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Objective: This study aimed to evaluate and compare energy consumption and energy
productivity in a solid-set irrigation system with portable sprinklers powered by different
energy sources (electricity and diesel) for irrigated wheat production in the Qorveh Plain
of Kurdistan Province.

Method: In this research, 15 irrigated wheat farms with a total area of 90 hectares,
planted with the "Pishgam" cultivar, were randomly selected in the Qorveh Plain and
classified into two groups: CE (electric energy source) and CD (diesel fuel energy
source). GPS devices were used to measure the farm areas, and the irrigation water
consumption volume was measured using an ultrasonic flow meter. Data on energy
consumption (electricity and diesel), crop yield (measured through sampling), and other
agricultural inputs such as seed, fertilizer, pesticides, and machinery were collected from
farmers through questionnaires. Additionally, at the end of the 2023-2024 growing
season, the calculated yields were cross-checked with actual farm sales data.

Results: The results showed that the highest energy consumption in the wheat farming
systems using CE and CD systems was allocated to the electric power and diesel fuel,
respectively which were required as irrigation head. The total energy input to the farms
was calculated to be 73,173.01 and 88,507.83 MJ/ha for CE and CD systems,
respectively, while the total energy output was 118,815 and 118,896 MJ/ha, respectively.
Water productivity was 1.47 and 1.31 kg/m?, respectively. Energy ratios were calculated
as 1.66 for CE and 1.34 for CD farms, and specific energy was 10.26 and 12.86 MJ/kg,
respectively. Moreover, electricity productivity was 3.01 and 2.20 kg/kWh, and overall
energy productivity was 0.09 and 0.07 kg/MJ, respectively.

Conclusions: In CD farms, the average total energy input and output were higher than
CE farms; however, the water productivity index in CD farms was about 12% lower than
in the CE group. Also, specific energy use was higher in diesel-powered farms, indicating
higher energy consumption for wheat production. Overall, electric irrigation systems
(CE) performed better in terms of energy efficiency, and it is recommended that
electrification of diesel-powered wells (CD) be prioritized in national agricultural
programs.
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Introduction

Wheat, as a strategic staple crop, plays a fundamental role in ensuring food security across
societies. In many countries, including Iran, it is considered a key component of agricultural
development policies. Given the increasing limitations of water and energy resources and the
growing importance of sustainable production, improving the efficiency of input use in wheat
cultivation has become an essential priority. Today, as water resources—particularly
groundwater—face mounting pressures due to over-extraction, climate change, and reduced
precipitation, the high share of agricultural water use (over 90%) and the considerable amount
of direct and indirect energy consumed throughout the production process have highlighted the
critical need to evaluate irrigation systems and energy management strategies. In this context,
pressurized irrigation systems, such as the classic solid-set sprinkler system, if properly
designed and managed, can significantly contribute to optimizing input use. The Qorveh plain
in Kurdistan Province is one of Iran’s major irrigated wheat-producing regions, yet it faces
numerous challenges related to water and energy resources. Therefore, assessing the
consumption and productivity of water and energy in the agroecosystem of wheat production
in this region can help identify optimization opportunities and support the development of
effective management strategies. The present study was conducted to analyze input
consumption and determine key indicators of water productivity, energy productivity, and
integrated water—energy productivity in wheat cultivation under a classic solid-set sprinkler
irrigation system in the Qorveh plain. The findings of this research can provide valuable insights
for policymakers, practitioners, and irrigation system designers in making informed decisions
to achieve sustainable resource management at the farm level.

Method

Study Area

This study was conducted on farms located in the Qorveh Plain, situated in Kurdistan
Province, 93 kilometers east of Sanandaj, at a latitude of 35°10'N, longitude of 47°48'E, and an
elevation of 1850 meters above sea level (Salimi et al., 2017). Based on data from 2002 to 2021,
the region receives an average annual rainfall between 250 and 350 mm and has a mean annual
temperature of approximately 20°C. Figure 1 illustrates the geographical location of Kurdistan
Province, the Qorveh Plain within the province, and the specific study farms within the
Dehgolan region.

Data Collection

A total of 15 farms, covering approximately 90 hectares, were randomly selected across the
plain. The primary crop cultivated on these farms was irrigated wheat of the cultivar ‘Pishgam,’
and the irrigation system used was a classic solid-set sprinkler system with portable sprinklers.
Farmer cooperation was also considered a critical factor in farm selection. The irrigation water
source for these farms was the restricted Qorveh aquifer, accessed via deep wells using motor
pumps powered either by electricity or diesel fuel. The area of each farm was measured using
a handheld GPS device (Etrex Vista, Garmin, Lenexa, USA) with an accuracy of less than 3
meters in Wide Area Augmentation System (WAAS) mode. To measure irrigation water
volume, an ultrasonic flowmeter (UF5000, Adak, Tabriz, Iran) was used. Flow rates were
recorded at various times, and the total irrigation volume per event was calculated by
multiplying flow rate by irrigation duration. Electricity consumption data for each farm over
the irrigation season were obtained from the regional electricity company. For diesel-powered
farms, diesel fuel usage was recorded monthly. Crop yield was measured using the crop-cut
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method at various points in each field using a 1.5 m x 1.5 m quadrat. Yield estimates were
cross-verified with total harvested yield (as reported by farmers) for the 2023-2024 growing
season. Additional farm-level input data were collected via farmer interviews, including the
amount of wheat seed (Pishgam variety), fertilizer, pesticides, labor, and machinery used
throughout the planting, maintenance, and harvesting stages.

Farms were categorized into two groups:

v CE: Classic solid-set sprinkler irrigation system with portable sprinklers powered by
electricity.

v CD: Same irrigation system as CE, but powered by diesel fuel.

Evaluation Indicators

Using the input and output energy equivalents (Table 2), all recorded data for the 2023—
2024 growing season were entered into Microsoft Excel and analyzed. The following
indicators were used to evaluate the productivity of the studied farms (Kitani et al., 1999):

v Direct energy: human labor, electricity, fossil fuels, irrigation water.

v Indirect energy: seeds, agrochemicals, and machinery.

v" Renewable energy: human labor and seeds.

v Non-renewable energy: fossil fuels, fertilizers, agrochemicals, machinery, and water.
a) Water Productivity

Represents the ratio of crop yield to irrigation water applied:

Crop Yield (kg/ha)
Irrigation Water (m3/ha)

Water Productivity =

b) Electricity and Energy Productivity

Shows the relationship between crop yield and electricity or total energy input:

Crop Yield (kg/ha)
Electricty or Energy Input (kwh or MJ/ha)

Energy Productivity =

¢) Energy Use Efficiency

The ratio of total output energy to input energy:

Output Energy (M]J/ha)
InPut Energy (MJ/ha)

Energy Efficiency =

d) Specific Energy

Represents the amount of input energy used to produce one kilogram of output:
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Input Energy (M]/ha)
Crop Yield (kg/ha)

Specific Energy =

Results

The results of this research showed that the highest rate of energy consumption in wheat
farming systems in fields with CE and CD systems was related to the consumption of electricity
and diesel fuel, respectively, for supplying the water needed for agriculture. The total energy
input to the fields was calculated to be 73173.01 and 88507.83 Mj h,!, respectively, and the
total energy output was 118815 and 118896 Mj h,!, respectively. Water productivity indices
for these fields were 1.47 and 1.31 Kg m™, respectively. The energy ratio in the fields was 1.66
and 1.34, respectively, and the specific energy was calculated to be 10.26 and 12.86 Mj h,,
respectively. Furthermore, the electricity consumption productivity was 3.01 and 2.20 Kg Kwh"
I respectively, and the overall energy productivity was calculated to be 0.09 and 0.07 Kg Mj!
of input energy, respectively.

Conclusion

The results of this study demonstrated that solid-set irrigation system with portable sprinklers
powered by electricity (CE) exhibit superior energy efficiency compared to similar systems
powered by diesel fuel (CD). Despite the absence of a statistically significant difference in the
final wheat yield between the two groups, CE farms showed lower specific energy consumption
and higher water productivity. Specifically, energy consumption in diesel-powered farms was
considerably higher, and their water productivity was approximately 12% lower than that of
electrically powered farms. These findings highlight the critical role of energy source selection
in optimizing input use and enhancing the sustainability of agricultural production.
Accordingly, replacing fossil fuel-based systems with electric-powered alternatives and
electrifying diesel-operated agricultural wells should be prioritized in national agricultural
policy and strategic planning.
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