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��Y �c� �	 �� �cN� ���� �P�����	��	 ! ����I O1�#�� 

�P�����	��	 ! �#�g:��! 1� �:��" ���< ����':�� +�']) 

����� )Bahmanyar, 2002 .(�4)�� �B��"�<�) �d� .� M#�)

�7]� �]7�� �*�P� Z�5�4)�� �	 R�	�� 3�  ~�4)�� �	 
�� ��	

2787 ,'< ! ����7]� M#�)  1���!� �� ,�� ��!�� �� 3�

 ~�4)�� �	 K��B1240  ����#�� W7� .� �)[�	 ���J ��.� 1�:

,P'J �� M��. T�� .����s ,P'J �� ! ��#. �J�� 1�: ! ��

,P'J M��. W7� ! 
�� +� 3� T�� O,�� �#� ��� 1�:

�^#�])� ���� W7'� ,*�I )Sadeghian et al., 2011(.

  

  
 KF'1 - (/
�J* ��5%) �3$
4* E2�5)* 8I  &�3L"* -  @�5:)*)1392(  

Fig. 1- The general location of the study area (Without scale) – (Mohammadi, 2013)
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�]7�� �� ,
�) �)����N ! (��
� .� ���� �� ,
�) 
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 3� 3��	 �)����N ! �)����! Z��N �� %�H2� ,P�J

,#� � �� .��� ,��	O ���I `�: �	 o*�� ��� 3��P� �Q

�����	 %�� -��� �	 !��� 	 1��*� O�7� 1V#�  ,
�

 .� �J�! �� �) �#��" M��6) 1.�/� �� �	 ���^� �]7��

 w4I ! 1��H�J� }�2* .� �� ��
� 1��*� X#�Y M#�

oL
� O,�� �B�N �	 3!�]� �]7�� M#� �	� �	���  .���

�^��2� , �  1.�!�
� Z[�H2� 1.�/� �� ���]�

����� �)��N �� �6*�7� � ���� ,
� �����	 �� ���	� O

�]7�� �� Z[�H2� �B�H� �� ���]� �	 �����	 1

 .� 
��4����*��6� 1  ���]� M��6) 1��	 fg� ! �^��2�

�� ,^'� .� 1.�/� ��  ��bcP5 3�V�� �	 
��" �B�H�


��4��� �]7�� M#� �� %�H2� ) �#��"�*��6� 2.(  

)1(  
  

)2(  
  

  

  
��" 1.�/� �� ���]�  �	 T6b���� T'I �	

 ! e�"�c��  
��" ��bcP5 3�V�� T'I �	 

 .,�� ���b: �	 e�"�c�� �B�H� �� ���]� V�� 


��"  )Crop Water Use( �� .� �� ���	�*��6� 1 

�� ,��	 .�#�  ���*��6� 11  
��" �	� .���  ��

��I�� 	 �� ,�� �����	 ���:�� �	� .��� �#��]� �	 ���) �

  !  OZ[�H2� ��� _I��� �� .� 
��4��� �	

�*��6� 3  �"����	 ���]� 3����'� .� f< ! �� �^��2�

���]� 1���	� 3������ %�P5� ! �yz� .�#��" _N�I  

)3(  
  

 

  

 M�571 - �3$
4* 2("* NO"P)* 8%- �
��  

Table 1- Water requirement of the study crops  

M"P)*  

 Product 

E5'2(�� M"P)* 8%-�
��  

((
BF�(2 Q3F*	B*)- Water 

requirement of imported Product 
(cubic meters per ha)  

 M"P)* 8%-�
��567	�% &'2 (2  

�(2 Q3F*	B*)((
BF- Water requirement 

of Product in plain Birjand  
(cubic meters per ha)  

����B ���"  

Tomato  
2000 6150 

e��"  

Wheat  
1705 3900 

3��45.  

Saffron  
0 179.4 

���5  

Jujube  
0 5482 

�^�<  

Cotton  
6790 13100 


V	��   

Melon  
2712.5 6660 

.��<   

Onion  
7250 10260 

�/��#   

Alfalfa  
12000 13430 
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   �� ,�� 1���	� 3������-��� �	 

0!� X�]2) M#� �� ! ,�� Z!�4�� 1���	� hc�L� 1�:

 1.�!�
� �� � 3��.�� .� 
�� T'� Z�5SY� �	 ���)�	

 �	��� 3����� 3���� �	��	 3� ���]�31/0  
�� r�B

�^��2� 1��	 .,�� 11.�/� �� ���]�  Z[�H2�

.�!�
��)����! �� �)��N �� �6*�7� ���� 1  ���	

) Z[�H2� ��bcP5 ! �B�H� �� ���]� (


���� ���N �� �#�:��
� �� 1.�!�
�
�P5 1 M#� 1

 1����� �� ! �� ��B�" �d� �� ���': 3��#� �	 Z[�H2�

! �B�H� �� ���]� ��  �� X�J� ��Y �	 %�H2� ��bcP5

��� .� ,�� 
��^� -���� %�H2� 3� 1��	 ��� � p�

%!��) �#��" 
��4��� 2.(  

  

 M�572 - M"P)* 2	FI:� � &:�L @8<	P* ,- (�5J*  

Table 2- Water used quantity, price and product performance  

M"P)*  

 Product 

 ("
  R
�

 E566  2(��

M"P)* 

Name of 
the 

country 
importer 

of the 
product 

�
��  S$
>
� 8%-

)*E5'2(�� M"P  

 Q3F*	B*)

((
BF�(2  

 Gross water 
requirement 
of imported 

product 
)1-ha.3m(  

 S$
>
� 8%-�
��

M"P)* 567	�% (2 

(2 Q3F*	B*) ((
BF�  

 Gross water 
requirement of 
Product in plain 
Birjand (m 3.ha-1) 

M"P)* &:�L  

8��2(�� (M
�() 

Imported 
product 
price  
(Rls) 

�L&: M"P)*  

567	�% (2 

(M
�() 

Product 
price  

In plain 
Birjand 

(Rls)  

2	FI:�  M"P)*

8��2(��  R	T"I� )

((
BF�(2 

Imported 
product yield 

)1-ha.kg(  

2	FI:� M"P)*  

567	�% (2  

((
BF�(2 R	T"I� ) 

Product yield in 
Birjand (Rls)  

����B ���"  

Tomato  

���5  

Iraq 
6451.61 19838.71 6193.42 10000 27000 7816.57 

e��"  

Wheat  

Z�����  

UAE  
- 

5500 12580.64 2815.26 3800 2000 2974.88 

3��45.  

Saffron  
�  0 578.65 33080.94 25860000 0 3.2 

���5  

Jujube  
� 0 17683.87 15835.2 45000 0 1370.46 

�^�<  

Cotton  

��*��#�  

Italy  
21903.22 42258.06 16810.89 18000 783 2342.12 


V	��   

Melon  

Z�����  

UAE  
8750 21483.87 18770 12000 21600 13398.28 

.��<   

Onion  

��:  

India  
23387.10 33096.77 2121 5200 42000 4780.8 

�/��#   

Alfalfa  

M�n  

China  
38709.7 43322.58 11514 2480 10130 9683.66 

  

`�: �	�) ������  ! 1.�/� �� M�B�" �d� �� �	 V��

:�� ��B�" �d� �� �#. Z��N �	 Z[�H2� ,P�J  

)4(  
  

 �� ���*��6� ��BO   !  ,P�J T�)�) �	

 %�#� T'I �	 ��!�� %�H2� ,P�J ! 1�!�! %�H2�

�� e�"�c�� �	 M��iP: .���	  1.�/� �� ���]�

 ! 
�� ���! ]� �	 
�� ���N 1.�/� �� ���

 .,�� e�"�c�� �	 T6b���� T'I  

�6*�7� M#� ��O ,#�!�2������	 %�� 1�: �7� 1V#�

LINGO :�#��" h#�6) �#. Z��N �	 V��  

1- �� _� ~�P/� �#. u�7� ���P) 1��	 1���	� 1�:

 ����� �� _� ���]� .� �d� ���� Z[�H2� 1��	 ,
�
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�P
n �� ~�P/� �� �����	 ��Z��J O�:
�n ! �: �:

��) ���	4/117 +� O(T6b� ��� 3��c�� .,�� �)  

)5(  

  
3� �� �� O  
��" ,
� �#. W7�  O���b: T'I �	 

 
��" �	 R�	�� �	� T#�U  ���b: �� T6b� ��� T'I �	

)  (%�H2� �: o*���� �	� .��� !  ���]� V�� _� ��

.,�� �����	 �� �����  

2-  _� .� �#�	 Z[�H2� M#� ,
� �#. u�7� ~�P/�

�]7�� �� +#� ! �	� ,
� �#. W7� +� �����	.���	 �)   

)6(  
  

 M#� �� ��O�*��6�   
��" ,
� �#. W7�  �	 T'I

 ! ���b: �]7�� �� _� ,
� �#. W7� V��  �����	

��.���	  

:�� h#�6) �#. Z��N �	 �#���� !� e�� ,#�!�2� 1��	  

3-:%!� �#����  .� �#�	 %�H2� �: ,
� �#. W7�7/0 

 ���	 ���! _�*� �	 ! ���	 ��
�	 �c6B ,
� �#. W7�

���'�� �	��� ! �"��� ��^P� ����� _v�'� .� ��^P� O

M���� �� ����� 1�U�]) ~�� O,
� ~��) O1.�!�
� Z[�


�!�2�  �	 ... ! �6*�7� ����5/1  �	��	 ,
� �#. W7�

.���" �!�2� �c6B    

)7 (  
  

 

 ���*��6� ��BO   
��" �#�� ,
� �#. W7�  T'I �	

���b:  ! �" �c6B ,
� �#. W7� 
� ���b: T'I �	

.,�� 
�� ��B�" �d� ��  

3- :e!� 1�#����  .� �#�	 %�H2� �: ,
� �#. W7�7/0 

���	 ��
�	 �c6B ,
� �#. W7�  .� ��#�!�2� ��: !

 ���! �c6B ,
��#. W7� ���]� .� ��	 ,
� �d�

.�����  

)8 (    
4- Z[�H2� ���P) ,
� �#. W7� M��iP:  .� ��"�V	

.���	 �4N  

)9(  
  

 ���*��6� ��BO   
��" �#�� ,
� �#. W7�  T'I �	

���b: ,��  �	 T#��U ���P) 
�� e�/�� Z�^��2� ��)

e��" T#�U 
�� +�']) ���J �#�	 �#���� !� �: �� .���1 

 !2 (��� ,#�5� V��. �B�Y .�O  �� 0.�� �^��2� 1��	

 ,P�J �� 3� �	 ������ 1.�/� �� O%�H2� �: 1.�/�

 Z����! ! Z����N ,*�I !� �� %�#� T'I �	 %�H2�

.�#��" ��U   

)10(  
  

 ���*��6� ��BO  T'I �	 %�H2� �: 1.�/� �� 
 ! e�"�c�� �	 T6b� ���  T'I�	 %�H2� �: ,P�J

�� %�#�.���	  

  

� U)% � V�
B  

 .� Z[�H2� 1��	 
�� �^��2� 1.�/� ���*��6� )2 O(

 %!�� �� Z����N ! Z����! ,*�I !� ��3  
��� 3�
�

�'#�]� .,�� 
��  �	 
�� ���N Z[�H2� 1.�/� ��

�� 3�
� ��#�b# 3��45. %�H2� 1.�/� �� �� �:�

�� 1�)[�	 ���]� 1���� Z[�H2� �#�� �	 ,^'� �� ���	

�	 _�*� .,�� %�H2� M#� M�#�< ��bcP5 3� 3��	 [

M#��	��	O  .� e��� �: ,P�J M�B�" �d� �� �	 �6*�7� M#� ��

 %�H2� �: �	 T����� 1.�/� �� 0.�� OZ[�H2�

) �#��" �^��2��*��6� 9 1.�/� �� 0.�� k#��� .(

 _�*� �	 3��45. ,
� �� ,�� 3� .� ���I Z[�H2�

.� �	 ��
�	 ����� 3��P� _N�I M#� e�"�c�� K# 1�

�� ��� 	 �]7�� M#� 1��	 O%�H2�.���	  
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 M�573 - -NO"P)* ��
+* ,- .�(� � ��
+* ,  

Table 3- Virtual water and virtual water value of products  

M"P)*  

Product 

M"P)* ��
+* ,-  

E5' 2(��  Q3F*	B*)

(R	T"I� 	%  

Virtual water of 
imported product 

)1-kgm³.( 

 M"P)* ��
+* ,-

E5'(2
9  Q3F*	B*)

(R	T"I� 	%  

Virtual water of 
exported product 

(m³.kg-1) 

 ��
+* ,- .�(�

 E5' 2(�� M"P)*

 �"�I�*)(M
�(  

Value of virtual 
water of 
imported 

product (Million 
Rls) 

 ��
+* ,- .�(�

 E5'(2
9 M"P)*

 �"�I�*)(M
�(  

Value of virtual 
water of 

exported product 
(Million Rls ) 

����B ���"  

Tomato  
0.24 2.54 0.0014 0.025 

e��"  

Wheat  
2.75 4.23 0.0077 0.016 

3��45.  

Saffron  
0 180.83 0 4676.26 

���5  

Jujube  
0 12.9 0 0.58 

�^�<  

Cotton  
27.97 18.04 0.47 0.32 


V	��  

Melon  
0.4 1.6 0.007 0.019 

.��<  

Onion  
0.56 6.92 0.001 0.035 

�/��#  

Alfalfa  
3.82 4.47 0.034 0.011 

 

  

  

 KF'2 -NO"P)* �� R	T"I�  	� ���� �% E5' (2
9 ��
+* ,- .�(�  

Fig. 2- Value of exported virtual water per kilogram of product   
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V	�� O�^�< Z[�H2�30 O

27  !30 �B�Y .� .,�� ��B�# �:�� �N��O  �	 k#���

 1�#���� .� %�� .� 
��� ,�� e!� _b�)4(O  M#� �����	

 ,�� Tc7� M�	 .� ,
� �#. W7� M#��
�	 ��

 %��6� �27� �	 3��45. �	 
�� ��B�" �d� �� Z[�H2�

65/12188  ���]� M#� ! ���� Xc6) ���b:1/9  W7� �	��	

 ����� Z[�H2� �#�� ! ,�� ����� ,
� �#.

���" �	 .��< ! �/��# O
V	�� O�^�< Oe��" O���5 O����B

 �:��30 
�� ����� 1�N��M#��	��	 .���O  �	 ���) �	

 ! e!� ! %!� 1�#���� �� 3��45. ,
� �#. W7� �#�VB�

 �#�� .� ��
�	 �� 3��45. 1.�/� �� 0.�� M��iP:

�� O,�� 
�� ��B�" �d� �� Z[�H2� ,B�" �/��� 3��)

 ���J ,
� ,#�*!� �� �����	 ,�� �� 3��45. ,
� ��

�� M��iP: .,B�" �:��� %�� �6*�7� M#� LINGO  �	

,#�!�2� h#�6) .�#��" ���� V�� �#�� 1�:�#���� ! �:

,#�!�2� M�B�"�d� �� �	 %!� 1�#���� �� 1�:

0.7Aib<Ai<1.3AibO 0.5 Aib <Ai<1.3 Aib !   

0.5 Aib <Ai<1.5 Aib    ��	 3���45. ,
� �#. W7�

 3�V�� �	 T�)�)20 O30  !50   ��#. W7� �	 ,^'� �N��

���� ,
�     ��	 e!� 1�#����� �� ! ,��� ���B�# �#�VB� �

 ,#�!�2� %�P5�0.5Aib<Ai   3���45. ,
� �#. W7�

 .� ��	 �	��     .,��� 
����� ������ ,
� �#. W7� �	��	

  3����bP: ! �P���� )Jasemi et al., 2011  V��� (  ���!�

 ,�
� �#. W7� Z����()  !   c�N�B ��) 3���45. ���bcP5 �

%�� 1�:88-1363(  �� ��3���� � ��   ! Mv��J O�����	

 1��� T*�J �� �	��� 3����� 3���� 3�#���   �����. 1��:

 ���J _�c2) ! �#V/) ����  ������    ���*�) 
���#� ,6��U! !

3������ �	 ��
� �� �: %�� 1��	 ����. 1��  1��:1390 

  ��)1400  ������< �����	�������.  �� ���� ��� 3���
� k#�����

 3��45. ,
� �#. W7� ~�P/� ��3���� � M#� ��:   ��Y

%��.,�� ��B�# �#�VB� ���F" 1�: 3�
B��F	 Z�]�]2)  !

 +�:���	�
��. )Bazrafshan & Ebrahimzadeh, 2006 (

 �� ��� 3�
� V���*��6�  ��6��    Z[!V�� �:��� M��	 1���

      �#�V�B� ��	 ��� K�# .� ��	� �	��� �:�� ��^J�6�� ! 1��

   ��#!� `S���	) 3���45. ,
� �#. W7�    ,�
� ����P5

!�
� Z[�H2� e�c6� M��iP: .���� ! ����� ���! (1.�

      ��	 ��'#�]� �� 3���45. �^�'� 1��#�V� _�*� �	 �� �#��"

3���� �� 1.�!�
� Z[�H2� �#��    ���!� O3������ 1��:

�#�� ���'	 3� ,
� �#. W7� 0��'".,�� 
��	 �)  

  
 KF'3 - �Y�
J* E5' �?0
)* � 8I3< &
  	�� Z40- M�� "�(
60  

Fig. 3- Comparison of the existing area under cultivation and the calculated- the first scenario   
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 KF'4- �Y�
J* "�(
60 E5' �?0
)* � 8I3< &
  	�� Z40 �R�2  

Fig. 4- Comparison of the existing area under cultivation and the calculated-the second scenario 
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Abstract 
Agricultural in economies of developing countries especially Iran has an effective role. For having 

sustainable sources in agriculture choose a suitable cropping patterns in which besides the maximize income 

condition for farmers has essential role in appropriate use of resources. Saffron is an Iranian valuable export 

products that is produced in arid and semi arid areas of south of Khorasan (about 95 percent) and is 

cultivated in some parts of country. The plenty economic value of saffron in global markets and jobs and 

appropriate income that grow this crop has followed, substantial economic returns has created for this 

product. This study with the purposes for development of saffron emphasizing in the value of virtual water 

was performed in Birjand. For this purpose initially amount of virtual water and its value using information 

such as water requirement, yield and crop price in two cases exports and imports for eight products cotton, 

jujube, saffron, wheat, tomatoes, melons, onions, and alfalfa were calculated and then optimal cultivation of 

each crop was estimated by using linear programming model Lingo. Two scenarios were also defined that in 

the first scenario, the area under crops was limited to 1.5 times for the existing level and this limitation was 

removed in the second scenario. Results of virtual water for two scenarios showed that saffron cultivation in 

Birjand were created high income equivalent to 4676.26 million Rials compared to other seven products, 

priority on cultivation. Under cultivation surface is obtained equivalent to 2010 ha for the first scenario and 

12188.65 ha for the second scenario compared with existing area under cultivation (1340 ha) has 

significantly increased.  
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