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Abstract 
Additive intercropping series of sunflower and basil have been laid out under salty and fresh water irrigation management with the aim of 
achieving the highest yield and intercropping advantage as a result of intercropping the two plants. An experiment has been performed at 
Zabol University during two cropping years (2018 and 2019). Fresh water (ECe = 3.9 dS.m-1) and saline water (ECe = 1.1 dS.m-1) have 
been taken from the Hirmand River and a local well, respectively. The irrigation water regimes are fresh water, salt water, and an alternating 
usage of salty and fresh irrigation water. In addition, five types of intercropping patterns are considered the sub-factors (100% sunflower (4 
plants/m2), 100% basil (80 plants/m2), 100% sunflower+ 50% basil, 50% sunflower + 100% basil and 100% sunflower + 100% basil. The 
results show that the interaction between intercropping patterns and different irrigation regimes has had a significant effect on 1000 seed 
weight, seed yield, harvest index, oil yield of sunflower, dry weight, and essential oil yield of basil plants. In response to all irrigation 
regimes, the highest value of total land equivalent ratio (1.37-1.45) and intercropping advantage (0.29 - 0.48) has occurred as a result of 
cultivating 50% sunflower + 100% basil, thereby appearing as a good model of intercropping. The results show that intercropping patterns 
can be effective in modulating the negative effects of saline irrigation water on plant yield. 
 
Keywords: Agricultural pattern. alternating irrigation, essential oil, harvest index, stress. 
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���T�  �V� �5�� K
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 ���\ ��� _2�( 0� �Y	� �
�O� ��"� ��� )Zeng et al., 

2014.( 0��\ ���i� �� $�� %�&'� �#( ���T� �V� ��2

                                                                                    
3. Osmotic potential 
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) �)� ������ S:�� � ��*&+,Wang et al., 2020; 

Qi et al., 2018.( ������� 0�
�U� W
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� "&`&� G#J ����T 4�o )Dahmardeh et al., 2012( 

 ��� 4�o ���\ p�^��� ��� h��$\��VI� )�G � �2 �

0 !�\ ���i ���( W
� � �� 0( 
0� �)�  �
� �� ����_2�E9 

G2� )�� .�)Nasrollah-zadeh & Talebi (2017) 

 �� %�&'� �#( �� ������� !� 0��� p�^��� ����+� h��$\

 W
� � �� 0( �)� 0 !�
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 m,�� �
�O� �� 0( ���� ���\ �$ 	)� ! ��T�[! _2�( $��
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743f 716fg 6/27  j 2/15  de 2414 e 2292 ef 2/40  g 174 d T2M5 
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"� ���� ��VI� ��� �kt� ���� �kD _2�(��� �� .�

G
H� "��+�0� ST�: �#( ������ ��2 "	[� ��8 ����

0� .��� ��#� �� ���/�� �� �3� ��*&+,���8 _�� 0(  �
��

�3� ��*&+, ���U���) ���� �� ",��3 ��21396  �1397 

0�  �
��U� �� l����18163  �18646  �� �� *2 �� X�\�&�(

�`V �
��� �� �� ������ ��� � ST�: �#( ���T�  .��

G(  %�&'� �#( ���T� �� $�� ���U� �
��100  �5��

 +������� !�50  �� ��� ������ G
H� ��� ���
� �5��

 �
��U�3167  �3603 0� �� *2 �� X�\�&�(  ���� l����

��)  ",��3 ��21396  �1397 0� �)�  G(��� _
�$!� .���

� "#
�$!� �V� ���
� G(��� _
�$!� � "#2�( �V� ������� !� �

 �#( �� ���
� �� �3� ")��� .����� ��#� �� �3� ��*&+,

 �� ���
� ST�: �#( ���T� ��� ��#� 4�o �� %�&'�

G2 
���� ���/�� �� �3� %�&'� �#( �� 0�
�U�  ��	J

 ��*&+, _2�( m,�� 4�o G(��� _
�$!� 0( �� h��$\

) �)� ��� ���
� �� �3�Bagheri et al., 2014(.  

  
 B�-C4 -��� K%�5�"� �53$� .Z�, �I�-��� (  �9;�" (B�# +*2L� 6�� ���5� K%�#" �+@&	) � K%�#"6�7  89&:! �

>5=� �<*��� 

]��)� ��*&+,   �5��]��)�   ��*&+,K#: �3�   ��*&+, �3���  ���3� 0D��  4����t� N`	�  
**10/8  

** 01/0  3437005 
**

 2965103 
**

 1  ��)  
** 47/30  

** 014/0  813361 
**

 1761174  
*
 4 6�&� (��)) 

98/180  
**

 
** 0076/0  7657976 

**
 14237019 

**
 2 ������  

06/0  ns 00023/0  ns 1106 ns 9990 ns 2 ��)× ������  
19/0  ns 00067/0  ns 1491 ns 5798 ns 8 6�&� (��))× ������  
77/232  

**
 00056/0  

** 9010967 
**

 390255498 
**

 3 %�&'� �#(  
74/11  

**
 0021/0  

** 481526 
**

 20532873 
**

 6 ������× %�&'� �#(  
12/0  ns 000097/0  ns 175 ns 1542 ns 3 ��)× %�&'� �#(  
23/0  ns 00022/0  ns 2137 ns 9302 ns 6 ��)× ������× %�&'� �#(  
184/0  0002/0  1661 6204 36 "&5� ��.: 

62/5  53/2  59/2  98/3  - (%) 4����t� l
�j  
ns :** � * (�� ���% N*�+�  �-0��+*H0O!� �"�  +2"0O!� �"�  ��PQ#  B�	�."5  �1 .-��� 
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3 .2 .2 �"��,- . 781 !+�!
��� 5�
�� 6
� 
  

) ���D ")���4"� ��#� (h�� 
��) 
�2� 
������  ���T�

%�&'� �#( ������ =��U � �V� � × �� %�&'� �#(

 �5�� K
 -.) �� ���
� "
��2 X���� K#: �3� ��*&+,

"	[� �V� ��+2 .�)� 0 ��� ��� ��8 0vsf� 0("� �� �

 �3� _2�( m,�� %�&'� �#( $�� � �� ���� _
�$!�

��� ���
� K#: 0� 
�)����8 G
H� "��+� �� 0( ��2

K#: �3� ���U� �
��/�� ������  ���
� ST�: �#( ��

 ���D) �� �`V5 =���� 9 �� ���t� �� ���� �/�+ s� .(

 7f�� �kD �� �f :� lD�� 
0#
� 1��8� n��� K� +)�

 4�`�(�� $ 	) _2�( �� �
�O� �� � ��� �kt� 4�`�(�� �

) �)� 0 !�
 _2�( K#: �3� ��$�� 
"T�Caliskan et al., 

20170� ���
� ���\ ��� h��$\ .( E
���� ������ �� 
�2 

 �v&Z]*, �� ����� ���� ��#� =+[T�  �v� 3�-.)  �

� _2�( ���[�" 
�� G��U� _2�( 0� %���� ��
�9 �
� 
�	

KJ�( .�)� "T�&)0� ��� -.) �����  _2�( ���+2

 �� 6�: ��&�� 4�`�(�� �kD ���U� K� +)� =���� 9

"� _2�(��
�9 �� 0Y� � 0( �2� ��� �3� ���U� ���� �

 ���\ K#:) �)�Sandra et al., 2017.(  ���� _	� �V�

 "O��#� W
� � � ")��� 0��Y����� ���\ ��*&+, ��$D� ��

 �)� ��� h��$\(Shabankareh et al., 2016) .  

 �
� ��_2�E9 _�� �� K#: �3� ��*&+, ��$�� �


��) �� ���
� ",��3 ��21396  �1397  G
H� ���

 ���
� ST�: �#( ���T� � �
��� �� �� ������

0� l����  �
��U� ��3055  �3543  �� *2 �� X�\�&�(

 =5�s�� .G( �� � ��� �� �� ������ ��+���� $�� �� �


 �#( ���T�50 ���
� �5��+ 100  ������� !� �5��

0� l����  �
��U� ��425  �885 �� X�\�&�(  ���� �� *2

��) ",��3 ��21396  �1397 0� �)�  =5�s W
� � .���

 
��� ��#� 4�o � ���
� %�&'� �#( 3�_�� �� ���U� �


 =5�s ���
� ST�: �#( 3� K#: �3� ��*&+,��  �

0� ���
� G(��� _
�$!�  m,�� 4�o G(��� _2�( ���+2

 W
� � �� 0( �� ���
� K#: �3� ��*&+, _
�$!�

0� �)� ����  �� .���� �U��.� _2�E9 �
�  
  

 B�-C5 -��� ?*;%�*! �
5� ! .Z�, �I�-��� (  ��*E K%�#" �+@&	) � K%�#"�5���  �� 89&:! 6�7��  �"�+;���4<  6��
 �9;�" (B�# +*2L�6�7  89&:! >5=� ��<*���  

]��)� ��*&+, (kg.ha-1)   �5��]��)� (g.100 g-1)   ��*&+, �3� K#:(kg.ha-1)   ��*&+, �3� ��(kg.ha-1)  
 ��2��+��
"#
��3�  

 ",��3 ��)
1397  

 ",��3 ��)
1396  

 ",��3 ��)
1397  

 ",��3 ��)
1396  

 ",��3 ��)
1397  

 ",��3 ��)
1396  

 ",��3 ��)
1397  

 ",��3 ��)
1396  

59/16  a 41/15  a 492/0  cd 554/0  e 3543 a 3055 a 18646 a 18163 a T1M2  
02/5  hi 74/5  f 545/0  de 567/0  cd 1396 g 947 fg 5413 h 4980h T1M3 

94/11  c 02/12  c 547/0  bc 578/0  bc 2594 c 2178 c 11188 c 10425 c T1M4  
26/7  e 31/8  e 559/0  ab 597/0  ab 1840 e 1351 e 6614 f 6170f T1M5 

91/6  f 03/8  e 562/0  abc 594/0  abc 1732 f 1309 e 9270d 8867 d T2M2 

69/2  k 15/3  h 564/0  ab 601/0  ab 885 j 425 j 3657 j 3354 j T2M3 

87/4  i 62/5  f 588/0  a 606/0  a 1275 h 868 g 5860f 5384 g T2M4 

17/3  j 62/3  h 599/0  a 613/0  a 925 ij 492 j 3603 j 3167 k T2M5 

82/12  b 04/14  b 537/0  e 564/0  de 2831 b 2418 b 16159 b 15898 b T3M2 

54/5  g 26/4  g 561/0  cd 570/0  cd 1067 i 641 i 4262 i 3792 i T3M3 

20/8  d 92/8  d 566/0  cd 572/0  cd 2011d 1528 d 7711 e 7342 e T3M4 

49/5  gh 87/5  f 573/0  a 608/0  a 1353 gh 963 f 5569 g 5206 h T3M5 

�<*��� 
 U< ��*+5? (T1)( �<*��� �9
 U< �� (T2) �< �*��� 
 � �9
 U< ��*+5? (T3) .� A��, 6�75��� (M2)( 100  -��� +�"�+;���4<50  -����5��� 
(M3)( 50  -��� +�"�+;���4<100 5� -������ (M4)( 100  -��� +�"�+;���4<100 -��� �5��� (M5). 
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3 .2 .2 �"��,- � �4�� .9 
:
  

���� =�&�� � 0
$Y� W
� �"� ��#� �2 ���D) �2�4 (

 h�� 
��)����� ���T� � �#( ���T� 
��#( × h��

 -.) �� ���
� ]��)� ��*&+, � �5�� �� ������

"	[� �V� �5�� K
 ��+ s� N��� ]��)� ��*&+, .���� ���

 ���� � �)� K#: �3� ��*&+, � ]��)� �5��

3� ]��)� ��*&+, 4����t�  K#: ���� ��*&+, � ����9 ��

"� ����9 ]��)� �5�� � �	J�2 �� ���� _
�$!� .�	(

 ]��)� �5�� _
�$!� 0� �Y	���� �)�
 0� ��� =�T�

 K#: ���� ��*&+, _2�(�
�O� ��  ��*&+, _2�(

0� �� ]��)� W
� � .�)� 0 ��� ���+20� �)�  ��#� ����

"�G
H� "��+� �� �2�� �#( 
������ ��2 m,�� %�&'

0� G2 �Y	
� �� 0( �)� ��� ]��)� �5�� _
�$!� =�T�

 
ST�: �#( �� 0�
�U� �� K#: ���� ��*&+, _2�(

 W
� � �� 0( 
0 !�
 _2�( ]��)� ��*&+,0� �)�  ����

  n)��Mabudi et al. (2016)  �Gohari et al. (2017) 

 .���� �U��.�  

 ���D y��.�)5( 
_�� �� �5�� �
]��)� 8 �� "

��)  ",��3 ��21396  �1397 0� l����  �
��U� ��613/0  �

599/0  �� X�\100 X�\  ��� K#: ����������  �� ��

 �#( �� ���100  �5��������� !�+ 100  �5���
��� 

0� �)�  .�)� ����G( ����) ��+2 �� $�� ���U� �
 ��2

 ",��30� l����  �
��U� ��554/0  �492/0 �\ �� X100  X�\

ST�: �#( ���T� ��+�� �� K#: ����  ���������  ��

 ���
��� 0� �)�  .���G2 ��	J  ��*&+, ���U� �
��/��

���T� �� ",��3 ��) �� �2 �� ]��)�  ST�: �#(

) �
��� �� �� ������ ��� ���
�59/16-41/15 

 � (�� *2 �� X�\�&�(G( �� �� �� ������ ��� ���U� �


 �#( ���T� � ���100 ��������� !� �5+ 50  �5��

) ���
�15/3-69/2  ��*&+, .�� �`V (�� *2 �� X�\�&�(

n)�� ���
� � 4�o %�&'� �#( �� ]��)� Bagheri 

et al. (2014)  ")����� �#( ���T� 
��� ��#� W
� � .

 ]��)� ��*+, %�&'� �#( 0� �`�� ���
� ST�:

 W
� � �� 0( �)� 0 ��� �� O�0� �)�  �
� �� ����9 _2�E

.���� �U��.� �� ��VI� �2 ��
k9�Z���2� �)���"  ��

�2��T��  �#( L& '� �����"  3�4��, ��2  L& '�

� � ���
\E"�2� "*
H�T�!��� �	 ���� ���\  ��*�� 0(

kt� ���� 
�� N��	� 3� �������( ���^ )��  �� N#[#� �

� G2��!"��� .�  

  
3 .301
/ .   ;��<� .8� 5�
�+�
 =
�  

 �#( ��T� �� ���3 ������ �`�� S:�� 0`)���

��O� �OD 0� 
%�&'� ���3 -.) 3� ���(��s ������

����� 0��\ "|$D ���3 ������ �`�� .�)� ��+2� ��2

�#(  ���D �� =( $�� � ���)6( .�)� ��� �����  

  
 B�-C6 ���9;�" +2" . �"�+;���4< 89&:! 6�7 ��5��� 

 6��+*2L� >5=� ���*�< ���A,�
 +� ���+�"+� 6/
%� 

!I*? �-0!�9# �  

��	���)  

 �`��

 ������

=( ���3  

 ������ �`��

 "|$D ���3

���
�  

 ������ �`��

 "|$D ���3

������� !�  

 ��2��+��

"#
��3�  

11/0 -  27/1  28/0  99/0  T1M3 

43/0  45/1  60/0  85/0  T1M4  

17/0 -  33/1  35/0  98/0  T1M5 

16/0 -  24/1  37/0  87/0  T2M3 

29/0  37/1  62/0  75/0  T2M4 

30/0 -  19/1  39/0  80/0  T2M5 

19/0 -  15/1  25/0 90/0  T3M3 

48/0  38/1  47/0  91/0  T3M4 

23/0 -  23/1  34/0  89/0  T3M5 

�<*��� 
 U< ��*+5? (T1)( �<*��� �9
 U< �� (T2)�< � (*���  �9
 U< ��


 �*+5? (T3)( 100  -��� +�"�+;���4<50  -����5��� (M3)( 50 

 -��� +�"�+;���4<100 5� -������ (M4)( 100  -��� +�"�+;���4<

100 -��� �5��� (M5). 



+2" +#� ��� "34"5�� �� 6�7 89&:! �"�+;���4< � �5(��� 6�� =�5> ��� �<*��� �9
 � 
*+5?  +� �+@&	) � A,�
 -0!�9#� 

  

 ����24 �  ���	
2 �  ���
���1401  
321

��+2 ��8  ��2�#� 0("� �� �`�� �2��+�� "��+� �� �

 .��� lT�Z ���
� �� ������� !� ���\ ���3 ������G2 ��	J 

 %�&'� �#( ��2��T� �� =( ���3 ����� �`�� ���U�

_�� ��  0( ��� K
 3���#� ��	2�  ������_�� ��  ��<��

K� ���T� �� 0�
�U� �� �� ��� h��$\ .�)� " #(

0��\ l)�	� ��' �� %�&'� �#( ��23��� �� "2��\ ��2

 
�)� ���&( 0 *� 4��^ � K
H�T�(���	J 0J 0��\ ��2

���� �� �� ��: "+�&i� ��23��� "��' �� � 4��^ � ��2

��
�*
 �� =:��� ����  ���I�
�+� �	"� ���� m,�� �	

"
���(  ��	���) _
�$!� � � O����� )Noori et al., 

2017 %�&'� �#( ���T� .(50 ������� !� �5��+ 100 

G
H� �� ���
� �5�� ���	 � � 
��� 
�
��� ������ ��2

 �
��� � ���0� l����  �
��U� ��45/1 
37/1  �38/1 

 ����� ��#� �� ���3 ������ �`�� �
��/��0( 0� l����

��#� ��	2� 45/0 
37/0  �38/0 "
���(  �� ���3 ��/��

K� �� 0�
�U�"� " #( h��$\ r�<: ��+2�� .����

 _
�$!� 
���"
���(  3� "��� %�&'� �#( �� ���3

��O�) �)� ".��� N��	� � ���3 3� � O� ������Seyedi & 

Hamzei, 2020; Dahmardeh et al., 2012.(  

 �`�� S:��� K
 �/�� ���3 ������"+ ���� �

0� ���� "
�O	� ��O� ��		(_�� ���< i� ���  .���� ��

�Y��3� �� "2��\ 4/�<�� 
%�&'� �#( ���T� �� 0(

 ��T�� 4��^ � ���< i� h3��"� �� _
�$!� �
 _2�( 
��

 ���< i� ��	���) �� G�U �� ��VI� ��<�� K
 ��*&+,

�� ��	���) S:�� .���� 4���T��  h3�� 0�
�U�

������ ��<�� ���< i�  � " #(�	J ���T� �� ���

K� �� �� 0�
�U� 
" #("� ���� �� ��	+�3�� 4�,f8� �

 .�
�+� 0|��� �#( ���T� ���< i� �
$� r�<:

) ���D ")���6"� ��#� (G
H� "��+� �� �2� ��2

 %�&'� �#( ���T� �O	� ������50  +������� !� �5��

100 ���
� �5��  ST�: �#( ���T� �� 0�
�U� ��

) �������)49/0-29/0 ���^ )� 3� "��� �/�+ s� 0( ���� (

 �kt� ���� � 
�� 
��� �	��� ".��� N��	� 3� � O�

�)�(Rezaei-chiyaneh et al., 2015) G( .  ���U� �
��

) ������) S:��30/0 - - 17/0- ���T� �� $�� (

 %�&'� �#(100  �5�� +������� !�100 �5�� �
��� 

0� �)� ���� ���i� 3� "��� �/�+ s� 0( 
���0��\ ���� ��

) �)�Abdi, 2019 .(  

� �
W _2�E9 r�<:�� ����# 	� ��2 �#(

&'�%� 4�o � ������� !� )Mosavian & Mohamadian, 

2015
( fi�� � ������� !� )Rezaei-chiyaneh et al., 

2015() ���
� � 4�o 
Bilesuar & Salmasi, 2017� ( 

) �Y	( � ���
�Motaghian et al., 2016( "� ��#� 
�2�

 ST�: �#( �� 0�
�U� �� %�&'� �#( ���T�

 .�)� ���� �������)  

  

4 .� ��? &�"=  

 
������� !� �Z�� � 0��� ��*&+, ��� ��#� _2�E9 �
�

G2  ��VI� ��� ���
� ]��)� � K#: �3� 
�� �3� ��	J

�T� � ������ G
H� �	J�2 .�������i %�&'� �#( ��

 ������� !� 0��� ��*&+, _2�( m,�� �� ���� _
�$!�

 ������ �`�� 3� =5�s W
� � ��� 
�� ���
� �� �3� �

0� 
=( ���3  �� %�&'� �#( ���T� 0( ��� ��#� "��:

 0� �`�� K
 3� ��/�� =( ���3 ������ �`�� ��������

K� ���T�  � 0 ��� "`�� �
$� " #( "^	� �V� =
�[� ��

 L& '� ��2��T� ���� �� .�)� �Ve� ��� �� �� ������

 ���T� 
%�&'� �#(50  +������� !� �5��100  �5��

K� ���T� �� 0�
�U� �� �� ���/�� ������) ���
� " #(

 0( ��+� G2��!"� ������O� �� )�� �� � ���< i� ���
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