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Abstract   

Background and Aim: Water resources are limited for crop production. Water consumption to 

produce agricultural crops is increasing due to the growth of population and food demand. In this 

study, water productivity of sprinkler irrigation systems was evaluated for maize and alfalfa in 

Qazvin plain of Iran.   

Methods: Water productivity was calculated as the ratio of the crop yield (dry matter) to the total 

irrigation water volume. The required information of each selected field such as irrigation system 

(e.g. sprinkler discharge and irrigation interval and duration), water resource and crop yield were 

collected via survey questionnaire, the technical report of irrigation system design and Qazvin 

agriculture organization in 2014. Irrigation water volume was calculated by multiplying discharge 

of irrigation system and irrigation time.  

Results: Alfalfa had higher irrigation water requirement than maize. Average yield of maize and 

alfalfa were 7.0 and 10.3 ton ha-1, respectively. The values of water productivity in kg m-3 ranged 

from 0.31 to 2.78 for maize and 0.22 to 1.76 for alfalfa. The mean value of water productivity was 

0.87 and 0.86 kg m-3 for maize and alfalfa, respectively.  

Conclusion: In average, solid-set irrigation systems had higher water productivity of maize than 

continuous move sprinkler irrigation systems (i.e. center-pivot and linear). However, greater water 

productivity of alfalfa was obtained in the continuous move irrigation systems than in solid-set 

irrigation systems.  
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Introduction  
Food security is a very important challenge in any country, particularly when increasing 

population. Irrigation water is commonly one of main required components for producing 

agricultural productions. Determination of water productivity in agricultural productions can be 

accommodating to manage and plan water resources.   

Some investigations have been conducted about water productivity around the world. Zwart and 

Bastiaansen [9] reviewed the measured values of water productivity for irrigated wheat, rice, 

cotton and maize. They found that the range of water productivity was very large (0.6–1.7 kg m−3 
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for wheat; 0.6–1.6 kg m−3 for rice; 0.41–0.95 kg m−3 for cottonseed; 0.14–0.33 kg m−3 for cotton 

lint and 1.1–2.7 kg m−3 for maize). Singh et al. [8] determined water productivity of wheat, rice  

and  cotton in  Sirsa District of  India that  was  equal to 1.04, 0.84 and 0.21 kg m−3, respectively. 

Liu et al. [6] modeled the water productivity of maize in 124 countries. The results showed that 

the United States and China had the highest water productivity (more than 1.5 kg m−3) and the 

lowest values of the water productivity were obtained in African countries (less than 1.0 kg m−3). 

In the Qazvin plain of Iran, Kaviani et al. [4] reported that the water productivity for various crops 

ranged from 0.12 to 1.3 kg m−3. Liu et al. [5] investigated in the North China Plain to evaluate crop 

yield and water productivity of winter wheat under sprinkler and surface irrigation systems. The 

crop yield and water productivity were greater in the sprinkler than in the surface irrigated field. 

Fan et al. [2] reported that water productivity of wheat and maize ranged from 0.57 to 1.68 and 

0.54 to 2.1 kg m−3 in arid northwest China. Sandhu et al. [7] indicated that drip irrigation system 

with residue retention increased water productivity of maize and wheat by 66% and 259% 

compared to the conventional furrow irrigation system with residue removal, respectively, in India. 

Development of pressurized irrigation systems is a one of key solutions to increase water 

productivity in regions dealing with water shortage such as Iran. Determination of water 

productivity for different crops can be useful to managers and policy makers to choose and 

prioritize crops cultivation. The objective of this study was to determine water productivity of 

some main crops for sprinkler irrigation systems in Qazvin plain of Iran. 

 

Materials and Methods 
This study was conducted in the Qazvin plain, located in Qazvin province that is one of the most 

important agricultural regions in Iran. Main crops cultivated in spring are maize and alfalfa. Qazvin 

province consists of five districts including Qazvin, Takestan, Abyek, Buin Zahra and Alborz. 

Twenty-three fields located on these five districts were selected for this study (Table 1). All the 

studied fields equipped with sprinkler irrigation systems. The required information of each selected 

field such as irrigation system (e.g. sprinkler pressure and discharge and irrigation interval and 

duration), water resource and crop yield were collected via survey questionnaire, the technical 

report of irrigation system design and Qazvin agriculture organization in 2014. In this study, 

irrigation water productivity for each crop in the selected fields was determined.  

Irrigation water productivity was calculated as the ratio of the crop yield (dry matter) to the total 

irrigation water volume:                        WP=Y/V     (1) 

where WP is the water productivity (kg m-3), Y is the dry matter (kg) and V is the total irrigation 

water volume (m-3). Irrigation water volume was calculated by multiplying discharge of irrigation 

system and irrigation time. The characteristics of the selected fields including field name, irrigation 

system type, and water source are presented in Table 1. Discharge of irrigation systems varied 

between 4.5 and 83 L s-1. Solid-set irrigation was the most common sprinkler irrigation systems. 

  



International Conference on Food, Nutrition and Agriculture (ICFNA19) 

September 27-28, 2019 Istanbul (Turkey) 

Conference Book  
ISBN 978-600-98459- 1-4  

 

 

3 

 

 
 

Table 1. Characteristics of the studied fields 

Field 

name 
District 

Irrigation 

system 
Water source  

Field  

name 
District 

Irrigation 

system 

Water 

source  

A1 Abyek Solid-set Tube well AL1 Alborz Solid-set 
Tube 

well 

A2 Abyek Linear 
Conjunctive Use 

(well and canal) 
AL2 Alborz Solid-set 

Tube 

well 

A3 Abyek Center-pivot Conjunctive Use G1 Qazvin Solid-set Canal 

A4 Abyek Solid-set Conjunctive Use G2 Qazvin Solid-set Canal 

A5 Abyek Center-pivot Conjunctive Use G3 Qazvin Solid-set 
Tube 

well 

A6 Abyek Center-pivot Conjunctive Use G4 Qazvin Solid-set 
Tube 

well 

A7 Abyek Center-pivot Conjunctive Use G5 Qazvin Solid-set 
Tube 

well 

B1 
Buin 

Zahra 
Solid-set Tube well T1 Takestan Solid-set 

Tube 

well 

B2 
Buin 

Zahra 
Linear Tube well T2 Takestan Solid-set 

Tube 

well 

B3 
Buin 

Zahra 
Solid-set Tube well T3 Takestan Solid-set 

Tube 

well 

B4 
Buin 

Zahra 
Solid-set Tube well T4 Takestan Solid-set 

Tube 

well 

 

Results and Discussion 
Irrigation water volume during the growing season and crop yield (dry matter) for the studied fields 

are presented in Table 2. Water requirement of Alfalfa was higher than of maize [1].  Average 

yield of maize and alfalfa were 7.0 and 10.3 ton ha-1, respectively.  

The values of water productivity for various crops are given in Figure 1. The minimum and 

maximum values of WP in kg m-3 were 0.31 and 2.78 for maize and 0.22 and 1.76 for alfalfa. 

Similar to the study of Liu et al. [6], the values of WP for maize ranged from the highest water 

productivity (more than 1.5 kg m−3) to the lowest values of the water productivity (less than 1.0 

kg m−3) in the studied fields. Zwart and Bastiaansen [9] reported that water productivity ranged 

1.1–2.7 kg m−3 for maize. Kahlown et al. [3] also reported that the water productivity of wheat in 

Pakistan was 3.95 kg m−3 in sprinkler irrigation and 1.34 kg m−3 in traditional basin irrigation. Fan 

et al. [2] reported that water productivity varied between 0.54 and 2.1 kg m−3 for maize in China. 

Maize and alfalfa were cultivated in most studied fields (Table 2). In average, solid-set irrigation 

systems had higher water productivity of maize than continuous move sprinkler irrigation systems 

(i.e. center-pivot and linear). However, greater water productivity of alfalfa was obtained in the 

continuous move irrigation systems than in solid-set irrigation systems. 
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Table 2. The total irrigation water volume during the growing season and crop yield (dry matter) in the studied fields 

Field 

name 

Irrigation water volume  

(m3 ha-1) 

Crop yield 

 (ton ha-1) 

Water productivity   

(Kg m-3) 

Maize Alfalfa Maize Alfalfa Maize Alfalfa 

A1 4229 - 11.8 - 2.79 - 

A2 7000 10000 3.5 13.5 0.50 1.35 

A3 7000 10000 3.5 13.5 0.50 1.35 

A4 7000 10000 3.5 13.5 0.50 1.35 

A5 - 8503 - 15 - 1.76 

A6 9904 - 3.1 - 0.31 - 

A7 9904 17225 3.1 15 0.31 0.87 

AL1 9335 11745 4 4.5 0.43 0.38 

AL2 4933 - 9.2 - 1.86 - 

B1 10009 12007 8.3 12 0.83 1.00 

B2 8638 - 6.5 - 0.75 - 

B3 10225 13336 8.3 12 0.81 0.90 

B4 - - - - - - 

G1 9427 11627 5.5 4 0.58 0.34 

G2 10074 - 6 - 0.60 - 

G3 - 10552 - 9.9 - 0.94 

G4 9447 11419 9.3 9.9 0.98 0.87 

G5 9707 17514 10 10 1.03 0.57 

T1 9079 18254 11.5 4 1.27 0.22 

T2 9645 12875 10.5 10 1.09 0.78 

T3 10239 19960 10.5 7 1.03 0.35 

T4 11575 14549 4.5 11.5 0.39 0.79 

Mean 8808.9 13097.9 7.0 10.3 0.87 0.86 

 

Conclusion 
In this study, water productivity in sprinkler irrigation system was obtained for two main spring 

crops in the Qazvin plain. The mean value of water productivity was 0.87 and 0.86 kg m-3 for 

maize and alfalfa, respectively. However, Alfalfa had much higher irrigation water requirements 

compared to maize (13098 vs. 8809 m3). In general, values of water productivity for both crops 

are relatively low as compared to reported values in the literature. Thus, it is needed to implement 

some techniques to reduce irrigation water losses (e.g. new irrigation technologies and optimum 

water management) and increase crop yield (e.g. proper fertilizer application and cultivar) in the 

study area.  
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