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Adaptation to water shortage requires systematic planning for water productivity 

improvement. In this research, some solutions were presented and were 

prioritized to increase water productivity in the eastern and western regions of 

the Qazvin irrigation network. The gross biomass water productivity and the net 

biomass water productivity was obtained 0.8-3 and 1.7-4 Kg/m3, respectively. 

The provided solutions were considered in four categories of technical, 

management, organizational and agricultural solutions. Data were analyzed 

using the average and the standard deviation indices and independent t-test. The 

importance and impact of solutions to improve productivity in the upstream and 

downstream of the network were obtained 4.08±0.8 and 4.26±0.75 (out of five 

points), respectively which shows that the impact of these solutions in improving 

the productivity of the downstream area of the network is more than the 

upstream area of the network. T-test showed that some of these factors have 

significant differences in the east and west of the network and Solutions can be 

provided separately upstream and downstream of the network to improve 

productivity. By analyzing the results obtained from the independent T-test, A2, 

A3, A6, A13 and A17 are effective factors in improving the water productivity 

in the downstream of the network, and by using these factors in the upstream. 

The results of this study and the downstream and upstream productivity analysis 

approach can be used by researchers and managers in planning to improve water 

productivity in the agricultural sector. 
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H"
IF � ���  U,�R� 1  B�  ������ /	��� t �H8R5� 1,	�  ��9A2 �A3 �A6 �A13  �A17� H��	� 

 �W]��  �	#�  ���  ��� �� �� &",�; B� 1�#A �� ��A�  1� �  1  ��"���� &,� H��	� �� B�Y�  

�1�#A �� /�	F ���  ��� �� �� �� &,� ����I� �	#�  .�"�[  U,�R� G9�:; � ���,�� H"
IF ���  ��� 

�� ^$��� B�Y�  � &",�; �B� �� ���	F �� 1����  �-,� ��8F�� ���  ��� �� �� G[  ������� 

���LR���	� G9�:; ��/� � /��,�� ���. .��"�  
  

:��6��! _;,`�� �.a �b��� .� � ��	R �"�� c )1402.( ���, �� ��� �9���� �8F��� ���  ��� �� �� ����I� B�Y�  � �;",& B� 1�#A  �"��� �-.,&. 

1,��� B,�,�� �� � ���" �� 13 )1�( 141-156. DOI: https://doi.org/10.22059/jwim.2022.342528.987  

  

:�A�� 15]� \����R�� ��%���� /���F.                       © ./����5,	�  
  

 

 

 

 



/)!���7 �!) �5)�2� �#*)!� ��8� )4� 9: )� ��4�;$ ,��<�� 4 �
��= ,�� �%�> �:�)�� 4?@�=  143 

1 .����  

/��I  �� ��, �� ��� &,�F G(�S ��9 /�. �e�f �� �A�  1� �� ���	F X��� ���"5  �� HN�5� � \T��� �A� . �9 

��8S 1� 1
g�J &"  /�	F &"�XF �� � \�A �e�8F G"  �F �	A ^'� /��I  G,�-J� �� .� �, �F�	g�� 1� &,� ��� 3��!F 

�  ��� �����9 �R,�,�� h��8� � �	
h� ���� �	�� H,�#F 1  G(�S �9�	) A� )Soleimanzade, 2016(.  

O)�A ��9 i	 �� 1  ���  /��I  �� �� /��j ������  O)�A &�(�J k��� � O)�A /���� H
� /��� ���9� 

\�A �Y�  /��I  �� �� 18h�� 3�'A ��8,�J� 1��"����) � ��"� �-��� ��	  � G"; ��"  �9 /��� ���9� &,� B� 1� 

�� 19� ��9 ���,� �  \�A �I /� ��9 �� � \�!#F B5,� h"I��� ���lR.� � ���'Rj� /� ���-J� �9�	) �A. �� 1D"R� 

��9�	�� �.�� �� &,� ^$��� �,�  �� 3�f �e�f ���� 1 �,�9 ���  ��F	� ��\� /�"� \�� � \����
  ���  1
 �8� �  \�!#F 

�A�� �� /��I  �� � G9�� \��W� m	 &,� /��I  �9 1"�F ���� � �� 1�"�� ��8F�� ���  ��� �� E�l� 1  �:,� �� G[  

�� \����.� ��� ��D�� ��9� )Soleimanzade, 2016(.  

G,�-J� /�-J���� B"!'j � ��"� ���,�-J 1  ��	� ��,�_M �n���f ���LR� �� � ��� � \������ �	j	� ���  �"(	F ���,�; 

\Y	lI� ������� �� ����e 1R)� .B� �� 1  /�	�� ��, �� C�� �F&, H��	� �"(	F �� �������� ��8� ��"
� �� 

1�	'D� H��	� ��������I� �"(	F .���� /���� ��,_;�� B�� C,� �� ���"5  �� ^$��� � �, ����  ��"5  k��� /� �� 

15,�8� �  ������� ���,��J 1  a�$��9 1!	F � ��� �� � ���" � � ���9� B"'9� �:,��� ��"�[  .B� �� &"'9 

�R�� �$ 19���9 �")� �����9 ���
  ���  ���j� a�$��9 1!	F ���" � �� �	�� 1RA���  ��A B�� 1� ������ 

���  ��� ���"5  �� /� �9 ��9��� �� �	A )Siahi et al., 1998(. 

���  ��� ��"!� GD� B"(�!J .B�9 ��, �� C�� �F&, HN�5� ��9�	�� �o
R[� G,�-J� ���  ��� � �,���� 

�E�l �� �� .�A�  ��,�  B� 1� ���LR� 1S�9 �R�  �� � ��� ���I� �� �� p,��A �
!J �,�  �� B,	(�� ���. .��"� �� 

GD� ���  ��� ��T� �  &,� 1� �"L� � �W]� /�	  B"(�!J �� /�"� 1  E�9 ��	� 3�] �B� /������ B"(�!J -"� �,�  

a�h� �	A )Nazari & Liaghat, 2016.(  

G9�:; ��9 \�	g 1RJ�� �� /��j /��� �� �9� 1� �F 3� 2025 G"  �� 15 �g�� ���� �/��j 1� G"  �F �� 

1��"����) � 3�'A �8,�J� 18h��) (��� ���R59 /��I  � �	#'� �,�A �� �� 1 �DF ��9�	) ���. /��,� 1  /�	�� ��	�� �  

G�F ��9 � � /����J � �.�� ��A �� 78h�� ����I  �1��"����) �  �,�'���� /��%� ����� 1 �� B�� 1� �� \�	g �	#� 

B,�,�� q"Ig � C"b�F B�" ��9 �
)�� � &"  �

'(� �	
h� ���  ����,� �  /��I  ��9 B5,� ��h"I� ���" 

����'Rj� ���lR.� � �Rf ���b� � �R"��� �� H)�� � r��) �� ��9��� ��" 1j�	� �9�	) .�A ��! � � ��9���"; &,� 

/��I  �� ���	F 3T8R� � B"��'F �e�� �	�� �� 1  G(�S �����  )Rezayan and Rezayan, 2015.(  

�(�5��) � C� � � �� /��,� K, B"!.�� �'"
.� B� � �  1j	F 1  ���� /�-J���� ��"� G[  ��9 o
R[� 1  ��� 

H��� �(�5��) �� 3� ��9 ���,� �F��f -"� �9�	) .�A 1  ��	$ 1� V���  `��-� 15]� &"  �

'(� B,�,�� �� 

)IWMI(� �	�� /��,� ���  sLf �e� �
!J �	) �F 3� 2025 �,�  ���	R  112 �g�� 1  � ��� �� H �. 3�lIR� �	) 

.�,�-L"  ��_( �� &"�S �h,��A ��, �� ��� ��9��� �W]� � �
'� ���LR� 1�"�  � 1J�g �,	j �� E�l� �� .B� �� &,� 

�/�"� B,�,�� E�l� �� �� G[  ������� 1� G[  ��'� �� �� E��l� �� �� /��,� � /��j �� -"� H��A �� ��	A 

�� ���	F ��"5  �W]� � ��� ��� �A�  )Abbasi et al., 2015(.   

BA� �-.,�& �� C�� ,�F& BA� �9� ���-� �,/�� 1  H"(� �)�(�5� � �-J�,G E��l� G[  �9� �o
R[� �  /��I  

��	#' �� 1j�	� ��A B�. ��, �� H,Y� &,� �/��I  G,�-J� qh B�� \Y	lI� ������� .B� 1  ��	$ 1� 
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1�Y� \����g �� ���D� 1  1h�� \����g \Y	lI� ������� 1  /�-"� 1022 /	"
"� Q!���R� �����  ��A B� 

)Ramezani Etedali et al., 2016.( /������� �  1j	F 1  G9�� C� � ��� �� ��Ih BA���  �� �� ��"���,� �� 

G,�-J� ���� .��� BA���  �  1,�� �� �� ��"���,� ���  ���" � �e��� ������� t��  BJ� �,�A qh �� �� /�	[ � ��A 

.B� /��I  ��A��D,� �� BA� �&,�-. B,�,�� �� 1  �	$ ��� )Shokoohi, 2012( � �� G[  ������� � aTg� 

�	%(� B�� �� 1  �	$ u�) ����e 1R)� B� )Ramezani Etedali et al., 2014.(  

Habibi Kandbon et al. )2017(� 1  ���  ,�	F� �� �� 1�#A ���" � &,�-. � O)�A��9 �j��) /� �  

���LR� �� K"��F ��,��J � �,��� �,� .��R)���; U,�R� /� �9 /��� ��� 1� �� � ��� �� �	j	� �� 18h�� 1  \�	g E�9 ��� 

���LR� �'��	A � 1����  �-,� ���  ��� �����  �� H� � ��� �� �	j	� �� 18h�� �	j� 1RA��� B� � ���F ���f 28 

�g�� �� H� �� �	j	� �� 3� �� ��"R)� &"(	45� ���. 1RA�� � �,�	F ��A 1� H��� C�� \�L
F ��,� �� �� 18h�� ��	  

.B� C9 &"�S 1  &,� c	e	� B� ��RJ�, 1� �,�	F ����� �� 1 �R�� �� 1�#A ��D�� �'���"� � \�L
F �� �� 1�#A 

1  H"(� ��� �	j� \��T$� ���Y o!e B)��,��9 � �, ���  /��#j ��[  �� \�L
F 3�8R�� �� ��	  .B�   

Azimi Dezfuli )2020 �(�  1"�F �  &,� c	e	� 1� �����  CDf �� ��"���	� �"(	F �
� \Y	lI� ������� �� 

�	S��S ���� �5f �� ��R#� �  3	lI� H �. ���  �B� E�l� �� \Y	lI� ����� �� �����  .�	'� �  ���  U,�R� 

1  B� ����� 1j	R� �A 1� CDf E�l� �� �"(	F �
� ���� �WXR� �� ����R5� �e��� B�� ���� � � �� �	�� .B� ��  1  

&,� 1� �  G,�-J� ��� ��� ��� ��/�	F CDf �� �J�l� �"(	F \Y	lI� ���#9�� �� G9�� ���� 1  �b� �� �� B" 	
h� 

���'Rj� ���lR.� CDf �� E�l� ��A B�j �"(	F \Y	lI� ���#9�� B#5� 1  1�,-9��9 �/� B"Ij�� 1RA�� .�A�   

 Mahdavi et al. )2019( �� ��9�:; 1  � �,��� 1S��v�, CR5" � ��� �� ����I� �F�!(�h� QD��"A V���  

�	S��S ���� �5f SEEAW .��R)���; �� &,� �1!(�h� �  ���LR� �� �j��) ��9 ��5f ��9 �� � �  1j	F 1  

��9�%���� �!  � ��� �� �R�J�,�� 1�  G[ ������� �  G"  �� 96 �g�� E�l� �� G"  �F&, �"WXF �� �� �,��F G�F 

� � ����I� .���� C9 &"�S 1j	F�  1  �%���� \�A E�l� �� �� 3� ��9 1385 � 1395 �  15,�8� /�-"� � ��� �� 

�	j	� � E�l� ���A ����,�;�� H��� �� ����I� �	j� .���� C� 1��� � ��� �� �,_;�,�DF &,� ����I� �� 835 

Q!���R� 1  ���� �9 �L� �� 3� 1385 1  1179 Q!���R� 1  ���� �9 �L� �� 3� 1395 G,�-J� 1RJ�, .B� &,� c	e	� 

1  H"(� G9�� 17 �g�� B"!'j �� 3� 1395 B#5� 1  3� 1385 � xv 1  H"(� G9�� �j��) 1  1S�,�� 1"���� � 

���� �T" �9 �� �W� ���  �����  �� � 1!
. ��S � 3�8R�� G"  �F �� �� r��) ����I� ��	  .B� �	j��  G9�� ���� 

�l�E �� �� G[  ���)\ � B �W 	 /� �l�E �� �� B!�g� �-J�G, ����� G[  ���)\ � B!�g �D�� 1  �-J�G, 

�� ���� ��lR.�� �� �� �&, �9G[  �A� �B. 1  ����"�� �S�	S� � �5f��� �� �� �&, �I���� ���� -�`�� ��9 

�� �I���� �� H"�5F ��� � 	F����� �� ���,� � �� H"
IF ��W\� ��.���\ B�" �� �"5 � �"L� �A� .  

Akbari et al. )2019( \��W� �""yF C"
.� � �(�5��) �� �  �	%(� B�� � \��W� K5,� ������ /� �� �� BA� 

&,�-. ���  .����� U,�R� G9�:; /��� ��� 1� K5,� ������ � ����  1����  �� C9 /��� �  G,�-J� ��� � G9�� `��  

1  \�	g �h)�"M G9�� �� � �, � �� 1���" �  &,�F 	,��� 1  Q"F�F 377/6 � 488/1 B#5� 1  3� 1,�; G9�� 1RJ�, 

.B� /� �9 ��RJ�,�� 1� \��""yF C"
.� �  ���
'� 1'9 \Y	lI� �"WXF �L�� ����� � ��/�	F �� 1#�j��9 B#n� /� ���  

�	#�  ���
'� \Y	lI� � ���LR� 1�"�  �� \������ 18h�� ���  .��  �� �1D"R� �����"; ���	'� ���  G,�-J� �"(	F 

\Y	lI� ������� �� 18h�� �	#�  ���
'� \Y	lI� �� �9 ��R�9 �� 1
9� 3�� � 1!	F qh B���,� \Y	lI� 

���lR.� �� 1
9� ��� ��	� 1j	F ���. .��"� 
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Kazem Attar et al. )2020( �� ��9�:; 1  ���  �"WXF B'". ���_� �� �� G,�-J� ���  ��� \Y	lI� 
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 � 1j��40  18".� �F50  � 1j��35  18".�3	$ �.�A �.�� ��A B� )Liaghat et al., 2015(. p	R� `��  ��
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B5,� �h"I� 298 /	"
"�  Q!���R�  �� �A�  )Qazvin Regional Water Company, 2018.(  
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/���A��� /�-"�  �"WXF� B"'9� � ��[ �W� �9 K, �� ��� ����9 �� �  ��� �	#�  � ���  ��8F��  ����� �� �� ����I� 

�.�A (B�Y� ) � � �M &",�;) (B� 1�#A ���" � &,�-. /��� �� �9� 1� &,�  �	b�� `�� � �,��� \Y�] 
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")) \��"( o"$ ���#� �  1� B� U�; �F K, �����
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Figure 1. Location of the study area (Roshanfar et al., 2019) 
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Table 1. Effective strategies for improving irrigation water productivity  
Code Title Row 

A1 Increase production and use of water in increasing agricultural production by relying on improving and enhancing 

productivity through the observance of agricultural water rights, investment in storage and transmission systems. 
1 

A2 Expanding the level of pressurized irrigation methods and improving the economic productivity of irrigation 

water 
2 

A3 Sufficient attention to the necessary investments for the operation and maintenance of water networks and 

facilities 
3 

A4 Implement agricultural management along with providing ecosystem services 4 

A5 Upgrading the dryland cultivation system; Improving dryer agricultural systems, relying on more use of rainfall 

or supplementary waterproofing 
5 

A6 
Matching yesterday's irrigation with tomorrow's need; Modernization, the proper combination of technology, and 

the upgrading of management to improve the response to the needs of the stakeholders, make it possible to 

increase more and more sustainable production. 

6 

A7 Earn more crops or incomes with less water consumption 7 
A8 Reforming the structure of water and agricultural management 8 

A9 Improvement of surface water resources to reduce water harvesting from aquifer 9 
A10 Planning and operating volume water delivery (At the requested time and place) 10 
A11 Adequate supervision of water withdrawals in the exploitation of watershed resources 11 
A12 Establish inter-organizational coordination in the monitoring and quality protection of water and soil resources 12 
A13 Distribution of floods and artificial nutrition of aquifers 13 
A14 Complete or create quantitative measurement networks in water resources utilization 14 
A15 Complete or create qualitative measuring networks in water resources utilization 15 
A16 Reuse wastewater to develop specific water resources in conditions of drought crisis 16 

A17 Review in Water Distribution Program due to rainfall and evapotranspiration distribution map to achieve user’s 
satisfaction and higher water productivity in Qazvin irrigation network 

17 

A18 Review in Water Distribution Program in accordance with the water accounting information table to achieve 

reduction of water harvesting from aquifer and helping to sustain water resources 
18 

A19 Public notice 19 

A20 
Production program editing, export and import; Emphasis on self -sufficiency in products whose production based 
on water productivity has a relative advantage. 

20 

A21 Production program editing, export and import; Emphasis on the production of export products with less water 

requirement (consider water economic value) 
21 

A22 Production program editing, export and import; Emphasis on imports of products with more water requirement 22 

A23 
Change of thinking about water to achieve three goals of food security, reducing poverty and maintaining 
ecosystem rather than one -dimensional attitudes to agriculture as a production system and attitudes to it as a 

consolidated multifaceted system 

23 

A24 Implementation of correct water pricing policy on Qazvin plain Irrigation Network 24 
A25 To work with skilled people as water police 25 
A26 Forming and managing database and data processing 26 

A27 Establishment of final decision -making, organizational reactions and structural changes needed to manage risk 
and drought crisis 

27 

A28 Strengthening the participation and interaction of the users 28 

A29 More participation of users in the design, implementation, operation and maintenance of irrigation networks and 

facilities 
29 

A30 Supporting water management organizations in network irrigation management 30 
A31 Adequate attention to legal issues and traditional water right in the regions 31 

A32 Change the policy of land productivity index to water productivity to achieve maximum production per unit of 

water consumption 
32 

A33 Development of research activities on crops with less water requirement, shorter growth period and in accordance 
with suitable climatic conditions, with a physiology tolerant of environmental stresses, especially drought stress 33 

A34 
Development of agricultural methods with the aim of saving water consumption such as soil conservation 

methods (low tillage and no tillage), irrigation management in the early stages of growth, seedling cultivation in 
greenhouses and … 

34 

A35 Emphasis on issues of cultivation pattern and water requirement and network water capacity 35 
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�� ����I� &",�; B� 1�#A ��A ��� � �� /�	F �  1  ��"���� &,� H��	� �� B�Y�  1�#A ���  ��� �� �� &,� ����I� 

�	#�  .�"�[  C9  &"�S�� /�	F 1D"R� BJ�� 1� U,�R� 1  B�  ������ ���� �5f �� � 1�8� ��9 1"�F ��A �� qh 1�#A 

����" � 1R5��	F 1  1N��� ��� �����9 Q��� ���  �	#�  � ���  ��8F��  ������ Q��R� �  p,��A }�A � ��M 1�#A 

K'� .���  

 
Table 2. General characteristics of the participant experts 

Work/Research experience (year) Percentage of the total sample Number Characteristics 

   Education 

12-15 23.1 3 B.Sc. 

7-18 46.2 6 M.Sc. 
10-25 30.8 4 Ph.D. 

    

   Organization 
7-25 38.5 5 University and research institute 

11-15 30.8 4 Agriculture organization 

12-18 15.4 2 Regional water company 
10-13 15.4 2 Non-govermentanl water user association 
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3 ./��01 � 2��  

3��j )3( ��,	� �"%��"& � E��I�� ��"!� ��� ����9 �� B�Y�  � &",�; B� 1�#A ���" � �� �A� . ��� �����9 ��8F�� 

���  ��� V���  /�-"� B"'9� � �"WXF ������9 �� &"%��"� ���"R�� Y�  1  &",�; 	(��,B �� � ��A .���   

 
Table 3. Mean and standard deviation of each of the strategies 

Western area (Downstream) Eastern area (Upstream) 
Rank in standard  

deviation 
Standard  
deviation 

Rank in  
average Average Strategies Rank in standard  

deviation 
Standard  
deviation 

Rank in  
average Average Strategies 

21 0.48 1 4.69 A32 16 0.65 1 4.62 A11 
17 0.65 2 4.62 A11 16 0.65 1 4.62 A22 
17 0.65 2 4.62 A22 19 0.65 1 4.62 A29 
20 0.51 2 4.62 A14 19 0.51 1 4.62 A18 
20 0.51 2 4.62 A18 12 0.51 1 4.62 A23 
20 0.51 2 4.62 A23 15 0.78 2 4.54 A10 
16 0.66 3 4.54 A3 15 0.66 2 4.54 A14 
16 0.66 3 4.54 A6 15 0.66 2 4.54 A26 
16 0.66 3 4.54 A26 15 0.66 2 4.54 A35 
16 0.66 3 4.54 A29 15 0.66 3 4.46 A8 
16 0.66 3 4.54 A35 13 0.77 4 4.38 A27 
11 0.78 4 4.46 A10 19 0.51 4 4.38 A28 
16 0.66 4 4.46 A19 9 0.95 5 4.31 A12 
16 0.66 4 4.46 A34 6 1.01 6 4.23 A13 
5 0.96 5 4.38 A33 10 0.83 6 4.23 A9 
7 0.87 5 4.38 A12 10 0.83 6 4.23 A24 

12 0.77 5 4.38 A17 14 0.73 6 4.23 A19 
12 0.77 5 4.38 A27 14 0.73 6 4.23 A30 
17 0.65 5 4.38 A7 14 0.73 6 4.23 A32 
17 0.65 5 4.38 A24 8 0.99 7 4.15 A34 
8 0.85 6 4.31 A21 20 0.49 8 4.08 A7 

14 0.75 6 4.31 A2 7 1 9 4 A33 
18 0.63 6 4.31 A8 11 0.82 9 4 A31 
21 0.48 6 4.31 A28 18 0.58 9 4 A6 
9 0.83 7 4.23 A9 18 0.58 9 4 A20 

15 0.73 7 4.23 A30 9 0.95 10 3.92 A21 
19 0.6 7 4.23 A20 17 0.64 10 3.92 A3 
4 1.14 8 4.15 A1 21 0.48 11 3.69 A17 

10 0.82 9 4 A31 5 1.13 12 3.54 A16 
2 1.19 10 3.92 A5 12 0.78 13 3.46 A2 

13 0.76 10 3.92 A16 4 1.19 14 3.38 A15 
6 0.93 11 3.77 A15 13 0.77 14 3.38 A1 

16 0.66 12 3.46 A13 3 1.25 15 3.31 A5 
3 1.17 13 3.23 A4 2 1.38 16 3.08 A4 
1 1.39 14 2.62 A25 1 1.44 17 2.69 A25 
 0.75  4.62 Total average  0.8  4.08 Total average 

  

C9 &"�S ���  ���  � 15,�8� ^".� �F � Bf�� �F ��� ����9 �� �� ����I� }�A � ��M �1�#A ��9���	'� i	 �� 1  

&"%��"� ��"R�� ��� ����9 � E��I�� ��"!� ��"R�� �9 �K, 1  Q"F�F �� H�A ��9 )2( � )3( 1N��� ��A .B�  

V���  U,�R� 1  B�  ������ 3���j ��� U�; ���"!� E��I�� � &"%��"�  ��9�� �  ���A11 �A18 �A22 �A23  �

A29  ���"R�� &"%��"� � 62/4 G"  ����� (��"R�� U�; ��) ���  ��8F�� �� �"WXF &,�F  1�#A �.�A ����I� �� ���

�� ��� �� �M ����I� �� .��A�   ���"���  O)�A B�" �""yF ���  1  &"�� ���  �"(	F �n���f 1  � �"R� ���  �� ���

1  �� E�l� �f�� ����"  ���"R�� &"%��"� � 69/4 G"  ����� �� ��"R�� &,�F /�'9 .�A�   -"� 1��8� G[  �� 1��	$

 �B� ��A 1RL�Habibi Kandbon et al. )2017(  1�#A �� �	j	� �� � ��� �� 1� ���	'� /�"  �	) G9�:; ��

1  &,�-. ���" � E�9 \�	g �'� ���LR� ��� 1  � �	A � Q��� ����� �,�	F ��� H"(�1����  �	j� ��� ��  ���  �-,�

���  B)��,� o!e � �� � ��� H� �� �����  ��	  ��,� 18h�� �� �� \�L
F ��9 B� � ���  G9�� \�L
F � �	#�  
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���  ��� ��"� 1  \��b� �J�� �  BA���  ��9 �� � B����� G"   �F���  /�����  �� ��9��J �f��$ � ��j� � ���  �����  

�  �� �����%�1�#A �� ���" � \�5"XF � �9 1,	� /�'9 �%��"  1� �A�   ��9A11  �A29 �� C9 .�A�   &"�SAzimi 

Dezfuli )2020( &,� 1  ��  1� ���	'� /�"  ���  G,�-J� �  1� �� ��� ���  \Y	lI� �"(	F �J�l� �� CDf /�	F

1  ���� G9�� �� ���#9�� �� �b� E�l� �� CDf ���lR.� ���'Rj� B" 	
h� ��  \Y	lI� �"(	F B�j ��A

1�,-9 1  B#5� ���#9��  c	e	� &,� 1� �A�  1RA�� B"Ij�� �/� ��9 ��j���S `�%� � �� ��	� �� ��LF �""yF /�'9

���) ������� 1  ��!  K, `�%� ��j 1  ������� CR5" 1  �8"L
F  ���A23B� (.  

/�'9 �	$1� �� U,�R� O[�� �B� ���  ���"1  ��� /���'� ���J� /����� � �9�� 1   /�	��x"
; ��" �� �9 �� 

����I� ����� C� �F&, ��"R�� �� �A�  � XF �"W�����S �� ���  ��8F��  ���H� 1�#A .����� C9  &"�S�  1j	F 1  ���	'� 

&"%��"� ���"R�� ��"R�� 1'9 H��	� 1  �"M �� &,� K, H��� ��!, "1  ��� /���'� ���J� /����� � �9�� 1   /�	��x"
; ��" 

�� ���8� p	R� ��"R��) 1( G"   �F.B�   

 

  
Figure 2. Graph of average points of strategies in the eastern and western areas of Qazvin irrigation network  

  

  
Figure 3. Graph of standard deviation of strategies in the eastern and western areas of Qazvin irrigation network  
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/�-"� B"'9� � �"WXF ��� ����9 ���  �	#�  ���  ��� �� �� ����I� B�Y�  � &",�; B� 1�#A 1  Q"F�F 8/0± 08/4 

� 75/0±26/4 ��) ��"R�� H� U�;( 1  B� ���� .B�  

/�'9 1��	$ �� 1�8� ��9 ���  ��� H�A) ��9 4 � 5( H �. ��9��� �B� ���  ��� �� �� ����I� � �M &",�;) (B� 

1�#A G"  �F �� ����I� �.�A (B�Y� ) 1�#A �� .�A�  �� 1D"R� �  1j	F 1  �D,�R� 1� �� /	��� t 1  B� ��� � �� 3��j 

)4( -"� ����� ��A B� � �  ���  � 15,�8� &"%��"� ��"R�� ��� ��9��� ��8F�� ���  ��� �� �� ����I� �.�A (B�Y� ) � 

� �M &",�;) �(B� �� /�	F H��	� ������ � �W]� �  �	#�  ���  ��� �� �� &",�; B� 1�#A �� �,���A .�	'�  

1  U,�R� ���  � H"
IF �  B�  /	��� �� ����t 1,	� �H8R5�  ��9"`�� qh `�R5� BIF ���" � ��9  �	#�  � ���J

���  ���" � �� ���lR.� ���" �"1,��� 1  �J�� 1j	F ���_� ���  \�"
'� ���  ��Y ��9 1�#A �� �����%� � �����   � �9

� � \�5"XF" �"/��� ����J ��"� �  ���,� ���" � ^"#hF  1  ~�; �	#�  ���  B,�,�� ��8F�� � �����J Q��� Q"��F ����

�z ��"� G"  �"(	F G,�-J� /���� �/�!L� �� C9��J �� ���,�; � �F ���" �" 1,_yF � �T" G[;��L ��	�l� /�	[ �) �9 (����" 

 �"���  B,�e� 1  � �"R� ���  }�!F��"[#F � `��  �,�	F 1�8� 1  1j	F �  �� �,�	F 1����  �� ��%���  ���  � /�����   ���

&,�-. ���" � 1�#A �� �FY�  ��" ���  �	#�  �  �W]� � ������ H��	� &",�; �� �� ��� �� 1�#A B� 1  �  1� ��A�  � ��"���

�� �1�#A B�Y�  �� H��	� &,� ���  /�	F  .�"�[  �	#�  � �8F�� ����I� &,� �� �� �� ���  

  

  
Figure 4. Gross biomass water productivity (Kg/m3) in the Qazvin irrigation network in 2020 

  

  
Figure 5. Net biomass water productivity (Kg/m3) in the Qazvin irrigation network in 2020 
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Table 4. The results of the t-test are compared with the strategies for the eastern and western areas of the network  
t-test for equality 

of means 
Levene’s test for 

equality of variances 
  t-test for equality 

of means 

Levene’s test for 

equality of variances 
  

Sig. (2-

tailed) 
t Sig. F  Strategies 

code 

Sig. (2-

tailed) 

t Sig. F  Strategies 

code 

0.41 -0.85 0.93 0.01 Equal variances 

assumed 
A19 0.06 -2.01 0.63 0.24 Equal variances 

assumed 
A1 

0.41 -0.85   Equal variances 

not assumed 
0.06 -2.01   Equal variances 

not assumed 

0.33 -1.00 0.32 1.03 Equal variances 

assumed 
A20 0.01 -2.83 0.94 0.01 Equal variances 

assumed 
A2 

0.33 -1.00   Equal variances 

not assumed 

0.01 -2.83   Equal variances 

not assumed 

0.29 -1.08 0.71 0.14 Equal variances 

assumed 
A21 0.02 -2.41 0.36 0.87 Equal variances 

assumed 
A3 

0.29 -1.08   Equal variances 

not assumed 
0.02 -2.41   Equal variances 

not assumed 

1.00 0.00 1.00 0.00 Equal variances 

assumed 
A22 0.76 -0.31 0.68 0.18 Equal variances 

assumed 
A4 

1.00 0.00   Equal variances 

not assumed 
0.76 -0.31   Equal variances 

not assumed 

1.00 0.00 1.00 0.00 Equal variances 

assumed 
A23 0.21 -1.29 0.68 0.17 Equal variances 

assumed 
A5 

1.00 0.00   Equal variances 

not assumed 
0.21 -1.29   Equal variances 

not assumed 

0.60 -0.53 0.29 1.19 Equal variances 

assumed 
A24 0.04 -2.21 0.11 2.78 Equal variances 

assumed 
A6 

0.60 -0.53   Equal variances 

not assumed 
0.04 -2.21   Equal variances 

not assumed 

0.89 0.14 0.85 0.04 Equal variances 

assumed 
A25 0.19 -1.36 0.04 4.57 Equal variances 

assumed 
A7 

0.89 0.14   Equal variances 

not assumed 
0.19 -1.36   Equal variances 

not assumed 

1.00 0.00 1.00 0.00 Equal variances 

assumed 
A26 0.55 0.61 0.68 0.18 Equal variances 

assumed 
A8 

1.00 0.00   Equal variances 

not assumed 
0.55 0.61   Equal variances 

not assumed 

1.00 0.00 1.00 0.00 Equal variances 

assumed 

A27 1.00 0.00 1.00 0.00 Equal variances 

assumed 

A9 

1.00 0.00   Equal variances 

not assumed 
1.00 0.00   Equal variances 

not assumed 

0.70 0.40 0.44 0.61 Equal variances 

assumed 
A28 0.80 0.25 0.88 0.03 Equal variances 

assumed 
A10 

0.70 0.40   Equal variances 

not assumed 
0.80 0.25   Equal variances 

not assumed 

0.77 0.30 0.78 0.08 Equal variances 

assumed 
A29 1.00 0.00 1.00 0.00 Equal variances 

assumed 
A11 

0.77 0.30   Equal variances 

not assumed 
1.00 0.00   Equal variances 

not assumed 

1.00 0.00 1.00 0.00 Equal variances 

assumed 
A30 0.83 -0.22 0.70 0.16 Equal variances 

assumed 
A12 

1.00 0.00   Equal variances 

not assumed 
0.83 -0.22   Equal variances 

not assumed 

1.00 0.00 1.00 0.00 Equal variances 

assumed 
A31 0.03 2.29 0.14 2.39 Equal variances 

assumed 
A13 

1.00 0.00   Equal variances 

not assumed 
0.03 2.29   Equal variances 

not assumed 

0.07 -1.91 0.17 1.98 Equal variances 

assumed 
A32 0.74 -0.33 0.29 1.17 Equal variances 

assumed 
A14 

0.07 -1.91   Equal variances 

not assumed 
0.74 -0.33   Equal variances 

not assumed 

0.33 -1.00 0.96 0.00 Equal variances 

assumed 
A33 0.37 -0.92 0.17 1.97 Equal variances 

assumed 
A15 

0.33 -1.00   Equal variances 

not assumed 

0.37 -0.92   Equal variances 

not assumed 

0.36 -0.93 0.25 1.37 Equal variances 

assumed 
A34 0.32 -1.02 0.06 3.96 Equal variances 

assumed 
A16 

0.36 -0.93   Equal variances 

not assumed 
0.32 -1.02   Equal variances 

not assumed 

1.00 0.00 1.00 0.00 Equal variances 

assumed 
A35 0.01 -2.76 0.04 4.92 Equal variances 

assumed 
A17 

1.00 0.00   Equal variances 

not assumed 
0.01 -2.76   Equal variances 

not assumed 

      1.00 0.00 1.00 0.00 Equal variances 

assumed 
A18 

      1.00 0.00   Equal variances 

not assumed 
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1RJ�, ��9 G9�:; �e�f �  �)�  �� U,�R� �,� G9�:; /��� ���	['9 .���� �� G9�:; Mahdavi et al. )2019( 

-"� 1  \���e 1  ��"���� ��� ��� " G[; �T" � 1,_yF ��	�l� ��L �9 /�	[ �) (����" ���A� ��A .B� �� G9�:; 

��	�_� �  ���LR� �� ���� �T" ��9 C� 1��� � ��� �� �,_;�,�DF ����I� 1!(�h���	� �� 3� 1395 B#5� 1  3� 

1385 G,�-J� 1RJ�, .B� Nazari et al. )2022( -"� �  ���  ��� Hf ��9 o
R[� ��J � �R,�,�� 1  1D"R� 1 ��� &,� 

G9�:; B� ��RJ�, 1� ��� ��� " `�R5� qh `�� ��9 ���" � BIF ���J" �� ���	F Qj	� G,�-J� ���  ��� ��,-"J 

��  .�	A �� ��9�:; 1� p	F Habibi Kandbon et al. )2017( \�	g 1RJ�� B� -"� 1  &,� 1D"R� ��"� ��� 1� 

\�L
F �� � C� /�A ���  ��� �� �� 1�#A &,�-. 1  H"(� »��� �	j� \��T$� ���Y o!e B)��,� �9 � �, ���  

/��#j ��[  �� \�L
F 3�8R�� ��« ��	  B� 1� &,� c	e	� 1  ��	� B(Y� �  \���e 1j	F �J�� 1  

1,��� ���_� ��9 ��Y ���  \�"
'� ���  �����  � �����%� �� 1�#A �9 � 5"XF\� � � B� 1� �� G9�:; �e�f �  

��� »1,	� A3« ���  �	#�  ���  ��� �� 1�#A ���" � &,�-. �,���A � 1N��� .�A  

�� H"
IF � ���  U,�R� 1  B� ���� �� &,� G9�:; �� /�	F 1  ��-( \��b� �J�� �  �����%� �� 1�#A �9 � 

5"XF\� � u�lR)� 1j�	  ��Y � ���j� `�� ��9 ���" � &,	� &'e � �,��� � \��b� G"  �F �  /� �9 �; .��  

C9 &"�S O[�� �A 1� B�Y�  1�#A &'e BJ�,�� �� G"  �F �� 3���� � ��S ��9 ���  ��� C� �F� ���� �� 1D"R� 

��Y B� 1� ���  G,�-J� ���  ��� �� �� &,� �����I� 1!(�h� �  \�"N-j G"  �F ��D�� .�	A �� �J�$ �  �	#�  B,�,�� 

� 1  ��"���� �����J ��9 &,	� �� /�	F �"(	F �� G,�-J� ��� � 1  ���  ��� �	
h� B� .BJ�,  

  

4 .�4�01 
��5  

U,�R� &,� G9�:; /��� ��� 1� \��b� �J�� �  BA���  ��9 ��� ��%���  �� 1����  �,�	F ��� �"�XF �  \����� 

\Y	lI� �  ��"� � � G"  �F� B����� G"  �F ���  /�����  �� ��9��J �f��$ � ��j� � ���  �����  � �����%� �� 

1�#A �9 � 5"XF\� ���" � � �""yF ��LF �� ��	� �� ���  /�"� 1  1 E�9 B"��� ��,�_M G9�� �8J � sLf 

�CR5"	�� �� 1
'j ��� ����,�9 ��R59 1� G"  �F&, �"WXF �� �� �	#�  ���  ��� ����I� �.�A (B�Y� ) 1�#A .����� 

C9 &"�S �""yF B�" O)�A ���  ��� &"�� 1  ���  ��� �� ���  � �"R� 1  �n���f �"(	F 1  ���� �f�� E�l� �� 

Qj	� ��8F�� ���  ��� �� ����I� � �M &",�;) (B� 1�#A �� .�	A �� �9 �� ����I� �.�A � � �M �1�#A 1  ��� 

/���'� ���J� /����� � �9�� 1  /�	�� x"
; �� ����� C� �F&, ��"R�� �� �A� � 1D"R��� 1  ��"���� &,� ��� ��� �"WXF 

�����S �� �	#�  ���  ��� H� 1�#A .����� 1j	F�  1  ���  ��9 ��D�� ��A �� &,� �G9�:; �  ���LR� �� `�R5� qh 

`�� ��9 ���" � BIF ����J 1j	F �J�� 1  1,��� ���_� ��9 ��Y ���  �����%� �� �1�#A ^"#hF ���" � ���,� �  ��"� 

����J G[; �T" � 1,_yF ��	�l� ��L �9 � ��%���  �� 1����  �,�	F �� �  1j	F 1  1�8� �,�	F `��  � �}�!F��"[#F 

�� /�	F ���  ��� �� �� �� B�Y�  1�#A �8F�� � �	#�  .�"�[  B,����� �� /�	F 1D"R� BJ�� �,�D���� 1� H��	� 

��A��z -j ��� ��9��� ��J � �R,�,�� �	5I� �� ���	A �,�  �"A	� �F �� 1�"�� ��J � �R,�,�� �F�fTg� \�	g 

.��"� Ghodousi and Malkeshi )2014( -"� 1  &,� c	e	� ���A� ���� ��� 1� ���  ��8F�� qh ���
'� � ���  ��� 

�� 1�#A ��9 ���  �9 � 1,��� ���_� �9 �,�  �  G[  ��9 �R,�,�� � ��J -��'R� .��	A C9 &"�S Hosseini Jolfan 

et al. )2019( -"� �� G9�:; �	) /��z� 1RA�� B� 1� �� �n�� 1�#A ��9 ���" � �	�� 1���� ��9 C"b�F qh �� 

1R5��	R� ��� ���� 3TR)� ��,��J ��"% � ���	A �� &,� �� �,�	F �J���� � 1�Y����� �� &"  /������� \T��� ���f �� 

1  �	j� ����� .B� ��� B,�e� /������� �� �,�	F �J�� � Q��� �� �� 1�#A ���" � &,�-. � C9 &"�S /��8J 
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C5"���� �F��b� ������� Q# ��A �F ���  /�����  �� ���.� 1  BA���  ��9 ��D� �) �Rf (��D��"M �� � ��� �� ��"���,� 

.��,�'� &,� 1
45� B,����� �D�� 1  /T"  �L�� /�	[ � &,�-. ��A .B� ���	� tI  ���A ��-( \��b� �J�� �  

BA���  ��9 ��� ��%���  �� 1����  �,�	F �� � B����� G"  �F ���  /�����  �� ��9��J �f��$ � ��j� � ���  �����  � 

�����%� �� 1�#A �9 � \�5"XF ���" � �� a�h� �� .��� �� ��9�:; ��%,� Zare Abyaneh et al. )2019( /�"  

��	'� ��� 1� B,�,�� E�l� � ��� ���I� �� 1  H"(� B����� C� ���  /�����  �� B,�,�� � B�" ���_� ��9 1�#A 

o"!e .B� �_( �  ���#� 1RJ�, ��9 G9�:; �e�f � ��9�����"; �,� G9�:; /��� ��Y B� �F &'e Q
j B����� 

���  �/�����  �  1  ��"���� `�� ��9 &,	� ���" � � `�� ��9 1  ������ B"!e� E�l� �� � /������ ���" � �� 1�#A 

���" � &,�-. �	#�  .� �, V���  �D,�R� 1� �� &,� G9�:; 1  B� ���� H"
IF 1�����j ^$��� B�Y�  � &",�; B� 

1�#A ��9 ���" � 1  H"(� a	h \��LR� �� ��R� 1  ��� �� ���	F K, ���,�� H �. 1"g	F ���  � �,��� ���
'� 

1�#A ��9 ���" � � ���9� .�A�   

  

5 .���!'1 ��  
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