evaporation from class A pan and 100 mm evaporation from class A pan, and chitosan spraying at five levels including non-application of chitosan (spraying with distilled water as control (K1)), chitosan spraying at 125 mg/l after 60 days of planting (K2), 125 mg/l after 75 days of planting (K3), 250 mg/l after 60 days of planting (K4) and 250 mg/l  after 75 days of planting (K5). Results showed that water deficit stress decreased the plant height, number of flowers, plant dry weight and flower dry yield. Foliar application of chitosan increased the number of branches per plant and flower dry yield. Results indicated that utilization of second level of chitosan under stress and third level of chitosan under normal irrigation improved the chamazolen essential oil percentage and yield. According to results of this study, application of chitosan spraying at 125 mg/l after 60 days of planting under deficit water stress conditions caused the highest percentage and yield of essential oil and chamazulene percentage. In general, in order to prevent and reduce the damage of water stress as well as increased chamazulene, the use of bio-polymer chitosan as a natural material in German chamomile is important.  
Keywords: Essential oil, bio-polymer, flower yield, chamazulene, chitosan.  


