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Evaluation of Some Morphological Traits, Essential Oil Content and Land 

Equivalent Ratio in Different Intercropping Patterns of Mustard (Brassica 

nigra L.) and Lavender (Lavandula angustifolia L.) 
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1- Land Equivalent Ratio (LER)           2- Brassica nigra L.        3- Brassicaceae       4- Lavandula angustifolia L.     
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 M��?

 4*5 2��3� M��?6� �� 	��/?@1 ���� �� A/
 46� M/�9 ������ 4�0
�1 ��/: �1 M�� �/-�$ �1 �$c�� ��L�1 	���1��.  

�
#� 
 2
	��  

  �� 	@��� ��C��ED$/� H�1�I�J@� � ��/@ K1�I 2��3� 4*5  ��	:+����� 43��	@���G
�@� �"�1 F  ������ 4�0
 �

M/�9L F 	*���9X��� W�8 U-�V �1 �� 	�1�Y$ A��5 ����@  ���;$ 	���9 K�@ �197-1396  ���=� �1	*��+,  1�9L ��Q*
�1

S�@�� �T�� 	�R@� ) 	��/����� ���30  � ���150  	��/����� K�8 � �./V151  � ���141  ���1 uJ@ 9� ^�!$�� � �./V1

1870 (�?� .��1�: ����  4*5 	*���9L ������/$ H�1�I�J@� � ��/@ K1�I 2��3� 4*5 Z�?3� ����"�1 A��� 2��3�

 

1- Trachyspermum copticum                 2- Trigonella graceum-foenum L.                     3- Cuminum cyminum L.     

4- Cicer arietinum L.           5- Cicer arietinum L.            6- Phaseolus vulgaris L.          7- Glycine max L. Merr      

8- Panicum miliaceum L.                                  9- Brassica oleracea                              10- Foeniculum vulgar Mill  
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)100  �"�1@ K1�I/F�� 75  �"�1K1�I @/��- 25 �"�1  FH�1�I�J@�50 �"�1 K1�I @/��- 50 �"�1  FH�1�I�J@�

25  �"�1K1�I @/��- 75 �"�1  � H�1�I�J@�100 �"�1  (H�1�I�J@��
1�� . </,�
��
 4��1�� �� <���9L ����� 9� ���

 �$ �!" 7�� 9� X�I30 	?
�@	:+�� F��?��� M//]$ X�I 	��/�/� � 	;�=/� ���  K���)1( .�� H�@� -�
L/= X�I 1��T 

30 M$ 1�5 ��1	 @�,/�� �� ���=� ���h� 1�:�� . ��/� >�9�$ 	:�
���	:+�� �Q�1 M/�p�� � ����� A � 	���� � vL ���

1�I ��/: �1 ��� AY� K�8 �1 <���9L) K��� �1 H�1�I�J@� � ��/@ K2 .4@� ��� �1��L (  

  

K���1- 	:+�� 9� 	I�� A � X�I 	��/�/� � 	;�=/� �����9L�<.  
Table 1. Some of the physical and chemical characteristics of the experimental soil. 

X�I 7��  

Depth of 
soil  

)cm(  

	;��?;-� 4����  

Electrical 
conductivity  

)1-.mdS(  

pH  
	-L M��5 �"�1  

Organic 
carbon (%) 

 �"�1

 �|��?/


A5  

N (%) 

) �!0�ppm(P  ) g/@�?,ppm(K  
X�I 4���  

Soil texture   

  رسی  338  10  0.09  0.09  7.6  0.7  0-30

Clay  

 
 K���2-  	I��	:+�� ��� 	���9 AY� �1 S�@�� 	���� � vL1397-1396  � ����/Q65 	@������ 4��@�����T��.   

Table 2. Meteorological data for the Kohgiluyeh and Boyer-Ahmad site in 2017-18. 

�
�/��� ���1 

Monthly temperature 
(◦C) 

�
�/��� 4��8� 

Monthly humidity 
(%) 

�
�/��� l��� 

Monthly 
rainfall 
(mm) 

���K�@ ���  

Months of the year ��1 ��/*/� 

Maximum 
temperature 

��1 ��/�5 

Minimum 
temperature 

4��8� ��/*/� 

Maximum 
humidity 

4��8� ��/�5 

Minimum 
humidity 

30.40 6.40 51.00 1.00 0.00 
�6� 

October  

26.80 -1.20 100.00 1.00 17.30 
���L 

November  

20.00 -4.20 100.00 2.00 60.80 
�{L 

December  

21.60 -0.60 97.00 1.00 16.80 
�1 

January  

19.20 -0.80 100.00 3.00 33.50 
M�6� 

February  

22.20 3.20 98.00 2.00 98.20 
��!@� 

March  

27.40 4.80 100.00 1.00 66.70 
M�1���� 

April  

27.00 9.20 70.00 2.00 129.30 
4*6��1�� 

May  

36.20 14.00 40.00 1.00 0.00 
1�1�I 

June  

39.60 14.00 40.00 1.00 0.00 
�/$ 

July 

37.80 16.80 55.00 2.00 0.00 
1�1�� 

August 

36.80 13.60 59.00 1.00 2.70 
����6� 

September 
Source: Kohgiluyeh and Boyer-Ahmad Meteorological Department. 

 :>���	@������ ���1� ��?@�  � ����/Q65�����T��.  
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  �1��L o�/��� K�@ =/��, �I��� �1 M/�9 �9�@1396 ��1�:�� M�L��: i@�$ 7/�� g3� �� K�@ ��6� A���� �1 � �� ^��� ��1

1397  ��=/� �� ��/@�, ���: 1�530 \0�1 o�/��� � ���h� <���9L M/�9 �� ��?;� �1 M$���?/-�5 � 	
9 �1��L 46� �9�@

 ��� k���$ �1 U/$�$ �� � �/6$ ����$ ����5 �/-�$ \� 9� H�1�I�J@� � ��/@ K1�I F��/: �1 �� ��*
 .4��: o��"10  �12 

 4*6��1��1397  �1 � A.?�� 	�"� M/�9 ��o�5 4T�0� �� 	���12  1�]�� �� >��� �?�4×3 .��1�: ���5��*
 �?�  ��"��

Z�1� g� 9� ��50 
�@?	�?�  ����*
 ��"�� .1��4*5��� Z�1� ��� H�1�I�J@� � ��/@ K1�I U/$�$ �� ��30  �50 ?
�@	�?� 

 ��/@ K1�I g5��$ .�
�� �?��: �C
�1 g� �� 4�0
6 �$��  � H�1�I�J@� ����4 �$�� �?� �1  	��V�
 o��" �� ���/�L .1�� >���

 A��5 ���.?@� ��C�� �� � �� ���
��*
�� :��� ��L ��� \*I 9� ��/ �1 ���/�L F�� ���?����5�*
 ���;� 9�� �1 �� o��" �� �

 �� ���/�L F���*
 ���.?@� 9� ���/�8� 9� G, � �?!� �1 o�� ��10-7 K�?�5 .4��: o��" ���;� 9�� Z����� 9�� �� M/�� 

	?@1 � 	8 ��s ��T�� �1 ��� AY� K�8 ���
� .4��:   

   9� ��/@ K1�I ��6?
�1�I �$ ��� 1� ���?�� ����/$1397 	
��9��/
 �5�
1�� A��5 	:�/@� ��T�� �1 ��.�� 4��1�� F  4��1��

�I���@��� �:��� J@� ��/: �1����=�� H�1�I �� ��/*/�  9� </� ��� 9�� 	�]� 	���:50 %�p�: 9� F �$ ��� ����6� 9� ��

 ����{L1397 J@� ��/: 1��� �1 .�� ���
� M/s ��s �1�� H�1�I� A: �1�� g5 �� ���$�I���@ F��A: ��� ��1 4��1��.�
�� 

��C�� M�� ����  o�5 �� ��6?
� � c�� 9� �?� g/
 M/�p�� � o�5 �� ����5 Z�1� �1�������  �/.� � �� �?��: �C
 �1 �/��T

�
�� 4��1�� .�
��
�I���@ � A: ������ 4��1�� ��� ���� M//]$ �9� \*I � �$  (>����?� �1 ��: U0T ��)�� ��Q*���9L 

.�
�� A.?��  

  �9��
� ���� \*I � �$ �9� ��/:��� ���
� � 	��*�� �?� �1 ��: U0T��) (>���  w�, ��?���$��  �1 ��/: �� 9��� �5o  �1

���,� AY� ���v�3?
� F  �9� G, K�.?
� �$���� �� ��Q��*���9L ���
� 	����  ����*����  ��� K�?/��1 ��9��$ �� �$ �9� � ��1�:

�9��
� .��1�: ��/:G���@  � 	���� ���
������* �� $/��� �� ��8 �
�:��� �1 ��L  ����1� 70 ���1 H�/��0���@ �� o�� 24 

4��@ \*I �9� G�@ � 4��: ���V �� �9��$� 1��/K�? �9��
�:/�� �� )23.( �9��
� ���� ��?�� 	�
�� �I�� 1��]$ ��/:G,  

 9��IS� �5�1 ���$��  9��IFX �]$1� ���I��� �
��	 U]*�� ���  9��/T�
 y���, �1�Y $ o��"  �� o�5 �� �1	 � 9�/M 8 

 �$���9��
�:/�� �� .M/�p��F �9��
� ���� F�$�� ^�!$�� ��/:5 �$��  9��� �5o  �1���,� AY� ��� v�3?
� �
���$�� ^�!$�� F 

 9�)2-3 	?
����@ ��?�y���,( �� �$	� ����"� �V����@ �5	 �1�5 ������  �
1�������@�/�� iI� <5�
�9��/:� �� )23.(  ����

�9��
�G
�@� ��=/� ��/: �1 ��  ��/:9� .�� �1�!?@ � ��
��5 ��Q?@1 �
��
 ��?����/: \*I ���  ��=/� ��)50  </, �5 (��:

) ��$� ���1 �1 �L 9�23-20  �
1�� ��� \*I (H�/0�@ ���1 ��Q?@1 M-�� 1��� vL ����� �� ���?/� �  9� .��1�: M���

 �1 �$ 9�� \�I vL �/�  	��8�����/, � �� 9� G, .���� ����� ��0 
���5 ��/vL 4�@  �� ����3� F1���  �� �L �1 � 45�T

�-�- AI�1 G
���@� � >��� � ���� \�I >��G
���@� ���L ���� �?3���
 9� G, .����, ��5  o�� ��)3 (4����@ �-�- �/��� F

>��G
�@� ���L  9� G, � �� 9�� ����,��5 f�� AI�1 G
�@� F�+�� �� �?3�� ��1�: \*I g��@ o�!-�@ �� � )31.(   

� *��+,�
� 
��#�  

  M/�9 ������ 4����0
 eI����� 9� 2��3� 4���*5 ����1����@ 	���9�� 46� �
�: 1�;��� H����@��� � ��/���@ K1�I ���

H�1�I�J@� )LER ( H�@��� \� �-1�]��� �?��: ��6� )32.(   

) �-1�]�1(                                                                                                LER=
��

��
+

��

��
   

 F�-1�]� M�� �11Y  �2Y ���
�: 1�;��� U/$�$ � 2��3� �1 ��1 � K�� ���1F  �2D .4@� ��1 � K�� �
�: e-�I 1�;��� =/
 

���5�� �1�1 ����L 9� �1�!?@� �� <���9L �����
��=������LSAS   �30
1/9  �0��.� �M/Q
�/��, K��?T� uJ@ �1 ���"�1 w  ��

 ���9L 9� �1�!?@���/�5 	�]� fR?I�) ��1LSD ���
� (�� .  

 3��"�45� 
  

 -+�.�#$ /�"�+��01.$
�� ���.��# ���
  

  ��/?
��� �1�1 G
����� ��=�$ �1 H�1�I�J@� � ��/@ K1�I 2��3� 4*5 ���/$ �5 1�1 ��*
 ��	:+�����  1��� 	@���

� \*I �9� F�*�� �$ �9� ���� 9� � 	�
�� �V�@ 1��]$ F	���� ���
� \*I �9� F	���� ���
� �$ �9� F�*�^�!$��  �$�� ��/: ����
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 ��/@ K1�I�"�1 w�, ����L uJ@ �1 )P≤0.05(  �"�1 ���"�1 \� ����L uJ@ �1 G
�@ )P ≤0.01( 	�]��
�� ��1.  �E�

�
�� �I�� 1��]$ F�*�� \*I �9� �1 ��/@ K1�I � H�1�I�J@� 2��3� 4*5G
�@� �"�1 � 	 H�1�T�J@�  uJ@ �1

) �"�1 \� ����LP ≤0.01 �1 � (	:+����� ���
� \*I � �$ �9� F�*�� �$ �9� �$�� ^�!$�� � 	���� ��/: M�� ����L uJ@ �1

) �"�1 w�,P ≤0.05	�]� (�
�� ��1.  

23.� 435 $ �6 %�$  

  	:+�����  2��3� 4*5 U/5�$ �1 �*�� \*I � �$ �9�50+50  �1 �� 4�0
 H�1�I�J@� � ��/@ K1�I ��/: �1 ��

M/�p�� .�
1�� �?*/� e-�I 4*5F 	�]� o��!$ ����L �� - 9�U/5�$ �/.� �� 4�0
 ���1��?��1 2��3� 4*5 ��� 

)K������ 3  �4(.  2��3� 4*5 �1 ��/: �1 �� ���� �*�� \*I �9�75+25 	�]� o��!$ e-�I 4*5 �� 4�0
 ��*
 ���1

9� .1��
�1 �*�� \*I � ���/$  2��3� 4*550+50  ��/: �1 �� �1 e-�I 4*5 �� 4�0
 H�1�I�J@� � K1�I ��/: �"�1

 U/$�$ �� 	$��!$ 9� </�36  �27 �
1�1 ��*
 �� �"�1 �5 �� ���$ �� o��!$��� 43��	@��� �1 F�
�: 1��� i���� U@��� 

���� ��� �$��F�� ��/6� �1�!?@� 9� ����Y�� 	��m
 �1��� �1 X�I � >�9�$ v��J� �$ i@�$ ��
 ���@��@F 4*5 2��3� 

	��
��$ }��� 1��6� 	:+����� � 	�5 	!/5 �1 �
�: 1�� �5 	����$ 9� M�� ^�h�� �1 �/-�$ 	����1 ����/: �� f�Y� g5 

�1�6
��� 	��/�/� �5 �1 �/-�$ 	����1 ����/: =��T 4/��� F4@� 1�5 �1�!?@� )27  F38( .�	� �C
 � �@� 4*5 U/5�$ �1

 2��3�50  �"�1 � ��/@ K1�I50 	� ��/, <��=�� =?�@�?� ��=/� � ��/@� ��/: �1 �� �� ��?*/� ��
 H�1�I�J@� �"�1 ��5

  ��=/� M/�p�� � �� ��/: �*�� �?6� 	@�?@1����Y�� 	��m
 1��6� U��� 	� ��/: �1 =?�@�?� <��=�� � ���1�� )5 F 33.( 

� ���� 9� 	;A�c1 	-��?T� <��=��  �1 �*�� ��� M��U@��� 	@�?@1 A/-1 �� ���/$ �$�� ���� 2��3� 4*5 �1 ����Y�� 

	��m
 <��=�� U��� �5 ���� ��� U��� >���� �?*/� e/Y3$ �� � ��� =?�@�?� .4@� ��� �*��  �1	*��+, 	����.-� )5( 

����: 2��3� 4*5 �1 �5 1�5 l��=:1 ��, ����/: �� ��/���� �� ��/: M�� 2��3� 4*5 9� ����: �*�� �$ �9� M��?*/� F	*

��4@1 .��L ��/?
��� 	6��*� �1���� g*s ��/��- �1 �*�� \*I �9� <��=��  �1 	�����9�� �� 2��3� 4*5 �� l��=: 

)36.( ����;�� � 	
�1�� )30( 1�1 ��*
�
  2��3� 4*5 �1 �59�/, \*I �9� F��/���� �� 9�/, �1  4*5 9� �?*/� 2��3� 4*5

1�� e-�I.  \*I �9� g5 ���.� ��*����/���� �� e-�I 4*5 �1 ����� >���� �@ �� 4��V� <��=�� � 1��9 g5��$ 4�� �� 1�5�
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	�/C� � 	
���6� �1��� )49(  �5 �
1�5 l��=:�*�� \*I �9� ��=/� M��?*/� ) ��/����1/43  ���/$ �1 (��:25  �"�1

 � ��/����75 ��1 �"�1� �1����*� ��1�:.   

7#�+# 435 $ �6 %�$�.#�� 
��  

  ���
� \*I � �$ �9�	�]� ��8 �� H�1�I�J@� � ��/@ K1�I ��/: �1 �� �1 	���� ��� ���1�/E�$ ��9 U/5�$ Z�?3� ���

	� �C
 �� .��?��: ���V g� �� ��/: �1 M�� 2��3� 4*5�5 ��L o��!$ ^�!$�� M�� �1  ��/:)�K����� 3  �4 (M/�p�� �  o��!?�

�1�� ��/�L��� \�|�-�5� �1 �1�!?@� 9� >���� � M/��, 4��V� �1�� M/� M�� �1 ��/: 9� ���� 	����� ��?0� �5 ����1�@ U�@ 

4*5 H�1�I�J@� � ��/@ K1�I 2��3� � �/-�$ \*I � �$ �9� �$c�� 4�0
 e-�I 4*5 4-�T �� M�� ����/: ��� 4@� 

)38(  �1	*��+, �E� �1 �� ��/� 4*5 2��3� ��/���� � F=/�*: fR?I� ^�!$�� M�� �1 F��/: ��� �1�� ��/�L��� \�|�-�5� 

�1 �1�!?@� 9� >���� <��5 � 4��V� M/� �1 ��/: =/�*: � ��/���� 9� ���� ��?0� 	����� �5 U�@ ����1�@ 4*5 2��3� 
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 �� 	;$ 4*5 �L�� 	��
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�V�@ � x�� �1 4*5 2��3� ^��]
 4�0
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1- Psidium guajava L.  
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Fig. 1. Relationship between essential oil content (%) and shoot dry matter in black mustard based on the linear 

regression model. 
 A;�1- ���
� \*I �1�� � G
�@� �"�1 2��$��	JI ��/@�:� K�� H�@� �� ��/@ K1�I ��/: �1 	����.  

  

 

Fig. 2. Relationship between essential oil content (%) and shoot dry matter in lavender based on the linear 

regression model 
 A;�2- 2��$�� ���
� \*I �1�� � G
�@� �"�1H�1�I�J@� ��/: �1 	���� 	JI ��/@�:� K�� H�@� ��.  
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2- Satureja hortensis L.        2- Trifolium resupinatum L.  
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 K���3-  M/Q
�/� �0��.�	:+�����  �]-�J� 1���U/5�$ �1 ��/@ K1�I ��/: �1 �� 2��3� 4*5 Z�?3� ���.H�1�I�J@�  
Table 3. Mean comparison of the studied traits in black mustard in different intercropping with lavender. 

�*�� �$ �9� 

Root fresh 
weight (g m-2) 

�*�� \*I �9� 

Root dry 
weight (g m-2) 

���
� �$ �9�	���� ���  

Aerial parts fresh 
weight (g m-2) 

���
� \*I �9�	���� ���  

Aerial parts dry 
weight (g m-2) 

 1��]$v�]*
���� 	�
��  

Number of lateral 
branches  

�$�� ^�!$�� 

Plant height 
(cm) 

G
�@� �"�1  

Essential oil 
(%) 

��/@ K1�I) 4*5 U/5�$+ (H�1�I�J@�  

Culture combination 
 (Black mustard + Lavender)  

4.07abǂ 1.47b 47.12b 18.65bc 4.00b 68.23ab 2.81b 
100 K1�I �"�1  

100% Black Mustard 

4.83a 1.78ab 56.65b 25.39ab 4.33ab 65.13b 3.18a 
75  K1�I �"�1+ 25 H�1�I�J@� �"�1  

25% Lavender+75% Black Mustard 

10.6a 2.00a 72.90a 28.22a 5.67a 72.13a 3.24a 
50  K1�I �"�1+ 50 H�1�I�J@� �"�1  

50% Lavender+50% Black Mustard 

2.60b 1.34b 44.59b 14.81c 3.67c 57.27c 2.88b 
25  K1�I �"�1+ 75 H�1�I�J@� �"�1  

75% Lavender+25% Black Mustard 
ǂMeans with the same letters are not significantly different according to LSD test at 5% level of probability. 

ǂM/Q
�/�f�T �5 	��� K��?T� uJ@ �1 �
��1 X�?*� ���5% �9L ��LSD 	�]� o��!$.1���
 ���1  

  

 K���4-  M/Q
�/� �0��.�	:+����� �]-�J� 1��� U/5�$ �1 H�1�I�J@� ��/: �1��/@ K1�I �� 2��3� 4*5 Z�?3� ���.  
Table 4. Comparison of the mean of studied traits in lavender in different intercropping with black mustard. 

�� �$ �9��*  

Root fresh 
weight (g m-2) 

�*�� \*I �9� 

Root dry 
weight (g m-2) 

���
� �$ �9�	���� ���  

Aerial parts fresh 
weight (g m-2) 

���
� \*I �9�	���� ���  

Aerial parts dry 
weight (g m-2) 

 1��]$v�]*
���� 	�
��  

Number of lateral 
branches 

�$�� ^�!$�� 

Plant height 
(cm) 

G
�@� �"�1  

Essential 
oil (%) 

��/@ K1�I) 4*5 U/5�$+ (H�1�I�J@�  

Culture combination 
 (Black mustard + Lavender)  

59.02bǂ 35.33b 155.00b 57.89b 32.67b 67.33b 2.83c 
100 H�1�I�J@� �"�1  

100% Lavender 

53.67b 38.09b 146.00b 64.29b 35.00b 68.50b 2.91c 
75 �1H�1�I�J@� �"+ 25 K1�I �"�1  

250% Black Mustard +75% Lavender 

73.62a 48.59a 232.67a 86.22a 48.00a 85.33a 3.17a 
50 H�1�I�J@� �"�1+ 50 K1�I �"�1  

50% Black Mustard +50% Lavender 

71.58ab 34.59b 227.33ab 73.13ab 51.67a 74.67ab 2.99b 
25 H�1�I�J@� �"�1+ 75 �"�1 K1�I  

75% Black Mustard +25% Lavender 

ǂMeans with the same letters are not significantly different according to LSD test at 5% level of probability. 
ǂM/Q
�/�f�T �5 	��� K��?T� uJ@ �1 �
��1 X�?*� ���5%  ���9LLSD 	�]� o��!$.1���
 ���1  
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 K���5- U���h  	Q?0���	:+����� K1�I �1 	@��� 1��� ��/@.  
Table 5. Correlation coefficients of studied traits in black mustard. 

G
�@� �"�1  

Essential 
oil (%) 

^�!$�� 

�$�� 

Plant 
height (cm)  

 �I�� 1��]$

	�
��  

Number of 
lateral 

branches 

 \*I �9�

���
� ���

	���� 

Aerial 
parts dry 

weight (g 
m-2) 

 �$ �9�

���
� ���

	���� 

Aerial 
parts 
fresh 

weight 
(g m-2) 

 \*I �9�

�*�� 

Root dry 
weight (g 

m-2) 

�*�� �$ �9� 

Root 
fresh 

weight 
(g m-2) 

	:+����� 1��� ���	@  

Studied traits  

      1 
�*�� �$ �9�  

Root fresh weight  

     1 0.93** 
�*�� \*I �9�  

Root dry weight  

    1 0.89** 0.91** 
	���� ���
� �$ �9�  

Shoot fresh weight  

   1 0.92** 0.92** 0.71** 
	���� ���
� \*I �9�  

Shoot dry weight  

  1 0.76** 0.75** 0.73** 0.83** 

 1��]$v�]*
���� 	�
��  

Number of lateral 
branches  

 1 0.61* 0.71** 0.63* 0.69* 0.71** 
��$�� ^�!$�  

Plant height  

1  ns 0.43 ns 0.24 ns 0.14 ns 0.07 ns 0.06- ns 0.12  
G
�@� �"�1  

Essential oil (%) 
� ** F* ns 	�]� U/$�$ �� K��?T� uJ@ �1 ��15  �1 �]� �/
 � �"�1	��1.  

 ** ,* and ns are significant at the 5 and 1% probability levels and non-significant, respectively. 

 

 K���6-  	Q?0��� U���h	:+����� H�1�I�J@� �1 	@��� 1���.  
Table 6. Correlation coefficients of studied traits in lavender. 

G
�@� �"�1  

Essential 
oil content 

(%) 

^�!$�� 

�$�� 

Plant 
height 
(cm)  

 �I�� 1��]$

	�
��  

Number 
of lateral 
branches 

 \*I �9�

���
�	���� ���  

Shoot Dry 
weight (g 

m-2) 

 �$ �9�

���
� ���

	���� 
Shoot 
fresh 

weight 
(g m-2) 

 \*I �9�

�*�� 

Root dry 
weight (g 

m-2) 

�*�� �$ �9� 

Root fresh 
weight (g m-2) 

	:+��	@��� 1��� ���  

Studied traits  

       1  
�*�� �$ �9�  

Root fresh weight  

      1 ns 0.22-  
�*�� \*I �9�  

Root dry weight  

     1 0.63* ns 0.09-  
	���� ���
� �$ �9�  

Shoot fresh weight  

    1 0.62* 0.90** ns 0.32-  
	���� ���
� \*I �9�  

Shoot Dry weight  

   1 0.79** 0.59* 0.72** ns 0.01-  
	�
�� �V�@ 1��]$  

Number of lateral branches  

  1 ns 0.24 ns 0.24 ns 0.44 ns 0.07 ns 0.56-  
�$�� ^�!$��  

Plant height  

1  ns 0.17 0.84** 0.60* 0.61* 0.69 ** ns 0.04-  
G
�@� �"�1  

Essential oil content (%) 
� ** F* ns 	�]� U/$�$ �� K��?T� uJ@ �1 ��15  �1 	�]� �/
 � �"�1��1  

 ** ,* and ns are significant at the 5 and 1% probability levels and non-significant, respectively 
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 C5��,�
� 
��#�� *��+  

 �0��.� �1�1�� 	5�T 9� 1��� o��!$ 	�]���1 4�0
 eI�� ������ M/�9 A5 M/� ����Q-� Z�?3� 4*5 2��3� 1��. 

 M��$c��LER ) A584/1 2��3� 4*5 U/5�$ 9� (50+50  K���) ��L 4@1 ��7�� ���$ �� .( ��/?
 F<���9L �1 	���$ 

������/$ 2��3� 4�0
 �9 ������M/ �?*/� 9� \� 1�� �5 ��*
����1 ��$�� 4*5 4�0
 2��3� �� \$	?*5 �1 M�� ����Q-� 

4*5 	� K���) ����7 .(	�]� o��!$ ����1 ����L �C
 9� 2��3� 4*5 Z�?3� ������/$ �1 M/�9 ������ 4�0
 ��=/� ���1

���: �1 � �
1��.��?��: ���V ����L Z�?3� ��� ��� 4�0
 ��@� � �1 1�;��� � ��/@ K1�I �1 A: 1�;��� H�@��� M/�9 ���

�I���@�1 ��/: �1 �� ���� A5 M/�9 ������ 4�0
 eI�� FH�1�I�J@� �1 ����: ��� 	���$ ������/$ 4*5 2��3� �?*/� 

9� \� � M/� 38/1  �$84/1  	�]� .1��38  �$84 M/�9 uJ@ �"�1 ��?*/� �1 \$ 	?*5 9�/
 4@� �$ ���*� �1�;��� 4*5 

2��3� �� 4@1 c�� .��L 4�0
 �1�� ������ M/�9 �1 4*5 2��3� �� 	����$ �1�!?@� �� �?6� 9� >���� /J/ � ��
��FvL ��
 � 

�1����� 4/�b$ F	��m
 � vm� F�|��?/
 1��6� 	����5 f�Y� F��
 <��5 	?��V� ��*� M/� �1 �
�: � <��5 ��� � 40�9 

�1�$ Z����� 1�1 4�0
 9�� )47( 	� ��*
 ^�h�� M�� ��5 ��1 A/60$ M/� �
�:�� </� 9� 4��V� M/� �
�:��  .4@� �1��  
   

� K��7- 1�;��� ���� M/�9 ������ 4�0
 M/Q
�/� �0��.� A:  �14�0
��I 2��3� 4*5 Z�?3� �H�1�I�J@� � ��/@ K1�.  
Table 7. Mean comparison of land equivalent ratio for flower yield in different intercropping ratios of black 
mustard and lavender.  

M/�9 ������ 4�0
 - (��?;� �1 ��:��/5) 1�;��� H�@���  

Land Equivalent Ratio - based on yield (kg/ha) �$(H�1�I�J@� +��/@ K1�I) 4*5 U/5  

Culture combination  (Black mustard + Lavender) A5 

Total  

��/@ K1�I 

Black mustard 

H�1�I�J@� 

Lavender 

-  a 1.00 0.00d 100 K1�I �"�1  100% black mmustard 

-  0.00e 1.00 b 100 H�1�I�J@� �"�1  0% black mmustard +100% 
Lavender 

ǂb 01.4  0.58c 0.82c 

75  K1�I �"�1+ 25  �"�1

H�1�I�J@�  

 

25% Lavender+75% black 
mmustard 

a 1.84 0.70b 1.14a 

50  K1�I �"�1+ 50  �"�1

H�1�I�J@�  

 

50% Lavender+50% black 
mmustard 

c 1.38  0.33d 1.05ab 

25  K1�I �"�1+ 75  �"�1

H�1�I�J@�  

 

75% Lavender+25% black 
mmustard 

ǂǂMeans with the same letters are not significantly different according to LSD test at 5% level of probability. 
M/Q
�/�f�T �5 	��� K��?T� uJ@ �1 �
��1 X�?*� ���5%  ���9LLSD 	�]� o��!$.1���
 ���1  

 
 	�]� o��!$ ����1 ����L �C
 9� 2��3� 4*5 Z�?3� ������/$ �1 M/�9 ������ 4�0
 ��=/����: �1 � �
1�� ���1 ���

� �$c�� M/�9 ������ 4�0
 ^���� �1 .��?��: ���V ����L Z�?3���*
 <���9L M�� �1 \� 9 M�� �1 2��3� 4*5 ��$�� ����1

 � �?6� ��
 vm� 9� ���/]� \� 9� �?*/� M/�9 ������ 4�0
 .���� 	� 4*5 ����Q-� 	����5 2��3� 4*5 �1 �L �$c�� f�Y�

F4@� e-�I 4*5 �� �0��.� �1. M/�p��F � �|��?/
 >���� 9� ��/6� �1�!?@� � �?6� 4��V� ����1 ��*
  	� 2��3� 4*5 �1 vL

���� )20(	�����/� . )33( ) ������ 4�0
 M��?*/� ��/���� � ��/
9 2��3� 4*5 �1 �5 1�5 l��=: =/
47/1 4*5 9� (

�L 	!�1� \$ 2��3�	� A"�T �� .1��  

  ��/.?�����;�� � )34( �� �� 2��3� 4*5 �1  ���/?
 ���5 U/5�$ �5 ��?��:��� 50  + �� �� �"�150  ���5 �"�1

 �75 + �� �� �"�125  ���5 �"�1 9���/*/�  1�;���)U/$�$ �� 80/1114  �75/1098  �1�!?@� 	����5 � (��?;� �1 ��:��/5

 U/$�$ �� ) M/�9 9�33/1  �29/1 (��1��I�� .�
1��  ���Q*��+,H�� �� =�@ ���9 2��3� 4*5 	@��� �1 )39( ��/���� � ��/
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)40(، 	����� �1 �9��3 l�� �2 )22 (��/���� �� =�@ ���9 � )42(  ���.�LER  l��=: \� 9� �$c�� 2��3� ������/$ ���$ �1 ��

�1�5�5 �
� �?��� �� �h�T <��+, � ���� 	� �0�� M/*/, �����*
 e-�I 4*5 �� �0��.� �1 2��3� 4*5 ��$�� ����1

�1 	*��+, ���5�$ 	@��� 1��� >���� H�@��� ^���� �1 .4@� 	:+�� �� 2��3� 4*5 �/ED$ ��YI ���43��	@���  �

 ��/@ K1�I 2��3� 4*5 4�b� �/E�$ ��YI �1 l��=: M/-�� M�� ���� � 4@� ��*
 ���
� H�1�I�J@� ��/: G
�@� �"�1

 ��	:+�����  .���� H�1�I�J@� 	����1 ��/: �1 �C
 1�����/?
���  <���9L 9� A"�T �h�T 4*5 �/E�$ ����1 ��*
 2��3�

 ��	:+����� ���
� \*I � �$ �9� F�*�� \*I � �$ �9� �1 G
�@� �"�1 � �$�� ^�!$�� F	�
�� �I�� 1��]$ F	���� ���

	:+�� ��1�.� M��?*/� .1�� H�1�I�J@�	�]� �����Q-� 9� F��/@ K1�I ���� ��12��3� 4*5 ���50+50  	���$ ����

	:+����� 
 .��L 4@1 �� 	@��� 1��� 4*5 ��$�� 9� 	5�T �5 1�� \� 9� �$c�� 2��3� 4*5 ����Q-� ��� ������ 4�0

 e-�I 4*5 �� 2��3� 4@���*
 �5 vL � �|��?/
 >���� ���� 9� ��/6� �1�!?@� � �?6� 4��V� ����1	�.����  

"��06����  

 � �H�1�I�J@� � ��/@ K1�I ��/: �1 	�5 ��8 ��=/� M��?*/� F	:+����� ���9L M�� �1 	���9�� 1��� U/5�$ �� 2���� <

 4*550%  + ��/@ K1�I50%  � ��/@ K1�I 	����1 ��/: �1 �� e-�I 4*5 �� 4�0
 �5 1�� H�1�I�J@�J@��H�1�I 

4@� �1�1 ��*
 �� <��=��. ��/?
���  M�� 9� A"�T<���9L 	5�T  1��� 9� o��!$	�]���1 �1 4�0
 ������  ����Q-� M/� M/�9

 .1�� 2��3� 4��5� ��5 ���8  A5 M/�9 ������ 4�0
)84/1 2��3� 4*5 U/5�$ 9� (50  +50 $ �1 .��L 4@1 �� ���

 �� 	��/?@1 �m- .1�� \� 9� �?*/� M/�9 ������ 4�0
 F2��3� 4*5 ������/$LER 	� ��*
 \� 9� �$c�� 2��3� 4*5 �5 ��1

 �� �0��.� �14*5 � ��
 A��� 	J/ � >���� 9� e-�I �������Y�� �1�5 �1�!?@� ��$�E�� ��8 �� 	��m
 4*5 �J��� �1 � �
�

 � 	;�|�-��=/� fR?I� 1��� A/-1 �� 4�=� M�� .�
1�� g� A�;� 2��3�43��	@���  2��3� 4*5 ��=��	�.����  

�	
7$��8�  

 ��� 	� K�� ��
��Q
 ��?51 �-�@� 9� 	*3� �-�.� M��S�@�� �T�� 	�R@� 1�9L ��Q*
�1 9� ��/@����� .�  �1�5 g���� 46� ��
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Evaluation of Some Morphological Traits, Essential Oil Content and Land 

Equivalent Ratio in Different Intercropping Patterns of Mustard (Brassica 

nigra L.) With Lavender (Lavandula angustifolia L.) 

 
Z. Habibi-Sharafabad, M. Hosseinifarhi*, M. Abdipour*, A. Kelidari and L. Rashidi11  

 

 Intercropping has become important in many parts of the world due to the optimal use of 
resources and increasing the quantitative and qualitative yield of medicinal and agricultural 
plants. To evaluate the effects of different intercropping patterns of black mustard and lavender 
on some morphological traits, essential oil content and the land equivalent ratio (LER), an 
experiment was conducted based on a Randomized Complete Block Design in three replications 
on the research farm of Islamic Azad University, Yasooj Branch during 2017-2018. Different 
ratios of black mustard and lavender were intercropping treatments, these treatments included: 
100% black mustard (black mustard sole crop), 75% black mustard + 25% lavender, 50% black 
mustard + 50% lavender, 25% black mustard + 75% lavender and 100% lavender (lavender 
sole crop). Study traits included root fresh weight, root dry weight, shoot fresh weight, shoot 
dry weight, number of branches, plant height, essential oil content and LER. The results showed 
that different intercropping patterns had a significant effect on all the studied traits. The highest 
content of essential oils and other mentioned traits in both plants were obtained by intercropping 
treatment (50% black mustard + 50%lavender). A positive regression relationship was observed 
between essential oil content and shoot dry matter in both black mustard and lavender plants. 
There was a positive and significant correlation among essential oil content and other traits in 
lavender. The LER index in all intercropping treatments was more than one (1.38 and 1.84), 
indicating the superiority of the intercropping systems compared to the sole crop system. In 
total, intercropping of 50% black mustard + 50% lavender compared to sole crop is 
recommended due to the improvement of morphological traits and increasing its usefulness. 
Keywords: Black mustard, Essential oil, Intercropping, LER, Lavender. 
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