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Abstract

Efficient use of energy resources in agricultural production is a key component
of sustainable agriculture. This study aimed to evaluate energy indices for
irrigated wheat and potato crops in the downstream plains of the Surral Reservoir
in Kurdistan Province. In this research, 26 farms with a total area of 100 hectares
were selected. The studied farms were divided into four groups: systems (1) and
(2), related to wheat farms with a fixed classic sprinkler irrigation system, using
electricity and gravity as energy sources, respectively, and systems (3) and (4) for
potato farms with similar irrigation system characteristics and energy sources.
The required data, including total inputs, machinery operating hours, and human
labor, were collected through questionnaires from farmers in the mentioned plain
during the 2023-2024 growing season. The wheat cropping system showed the
highest energy allocation for chemical fertilizers, while the potato cropping
system allocated the highest energy to fuel (diesel) required for machinery and
agricultural implements. The total energy input for the mentioned farms was
45027.43,42472.02,92547.10, and 89857.23 MJ ha!, and the total energy output
was 110700, 119550, 127800, and 136800 MJ ha™!, respectively. The energy ratio
was 2.45, 2.81, 1.38, and 1.52, and the specific energy was 7.50, 6.53, 2.60, and
2.36 MJ ha™!, respectively. The energy productivity was 0.13, 0.15, 0.38, and 0.42
kg MJ'. These findings indicate higher efficiency of the irrigated wheat cropping
system in converting input energy to output energy in the final product. Based on
this, it is recommended that irrigated wheat cultivation be considered by farmers
as a more sustainable option in the mentioned region.

* Corresponding Author: Bakhtiar Karimi

Address: , Department of Water Science and
Engineering, Faculty of Agriculture, University of
Kurdistan, Kurdistan, Iran

Email: bakhtiar.karimi@uok.ac.ir
Tel: 09379832124

Peyman Tahmasebi, Arman Moghadamnia, Pegah Golmohammadi Ghane, Aram Fathi, Bakhtiar Karimi*,
Heresh Ghadrshenas Energy Efficiency Assessment of Potato and Wheat Farms under Sprinkler Irrigation
System (Case Study: Downstream of Surral Reservoir, Kurdistan Province)



mailto:p.tahmasebi@agr.basu.ac.ir

1. Introduction

With the global population growth and increasing demand for food, the agricultural sector faces
numerous challenges, including limited water and energy resources. Efficient energy use in agricultural
production not only leads to increased productivity and reduced production costs but also plays a crucial
role in mitigating negative environmental impacts and achieving sustainable agriculture. This research
aimed to precisely evaluate energy indices related to irrigated wheat and potato production in the
downstream plains of the Surral Reservoir.

2. Materials and Methods

This study was conducted as a case study in the downstream plains of the Surral Reservoir, located in
Kurdistan province, during the 2023-2024 growing season. Twenty-six farms, covering a total area of
100 hectares, were randomly selected. The studied farms were divided into four groups based on crop
type and the energy source used for irrigation:

e System (1): Irrigated wheat farms with a fixed classic sprinkler irrigation system using
electricity.

o System (2): Irrigated wheat farms with a fixed classic sprinkler irrigation system using gravity.
o System (3): Potato farms with a fixed classic sprinkler irrigation system using electricity.
o System (4): Potato farms with a fixed classic sprinkler irrigation system using gravity.

Required data, including inputs (fertilizers, pesticides, seeds, fuel, water, electricity), machinery
operating hours, and human labor, were collected through questionnaires and face-to-face interviews
with local farmers. Standard energy conversion coefficients from scientific sources were used to
calculate the energy equivalent of various inputs. Energy indices, including the energy ratio (energy
efficiency), specific energy, and energy productivity, were then calculated using mathematical
relationships.

3.  Results

The data analysis revealed a significant difference in energy consumption patterns between irrigated
wheat and potato production in the study area. In irrigated wheat farms (Systems 1 and 2), chemical
fertilizers, especially nitrogen fertilizer with an average of 13228 MJ ha™', accounted for the largest
share of energy consumption, followed by fuel (diesel) with an average of 9724 MJ ha™'. Conversely,
in potato farms (Systems 3 and 4), fuel (diesel) with an average of 26578 MJ ha™! was the most energy-
intensive input, followed by potato seed with an average of 14760 MJ ha™! and chemical fertilizers with
an average of 9921 MJ ha™.

The total energy input for systems 1, 2, 3, and 4 was 45027.43, 42472.02, 92547.10, and 89857.23 MJ
ha™, respectively, and the total energy output was 110700, 119550, 127800, and 136800 MJ ha™!,
respectively. Consequently, the energy ratio (energy efficiency) for systems 1 to 4 was 2.45, 2.81, 1.38,
and 1.52, the specific energy was 7.50, 6.53, 2.60, and 2.36 MJ kg™', and the energy productivity was
0.13, 0.15, 0.38, and 0.42 kg MJ~'. Comparison of energy input in irrigated wheat systems showed that
using gravity (System 2) resulted in a reduction of approximately 2555 MJ ha' compared to the
electricity-powered system (System 1), clearly demonstrating the advantage of utilizing natural
potential in irrigation methods. A similar trend was observed in potato farms between systems 3 and 4.
Comparison of the results with other studies in different regions indicates that the energy consumption
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soil type, farm management, and mechanization level, and the share of irrigation energy in drier regions
can be higher than chemical fertilizers or fuel.

4. Conclusion

. The results of this research indicated that optimized management of inputs, especially chemical
fertilizers in wheat and fuel in potato production, as well as the use of renewable energy sources such
as gravity in irrigation, can effectively improve energy efficiency and reduce the environmental impact
of producing these two crops. Considering the higher efficiency of irrigated wheat in converting input
energy to output and the advantage of gravity irrigation, developing wheat cultivation in the region,
while taking into account economic and ecological considerations, is recommended. Furthermore,
promoting the use of modern and low-consumption irrigation methods, optimizing chemical fertilizer
consumption based on soil testing, and using high-efficiency machinery can contribute to improving
energy efficiency in the production of both crops. Future research is suggested to investigate the impact
of other factors, such as tillage methods, planting date, and integrated pest and disease management, on
energy efficiency in the production of these two crops.
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