
����� ���� 	 
�	��� �
�
�� �
����� 
��� �����  �
����� ��
� DOI):( 10.22092/ijmapr.2020.125099.2491  #�$36 '�
�  (2 ��*+ (194-183 )1399(  �
����� ��
� )DOR:( 98.1000/1735-0905.1399.36.183.100.2.1605.41   ������ �	�
��� �
��� �� �����  ���� �������� ������   )�� !�"�#$#% "&�	�� &�'�� � �(�� (�*��(    ������ �	
��1*� ���� ���� ��������2� ����  ����!"�#3 � %&��'	() �*���4  1*- '#�3�4� (�453� (�
��
��� 678 �
����� �4���9��
:�( �3�;� �
����� 
<�=�$ 	 >���� (�4�? �
�@
� ����(�
� A@4�B 	 	���C @�	
�?D( (���<� �����       E3F G��	��:H�: rrahimi@rifr-ac.ir  2- ���?�( 678 �
����� �4���9��
:�( �3�;� �
����� 
<�=�$ 	 >���� (�4�? �
�@
� ����(�
� A@4�B 	 	���C @�	
�?D( (���<� �����  3- (�
��
��� 678 �
����� �
�
�� 
�	��� 	 ����( �3�;� �
����� 
<�=�$ 	 >���� (�4�? �
�@
� ����(�
� A@4�B 	 	���C @�	
�?D( (���<� �����  4- 
8��( 678 �
����� �4���9��
:�( �3�;� �
����� 
<�=�$ 	 >���� (�4�? �
�@
� ����(�
� A@4�B 	 	���C @�	
�?D( (���<� �����    I��
� EJ
��� :#�*�� 1397         I��
� LM+� 
�
<� :�
8B 1398             I��
� A��NF :�
8B 1398    �����       �
O���� DP
8 �
�#��?#�H4� �P4Q�� D@�	
�? �8 #�H4� �
�
�� 
�	��� RO� S�T� �� D
���� 6��9J� ��:��� U�� �P4Q�� '#  �? U�� ��� �8�4V W7�� 
8 '9��
:� ���? #�H4� 	 9�� X�+ DY��� ����8 S8
Z  
8
����[E�� U���8
�8 
8
�@��D
� DY��� �� 
�
�� S\��� 4�#�H U�� �P4Q�� ]@P 	 D�	�^ 
�.# 
8 U�� `���� �8��4+ 
��#�� 	 
8 ��<� ��
����F 	 �O\
Q� 
8 H4��#�
�#��? �� 
�V
�� @� �
���D
� ���<� 	 @�OH� �� �
� 1397 	 �8 D	� �
<a '
�� 
�	��� b
��� 
�*�J )Mentha piperita L.(( �4c�� )Artemisia dracunculus L.(( �
��� )Ocimum basilicum L.( 	 '@�� )Satureja hortensis L.( ]
��� .#  C�
�� �
�� ��� �? �� U�8 
�
�� '�
<�D
� X�Q� '#  �� U�� L�V 	� '�
<� D
��4? 
�
���  	 ���3���:H� 
8 XM�c� DP
8 80%( U�����8 #+�� X�Q� DY��� �� �� U�8 
�
�� '�
<�D
� 
J�Q� �8 �4c f
Q�c� '���.#�� gF @� ��	B�8 Wc
 D
� (DY��� Wc
  '�@
8 DY��� D��8 ]
�� �P4Q�� ��4� (��H
�� ����8 @� G� E�#8 #�B �? U�� b4^4� �=�
�8 DY���'� ��48 h�3��D
� #�H4� U�� �P4Q�� 
�.# 
8 U��i�� '
�� 
�	��� '@�� 
8 
��@
8 DY��� 37/3 R�
��U��� �4Q�� @� �k� X�Q� 	 #�H4� DY��� ��c
�  .#  @� �k� Wc
  DY��� WH
c 9�� '
�� '@�� 
8 #�H4� WH
c DY��� 281457 �	Y
=� �� �
�:� U�����8 E��@
8 DY��� �� �� U�8 ]
�� �P4Q�� ��4� ��H
�� �8 �4c f
Q�c� .��� ��	B�8 Wc
  �4���9��
:� �� X�Q� DY��� �
�� ��� �? �� #�H4� �� �
<a �4Q�� EO3� 
�? �@ X�Q� DY��� mO��� 
8 �4���9��
:� E�� )23/0 
� 26/0( 	 U�� b4^4� ]	9H 6��9J� �4���9��
:� �� #�H4� U�� �P4Q�� �� 6�8 @� 6�F �
�
�� .��?    !,����- :�'
�� Wc
  (�4���9��
:� Wc
 D
� (DY��� ��:��� (�4Q�� �
�
�� 
�	���.        



184   /0�1 ��2�3)'
��4 �" �,�5� ��- ... ���	�  # � �	9J�@	� X�Q� ���
�
 	����
 �� ���
 	 ��8�
? '���3� 
<�B �� '@4\D
� *��7�
 #��
� : 9F
( Nn��� 	 E�M�( ���� �8 H4��# 	 �	B�JD �� �a 8���� 	 ��<8 ��U ���
�
 �� ���
 '#  E�� 	 ���U ��53� �O�$ E8
Z� @��
D �� 8�U 
��4�?D #��3� �� �@��� H4��# 	 �	B�JD ��U ���
�
 	 �i���U ����
+ 
<�B ���
� '�4�� .E�� �:
 @� ����98�U �M:�� �4$4� �8 �� '�� ��
�� �+�o 	 �F �4� ���
�
 	���
� �� �4�? 
� �4O�? ��h�3D
� ��a�
p: �
:��'9 @� ��\�� E 
? 
� �	B�JD 	 �� 
<��E ����? ?�*
 	 ��38#�8D ��U �P4Q�� �
# 
8. ]#� ���4� �4���9��
:� �
�
�� (
�	��� E+�J �
�@
 �	#�� D��8 ]
��� �
���� 	 ���9� DP
8 #�H4� @� '#��U��� �M:�� �4$4� �8 �� '�� A��3� �
�
�� 
�	��� �� E<$ ���4� D�
Q�Z� �� �4�? �����  E��)2011 Zooleh,(. U��@�	� �4$	 �����
� �8��
D 	 
F��D� #��
�  U������` �
#��4� ]
� �;�qD �� 
����D �
:��'9 ���? �8c
 S\��� H4��# �� ��U E��+ .�����8 �
:��'9 ���? b��9� ���
�
 	���
� �8 	�D 
3�rS �
��$�
 �q� �
���N� 	 �� 
s�8 ���4� R$4� 6�
? �
n� � �� 
�
��	� '#  	 @� �k� �
Q�Z�D ��9 �
#��4� h<� @��
D @� 9����D
� H4��# �� S�
  .�4  ��� �
:����9��4 ���
�
 	���
� E��� t
7��� 	 #����E �4  �
#��4�  �����8 �9J��6 
F���#D H4��(# �8�	'u �� ��4� �O�$
�D @�E3����
 	 D�
Q�Z� �B .�4   �4�?
� �
�H
�� '���3��D �� �@��� �O�
�� Wc
 
�D Y���D E�? �P4Q�� v��7� 
���@ 	 
w
8 �� Sc�� 	 x�
c @� �4�? '#  ]
��� 
�� �� ��4� Wc
 
�D �Y��D E�? �
�
�� 
�	��� �� o�� ��
� ����
�� @D�
�  ]
��� '#�� E��. ��  (
��������8
 �
?B
� Y���D E���@ ���*�@ �� ����� �
���c 84�$
 �� G� '�	� C�F �H
� ]
��� # . 
��C� �
�� ��� �? 8U����� Y���D J�Q�
 �� �
� �	� y48�� �8 �4? ���
 
8 ��#�� 16/91% @� S? �DY�� �J�Q
 .�48 �U� �� H
\
 �48 �? V
 �
�
�D ]	� 
� h��F 8U����� #+�� X�Q� Y���D y48�� �8 �4? '�	� 
8 ��#�� 67/37% @� S? Y���D J�Q�
 E�#8 B.#� �i��U� EO3� Y���D H4�D#� �8 Y���D J�Q�
 �� V
 �U� '�	� C�F �H
� �8��8 41/0% E�#8 B#� �? 
8 E�? G��H
� ���
�

 #��
� ?4�
 	 �$4�=��J
 �� �4�? ��B
:� �8��8D �
��? ) ,.al et Shahraki Moayedi 2010(. �� �
�����
 �? �8 D	� E 
? 	 #�H4� 
c�8 �
�
�� 
�	��� ]
���  #����W7�� #  �? ��� �
���� E ���8 �
�
�� 
�	��� 8���4+ '9��
:� �4  ]
���( h� S�� 	 EOw� ��@�	
�? `V
�� D#�H4� D��8 A��3� o�� ��@ E�? ����8 
��4  	 h� �
:�� E ���8 �4Q�� D����8 @� '
�� '#��	� '#  #��4c �48. )&  Hosseini Majnoon 2007 Emami, Davazdah [ ,al. et Aghagolzadeh 2011.(  �8�4k�� ���8
 �Tq�� A	� X�Q� �4? ���Y	�� 	 E�? y4�7� 	� ���4 '
�� 	����
 ��4O����
8 	 ���h��
 �8 �
?
�B Y���D( 
�@B��
 �� �>��� �����
�
 @�OH� x�? ]
��� .#  
���C E�#8 '#�B �
�� ��� �? ��P
8�U �
?
�B Y���D y48�� �8 A	� �4��� 
F
 	 E�? y4�7� ���g 	 ���h��
 �48 �? EO3� �8 
��� ��
��
� XM�c� ���
���D .E ��  �
�BE�� ��U �9J��6 �
?
�B Y���D �� Q�X� <8��� �4? 	 �9J��6 ��:��� ]M�� #���? )2006 ,.al et ashourabadi Sharifi(. �� �
�
�D ���@
 76 -1375 �8�4k�� ���8
 �Tq�� A	�
�D S+
\c�9D z
c �8 �
?
�B Y���D �� �4?��h�3 ���@
( 
�@B��
 �� �;�3� �����
� S=�$
� 	 >���� �4�? )>���� �����
�
 @�OH� x�?( �8 D	� '
�� 
�	��� ��
�@�� ]
��� .#  
���C S+
\ �
�� ��� �? �� A	� Nn���  ���

� 
8 �9J��6 
��4?D  ���

�( ��:��� {�?
 �9J��6 �EJ
 
�� @� �
?
�B Y���D ���
? # ( �� ��4+
�? �� A	� Nn��� *����
 
8 '�
*��� @� �4? ���
 	 XN\ �#���
 
��4?D  ���

�( ��:��� {�?
 	 �
?
�B Y���D �� H4��# �� 	� �9J��6 ��J
#� )2003 ,.la etSharifi ashourabadi (.  �� `���� D�=�� 
���8 ��9�� DY��� 
J�Q� �� E�? C�F ��4� '
�� 
�	��� b
���)(
�*�J (U��	B h���(
�� D�
�@� 	 (��48
8 �� o�� �
��� (@�OH� 
8 |�J G��
��� 8��4 �P4Q�� ]
��� #  	 �8 ��U ����� #�#��� �? U�����8 



�$ (����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	� #36 '�
�  (2     185  X�Q� DY��� y48�� �8 #�H4� b
��� 
�*�J 
�# 
8 (U��i�� '�
<� 
J�Q� 8BD�
� �� U�8 ��
� '�
<�
� U�����8 ��9�� X�Q� DY��� �� ���� )1201 ,.al et Khaksar(. U���8
�8 
8 �$4� �8 E���� 	� �8 # � �
�
�� 
�	��� �� 
��� 	 
8 U�� 6�F|�J �? @� �k� D�
Q�Z� �� #�H4� �
�
�� 
�	��� 
8 X�
Q� �c
 �� '�
*��� @� �4���9��
:� R�
��U��� D4=H� #�H4� 
�[# 
8 @
�� �8 ��	B�8 Wc
 D
� DY���  D��8U���� 
�4=H�D E�? 	 #�H4� U�� �P4Q�� �� (�4�? ]@P 	 D�	�^ 
�.# 
8    
��� 
 �
���   U��`���� @� �k� (X#� �8�
?� 	 '4�� >�$D�	B '���
� @� b4� �
����� 
��#�� '�48 	 �
�MV� ��4� @
�� S�
  ��9�� DY��� '�
<�D
� 
J�Q� 	 ��9�� �4Q�� D#�H4� 
�.# 
8 ���
$ �
�BD S�
  ]
�� #�H4��
�#��? ��4��� 
�V
�� @� �
���D
� ���<� 	 @�OH� E�� �? �
<a '
�� 
�	��� b
���
�*�J( (�4c�� �
��� 	 '@�� G��H
� �� 
<�B �8�4V '#�� E�? 
�#�4 . '���D
� ��4� ��@
 �@ �V�` <��� ��
����F 	 �O\
Q� 
8 H4��#�
�#��? >�$�	BD #���� )80 (��
����F.   X�Q� DY��� �� E�? �P4Q�� D@�	
�? S�
  '�
<�
�
� E�� �? �� �
���� v��7� #�H4� '�
*��� 
�.#�4  >�$ S? <�'�
D
� DY��� �� �� ��
�
� #�H4� D@�	
�? �� #\�	 o�� @� `��V >�$ h<� DY��� �� '�
<� X�Q� '#  �8 #\�	 o�� ]
��� 
� .�4 U��i�� �
�
  �?} E�� �? >8
�� DY��� �� G� @� '�
<�D
� 
J�Q� �� U�� `���� �� S: D
� v��7� h���3� 
� ��wh���3� 	 #�#����NF 
� ��w#�#����NF ���Z .#����   DY���D
� D�	�	 S�
  DY��� ]@P D��8 (D�
�8B D	��� (�
? U� 
�
� (�4�?���) U�B	
� ������8(��� (�4��4��	�( Ec4� U�9�8 	 (�9�� (���3���:H� �N8 
� ~
��( �4? 
���) 	 (
�
���  	 h� 
�.#� 
8 '#�
�� �� U�� L�V 9�� �4Q�� E ���8 '#  E�� �? �8+��4 ��:��� �� �4Q�� �� �
�:� �O�
�� 
�.�4  `8
�� 
8 �	#$ 1 @� R���^  �8��8DY��� D��8 �O�
�� DY��� D�	�	 	 
$	�c '�
*��� .#  
8 S+
\t�^  �8��8DY��� �� '�
<� )
� ('#�
�� �� ���
�� 
J�Q� �� '�
<� 	 9�� ��:��� �� �4Q�� �� G� �
�:� ��#�� DY��� 
J�Q� 
�) 
$	�c( �� G� �
�:� S8
Z �O�
�� #��4c .�48 '�
<� ���3���:H� D��8 Y
p�F tB D�
�8B '�
*��� 
��4  �? S�
  	� 678 '�
<� h���3� 	 '�
<� ��wh���3� E��. DY��� ��4� @
�� D��8 P
8 ���	B 	 E�� �
�J ���Z ���� tB ��4� @
�� @� ��8�� 1 �O�
�� 
��4  �? 678 '�
<� h���3� :H����3��� �� S�
  
�����.     ��8��1  gHQDE γ

ε ε
=

1 0  �? �� �B DE( DY��� h���3� �	Y) �8 [(�
�:�   γ( 
H
=a tB )1000 ]��4��? �8 ���[(R�:� g( t
�  6���� )81/9 ��� �8 �	N�� [(���
q Q( ��9�� S? tB ��4� @
�� �4Q�� �� G� SQJ [
���@ H( #� 
:��
��� ['
a 1ε( 
��@
8 ��F D��8) ��FD
� 
Z�8 `8
�� �4H
�
? 
<�B �P4��� U�8 18/0 
� 22/0 �� �k� ��J�� 
�(�4  	   0ε( 
��@
8 ����	 #�H4� ��4� (�4�4�	��:H�) )07 
�90 .(#+�� DY��� ��4� ]
c 	 DY��� ��4� @
�� D��8 Ec
� 	 �
���� ��	�� 	 
��
�	 �? �� D�
�8B EH
c� #���� 9�� S�
  678 ��w3�h��� '�
<� ���3���:H� 
�#�4  	 #��
�� �=�� D�9$� ��9�<�� (
�c
���@ �4a U���� �4V ��� `�Z�   
<�B S:�� (E�� U���8
�8 �P4��� #+��D @� Y���D ��3�h� )20%( �� ��8D �U� �4k�� �� �k� �
#����   )2015 Rahimi,(.  D��8 
8
�@�� �c�a �
�\ DY��� @� C�F A	� EO3� DY��� 
cWH '�@
8) ((DY��� '�<8D�	 (DY��� DY��� 'u�	 	 
�J
��� WH
c DY��� 	 9�� Wc
  �4���9��
:� `8
�� 
8 �	#$ 2 '�
*��� #  )2010 Pradhan, [ ,al. et Nguyen 2008.( �� E�
<� 
8 �3�
�� Wc
 D
� DY��� E�#8'#�B 
���4� �O�
�� ��? �? U�����8 	 U����? ��9�� X�Q� DY��� �� #�H4� `���� �8 ]�#? '�
<� 	 �4Q�� 
�.# 
8  



186   /0�1 ��2�3)'
��4 �" �,�5� ��- ... ��'� 1- %-#�� �,�5� �- '��� #� !"��5��- "��) 7�8) �" '
��4 9�-�
� �2���" ��:  !"��5 �"��� ('���)  �,�5� �"�=) '���) Mj/(  >��)  D	��� 
�
3�� (E�
�)  3/2  Ozkan et al., 2004 U� 
��PB (E�
�)  8/64  Hamedani et al., 2011  ���3���:H� 4��?)��	 (E�
�  28/15  (Anonymous, 2011  tB D�
�8B ���)(R�:�  02/1  Taki et al., 2012  �N8 4��?)(]��  �
��� 	 '@��  00/1  Khaksar et al., 2011  ~
�� (]��4��?)  b
��� 	 �4c��  28/0  Khaksar et al., 2011  Ec4� �9�� (���H)  31/56  Mohammadi et al., 2008  Ec4� U�9�8 (���H)  3/46  Kitani et al., 1999  �4? 
��� (]��4��?)  3/0  Mohammadi & Omid, 2010  �4? 
�
���  (]��4��?)  ������ (�@�)  1/78  Hamedani et al., 2011  U�B  4/17  Pishgar-Komleh et al., 2012  EJB6? (���H)  '��\6?  238  Tzilivakis et al., 2005  v��6?  295  Pishgar-Komleh et al., 2012  ��
Z6?  238  Kaltschmitt et al., 1997  '#�
�� (]��4��?)  (b
���) (�4c�� �
��� 	 ('@��  10  Hedau et al., 2014   ��'� 2- ?�	@) ��-�A)���B �,�5� C2�=4 !'1 � !�(5 "��D�  ��5D �A)���B  C2�=4  DY��� ��NF#�#�� )rE(  D	��� +
�
3�� �4? +
��� �N8 	 +~
�� D�
�8B  DY��� ��w ��NF#�#�� )nE(  U� 
�+�PB Ec4� +�9�� Ec4� +U�9�8 +���3���:H� �4? +
�
���  EJB6?  DY��� h���3� )dE(  D	��� +
�
3�� Ec4� +�9�� Ec4� +U�9�8 +���3���:H� D�
�8B  DY��� h���3���w )iE(  U� 
�+�PB �4? +
�
���  EJB+6? �4? 
���+ �N8 	 ~
��  S? DY��� D�	�	 )TE(  DY��� +��NF#�#�� DY��� ��w ��NF#�#�� 
� DY��� +h���3� DY��� h���3���w  DY��� 
$	�c )OE(  ��:��� �4Q�� )kg/ha( × h�@�� DY��� �4Q�� )Mj/kg(  '�@
8 DY��� )EUE(  S? DY��� D�	�	 )TE( / DY��� 
$	�c )OE( '�<8D�	 DY��� )EP(  S? ��DY� D�	�	 )TE( / ��:��� �4Q�� )kg/ha(  DY��� 'u�	 )SE(  ��:��� �4Q�� )kg/ha( / DY��� D�	�	 S? )TE(  DY��� WH
c )NE(  S? DY��� D�	�	 )TE( - DY��� 
$	�c )OE(  Wc
  �4���9��
:� )MI(  DY���) 
��4�\ )Ea( + DY��� 
�
3�� )Eh( + DY��� 
�� 
� )Ed(( / DY��� 
�� 
� )Ed(  



�$ (����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	� #36 '�
�  (2     187  �� �
�
F 
8 '�
*��� @� �
�MV� Wc
 D
� DY��� E�#8'#�B D��8 �� G� @� �
�
�� ��4� (`���� 3�
�� � DY��� D��8 #�H4� 	 ��:��� G��� @� �
�
�� 
�	��� �4?N� ]
��� #���� 	 W7�� #  @� �
�H DY����8� ��48 
� DY���'� (��48 #�H4� ]�#? �4Q�� �� E��^	 D��<8 ���Z ���� 	 �:��� 
�B ��9�� DY��� �? �� S? �J�#�� #�H4� X�Q� 
��4  gF @� E ���8 �4Q�� ���O$ 
��4  
� ��c�    ��'� 3- �,�5� �"��� �- E2 #� !"��5�- � ����0 !'5�AF�- �  !��	- �,�5� �"��� G�  !"��5�-  ����0 /�"��� �,�5�  )ha /Mj(  1- U� 
�) �PBhr(  972  2- �
? D	���) D��hr(  �N8  2725  ~
��  3158  3- ) 
��� �4?kg(  8000  4- ) ���3���:H�kw-hr(  �N8  8/45422  ~
��  8/60563  5- ) �9�� Ec4�lit(  7/3941  6- ) U�9�8 Ec4�lit(  05/162  7- ) 
�
���  �4?kg(  �@�  51546  U�B  70  8- EJB) 6?lit(  v��6?  295  '��\6?  476  ��
Z6?  1190  9- ) E 
? '�
<�kg(  �N8  70  ~
��  840  10- ) D�
�8B3m(  �N8  3672  ~
��  4896  �"��� �,�5� G�  �N8  6/118542  ~
��  6/136110  !'5�AF�-  1- b
���  220000  2- �4c��  330000  3- �
���  175000  4- '@��  400000  



188   /0�1 ��2�3)'
��4 �" �,�5� ��- ... �����  gF @� ]
��� ���
�� (�
O�
�� DY��� G� �� @� '�
<��
  	 '#�
��
� �� #�H4� b
��� 
�	��� '
�� �
<a (�4c�� (
�*�J G� '@�� 	 �
����
��� �� �H
� #  �O�
�� @�OH� 	 ���<� D
� C�
�� �? �� �	#$ 3 �
�� '��� '#  DY��� .E�� 
$	�c D
� 
<�B DY��� �8��8 9�� 	 �P4Q�� ��:��� ��9�� �8 �$4� 
8 9��
�� ��4�� E�� �? #�B E�#8'#� �	#$ �� 
�3  '��� �
�� E�#8 C�
�� 
���8 �� .E�� '#  �? '@�� 	 �
��� '
�� ('#�B�8�8 #��48 '#  E�? �N8 ��4+ �
�
�� 	 �	� ���� ��4���8 �4c�� 	 
�*�J b
��� 
��� 
r
�� �k� �� ]	� ���� ��4�� ��9�� �? #  W7�� (S+
\ C�
�� �8 �$4� 
8 .#�#  ��J��DY��� S?D
�  ~
�� E 
? 
8 �P4Q�� #�H4� �� 
J�Q� )6/136110  E 
? 
8 �P4Q�� �8 EO3� (�
�:� �� �	Y
=� ) �N86/118542  .E�� ����8 R���� �8 (�
�:� �� �	Y
=� DY��� �3�
�� 
8 �	� ���� �P4Q�� U�8 D�	�	 D
� S:  �� ]	� ���� �P4Q��1 .E�� '#  '��� �
��  
   GI1 1- ��2�3) �,�5�-�� �"��� J
  �4K�8() �� �  �L  �
MI4 �)'5�1 N��5 �  OK�8() �P�Q5    #+�� '�
<�D
� 
J�Q� �� #�H4� �
�
�� 
�	��� ���� �	� 	 ]	� �8R���� �� S: D
� 2 	 3 �
�� '��� '#  .E�� #+�� DY���D
� D�	�	 �
�� 
�#�� �� #�H4� �
�
�� 
�	��� ���� �	�( '�
<� D
��4? �� 
�
� U�����8 h<� X�Q� DY��� �� �8 �4c f
Q�c� '��� E�� )5/43%[( #�8 @� �B '�
<� DY��� ���3���:H� 
8 f
Q�c� 3/38% @� S? DY��� '�
<�D
� 
J�Q� ���Z .���� U�� 	� '�
<� �� #�H4� �
�
�� 
�	��� �? 
8 �N8 ���:� 
�#�4  �� b4��� �	#\ 8/81% S? X�Q� DY��� �� S�
  '# [#�� gF @� U�� 	� '�
<� �8R���� '�
<�D
� �4? (
��� Ec4� (�9�� (D�
�8B D	��� (D���
? EJB(6? U� 
�(�PB U�9�8 	 �N8 ���Z .#���� U��i�� �� #�H4� �
�
�� 
�	��� ���� ]	� 9�� '�
<� DY��� ���3���:H� 
8 5/44% @� S? DY���D
� 
J�Q� U�����8 h<� X�Q� DY��� �� �8 �4c f
Q�c� '��� [E�� #�8 @� �B D
��4? 
�
���  
8 9/37% ���Z ���� 	 U�� 	� '�
<� 9�� #��
� ���� �	� �� b4��� �	#\ 4/82% @� S? DY���D
� 
J�Q� �� #�H4� �
�
�� ���� ]	� �� �8 �
 �4c f
Q�c� '���[#�� gF @� U�� 	� '�
<� 9�� �8R���� '�
<�D
� �4? (
��� (D�
�8B Ec4� (�9�� D	��� (D���
? EJB(6? U� 
�(�PB ~
�� 	 U�9�8 ���Z .#����   



�$ (����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	� #36 '�
�  (2     189    GI1 2- %�F �,�5� !"��5��- �R�8) �" '
��4 �4K�8() �� #� S2�: �L  �
MI4 �)'5�1 �AF") (���      GI1 3- %�F �,�5� !"��5��- �R�8) �" '
��4 �4K�8() �� #� S2�: T�Q5 �
MI4 �)'5�1 �AF") (U�"    �3�
�� #+�� '�
<�D
� DY��� �? �8��4+ h���3� �� #�H4� U�� �
�
�� 
�	��� X�Q� 
�#�4  EO3� �8 '�
<�
�
� �? �8��4+ ��wh���3� X�Q� 
����#� �� S:  4 �
�� '��� '#  E�� .�
���4V �? �k\M� 
��4  #+�� '�
<�D
� DY��� 
J�Q� �8��4+ h���3� �� #�H4� Q���P4 ���� �	� 
8 R3? 53% @� h<� S? DY���D
� 
J�Q� ����8 @� '�
<�D
� DY��� E�� �? �8��4+ ��wh���3� ��4� '�
*��� ���Z 
�#���� E���) XMc�8 



190   /0�1 ��2�3)'
��4 �" �,�5� ��- ... 
�P4Q�� �? 
8 ~
�� ���:� 
�.(#�4  U��i�� �� U�� S:  #+�� DY���D
� 
J�Q� ��NF#�#�� 9�� EO3� �8 DY���D
� 
J�Q� w�� S8
Z #�#�� �
�� '��� '#  E�� . �
���4V �? �k\M� 
��4  �� #�H4� �� 	� ���� �P4Q��( DY���D
� 
J�Q� ��NF
�#�#�� #+�� 
�P
8 )88%( @� h<� S? DY���D
� 
J�Q� �� EO3� �8 DY���D
� 
J�Q� ��NF#�#�� �8 �
 �4c f
Q�c� '���.#��  ��-�A)���B �,�5�  
8 �$4� �8 ��9�� S? DY���D
� D�	�	 �� #�H4� �� �4Q�� 	 9�� DY��� 
$	�c ('#�
��) E�#8'#�B D
������
F �?} '#  �� �	#$ 2 S�
  Wc
  '�@
8 (DY��� '�<8D�	 (DY��� DY��� ('u�	 DY��� WH
c 	 Wc
  �4���9��
:� �� X�Q� DY��� ��8D �� �4Q�� ��
��#$ �O�
�� #���� �? C�
�� E�#8#�B' �� �	#$ 4 �r��� '#  .E��      GI1 4- ��2�3) �,�5� !"��5��- �R�8) �" �" U�R �,�5���- �2LB'2'@4 � G �*�
V '2'@4 � W
5 %
3A�) � �
V%
3A�)    ��'� 4- X2�A5 GY�� #� "��D�  /0�1��- �,�5�  /0�1�-  OK�8() �'
��4  ?�Z=5  9�0�4  9�(2�  !#�)  '�@
8 DY���  62/1  42/2  48/1  37/3  '�<8D�	 DY��� )kg/MJ(  16/0  24/0  15/0  34/0  DY��� 'u�	 )MJ/kg(  2/6  12/4  77/6  96/2  DY��� WH
c )MJ/ha(  83889  193889  56457  281457  Wc
  �4���9��
:� �� X�Q� DY���  23/0  23/0  26/0  26/0      



�$ (����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	� #36 '�
�  (2     191  ���  �4��
�� �? �k\M� 
��4  �� #�H4� �� 	� ���� �
�
�� 
�	��� DY��� y48�� �8 X�Q� D
��4? 
�
���  	 ���3���:H� 
8 XM�c� �
�38 D�
�@ 3�OE �8 ��
� '�
<�D
� 
J�Q� U�����8 h<�  ���� X�Q� DY��� R$4� '# [#�� �
:  @�S�P� 
�+� U�� (b4^4� X�Q� �
�38 �
�@ DY��� �� #�H4� U�� 	� '�
<� 
�# 
8. �8D4�� �? `OV C�
�� �
����� N���  �8 D�@� #�H4� �� ]��4��? �4? '�	� )��4� '�
*��� RH
w �� U�8 ��
� 
��4? �� ��#�H4� (D@�	
�? 1/78 �	Y
=� 	 �� #�H4� �� ��	4��? E�
� ���3���:H� 28/15 �	Y
=� DY��� X�Q� 
�.�4  U��i�� �� #�H4� 
�P4Q�� �? 
8 ~
�� ���:� 
�#�4  b
���)
�*�J 	 (�4c�� X�Q� ��DY� ���3���:H� �8 EO3� ����8 @� #�H4� 
�P4Q�� E�� �? 
8 �N8 ���:� '# #�� �
���) 	 .('@�� S�H� U�� b4^4� �#� �
�@ ����8 U�8 E 
? 
� E ���8 	� �4Q�� 
r
�� 	 >O�H
8 @
�� ����8 �8 D�
�8B �� ���9� 	 X�Q� DY��� ���3���:H� 
�# 
8. �� #�a �? �� ]
=�� #�H4� ~
�� U�� �P4Q�� �� m��� ��
7�� @
�� �8 D�
�8B �
�38 U��
F 
�# 
8[ U��i�� �
�@ �	
*�� E 
? U�� 	� ���� �P4Q�� h�( E�� �=�� X�Q� ����8 DY��� ���3���:H� �� �P4Q�� 
r
�� 
�# 
8 .�
�@ E 
? 	 U�H	� E ���8 �P4Q�� 
r
�� �� U�� (L�V '
�����c 	 '
���� E�� �? EO3� �8 �P4Q�� E 
? D�N8 U���	�J)'
� 	 ���� �	� (E�<O���� �8 EO3� D
�� �4� ]���� 	 	��F �B X�Q� DY��� ���3���:H� �8�4k�� D�
�8B 9�� ����8 #��4c # . U��� S�P� �?} '#  RO� 
��4  �? X�Q� DY��� y48�� �8 D�
�8B 	 D	��� D���
? 9�� �� #�H4� �P4Q�� 
r
�� ����8 �@ �P4Q�� 
8 E�? �N8 �� U�� L�V .# 
8 DY��� y48�� �8 ~
�� 
J�Q� �� G� �
�:� �� #�H4� b
���
�*�J 	 �4c�� 9�� �8 EO3� ����8 @� DY��� y48�� �8 �N8 
J�Q� �� #�H4� �
��� 	 '@�� 
�# 
8 �? S�H� �B 9�� X�Q� DY��� ����8 �� #�H4� ~
�� 	 9�� �@	 ����8 ~
�� �� �
�:� EO3� �8 �N8 
�
8.#  �8 U��� S�P� �?} '#  �� P
8 ��9�� S? DY���D
� 
J�Q� �� #�H4� �P4Q�� 
8 E 
? ~
�� EO3� �8 �P4Q�� 
8 E 
? �N8 ����8 E�� )6/136110 �� �3�
�� 
8 6/118542 �	Y
=� �� .(�
�:� �� #�a �� ��4=��� �
3�
�� �P4��� m���  
O�
$ ���$@� m���  ��(
�� '4� D
� E 
? 
� E ���8 	 … 
�#��4� �� C�
�� '�
<�
� 	 '#�
��
� ���qT�N�� # 
8 
�� �� U�� L�V 
�� �8 U�� #  
� 
�\�
:�P� U�� ��4� m���  8���4+ �
3:� �� �k� ��J�� �4  .8���4�� �
�� ]
�� U�� �
<a �4Q�� m�4� G� ('#��?#�H4� �� G� ���Z U��@ 
8 ��� m tB 	 
��4� �
3:� 	 '4�  E 
? 
� E ���8 �
O���� �
3:� #�H4� 
��4 ( U���8
�8 ����8 ��
����F
� �� m���  Ec�4�:� D��8 �� �
<a �4Q�� S��:� .#�#  U��@� 	�C�
�� S+
\ S8
Z h���� �8 ]
�� �
�#��?#�H4� U�� �
<a �4Q�� �� m���  tB 	 
��4� �
���D
� ���<� 	 @�OH� �
.# 
8  �� U�� ��H
�� gF @� ��	B�8 Wc
 D
� y48�� �8 DY��� W7�� #  �? �� #�H4� �� �
<a �4Q�� ��4� ��H
�� 
��@
8 DY��� ����8 @� G� E�#8 #�B 	 U�� ��� �
��'#��� U�� h<� E�� �? �� #�H4� U�� �P4Q�� ��#�� DY��� �? �� E�
<� #�H4� 
��4  ����8 @� ��#�� DY��� Q�
J� �� S? '�	�  #����J#�H4� �c�a) �
�\ �B (�4Q�� 
�.# 
8 �:��� G�  #����J#�H4� DY����8� 
� DY���'� # 
8( D��8 S����
� 	 �����D���D
� �
�
� �
? 678 #�H4� �B �4Q�� �
�38 h<� E�� �? ��
�7O 4c �� #�H4� �� �
<a �4Q�� ��4� ��H
�� ��9�� DY��� D#�H4� �8 ����R ����8 @� DY���D
� �
J�Q �O�
�� #���� 	 �� �
�� 
<�B '�@
8 DY��� '@��  �8��837/3 �O�
�� #  �? �8R���� @� �� �4Q�� �=�� ��P
8 E��. �8 U�� 
��� �? �	#\ 37/3 �8��8 DY��� �? �� #�H4� '@�� X�Q� '#  @� `��V E ���8 �4Q�� �B '#������8 '#  [E�� S�H� �
�38 �P
8� ��48 '�@
8 DY��� '@�� 	 gF @� �B �4c�� EO3� �8 	� �4Q�� �=�� ��9�� DP
8 ��:��� U�� 	� �4Q�� �� �
�:� 
�# 
8 �? EO3� �8 	� �4Q�� �=�� �8 R���� ��:��� D��P
8 .#���� U��i�� D�#$ @� ��:��� ��P
8 '@�� EO3� �8 ��
� �P4Q�� ���$@� �4c�� �#� �
�@ #�H4� U�� ��4Q� 9�� EO3� �8 �4c�� '
�4?�� 
�# 
8 )45 @	� �� 



192   /0�1 ��2�3)'
��4 �" �,�5� ��- ... �3�
�� 
8 60 (@	��8 (D�4V �? �� SQJ #�H4� U�� �4Q�� D
�� �4�  �4c�� �8 EO3��8 R���� U��
F�� [E�� U��@� 	� ]
�� U�� ���4� RO� ���? �#  X�Q� DY��� �� #�H4� '@�� #��4c .#  Wc
  '�<8D�	 DY��� �
��'#��� 9���� #�H4� �4Q�� �8 D�@� G� �	Y
=� X�Q� DY��� .E�� �� �3�
�� �P4Q�� D#�H4� 
8 U�� Wc
  9�� >O�H
8 #�H4� '@�� �8S�H� ��:��� DP
8 �4Q�� 	 ��
� ���4� �?} '#  ��#�� D����8 EO3� �8 ��
� �P4Q�� E �� )34/0( �? �
�� 
�#�� 
8 X�Q� G� �	Y
=� DY��� 34/0 ]��4��? ���4Q '@�� #�H4� 
��4 [ gF @� '@�� �8R���� �P4Q�� (�4c�� b
��� 
�*�J 	 �
��� @� �k� ��9�� ��:��� �4Q�� �� D�@� �� �	Y
=� X�Q� DY��� ���Z .#��J�� Wc
  DY��� 'u�	 �
�� 
�#�� D��8 #�H4� G� ]��4��? �4Q�� 
��@ �8 X�Q� #�a �	Y
=� DY��� .E�� �
���8 U�� Wc
  ��8D #�H4� G� ]��4��? �
��� @
�� �8 X�Q� 77/6 �	Y
=� DY��� 
�# 
8 �? EO3� �8 ��
� �P4Q�� ��4� ��H
�� �� U�� L�V ��8U��� X�Q� DY��� �� S�
  '#  E�� 	 gF @� �B 8�R���� b
���
�*�J( �4c�� 	 '@�� ���Z [#���� S�H� P
8 ��48 Wc
  DY��� 'u�	 �� #�H4� �
���( �:���� ���? U�� �4Q�� EO3� �8 ��
� �P4Q�� ��4� ��H
�� 
�.# 
8 Wc
  DY��� WH
c �=�
�8 ��#�� WH
c DY��� #�H4� '#  �� �� �
�:� .E�� U�� Wc
  @� `��V �3? ���? b4��� DY���D
� D�	�	 DY���) '�
<�(
� @� ��9�� DY��� 
$	�c DY���) ('#�
�� �O�
�� 
��4  �? U:�� E�� �4$t 
�
<� EO�� 
� 
*�� .# 
8 �� 
���8 �P4Q�� ��4� ��H
�� �� U�� (L�V Wc
  DY��� WH
c D��8 
�
�� �P4Q�� ��4� ��H
�� EO�� E�#8 #�B �? �
��'#��� DY���'� ��48 h�3�� (E�� �8 U�� 
��� �? ��9�� DY��� D#�H4� D��8 �� �4Q�� ����8 @� b4��� DY���D
� 
J�Q� �� #�H4� �B �4Q�� 
�.# 
8 
8 �$4� �8 U�� Wc
  9�� �� #�H4� G� �
�:� '@�� 281457 �	Y
=� DY��� WH
c #�H4� 
��4  	 U�����8 ��9�� #�H4� DY��� WH
c �� �� �
�:� 
8 �$4� �8 ��:��� DP
8 (�B �8 U�� �4Q�� f
Q�c� 
�[#8
� gF @� �B �8R���� (�4c�� b
���
�*�J 	 
���� ���Z �.#��� Wc
  �4���9��
:� �� X�Q� DY��� �
�� 
�#�� �? �� #�H4� �� �4Q�� �a 
�O3� @� X�Q� DY��� y48�� �8 U� 
� E�� DY���) X�Q� Ec4� 	 DY��� �4c U� 
�(
�[ �8
��
O� �a 
�O3� @� X�Q� DY��� �� #�H4� �� �4Q�� mO��� 
8 �4���9��
:� �B �4Q�� E�� ) .,al et Samavatean 2011(. 
8 �$4� �8 �8
�� ��48 �
���� #�H4� U�� �
<a �4Q��( U�� Wc
  D��8 �P4Q�� 
8 �4V '�	� �8
�� �
3:� #��4c .�48 U���8
�8 �P4Q�� D���� �4V '�	� '
�4?�� #��
� �
��� 	 '@�� Wc
  �4���9��
:� D��P
8 �� X�Q� DY��� )26/0( EO3� �8 �P4Q�� D���� �4V '�	� ��8�� #��
� b
���
�*�J 	 �4c�� )23/0( #���4c E ��. �8 U�� 
��� �? 
<�� 26% DY���D
� 
J�Q� �� #�H4� U�� �P4Q�� y48�� �8 '9��
:� ]
��� �#  �
���� E�� 	 74% y48�� �8 ��
� ���4� .E�� U�� Wc
  �
�� 
�#�� �? �a 
��� @� �4���9��
:� �� X�Q� DY��� �q;� '�48 	 
� a�#� 
���� E�� �? @� U� 
��PB v��7� '�
*��� �4 .  ��OH��� �a U�� Wc
  �8 E�� �#� G� S�� #�? �
�� 
�#�� �? �
���� D����8 
8 G�? U� 
��PB ]
��� 
��4  	 o�� �4���9��
:� ��P
8 .E�� U��
F�� ��48 
r9$ Wc
  �4���9��
:� X�Q� DY��� �� #�H4� b
���
�*�J 	 c���4 �8 U�� S�H� E�� �? 
<�� 
�78 �? �� #�H4� �� �
<a �4Q�� ��4� ��H
�� '9��
:� E��( �
���� z
cD@�	 E�� 	 ��
� �
���� �8 
�?�4V
��� ]
��� 
�(�4  U���8
�8 �8  S�H� �:��� �4V '�	� #�H4� �P4Q�� b
���
�*�J 	 �4c�� ����8 @� 	� �4Q�� �=�� E�� >O�H
8 @
�� �8 ���
�� 
��� 	 ��w '9��
:� 9�� �� #�H4� U�� �P4Q�� ����8 #��4c �48( �� ����� Wc
  �4���9��
:� 
<�B �� X�Q� DY��� ���? E�#8 #��4c .#�B    ����� 
��� �
�����   - Aghagolzadeh, H., Ranji, N., Ranji, A. and Karimi, H., 2011. Expanding culture of Echium amoenum in 



�$ (����� ���� 	 
�	��� �
�
�� �
����� ��
��
�	� #36 '�
�  (2     193  Rodsar-Eshkevarat, a step to economic and social development. First Eshkevar National Congress, Guilan University, Rasht, Guilan, 12-13 July: 53-61. - Anonymous, 2011. Energy balance in 2011. Power and Energy Affairs Ministry. - Hamedani, S.R., Shabani, Z. and Rafiee, S., 2011. Energy inputs and crop yield relationship in potato production in Hamadan province of Iran. Fuel and Energy Abstracts, 36(5): 2367-2371. - Hedau, N.K., Tuti, M.D., Stanley, J. and Mina, B.L., 2014. Energy-use efficiency and economic analysis of vegetable cropping sequences under greenhouse condition. Energy Efficiency, 7: 507-515. - Kaltschmitt, M., Reinhardt, G.A. and Stelzer, T., 1997. Life cycle analysis of biofuels under different environmental aspects. Biomass and Bioenergy, 12(2): 121-134. - Khaksar, Z., Rafiee, Sh. and Akram, A., 2011. Evaluation of energy consumption in cultivating five medicinal plant species in Alborz province. Proceedings of the First National Congress of Agricultural Science and Technology. Zanjan University of Zanjan, 19-22. - Kitani, O., Jungbluth, T., Peart, R.M. and Ramdani, A., 1999. CIGR Handbook of Agricultural Engineering: Energy and Biomass Engineering. ASAE publication, ST Joseph, MI, (5), 330p. - Majnoon Hosseini, N. and Davazdah Emami, S.A., 2007 Cultivation and Production of a Certain Medicinal Plants and Spices. Publications Tehran University, 300p. - Moayedi Shahraki, E., Jami Al-Ahmadi, M. and Behdani, M.A., 2010. Study of energy efficiency of saffron (Crocus sativus L.) in Southern Khorasan. Agroecology, 2: 61-69. - Mohammadi, A. and Omid, M., 2010. Economical analysis and relation between energy inputs and yield of greenhouse cucumber production in Iran. Applied Energy, 87(1): 191-196. - Mohammadi, A., Tabatabaeefar, A., Shahin, S., Rafiee, S. and Keyhani, A., 2008. Energy use and economical analysis of potato production in Iran a case study: Ardabil province. Energy Conversion and Management, 49(12): 3566-3570. - Nguyen, T.L.T., Gheewala, S.H. and Garivait, S., 2008. Full chain energy analysis of fuel ethanol from cane molasses in Thailand. Applied Energy, 85(8): 722-734. - Ozkan, B., Akcaoz, H. and Fert, C., 2004. Energy input-output analysis in turkish agriculture. Renewable Energy, 29: 39-51. - Pishgar-Komleh, S.H., Ghahderijani, M. and Sefeedpari, P., 2012. Energy consumption and CO2 emissions analysis of potato production based on different farm size levels in Iran. Journal of Cleaner Production, 33: 183-191. - Pradhan, A., 2010. Life Cycle Analysis of Soybean Biodiesel Production. Ph.D. Dissertation, University of Idaho. - Rahimi, R., 2015. Evaluation of energy flow in bioethanol production from date palm waste using life cycle assessment (LCA). Ph.D. thesis of Agricultural Mechanization, Islamic Azad University, Science and Research Branch, Tehran, 142p. - Samavatean, N., Rafiee, S. and Mobli, H., 2011. An analysis of energy use and estimation of a mechanization index of garlic production in Iran. Journal of Agricultural Science, 3(2): 198-205. - Sharifi ashourabadi, E., Lebaschi, M.H., Matin, A. and Abbaszadeh, B., 2006. Investigating the effect of nitrogen fertilizer use and intercropping of two medicinal plant types on energy efficiency. Ninth Congress of Agronomy and Plant Breeding, Karaj, Seed and Plant Improvement Institute, 27-29 August: 121. - Sharifi ashourabadi, E., Noor Mohammadi, G., Matin, A., Ghalavand, A. and Lebaschi, M.H., 2003. Efficiency of input energy in different methods of soil fertilization. Pajouhesh-Va-Sazandegi, 15(3): 91-97. - Taki, M., Ajabshirchi, Y., Mobtaker, H.G. and  Abdi, R., 2012. Energy consumption, input-output relationship and cost analysis for greenhouse productions in Esfahan Province of Iran.  Journal of Experimental Agriculture International, 2(3): 485-501. - Tzilivakis, J., Warner, D.J., May, M., Lewis, K.A. and Jaggard, K., 2005. An assessment of the energy inputs and greenhouse gas emissions in sugar beet (Beta vulgaris) production in the UK. Agricultural Systems, 85(2): 101-119. - Zooleh, M., 2011. Investigating the role of medicinal plants in Iran's economic development. Proceedings of the National Conference on Agricultural Achievements, Islamic Azad University, Shahrekordas Branch, 15-16 November: 87-97. 



Iranian Journal of Medicinal and Aromatic Plants, Vol. 36, No. 2, 2020  194 
Energy indices compartion in four medicinal herbs production  

(Mentha piperita L., Artemisia dracunculus L., Ocimum basilicum L.  
and Satureja hortensis L.) 

 
R. Rahimi1*, A. Gorji Chakespari2, B. Abaszadeh3 and M.K. Araghi2  1*-Corresponding author, Mechanization Research Division, Research Institute of Forests and Rangelands, Agricultural Research     Education and Extension Organization (AREEO), Tehran, Iran, E-mail: rrahimi@rifr-ac.ir 2- Mechanization Research Division, Research Institute of Forests and Rangelands, Agricultural Research Education and Extension     Organization (AREEO), Tehran, Iran 3- Medicinal and Aromrtic Plants Research Division, Research Institute of Forests and Rangelands, Agricultural Research Education     and Extension Organization (AREEO), Tehran, Iran  Received: March 2019         Revised: November 2019             Accepted: November 2019  

Abstract      The high tendency of agricultural producers to the production of medicinal plants has raised concerns about increasing the yield of these products, which can be achieved by mechanizing production and spending more energy. Therefore, energy flow analysis is essential throughout the production process. This research was implemented in the field in 2018 by questionnaires and face to face interview with farmers in some areas of Tehran and Alborz provinces on the four medicinal herbs Mentha piperita L., Artemisia dracunculus L., Ocimum basilicum L. and 
Satureja hortensis L. The results showed that among all the inputs consumed in this project, two inputs of chemical fertilizers and electricity with a difference of more than 80%, had the highest percentage of energy consumption. After estimating the energy indices, the energy efficiency index was more than one for all the studied products, indicating the energy efficiency of the production systems of these products. Also, the medicinal plant savory with an energy efficiency of 3.37 was considered the most suitable product for energy consumption and production. In terms of net energy index, savory with a net energy production of 281457 MJ ha-1 had the highest energy return. The estimate of the mechanization index in energy consumption showed that a small proportion of energy consumption was related to mechanization (0.23 to 0.26) in the production of all four products and this issue showed the need to increase mechanization in the production of these products more than before. 
 
Keywords: Mechanization index, energy indices, product yield, medicinal herbs.    


