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Abstract 
One of the most important goals of cultivating medicinal plants is to improve their essential oil content, which will be affected by environmental 
factors such as water deficit stress and nutritional stress conditions. In this regard, a three-year split plot study has been done as a randomized complete 
block design with three replications in Urmia University at the 2014-2017 cropping years. The main factors include irrigation regimes in three levels 
(normal irrigation, supplementary irrigation, and rainfed conditions), and the sub-factor at six levels include fertilizer resources {biofertilizer 
(Azotobaror 1 + Phosphate-Barvar 2), complete chemical fertilizer and complete Nano fertilizer with and without vermicompost. Sampling and 
analysis of traits are performed in the cropping year 2016-2017 (third year of planting). Compared to normal irrigation, the results show that 
supplementary irrigation and rainfed treatments while reducing the concentration of nitrogen (14.94% and 7.72%), phosphorus (31.20% and 37.71%), 
potassium (11.58% and 9.14%), copper (14.27% and 28.96%), and total dry weight (33.22% and 56.14%), increase the concentration of iron (8.08% 
and 66.05%), zinc (16.82% and 7.16%), and essential oil yield (25.32% and 37.11%) of thyme, respectively. Combined application of nano fertilizer 
with vermicompost under normal irrigation conditions, and application of nano fertilizer in supplementary and rainfed irrigation conditions has 
improved essential oil yield by 2.7%, 3.39%, and 3.78%, respectively. In general, the improvement of essential oil yield in water deficit stress, during 
the application of nano fertilizer, indicates the efficiency of this fertilizer in providing nutrients and achieving sustainable agricultural goals. 
 
Keywords: Biofertilizer, chemical fertilizer, essential oil yield, nano fertilizer, ermicompost.  
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1 � 2- J"�%* �u�� :�	/& ��	!�108 �/"� )!  �)�";  

  

��I�� $&)+ (> �� )�@�  J�+) �"� �G1( (

.� ?A � ��/���+�G )�� $</\ ��  �  �V! ( ���S��� ��

 ��%G s�@0� ��20   ��p s�G ��G ���� .� V�Z� �)�";

) .9� ��MORYACO (20-C7), CHINA  �%> $�* (

 ("�4-5/1 Y�Z��  ��  ���1) $>)#3(. .��0� � � ��)�

 �3� � ���  � A�S? V";���96 -1395  ($+�& Y�� ���)

 Y�Z���+��/�� (";�� . ��& �+�G J
���  � ���� � �
�"0"+

 R�?06/02/1396 )711  Y�Z�� (�%� ��d��� �� �G �� 

 J�+) $>)#2.(  

 .� m��)� ��+  JI>  � ��� ��"� .� .1�* �� � �"�� (";��

 ~
 �*  � .& ���� ���)� -
�)+  �0"*10/02/1396 )715  �� 

 A�� $
�3  �� �� �� �:� .$>)# A �? (�%� ��d��� �� �G

  �� ���� -
�)+ � �"�� ("��� ����  �0"* )! ��)� � �"��

.� ���)� ~
 �*  � �/"0�* � �"�� (";�� ��)0!24/02/1396 

)729  .& � �"�� (
)9� $
���  � � �(�%� ��d��� �� �G �� 

 ~
 �*  � ���� ���)� -
�)+ .� m��)�07/03/1396 )743 

 J�+) $>)# A �? (�%� ��d��� �� �G �� 2.� .( � �D& .

 ��)� � $��� .� ����)� -
�)+ ��)� � �"�� A�:>� ���:*

 �� �"�� $��� )!  � .��� � �"�� $��� U
 ��/"0�* � �"��

 ��:�)�)�� ,+ A)& )! ��)�1100  �� )��)� i� )�";1833 

������ �0Zu  ��	& �� ���S��� ��  ���!  � E:��)�� � �)"#

.�+ ')I�  

��/��
�"0"+ ��& Y�� � Y�� �+�G �� �:� ���� � �

 )! ./?�> .� � �"��  �0"* ��03�14  �� U
  �� .� E"*)*

 R�? J
���  �24/02/1396  �07/03/1396  .$>)# Y�Z��  
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 /�%13Q$�8 �56'$ �<8<:�: � Q$�8 �)�'	'
 �<8 �� �<1<$ 5��=7 .  
  �[�)�"� )S�>  "���G  "�/&  
V"	�   ��  (!�  ��   ��  V	H	�  ���";��  

  (%) 

J��& �
�"0"+ ��&  10  5  10  -  12/0  03/0  2/0  11/0 06/0 10/0 004/0 

J��& �)�"� ��&����  5  4  2  5/1  1  06/0  4  5 1 2 04/0 

  

    
 Q6
1) ����� �:�5�6". U<6;�56'$ 5)<V� .SEM) (A �:�5�6". U<6;�56'$ 5)<V� � () ��<X7TEM) (BY08<:�: �<8 ( 

5!<; �56'$ ��	� .Q$�8�$ �%���$ 5)<V� �� �8�<& A'� Z�X)5#� Y.�[ �4.%:. +�<
85/37  �".54/48  5)<V� A). .%=�� 5�$<:�:

 ��]�;� ^;<�(Zeiss EM 900 (150 KV), Germany) .J;. �%
 ��N5H �.5_� ��]�:.� ��  

  

  
 Q6
2 � Q-.%3) �)�$� E)D� .�:<	: ��$4 �� �7�*$ �� ��: /�#�:. ��$4 4. �:.4�� �H%:��� � (5`8.%3��'H �5'H 

  

������ $�1 J��& .*�� $+��)� �U%9 ��� �)"#

 .9 ��  � �
�6\ )?�	3 � ����� �)�/0324/03/1396 

)760  J�+) (�%� ��d��� �� �G �� 2 -
�)+  � (100 

J# �? � �� ./?�> �� �A)& )!  � .*�� X	G �� �!�

����� � ��*� ����  � �@� � �s)� B�9 R2� )��

 U%9 .
�� -
�)+�+.  

-30
-20
-10

0
10
20
30
40
50
60

0

20

40

60

80

100

120

140

160

1 31 61 91 12
1

15
1

18
1

21
1

24
1

27
1

30
1

33
1

36
1

39
1

42
1

45
1

48
1

51
1

54
1

57
1

60
1

63
1

66
1

69
1

72
1

75
1

(⁰
C

) 
 �$

�

(m
m

) 
�H

%:
��

�

�7�*$ �� a��: /�#�:. 4. %b� 4�� �.%b�

�#�� �� J8��u ���� )l&��u ����

B A 
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2 .1 .�������� ��� ��	  !�"  

U%9 �� �:� .*�� ��+ � r)� �(A)& )!  � .*�� X	G) �!

.� � U"�S* ! �� ����� ��)e��� $�1 .8�� ./"��

 $8� �� �
���)*001 ��� Y)# /�+ f�0Z� �� �@� .

 .����� J& U%9 ��� �.8�� � r)� ����+.  

  

2 .2#�$� �!�
%& 	 '�!()$� .  

������ ����� .� s�  )"2d* �� i� q���)� s�  

����	%"G .G�&�� �> �G� � )British Pharmacopoeia, 1993 (

� �� ���S��� �� ��H��� )Z��/& ��)� .�+ ��)e��� ��)e��� 

 ������25 Y)# .��0� U%9 ��+ )� ��9�+ (.� A�� 150 

.d"8� $>)#  �)8 ��� )"2d* �):�  �. ����� .� $�� ���� 

-��* A�S;�� �
�� U%9 � .� $8� (
��* .�+  � ��
�G 

) .2��  .� .1�* �� �? � E�u )� ����� �)�/031( 

.����� ) �+Tohidi et al., 2017(.  

) .2�� 1 (                          =(�? �) ����� �)�/03  

100×
.� ����� ��� $�� (Y)#) ����

(Y)#) U%9 ���� ���
  

  

2 .3������ .+,�-. !/0&  !�"  

������ $�1r)� )?�	3 ������ �)"# ��
��� (%
�� ��!

r)� �����U%9 ��! .� ��  .
��  � ��+ A��72   � $3��

 ����70 ����� .1 � ����+ ����  �)8 ��� J9��  � ��)# �*

.� �@� .�+ U%9 �F��& �$9��	�
 .��0� ."�*  �<	�

r)�U%9 ��!  (
�� .���+  ��G �8)� i�"�� -��* ��+

.� �! �� �[�)�"� )I	3 ("":* ��)� �E"*)*  �!) )* s� 

U
 �S;�� �� �[�[ (;��  � U"/"�";�� ��"��  i� � �"��

.� J& �[�)�"� $</\ � ���S��� (.�h"�&� � ��"��)�"* s�  �:

) �+ ("":* ���/Z& -��* )"2d* ��Emami, 1996.(  

 � ��  �V	H	� �(!� �"���G �)S�> )?�	3 ("":* ��)�

.� �! �� ��  �� E"&)* � U%9 ������� s� 

U
 �
)/&  .�+ ���S��� �"��.�  �D�� �I3 �� .& '�? ���+ 

$</\ )S�> .� s�  Y�"���� A���";�� -��*  )����>�)��@��

���
)  ��PG Instrument LTD T80
+
, UK�( $</\ "���G 

-��* ��H��� "/> ) )����>PF5 Carl Ziess, Germany � (

 ��H��� -��* �� � ��  �V	H	� �(!� $</\

) �0*� i61 �G����)��@��SHIMADZU (AA-6300), 

Japan������ ( ) �+ �)"#Emami, 1996.(  

  

2 .4 ��2 ��
34 .  

���� V";���) �!ANOVA (.� ? AFG $"/@�� ,
���� A �

B�/� C)D E;�8  � �� ���S��� �� �>��I* J��& ��!

Y)�   �V>�SAS  .e��)1/9 � ("H��"� .�
�d� � �Y�Z�� (

!)����� ,	& ����� q���)� �!LSD  ��0�u� R2�  �

 ���S��� �� �! ���0� .$>)#  �)8 ���
� � � �� �? � X	G

Y)� �� .e��) J�&�  �V>�10 "�)* (�+.  

  

3536 	 7,)� .  

3 .1��	!)�� .  

���� ���
 �� .
VZ* X
��� ���1) �!4 ��03� .& ��� ��%� (

!)� � ���& o��	� �� �"�� 
[ �� ,	& � ��� R2�  � �!

�	:� )"45* �? � U
r)� �[�)�"� $</\ )� � �� ��"# ��!

!)� ("H��"� .�
�d� .$+�� �
��� (%
������ ,	& ��%� �!

) ��� ���15 �[�)�"� ������ �B�9 $��D  ,!�& �� .& (

.� 
� � �/"0�* � �"�� -
�)+  � r)� E"*)*94/14  �

72/7  ��%� A�:;�2� .�)& ��"G ,!�& �!�+ .� $��� �? �

 ��%9 ,	* .& $�� ����.� 	3 ��2"�� J���3 �� ��
 ���

 �
�6\ )?�	3 o
��* � ��d��� �i61 �	
�)>  � �F9� E1��

)Shafiee Adib et al., 2020 �[�)�"� )I	3 ./01 �� (

 ��+ �!��9.�  �D�  .� )Z	� �B�9 $��D  ,!�& .&

r)�  � �� �? � ,!�&) �+ �!��9 ��"# ��!Rasouli & 

Fakheri, 2016 �9)� -��* �[�)�"� $</\ ,!�& .(
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,!�hG J�	�  � ��)#) E"2;�Valeriana officinalis L. (

)Javan Gholiloo et al., 2019) V"	%# � (Coriandrum 

sativum L.) (Nourzad et al., 2015& -
�)+ $�* (  ���

.$�� ��+ s �V#  

���� ("H��"� .�
�d� ���1) ��� ��%� �!5 �)� �& .& (

 �� ���
� ��& �d"S/*�� � 0& � �"�� -
�)+  � $��@

.� 
� � �/"0�*  ����� .� )Z	� E"*)*06/2  �81/1  ��? �

�"� ������ ')D U
 �� ,
�V>� (
� .�+ r)� �[�)�� ���* �

 ,
�V>� k3�� .& ��+�� ���
� ��!��& �)� �& �� �+��

��� �!���	
� �	��� ��"# �+  ��! U"��� ) �"��IAA �(

(";)�"1 ) �"��GA .�+ �	!��9 ("	"&��"� � (.�  �D� (
� .&

��� �!��">.%
  )"l�* ,
�V>� k3�� $�� (�0� �! � �!

,
�V>� ) ���+ ��"# ��)� �67� ���� i61Dadkhah, 

2012; Meena & Busi, 2019 �)H
� ')D �� .(

�� � 0&.� $��@  $">)x ,
�V>� � ��
� Je/e* J";�

 i� � ���H�)Kiran, 2019( "d��� U
)�* k3�� �

�)�&���)�&�� ��+  B)�� ��!$"�l* ��! � �[�)�"� ��		&

  � .& �+ �!��9 �67� ���� �F��� ,
�V>� .� )Z	� $
���

) �+ �!��9 �[�)�"� � (�)& .� ��)��� ��V"�  �Javed & 

Panwar, 2013! .(  ���1) ��� ��%� X
��� ("	p5  � .& (

 �� �
�"0"+ ��& �d"S/* �)� �& ����)� � �"�� -
�)+

�� � 0& ���� )4{� r)� �[�)�"� ������ �����  � �$��@

� �67� ���� ��1� (
�)��	� .$�� ��&  � �[�)�"� ./01 �

) �
�"0"+Patil, 2010 �)� �& )4�  � B�9  � �� ,
�V>� � (

 ��&�� � 0&) $��@Mansoorghanaie Pashaki et al., 

2016 (�� ���* ��"#  � r)� �[�)�"� ������ ,
�V>� J/3 �� �

.�+�� �
��� (%
��  

  

3 .2!89: .  

!)� � ���& o��	� �� �"�� 
[ �� ,	&  � �! ��0�u� R2�

�	:� )"45* �? � U
 $+�6# r)� )S�> ������ )� � ��

 ���1)4  � r)� )S�> $</\ ���%9 ,	* ��03� �� .(

.� 
� � �/"0�* � �"�� -
�)+ E"*)*20/31  �71/37 

 ���1) ��� ��%� ,!�& �!�+ .� $��� �? �5  ��d� .(

 .� )S�> )I	3 i61pH ) � �� �H��� B�9Cole et al., 

2016 .(.�  �D���"*�& �� ��"�� -
�)+  � .& �	��� �
�!

B�9  � � �Y�"	"��;� � (!� "�/& ��
 �� �
�"/8 ��!

�� J"�%* �  �;�/���� A��"&)* ��"# q)��� �� � �	!�

 ������  � ��	* )S�> )I	3 �(
�)��	� .�+ �!��9 � �9

 �� �0&pH  ("�5 -5/4 .� ? ��/�� A ��� +��) �Torabi 

& Salekdeh, 2013�� )� �m��* � (
�  � .( w/�e� ��!

 )S�> i61 ��)� ��!�"# .%
  �
����* .& �$�� ���� ��%�

B�9  �.� �("
�G ����D  ������ �� �
�! $"/��8 ,!�& J";�

�� ,!�& �)S�> B)�*) ���
Rasouli & Fakheri, 2016.(  

  

 /�%14*c� d)��: .E)D� � ��<8 C��=$ 5'ef� J�� �)�:� A�)�@ ��'H �b"�g$��<$ Y��� 9:�)�.� �)���'�@ ���  

A�)""7* o��	�  
A�:�)� ("H��"�  

����� .1 �  �[�)�"�  )S�>  "���G  (!�  ��   

 �)�*  2  ns 000/0  * 000/0  ns 000/0  * 056/0  ns 642/137  
� �"�� 
[   2  ** 325/0  ** 130/0  ** 207/0  ** 801/1194601  * 416/594  

�/?� A)& ����+� 4  000/0  000/0  000/0  007/0  932/137  
���& o��	�  5  ** 190/0  ** 004/0  ** 337/0  ** 816/231187  ** 970/5387  
� �"�� 
[ × ���& o��	�  10  ** 162/0  ** 006/0  ** 290/0  ** 829/256015  ** 468/708  

�3)> A)& ����+�  30  000/0  000/0  000/0  012/0  637/139  

) A�)""7* E
)]%(    64/0  49/0  87/0  02/0  07/16  
** +*  �ns�� : �=b$ ('�5� /�	�3. ig; �� ��.�5  �1 ��%� � %��� �=b$ j0�M.  .�.�  
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 /�%1 �$.�.4E)D� � ��<8 C��=$ 5'ef� J�� �)�:� A�)�@ ��'H �b"�g$��<$ Y��� 9:�)�.� �)*c� d)��: .���'�@ ���  

A�)""7* o��	�  
A�:�)� ("H��"�  

����� .1 �  ��  V	H	�  J& U%9 ���  ����� �)�/03  

 �)�*  2  ** 003/0  ns 646/70  ns 624/0  ns 049/0  

� �"�� 
[   2  ** 756/115  ** 734/4403  ** 541/5067  ** 161/3  

�/?� A)& ����+� 4  000/0  531/72  030/3  019/0  

���& o��	�  5  ** 111/39  ** 096/905  ** 070/50  ** 867/1  

� �"�� 
[ × ���& o��	�  10  ** 467/9  ** 235/551  ** 367/115  ** 322/0  

�3)> A)& ����+�  30  000/0  949/71  817/3  047/0  

) A�)""7* E
)]%(    14/0  28/12  68/4  09/8  

** +*  �ns�� : �=b$ ('�5� /�	�3. ig; �� ��.�5  �1 ��%� � %��� �=b$ j0�M.  .�.�  
  

!  ���1) ��� ��%� X
��� �("	p5 ��& �)� �& .& (

) �/"0�* � �"�� -
�)+  � ���
�316/0  ���� ��& � (�? �

) 
� -
�)+  �282/0  ������ ,
�V>� E1�� (�? �

r)� )S�>.� r)� )S�> ������ ,
�V>� .�+ ��"# ��! Y�H	!

��
� ��& �)� �& ��� ���*  � �� ���
� ��& �)� �& �� �+�� �

�)�&�� .& ��+�� ��  ��!q��	; q�/"���  � q��������

��"*�G  B�9 ��/���� )S�> �F��� k3�� ��  � ��1��

)Azizi, 2017 ��"# ��)� �� ��)��� $"/��8 ,
�V>� � (

)Lenin & Jayanthi, 2012 R+)* � �";�* j
)D �� (

) �;� ��!�"��Dadkhah, 2012 ,!�& � (pH  -"��

)Soltani Toolarood et al., 2015 -
�)+  � .�+ �!��9 (

 )� .& ���� ��& ��
� $";Fu � Up�& A��"&)* ������ �
�

 $+�6# �!��9 )"45* ��"# -��* )?�	3 i61 $3)�

)Gholinezhad, 2017; Zulfiqar et al., 2019 �(�� ���* �� �

.� r)� )S�> ������ ,
�V>� J/3 ���� ��& �)� �& Y�H	!

 k3�� �
�"0"+ ��& �)� �& V"� ���)� � �"�� -
�)+  � .�+��

.�+ r)� )S�> ������ ,
�V>�  

  
3 .3;�$)< .  

���� ���
 �� .
VZ* X
��� o��	� �� �"�� 
[  .& ��� ��%� �!

! � ���& !)� ("	p�� ,	& U
 ��0�u� R2�  � �!

�	:� r)� "���G ������ )� �? � ���1) �+  ��4 .(

!)� ("H��"� .�
�d����� ,	& ,
�V>� �� .& ��� ��%� �!

 � �"�� -
�)+  � r)� "���G ������ ��%9 ,	* R2�

 ��/"0�*58/11  �
� -
�)+  � � �? �14/9  $��� �? �

 ���1) �)& ��"G ,!�& (�!�+) ���)� � �"�� -
�)+ .�5 .(

 i� $":]� �� B�9 �� �
�6\ ���� i61 B�9  � ��1��

) � �� "d��� m��* �Hosseinzadeh et al., 2017 �)
� .(

,	&�� )� �B�9 i� ������.
VZ* ��!$";�:> � �� ��!

) B�9 ��
[�;�"�Rasouli & Fakheri, 2016! � (  ("	p

 �!��9 )"45* .%
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��0�u� U
 �? � �	:� �� X
��� .�+ .�
�d� ("H��"� 
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�G )?�	3 )S�> � ��  � 
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�
�"0"+ � �
 ����� )Z	� .� )4� !�
�V>� ��  � ��)��� .� 
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 /�%15A']:�'$ �)�#$ .E�5� ���E)D� P=8�)�:� A�)�@ ��'H �b"�g$��<$ Y��� �M5� ��<8 C��=$ � ���'�@ F2�G$ ���  

���& o��	�  
�[�)�"�  )S�>  "���G    (!�  ��   ��  V	H	�   U%9 ���

J& (g m-2)  (%)    (mg kg-1)  

  (�!�+) ���)� � �"�� -
�)+  

�
�"0"+ ��&  c 947/1  a 512/0  j 493/1    n 400/629  cdef 290/57 d 887/17  de 077/62  d 010/353  

���
� ��&  e 817/1  e 361/0  d 887/1    m 600/660  f 707/37  l 770/13  efg 067/55  a 352/463  

���� ��&  i 647/1  d 434/0  l 410/1    g 667/960  a 187/122  b 727/19  cd 237/72  b 468/430  

 +�
�"0"+ ��&�� � 0&$��@  a 160/2  c 440/0  j 503/1    r 433/540  c 090/72  f 437/16  defg 767/57  e 259/318  

 +���
� ��&�� � 0&$��@  d 843/1  f 338/0  a 203/2    j 633/763  cdef 600/57  g 670/15  de 067/64  c 897/394  

 +���� ��&�� � 0&$��@  m 387/1  b 446/0  b 040/2    k 567/735  cde 570/61  a 580/21  ab 967/92  b 789/418  

("H��"�  800/1 422/0 756/1   050/715 074/68 512/17 363/67 463/396 

  �/"0�* � �"�� -
�)+  

�
�"0"+ ��&  l 410/1  j 290/0  k 460/1    h 167/922  cde 390/61  h 570/14  efg 920/47  gh 597/273  

���
� ��&  k 497/1  g 316/0  e 813/1    q 100/543  c 697/75  j 140/14  def 760/59  i 196/218  

���� ��&  j 617/1  h 311/0  c 987/1    i 100/767  a 080/122  e 530/17  bc 337/81  ef 046/305  

 +�
�"0"+ ��&�� � 0&$��@  o 263/1  q 233/0  p 040/1    l 967/666  def 680/47  o 237/11  fg 167/44  fg 134/294  

 +���
� ��&�� � 0&$��@  b 060/2  i 302/0  h 640/1    o 300/602  cde 277/60  l 760/13  efg 480/49  h 015/270  

 +���� ��&�� � 0&$��@  n 340/1  j 289/0  m 377/1    e 533/1135  ab 027/110  c 837/18  g 317/43  i 567/227  

("H��"�  531/1 290/0 553/1   861/772 525/79 012/15 330/54 759/264 

  
� -
�)+  

�
�"0"+ ��&  f 740/1  m 268/0  f 740/1    f 133/1037  cde 367/61  m 570/13  bc 097/80  jk 845/170  

���
� ��&  l 407/1  o 251/0  i 540/1    p 067/556  cd 547/70  p 117/10  defg 047/58  j 341/188  

���� ��&  g 710/1  k 282/0  o 277/1    d 600/1150  ab 540/104  k 827/13  a 930/96  jk 652/171  

 +�
�"0"+ ��&�� � 0&$��@  j 620/1  l 275/0  g 667/1    a 467/1840  cdef 280/57  i 370/14  a 380/97  jk 856/165  

 +���
� ��&�� � 0&$��@  e 810/1  n 260/0  b 040/2    b 200/1382  ef 980/45  q 917/9  bc 297/79  k 988/161  

 +���� ��&�� � 0&$��@  h 680/1  p 241/0  n 310/1    c 600/1157  b 980/97  n 840/12  a 100/101  jk 579/184  

("H��"�  661/1 263/0 596/1   344/1187 949/72 440/12 475/85 877/173 
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)Gholinezhad, 2017; Zulfiqar et al., 2019 � (

�	\  ������ � 0& )I	3 ./01 �� �67� ���� �� $��@

) �+�� -�*)� �� Hosseinzadeh et al., 2017.(  
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