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1- Land Equivalent Ratio 
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=��.  

'

� � 0�$�	  
  ����/�� 	4��� �1UV$ 5*7 8��9� FW �*1����:� � <�=�>�?4� �� �!�= ;^
�4� 	W+����� 	�7 � 5�6
 ������ ;01�@ 

	*���@A �= I�4 	���@ 97-1396 �= ���_� 	*��+, ��H*
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I��� 1- 	>�� @� 	W+����� 	H�_1� � 	��1�1� E�> F�� a���@A.  
Table 1. Some of the physical and chemical characteristics of the soil in the experiment field. 

 z��

E�>  

Depth 
of the 
soil  

)cm(  

	H��RH-� 5����  

Electrical 
conductivity  

)1-.mSd(  

�R��14�  

Acidity  
pH  

 0��7 �!�=

A	-  

Organic 
carbon (%) 

 �!�=

�x��R1
 

F7  

N (%) 

 tl� F��B � 6�

)ppm(P  

 tl� F��B i14�R,

)ppm(K  
E�> 5���  

Texture of soil  

0-30  0.7  7.6  0.086  0.09  10 338  
	4�  

Clay  
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�  _1��,� �� @�
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 ��_1� �� ���W30  � ���f� 01�@ �� ��RH� �= 0$Z6�= O�1����=��A 5:� ���R1-�7 � 	
@O�7 =�2�� .5��W O��! �@�4 ���

 O��! �� 	*���@A12=4×3  \��� �R� � �� �R��W �/
 �=�*1�� ��1W �= �� <�=�>�?4� � ��:�� ��D �� ���_� i:
 n���$ �=

5*:��=���� ���Q�=� ��!�� .�
�� 5*7 ���7�*
 O��! i� @� ��50 	R
�4 �R� ��!�� �5*7 ����*
�*1�� ��� � ��:�

�� <�=�>�?4� 31$�$30  �50 	R
�4 Q�=� �� �= i� �� 5�6
 �R��� �R��W �/
 �=�*1�� FW i7��$ . ��:���:v  �= ��*


4� ���� � \����R� .=�� \����R� �= ��*
 �4 <�=�>�? @� ��1W��� ��/�� �� ��R�� �= � �� ���
� 	��B�
 O��! �� ���1�A

i� � ��� Z*>�*
 ���.R4� @� ���1�D� 01�v ���� ���7�� O�1��� ��d�� 0�� �= .�� ���� ���H� @�� �= �� ���1�A O�1��� ��

����1W�D� @� ^, .�� ���
� �R��1
 ���.R4� �������1W ���.R4� @� ���1 �� ���$ �� ���H� @�� q�, �$ ��:v �� ���1�A O�1��� ;��

Q�� 01�� O�1��� .��=�W ���
� ���_� ���1�A @�1
O�7 @�� ��� 5��=�� .�� ���
� �R � �� � 	R4= O��! �� 	*���@A ���

�
��
 ��1W �= FW ����*1�� ��:� @� ���=�=�> �>���
� 01v O��! �� =��d ��/�� 0�� ���� ;5��W ���10  �$15  FW �
��
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F��7  �= ��� @�����R�� ��1W =��� �= .��=�W 5��=�� 	*���@A O�7 �� @� u�! <�=�>�?4� FW �=�� i7 �� ���$ �� ;��

�>���4FW ���01v �� �= ��= ����:� F���� �= 5��=�� ����
�� . I��2� ��D �� _1
 <�=�>�?4� ��1W �=10  �$15  �
��


�
��
 ��d�� �� �= FW .�
�� 5��=�� 	*���@A O�7 �� @� ���=����� ���
�@��1W �@� � �$���
� Z*> �	���� ���  36d ��)

 ;(\����R� �= ��Wld �� �$�� F7� c �*� @� �1d�
y���, ;a1,  �^,  @��B=) ��A �= �=�= �����70 �= ��<�16�4 �� �� O

24 �$ �� (5��4 I�R1��= ��@��@� ) ��=�W8(.  

I��� 2- 	>�� 	W+����� 	�1�B� h�4�� �= FG� 	���@ 97-1396) 5��4 	4������ ����1b:7 � ��d�����(.  
Table 2. Some climatic characteristics of Yasouj in the 2017-18 crop season (Kohgiluyeh and Boyer-Ahmad 
Meteorological Site). 

�
�1��� ���=   

Monthly temperature (C°) 

�
�1��� 5��D�   

Monthly humidity (%) �
�1��� e���  

Monthly rainfall 
)mm(  

���I�4 ���  

Months of the year  
��= ��1*1�  

Maximum 
temperature  

��= ��1�7  

Minimum 
temperature  

5��D� ��1*1�  

Maximum 
humidity  

5��D� ��1�7  

Minimum 
humidity  

30.40  6.40  51.00  1.00  0.00  �:�- October  

26.80  -1.20  100.00  1.00  17.30  ���A- November  

20.00  -4.20  100.00  2.00  60.80  ��A- December  

21.60  -0.60  97.00  1.00  16.80  �=- January  

19.20  -0.80  100.00  3.00  33.50  0�:�- February  

22.20  3.20  98.00  2.00  98.20  �� 4�- March  

27.40  4.80  100.00  1.00  66.70  0�=����- April  

27.00  9.20  70.00  2.00  129.30  5*:��=��- May  

36.20  14.00  40.00  1.00  0.00  =�=�>- June  

39.60 14.00 40.00 1.00 0.00  �1$- July 

37.80 16.80 55.00 2.00 0.00 =�=��- August 

36.80 13.60 59.00 1.00 2.70 ����:�- September 

Source: Kohgiluyeh and Boyer-Ahmad Meteorological Department. 
��d����� � ����1b:7 	4������ ���=� :\���.  

 

  �@��
� ���� ��R�� 	�
�� �>�� =��2$ ��1W ^, @��> h��7 �= ���$�� @��> ;E�2$ =����>�� 	�
�� ��� 32*�� @� �

 �1d�
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�	R
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�� t�9R
� �  	�!� �B�4 �7 	��� �$ �$�� X� $��

�� �
=�� �=�7 ���g> ��14�� a7�
�@��1W �) ��10 .(^
�4� ���� �= ��1W�*1�� ��1W ��1W �= � FW �
��
 @� ��:�

FW =���7 �� ���$ �� <�=�>�?4� �
��
 @� ��� � ���R4� ��� 5��=�� FW .�� �=�  ���� h��9R4�  ��bR4= @� ^
�4� ��_1�

�
��
 ��R�� �7 =�� O��! 0�� �� ��
��7 ��bR4= �� ��7 e�� .�� �=� R4� ��
��7��1W Z*> ���  ��_1� ��)50 (��W  �7 a1,
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�A @� �= ) ��$� ���=23-20  ���=<�16�4�
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�4� ���A �� �R9���
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 �� ^
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@83/84 	R
�4�R� ]-�> 5*7 g���� �= �� ( 0��R�7 �

 �$�� X� $��) @�1, ����50 	R
�4�R�( � ) ��1
@33/63( 5*7 ��b-� �= 31$�$ �� ��  8��9�@�1,- ��1
@1:1  .�
=�7 e��_W 0��

���b*��+, 5*7 g���� �= X� $�� a��_�� 5*7 �� 5�6
 ]-�> ���= 5��B� �� �� 8��9��
�W5*7 g���� �= ��  ]-�> ����

 ��
 tl� .�
=��
 ��1� a��_�����= 5��B� F1-= �� �$�� X� $���
�W5*7 ��b-� �= ��  @� a1, ]-�> 0�� �=	4������  ��b�=

 _1
e��_W 54� ��� )18 ;29(.   

�,�-
�� ��.�/  

  �>�� =��2$ 	W+�� �/
 @� 5*7 ��b-� Q�R9� ������1$ 	�
�� ���O�� $ 	�2� ����A �7 ��?
��� � �
=�= ��*
 �� ���=

 @���1R
���  ����*� 01b
�1� �6��.�	�=��  8��9� 5*7 ���1$75:25 �*1�� �� <�=�>�?4� � ��:�117  �= 	�
�� �>��

 �����1$ ���4 �� �6��.����+�� 5*7 �*1�� ]-�> �>�� =��2$ 0��R*1� ��:���
 	�54� �=�= ��GR>� =�> �� �� ) I���3( .

5*7 ������1$  8��9�50:50  �25:75 �*1�� � <�=�>�?4� � ��:�i�01�v 5*7 ���1$ �*1�� ]-�> �� 31$�$ �� ��:�90 ;

22/75  �18/57 ��$� �= 	�
�� �>���>�� =��2$ a��_�� .��R��= ���B ��2� ���5*7 ������1$ �= 	�
�� ���  �= 8��9�

5*7 �� �6��.� �*1�� ]-�>	� �� ��:� �R*1� ��|� =��� �� ���$�>�� � ��� �����$�� 	��@�*1�� ���01��, i7��$ �= ��:� �$

�$�� 0��5*7 g���� �= �� �*1�� i7��$ a��_�� 0�� .56
�= <�=�>�?4� �� 8��9�5*7 g���� �= ��:� F1-= �� ]-�>@��� 

5��B� ���=�
�W�� ��@ �1UV$ a��7 �|� � ����G�� 	��l
 �= <�R4= 3��� a��7 ��_�� ���4  FW =��2$ ���� @� =�H���

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             5 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.2.6.9
http://journal-irshs.ir/article-1-470-fa.html


����H�� � 	R*:�  

156 

�>�� =��2$ a��7 I��
= ����> .=�� ����> 	�
�� ���) ����H�� � I=20�>�� =��2$ a��7 �o�� 0�f ( �= _�4 ���@ ���

5*7 g���� ) ]-�>44/9 =��2$ 0��R*1� ;(�>��	�
�� ��� )99/215*7 g���� �= �� (  8��9�100%  � ��� �@20%  ���@

�>�� =��2$ a��7 .�
=�7 e��_W _�45*7 �= 	�
�� ���5*7 �� �6��.� �= ]-�>  ����*� _1
 ����1W ���4 ���� 8��9�

54� ��� )12;3.(  

 0,�-�12�3�4 5��  

 <�4� ����1R
��� ��54= ���A ;��_�4 ]>��	b ��� � �	�2� ��D) ���=1% (��@ $V ���B 5��7 ��b-� ������1$ �1U

�R��W  0�� ���� ���.� 0��R*1� �	W+�� )77/495*7 ���1$ �� 8���� (  8��9�50:50 �*1��54� �=�� <�=�>�?4� � ��:� 

 I���)3(	�2� O�� $ I�d�� �� . 0�� ���� ���=	W+�� 5*7 ���1$ �= 01� �*1�� ]-�>5*7 � ��:�  8��9�50:50  �*1��

��� .�*
 ����*� <�=�>�?4� � ��:� @� �7 ��?
��1R
���  I���3  ����*�	�=��  ���1$75:25 5*7  �� �6��.� �= 8��9�

 ���1$25:75  ����= ]>����_�4	b  ���0������� .54� ��$`��; ��  �� ���$��1R
��� ��54=  �
�� �1��$ ���� ���A�11m$��� 

	W+�� ���_�4 ���� FH*� 5*7 ��b-� �� ���$ ��.  

 6 �.  7
, 89%�1 ��  

   Z*> �@� 	W+�� �/
 @� ���
�	����; 5*7 ���1$ ]-�> ��:� �*1��  ��17/820  \����R� �= ��W� �	�2� ��D ���= ��=�.�

=�= ��*
 �����1$ ���4 �� 5�6
 ��$`��  I���)3( . 0�� ���.�	W+��  5�6
 a��7 ����1W �*1�� ��:� <�=�>�?4� ��1W �� �=

5*7 g����  8��9��*1�� ��1W 5�6
 a��7 �� � �R��= 	?> �?��� .54� �R��� a��7 <�=�>�?4� ��1W �� ��:� a��7 �
��

 0��	W+�� )19 ;40  �78%5*7 ������1$ �= 31$�$ �� (  8��9�75:25 ;50:50  �25:75 5*7 �� 5�6
 ]-�> ��  �� ���$

 i7��$ a��7 ��1W�*1��u?4 �d�� �= ��:�  ��/R
� F��B54�. `�� ���
� Z*> �@� �=���*1�� FW 	������:� �= 5*7 ]-�> 

�� 	����$  �� � ��1W 0�� �`�� i7��$��� =��� 5��B� 01��
�W�� 5*7 g���� �=  ]-�>����� =�7  �7�= 0�� g���� = ��- F1

) 31B� ��1W =��� ���<�=�>�?4�( ���� @� �=� R4� ��1�A��� ��6H� 	H�x�-�7� 	���$ \���� �= =���� ��1R>� �*1����:� 

���B �R��W 54�. 	
��f�) ����H�� � ��.�39 (`����� 0��$@�1, ��1W ���� 	R6�@ =�H )Allium cepa( )9/9973  �= ��W��17

(��RH�; ��1
@ )6/2915 (��RH� �= ��W��17 �
���� � )Matricaria chamomilla L.( )6/358 \����R� �= ��W ( ��5*7 g���� �= 

 ]-�>�
=�7 e��_W@�1, 	R6�@ =�H��� 0��R�7 �2-�?� 0�� �= �7 54� 	-�d�= 0�� . )9/2544 (��RH� �= ��W��17; ��1
@ 

)3/1606 (��RH� �= ��W��17 ) �
���� �5/209 5*7 �= 31$�$ �� (\����R� �= ��W @�1, 8��9�- ��1
@1:1��1
@ ;- @�1,1:1  �

�
����- @�1,1:1  .54� ��� e��_W5*7 g���� �= 	���� ���
� Z*> �@� a��7 01� 5��B� F1-= �� 8��9��
�W ���4 ���� ��

 _1
 ����1We��_W 54� ��� )11 ;15(.  

:; <�=���  

   ���� @� u?4 �d�� �= FW =�H���	W+����� O�� �� �7 54� 	��@ $V � �R��W ���B 5*7 ��b-� ���1$ �1U	�2� O�� $ ���=

 0�� ���� �����1$ 01�	W+�� 54� ����*� F��B.  <�4� ����1R
��� 0��R*1� 01b
�1� �6��.� )661 (\����R� �= ��W  0��R�7 �

)7/100  (\����R� �= ��W 31$�$ �� FW =�H����� 5*7 ���1$ �*1�� ]-�>5*7 � ��:�  8��9�25:75 �*1����:�  �

<�=�>�?4� ��A 54= �� . @� �7 ��?
�����1R
���  I���3  ����*�	�=��  @� FW =�H��� �11m$��b-� 5�6
 ��  	G9*�

 � �=�7 ���1, 5�6
 a��7 ����1W �*1�� ��:�5*7 �=  8��9� FW =�H��� _1
 �R��� a��7 ���1$ �= �25:75  0��R�7 ��

 .54� ��14� =�> ���.� �
���11m$���  0��	W+��  �
�� �� ���*� �=��@ =��d �$�11m$���  ���� ��� ����*�	W+��  Z*> �@�

.54� 	���� ���
�  �
�� �� ���*��11m$��� �*1�� ��1W �= FW Z*> �@� �2-�?� �= ��:�FW Z*> �@� 0��$`�� _1
 ��b�= 

)164 (\����R� �= ��W FW Z*> �@� 0��R�7 �7 54� 	-�d�= 0�� .�� ����*� �
���� ]-�> 5*7 ���1$ �= )33/72  �= ��W

(\����R� ��9� 5*7 ���1$ ��8 �
���� -@�1, 1:1 5��= ��GR>� )39( .  

>.�3  �?�<  

  ��1R
���  	W+�� ���� 01b
�1� �6��.� ^
�4� �!�=W F�*1�� 8��9� 5*7 ���1$ �7 =�= ��*
 ��:�25:75  �!�=

�*1�� 0��R*1� <�=�>�?4� � ��:� ^
�4� �!�= 01b
�1� ��43/2%  ��GR>� =�> �� ��54� �=�=  I���)3(5*7 ������1$ . 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             6 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.2.6.9
http://journal-irshs.ir/article-1-470-fa.html


... 8��9� 5*7 Q�R9� ����b-� �1U�$ 

157 

 8��9�50:50 ;25:75 5*7 � �*1�� ]-�> �� 31$�$ �� ��:�7 ;19  �23%  a��7��$� �= ���B ��2� ���.��R��=  =��� ���

	�2� O�� $5*7 ������1$ 01� ��= � ]-�>��*15*7 ���1$ � ��:�  8��9�25:75  ����	W+��  �16 $ ^
�4� �!�=��1� 

 0�� ���l,�1U�$	W+���� 	� ��1�1, �� 5��7 ��b-� @� 0�� .��7��1R
�� 	� �
��$F1-= �� 	�2� 5�{� 8��$�� =��� ��� ��=

 ^
�4� �!�= � FW =�H��� .�����= �= 	*��+, 5*7 8��9� 	
��2��  ��?�(Pelargonium graveolens) � ��2
 )Mentha 

arvensis L.( =�H��� ^
�4� X��2
 �� a��7 ��� ���
 @� 129 �� 90 �R�1R
�4 �� F1-= =��:� �U���� 5�{� �
�W ;����� �� 

��D 	�2����= a��_�� 5��� )36(. ) ��:�165*7 	4��� �� _1
 (  �
���� 8��9��*1�� � ��:� �= �� ^
�4� =�H��� 0��$`��

5*7 g���� 5�6
 �= � 8��9� @� �R�7 ���50:50  .=��
 e��_W��1R
���  �2-�?�Maffei and Mucciarelli )22 0�f _1
 (

$ �1��^
�4� =�H��� a��_�� ) 	� �� ��2
Mentha piperita L.( 5*7 g���� �= 8��9� ) ���4 ��Glycine max L. a��_�� ;(

5*7 g���� �= ^
�4� 51 17 .=��
 e��_W O�R7� F1R�� � ������R�� �!�= a��7 � �$`�� I�R�� �!�= F1-= �� �� 8��9�  

@%<�,�A3  

)�*+�  �+��  

  ��1R
��� �=�= ^
����� ��_�$�� <�=�>�?4� ��1W ���� 	�2� �U� ���$ �� �� 5*7 ��b-� ���1$ ��=	W+����� =�= ��*
p � �

 �H���D	W+�����  u?4 �= ^
�4� �!�= � 	���� ���
� Z*> �@�1%  ���4 �	W+����  �= u?45% 2�	��
=�� ��=.  ���$ ��

 ����1R
���  01b
�1� �6��.� I���=�_��Q�=� � ����*1����:�  ���_� ��<�=�>�?4� 	�2� a��7 3�4�$�� X� $�� ��=  �=

<�=�>�?4� ��1W ) �$�� X� $�� 0��R*1� .��56/41 	R
�4 (�R�5*7 �� 8���� ]-�>  �� ���.� 0�� �7 =�� <�=�>�?4� ��1W

4 �d�� �= ��1W 0�� i:4 a��75*7 ���1$ �= � �R��= 	-�_
 �
�� u?  8��9�75:25 �*1�� � <�=�>�?4� a��7 �� ��:�

26  =�> ���.� 0��R�7 �� ��!�=)66/30 ( .54� ��14�5*7 �= �$�� X� $�� a��_��  �� �6��.� �= <�=�>�?4� ]-�>

��b-�5*7 ��� 	� �� 8��9� �� ���$a��7 01� 5��B��
�W ��=�:
 tl� ����� �����+��  ��
�7 =�= 5�6
 �$�� a�7����  �� ��

 .54� �R��= 	, �= X� $�� a��_�� FH�	w�f� �2-�?� �= 5*7 Q�R9� ����b-� 01� �= �$�� X� $�� 01b
�1� �6��.�1v� � �


) ����H��37) �$�� X� $�� 0��R*1� �7 =�= ��*
 _1
 (44/56 	R
�4 (�R�5*7 @� ) �A ��_1� 0��R�7 � ��1���� ]-�>45 

	R
�45*7 @� (�R�  5�6
 �� ����
 8��9�12  � ��1
@ Q�=�a�  .��A 54= �� ��1���� Q�=� 5�6
 ��:� �*1�� �7 	���
A @�

 ��<�=�>�?4�  ��R*1� �=�$ 56�@ � X� $�� ����=54� 	� �/
 ��5*7 g���� �= <�=�>�?4� �7 �4�  	R��B� ��*� 8��9�

 �1-�$ 5�=���� F1-= �� � ��� F��R� �� ��R*1��=�����  ��� �A X� $�� ��1R
 �= � 	*��� ��� a��7 }��� �_R�4�R�

 .54���1R
 	>��  @�a��+,�� ��*
 	���= �7 O�� $ X� $�� ��1W �= 5*7 ]-�> �= �6��.� �� 5*7 8��9� 	��
��$ �� 

5��B� F1-= ���� ;��
 tA � �=����� 	��l
 ���� �= 	-�d ����1W �7 �� �D�> 5��B� �����
�W�� 3�
� @� ��R�7 X� $�� 

��=��>�� ��R6� )7(. 0�� 5��7 �= �$�� X� $�� a��_�� 5*7 �� �6��.� �= ]-�>  ���4 �= 8��9�	4�����  ��� e��_W _1


54� )3; 29(.   

�,�-
�� ��.�/  

  5*7 ���1$  8��9�75:25 <�=�>�?4� �*1�� ���:�  01b
�1� 0R��= ��99  	�
�� �>�� ����==��2$ 0��R*1�  �>��

5*7 ������1$ ���4 �� � =�� 	�
�� 	�2� O�� $ 8��9�=�= ��*
 ���=  I���)4( ������1$ ���4 �7 54� 	-�d�= 0�� .

5*7 0�� �/
 @� 8��9�	W+�� 2� O�� $	� 0�� �= <�6�� �11m$ �� ��1W �= 5*7 5�6
 �11m$ � �
=��
 ��*
 ���=	W+�� 

=��
 �����.  ��I�d�� 5*7 ���1$]-�>  �� <�=�>�?4�89 	�
�� �>��  a��7 �10 5*7 ���1$ �� 5�6
 ��!�=  8��9�

75:25 <�=�>�?4� �*1�� � ��:��R�7��>�� =��2$ 0 ��GR>� =�> �� �� 	�
�� ��� .=�= �= <�=�>�?4� �$�� i7��$ a��_��

5*7 ���1$ ���� u?4 �d�� ���1$ �� �6��.� �= ]-�>5*7 ��� �*1�� � <�=�>�?4� 8��9� 5��B� a��_�� �� ���� ��:�

���=�
�W�=�:
 @� �=� R4� 5:� �$�� �� ���� <�R4= =��� ��|� a��7 F1-= �� �� ��
 ���� @� �� ��=�����  	��l
 � ���

�>�� =��2$ a��7 .54� �R��= 	,�= �� 	�
�� ���) ����H�� � ��4� �2-�?� �=3_1
 ( �>�� =��2$ 0��R*1� �= 	�
�� ���

 ��1W=�9
 )Cicer arietinum(   ��_1� ��75/10 =�� �= 5*7 ���1$ 8��9�100  %��� �@ )Crocus sativus L.(  �20% =�9
 

 p�� ����*� 54� 	-�d�= 0���>�� =��2$ 0��R�7 �7 	�
�� ���)59/2���� ( 5*7 ���1$]-�> =�9
 .�� ����*�   

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             7 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.2.6.9
http://journal-irshs.ir/article-1-470-fa.html


����H�� � 	R*:�  

158 

 0,�-�12�3�4 5��  

   <�4�����1R
��� 01b
�1� �6��.�  0��R*1� ]>�� 	b��_�4 ���)33/72(  ���1$ ��25:75  8��9� 5*7 <�=�>�?4�

�*1�� � ��:� 0��R�7 � ]>�� 	b��_�4��� )40/68( �� 5*7 ������1$ �� E�R*� ��D 5*7 � <�=�>�?4� ]-�> 

 8��9�75:25 �*1�� � <�=�>�?4� .5��= ��GR>� ��:� @� �7 ��?
�����1R
���  I���4  ����*�	� ;=�� ���l, �1U�$

 0��	W+��  0�� �16 $ X�f�� 0�� � �=�H
 ���1, 	!�> �
�� @� 5*7 ��b-� @�	W+�� .54� �=��
 ��1�1, ��   

�1 �� 6 �.  7
, 89%  

   �/
 @�	W+�� 5*7 ���1$ 	���� ���
� Z*> �@� �� ]-�>67/139��W 5*7 ���1$ � 0��R*1� \����R� �= 8��9�75:25 

�*1�� � <�=�>�?4� �� ��:�79/74  .�
=�= ��GR>� =�> �� �� ��=�.� 0��R�7 \����R� �= ��W <�4� ����1R
���  I���

��:v �*1�� 5�6
 a��7 ��5*7 �= ��:� 	� ��/R
� �7 ��?
��� <�=�>�?4� �� 8��9� 	���� ���
� Z*> �@� 5�� ��1W

<�=�>�?4� 5*7 ������1$ �=  .54� �R��� a��7 8��9��= 5*7 <�=�>�?4� ]-�> F1-= �� �$�� �$`�� i7��$ ���

� <�=�>�?4� ��� =��� 5��B� 01��
�W�� 	���$ \���� �= =���� ��1R>� <�=�>�?4� ���B �R��W .54� 0������� �=  0��

g���� �� ;�$�� @� \���� �= <�R4= 0��R*1� ��:� ���=�� �� �=�7 �7 0�� X�f�� 	��
��$ 	H� @� a��_�� F���� =�H��� 0�� 

��1W �= �d�� u?4 ����. 5*7 ����b-� 	4��� �= ) ��1
@ � ��1���� 8��9� � ]-�>37 () 0��R*1� _1
44/3114 ��W��17  �=

��RH�( ) 0��R�7 �78/1998  =�H��� (��RH� �= ��W��17	R6�@ ��1���� 5*7 �= 31$�$ �� 5*7 � ��1���� ]-�>  8��9�

 5�6
 �� ����
12  � ��1
@ Q�=�6  ��1
@ Q�=���54=  .��A 	���� ���
� Z*> �@� a��7Q�=� a��_�� �� ����� ��1W ��� �=

5*7 g����  0�� @� a1, 8��9� �=	4������  ���4���b*��+, ��� �@ ;<�� ����O�� ;�
�=��W ;�1��- ;���7 ;  FW Z��� �

���>�� 54� ��� e��_W _1
 )29;20(.  

:; <�=���  

   0��R*1� �v�W�FW =�H��� )29/4 (\����R� �= ��W i:� @� 	H� ����� �� 0��$	W+����  ���1$ �� <�=�>�?4� ��1W �=

5*7 5��= ��GR>� ]-�>5*7 ���1$ �= FW =�H��� ;  8��9�75:25 �*1�� � <�=�>�?4� FW =�H��� �� ��:�28/3  ��W

	�2� O�� $ \����R� �=5*7 �� ���= =��
 ��*
 ]-�>  I���)4( .5*7 ������1$  8��9�50:50  �25:75  � <�=�>�?4�

�*1�� FW =�H��� �� 31$�$ �� ��:�14/3  �06/3 ��$� �= ��2� ���.��R��= ���B  FW �`�� =�H���W ����1 <�=�>�?4� �� �=

5*7 ������1$ 	� 8��9��>�� =��2$ a��_�� �� �
��$ 8��9� 5*7 ������1$ �= 	�
�� ��� �= FW =��2$ a��_�� �� ���� �7

	� �$�� ==�W���� g�$��. ��>����H�� � I= )20(  �-o7 Z*> �@� 0��R*1� ;��� �@ � _�4 ���@ 8��9� 5*7 	4��� �= _1


) ��� �@77/2  .�
=�7 e��_W ��� �@ ]-�> 5��7 ��b-� ���� �� (\����R� �= ��W�R��� �� �f�d a��+, q��R
 �� 8����  ���

= ��� �@ �-o7 � FW =�H��� a��_��5*7 �-�>5*7 �� �6��.� �= ] =�9
 �� 8��9�  �=����H�� � ��4� �2-�?� )3(  _1


 	
��9��=��=.  

>.�3   

   �/
 @�	W+��  ^
�4� �!�=5*7 ���1$  8��9�50:50  ��28/3 �!�= 5*7 ���1$ �  8��9�25:75  � <�=�>�?4�

�*1�� �� ��:�82/2 �
=�= ��GR>� =�> �� �� ��=�.� 0��R�7 � 0��R*1� 31$�$ �� �!�=  I���)4(. �!�= a��_��  �= ^
�4�

5*7 ������1$  8��9�I��Rd� ��  ���U���� ����� ��1W 5�{� �*1�� ��1W)(��:�  .���� 8����$ 	���@�� �=V5*7 �1U  8��9�

5*7 �= _�4 ���@ ^
�4� �� 5*7 ��b-� _1
 oB�� �� 8��9�  8��9�1:1 _�4 ���@ ^
�4� �!�= 0��R*1�  

)Cominum cyminum L.( 5*7 �� 8���� _1
 �
�= ^
�4� �!�= ��_1� 0��R�7 .=�� ���= �� ) =�� _�4 ���@ ]-�>40.(  �=

	� �2-�?�) ����H�� � ���W65*7 ��� ( _1�*W � ��1���� 8��9� )Coriandrum sativum L.(  ��� ^
�4� ��_1� 0��R*1� _1


�= _1�*W ���1$ 5*7 8��9� 75  � _1�*W �!�=25 .��=�W ����*� ��1���� �!�=   

5*7 ��b-� �=�7 0�_b��� � 8��9� �14 ���6Z$ iR @� ���16� ���7�$ �7 54� 	��� ;	R*7���b*��+,  �=�� 34���

�=�7 5��U �� �A�
� )14 ;21 ;41(. a��_�� �� i7��$ �= 5*7  ]-�>)5��B� ���=�
�W��(  5��B��$=�@ 	� �� ��=� ����$� 

�� ����>. 	-�d�= �7 �= ��b-� 5*7 8��9� �� ���$ �� 
1O�� R� @� �
�W;�� 5��B� �A�� �R�7 ����> =�� �  ����=�4

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             8 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.2.6.9
http://journal-irshs.ir/article-1-470-fa.html


... 8��9� 5*7 Q�R9� ����b-� �1U�$ 

159 

�
�W��� ����� �= ��0 ��b-� 5��7 �� �1��_ 5��B� �10�
�W�� 5�6
 �� 5��B� ���=�
�W�� �R6��� ) 54�43 .(�b�= ��4 @�; 

=�H��� �= 5*7 �� 8��9� -=1F �=� R4� �$�Uk� @�  � ��
����U� ���@A�W=1 ��� Q����� �_�� @���	� a�.���  �v�W� ��1W

�*1�� ��:� � �=�� ��$`�� �=�$ 56�@ ����= �2-�?� 0�� �= <�=�>�?4� ��1W �� �6��.� �=�11m$ �
�� ���	W+���� ���+�� 

5�6
 �= =�H��� ��_�� ���5*7 Q�R9�  8��9� \ 
 ����� ;54� ��1W 0�� �� $ �� ���$V���= 5��B� �$`�� �1U�
�W �� 5�6
 ��

01� 5��B��
�W	� �/
 �� �2-�?� 0�� �= �� �4��*1�� ��1W �=<�=�>�?4� � ��:� ����� �R��= 	��> F�H� a.
  �	W�1v 

�*1�� ��1W=�� y
� i7 �=��@ =��d �$ ��:�. 01� 5��B��
�W���= 5��B� �� �6��.� �= �R�7 ���
�W �� ��� }���54� �$ 

����1W ����� �= 0�� �b-�  ������1�A��� 	H�x�-�7� ��6H� 5��B� ���H
 �7 0�� ��� 5��:
 �=  ��1W �= =�H��� ��_�� a��_�� ��

5*7 �=  .54� ��� ���� 8��9� I�d�� ��01� 5��B� i:4�
�W�� 	� _1
 �����$  34��� i7��$ � 5��7 a���A t�9R
� �� �7

Q12f ��1W 	��
��$ a��_�� �� ���� � tA tl� ���� �$�=�����  	��l
���$ F��B ��_1� �� 54�=�= a��7 �� )13(.  0���

 �H��� �� ���$�� ;31$�$����=�4 ��/
5*7 ���  	 �R9� F���� �� =�H��� a��_�� 5:� 8��9� X�
 ;����1W 317�$ ���� @�

	��1W i7��$ ;iB��
�W @� Z� �� i:4 ;5*7 �= �� =��= 	bR6� �b��H� @� ��1W���B ��!�� � 8��9� )15( �l- ;	� �17�$ ==�W

 �� 	��1R4= ��/�� �� �7��1*1� 5*7 �= 	 17 � 	�7 =�H��� �
�W 317�$ �� 8��9��� i:4 � i7��$ ;iB� X�
 ;����� ��� 

�
�W @� Z� .==�W ���$ ����1R
 2-�?����  _1
=�= ��*
54� �  �=�� 01��, g���� �= �7�=�� 5��B� 01��
�W�� @� ���=�
�W;�� 

��� 5��B� ����1W �= 5*7 8��9� ���� ��1�A��� ;��6H� 3��� 	� =�H��� a��_��=�� )13(��:� .iR614 @� ��1W ���

 	R*7 Z$�R*1� 5��B� a��_�� F1-= ���
�W ���=	� ����1W =�H��� ��_�� a��7 �� ���� ��	-�d �= ;=��5*7 �7  8��9�

���= 5��B� a��7 � ����� �
�W �=�7 =��� ���
�W	� =�H��� a��_�� 3�4 ��=�� )46(.  

B��9 
�� �� C��. 0,�-  

 ���� �7 �
�W @���1R
���  I���5 54� ����*� F��B]>�� ��_1� ; 01�@ ������ 5�6
  �=�= $5*7 ���1  01� 8��9�

40/1  �$75/1 =��;  	�2�40  �$75 %  �= ��R*1� 01�@ u?45*7 ]-�> 5*7 ���*� �=�H��� �$ 54� @�1
  54= �� 8��9�

 @� �$`�� 01�@ ������ 5�6
 X���� �= .��A��*
 a���@A 0�� �= Z�5*7 ��$�� ����= ��b-� 0�� �= 8��9� 5*7 ���

	� 5�6
 .����50:50 % �*1�� FW) 5��= ���B =�> ���.� 0��$`�� �= <�=�>�?4� �� 5�6
 ��:�75/1LER= ���4 �� �7 (

����b-�  5*7O�� $ 	�2� .5��= ���= 	*��+, �=	��f� �
�1v)38��1W �4 �� �=�GRB� =�H��� �7 =�= e��_W (  ;�
����14

 �1��- � �������@ *���@A ������1$ �1UV$	  0�� 01b
�1� � 5��W ���B	W+�� 5*7 �= 5*7 �� 5�6
 ]-�> .=�� �$`�� 8��9�

�A ������ 5�6
 0��R*1� �7 �
=�= e��_W ��@) 01�93/15*7 @� (  ����
 8��9�4 �
����14 Q�=� + 8 �1��- Q�=� + 4  Q�=�

��*
 �7 ��A 54= �� �����5*7 	���@ ����=�4 a��_�� ����= 5*7 �� 5�6
 8��9� .54� ]-�> �-� �=�=) ����H�� �2 (

 _1
�*1�� � ���4 8��9� 5*7 �= 	 17 � 	�7 =�H��� � 5��B� 	4��� �= ��R����=��:�75*7 �  Q�=� Z�) 	 �=� 8��9�

�*1����:� + ) ����
 � (���4 Q�=� Z�4 �*1�� Q�=���:� + 6 =�GRB� =�H��� �/
 @� (���4 Q�=� 5�6
 01�@ ������ 5�6
 ;�

5*7 Q�R9� ����b-� ���4 ����� .5��= ��$�� 8��9� i�01�v 5*7 �7 �
=�7 e��_W 5*7 � 	 �=� 8��9�  ����
 8��9�

�*1�� � ���4 Z*> =�H��� ��:�FW � 0��A5*7 �� 5�6
 �� ��R*1� ����W �*1�� ]-�> �
=�7 �1-�$ u?4 �d�� �= ��:�

5*7 X�
 �= 0�� ����=�4 �b
�*
 ��� 0�� �7 ��R��= �� 01�@ ������ 5�6
 0��R*1� � 5*7 �� 5�6
 8��9����  .=�� ]-�>

 @� 	>�����b*��+, �=�7 e��_W5*7 �= =�H��� ��$�� �7 �
� � 0H�� 8��9��R9� F���� @� 	.1 �$ �U� �� 54 ����� Q

 � ��
 ;E�> 5��D� @� �R:� �=� R4�����G�� �A ;���� 	��l
 =��� ��O�� $ @�$ ;�*�� ��R>�4 �= \����4��4٢ h�1Rd� � ���

5*7 �= ����1W 	��l
 �=�= ]19*$ ���A��7 0�� 5�� �� 8��9�) �
�33.(  

  

  

  

  

 

1 - Allelopathy                                                       2- Canopy 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

15
4.

14
00

.2
2.

2.
6.

9 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

l-
ir

sh
s.

ir
 o

n 
20

26
-0

2-
16

 ]
 

                             9 / 15

https://dor.isc.ac/dor/20.1001.1.16807154.1400.22.2.6.9
http://journal-irshs.ir/article-1-470-fa.html


����H�� � 	R*:�  

160 

  

 I���3- �6��.� 01b
�1����  @� 	>��	W+����� �*1�� ��1W �= 	�7317�$ �= ��:�5*7 Q�R9� ���  �� 8��9�

<�=�>�?4�.  
Table 3. Means comparison of some morphological traits in pot marigold in different intercropping combinations 
with lavender. 

�$�� X� $�� 

Plant 
height 
(cm) 

 �>�� =��2$

	�
�� 

Number of 
lateral 

branches 

 ]>���_�4	b� 

��� 

Leaf SPAD 
index 

 Z*> �@�

���
����  

 	���� 

Shoot dry 
weight (g.m-2) 

 FW =�H��� 

Flower 
yield 

(g.m-2) 

^
�4� �!�= 

Essential 
oil (%) 

317�$���  5*7

�*1��)(<�=�>�?4�:��:�  

Culture combinations 
(Calendula + 

Lavender) 

64.54 aǂ 57.18c 49.44a 820.17a 661a 1.87c 
100 �!�= � ! :�!�=  

100%:0% 

53.21b 75.22bc 45.57c 665.85b 544.74b 2.43a 
75 :�!�=25 �!�=  

75%:25% 

57.77b 90b 49.77a 494.02c 403.33c 2.26b 
50 : �!�=50 �!�=  

50%:50% 

49.89c 117.33a 42.41b 178.93d 100.7d 1.97c 
25 :�!�= 75 �!�=  

25%:75% 
ǂǂ Means with the same letters are not significantly different according to LSD test at 5% level of probability. 

01b
�1�c�d �7 	��� I��Rd� u?4 �= �
��= E�R*� ���5%  ���@ALSD 	�2� O�� $.=���
 ���=  

  

  

 I���4- @� 	>�� 01b
�1� �6��.�	W+����� 317�$ �= <�=�>�?4� ��1W �= 	�7�*1�� �� 8��9� 5*7 Q�R9� �����:�.  
Table 4. Comparison of the mean of some morphological traits in Calendula in different intercropping with 
Calendula. 

�$�� X� $��  

Plant height 
(cm)  

 =��2$ �>��

	�
��  

Number of 
lateral 

branches  

 ]>��

�_�4	b� ���  

Leaf SPAD 
index  

���
� Z*> �@����  

 	����  

Shoot dry 
)2-weight (g.m  

 FW =�H���  

Flower yield 
)2-g.m(  

 �!�=

^
�4�  

Essenti
al oil 
(%)  

 5*7 317�$

<�=�>�?4�): FW

�*1��(��:�  

Combine culture Pot 
marigold + Lavender)  

41.56a* 89.33b 68.40c 139.67a 4.29a 2.98b 
100 �!�= � ! :�!�=  

100%:0% 

40.72a 90.66b 72.33a 117.07b 3.06b 2.82c 
75 :�!�=25 �!�=  

75%:25% 

36.89b 91.33b 70.78b 94.38c 3.14b 3.28a 
50 : �!�=50 �!�=  

50%:50% 

30.66 c 99.6a 69.30c 74.79d 3.28ab 3.14a 
25  :�!�=75 �!�=  

25%:75% 
ǂMeans with the same letters are not significantly different according to LSD test at 5% level of probability. 
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 I���5-  5�6
 01b
�1� �6��.�5�6
 �= =�H��� ���� 01�@ �������*1�� 8��9� 5*7 Q�R9� ���<�=�>�?4� � ��:�.  
Table 5. Comparison of mean land equivalent ratio for yield in different cultivars of pot marigold and lavender. 

(=�H��� <�4���) 01�@ ������ 5�6
  

Land equivalent ratio (based on yield (kg per hectare))  317�$��� �*1�� FW) 5*7Q�=� �� ��� (<�=�>�?4� :��:�  

Culture combinations (Common marigold + 
Lavender) on each row F7  

Total  

�*1����:�  

Pot marigold  

<�=�>�?4�  

Lavender  

-  a 1.00 0.00c 100 �!�= � ! :�!�= - 100%:0% 

-  0.00c 1.00ab  : �!�= � !100 �!�=- 0%:100% 

ǂb 1.40  0.84a 0.56b 75 :�!�=25 �!�=- 75%:25% 
a 1.75 0.58a 1.17a 50 : �!�=50 �!�=- 50%:50% 
c 0.64  0.16c 0.48b 25  :�!�=75 �!�=- 25%:75% 

ǂMeans with the same letters are not significantly different according to LSD test at 5% level of probability. 

ǂ01b
�1�c�d �7 	��� I��Rd� u?4 �= �
��= E�R*� ���5%  ���@ALSD 	�2� O�� $.=���
 ���=  

  

#4��! ����  
 01� 5��B� ��_1� �� �R6��
�W5*7 �= �� 5*7 Q�R9� ����b-� ;8��9�  54� 0H�� 8��9� �1UV$ �� O�� R�	W+����� 

.����� �R��= 	 17 � 	�7 <�4� �� ��1R
��� ��;���A 54= 5��B� ���=�
�W ��5*7 �=  3$��� �� ��1W �= �� ���� ]-�>

01� 5��B� @� �R*1��
�W5*7 g���� �= ��  0�� .=�� ��1W �= 8��9��= 0�� �=�� 34��� X�f��  �� ��1W�� F�H� ��1W �= �����

14 �= t��?�65*7 iR 	� ��*
 8��9� .��=Z� @� �$`�� 01�@ ������ 5�6
 �1��$ 0�f W �= 0�� �=�� F�H�1��  ����=�4

5*7 �R*1� 5*7 �� 5�6
 �� 8��9�  ]-�>	� ��*
��=) 01�@ ������ 5�6
 ��_1� 0��R*1� .75/1 �= (5*7 317�$  8��9�

 5�6
 ��50:50  �!�=�*1��<�=�>�?4� � ��:� .�� F!�d 0�������; 	� 5��7 ��b-� �= 5�6
 0�� �= �
��$	4������  ��2�

��:� a��_�� �� F1
 5:� .=�1W ���B �/
�� ����� 	����= ��1W �= 0���*�� iR614 � X� $�� coR>� F1-= ;����_��  �=� R4� ��

 ;��
 @� �R:�I��Rd� ��  � tA @� _1
 �*�� g1�� �=�=�����  �= � �=��
 �=� R4� 	��7 	��l
5*7 ��b-�  a��_�� 8��9�

	W+����� �=�= ��*
 �� 	4��� =���.�
�  

�$
��"�5"  

 0��� .���� 	� I�� ��
��b
 ��R7= �-�4� @� 	*9� �-�.� 0��  i���� 5:� �� h�4�� �d�� 	�o4� =�@A ��b*
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 0�� ����� 5:� �@` O�
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Effects of Different Intercropping Patterns on Quantitative Traits and 

Essential Oil of Calendula (Calendula officinalis L.) and Lavender 

(Lavandula angustifolia L.) 
 

F. Beheshti, M. Hosseinifarhi*, M. Abdipour*, A. Kelidari11 

 
 In order to determine the most appropriate intercropping pattern of pot marigold (Calendula 
officinalis L.) and lavender (Lavandula angustifolia L.), an experiment was conducted as 
completely randomized block design with three replications during 2017-2018 cropping season. 
Intercropping treatments included: different intercropping ratios of calendula and lavender 
(100% calendula:  calendula sole crop, 75% calendula: 25% lavender, 50% calendula: 50% 
Lavender, 25% calendula flower: 75% lavender, and 100% lavender: evergreen sole crop). The 
measured traits included plant height, fresh and dry weight of shoot, leaf chlorophyll, essential 
oil percentage and Land Equivalent Ratio (LER) index. The results showed that the highest 
plant height (64.54 and 51.56 cm), shoot dry weight (820.17 and 139.67 g m-2), and flower yield 
(661 and 4.29 g m-2) were observed in sole culture of pot marigold and lavender, respectively. 
The number of branches and the percentage of essential oil for both crops under intercropping 
treatments were higher than sole culture. The land equivalent ratio (LER) in all intercropping 
treatments except 25% pot marigold and 75% lavender was higher than one and between 1.4 
and 1.75. In general, intercropping of pot marigold with lavender as 50%:50% is recommended 
higher efficiency and production stability. 
Keywords: Cropping pattern, Flower yield, Essential oil, Land Equivalent Ratio. 
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