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Objective: The objective of this study was to examine the energy consumption patterns
in the production of irrigated wheat and alfalfa in the downstream lands of the Soural
Reservoir Dam in Kurdistan Province. The study also aimed to analyze key energy
indicators such as energy ratio, specific energy, and energy productivity based on the type
of irrigation systems and input usage.

Method: In this study, 37 farms with a total area of 76 hectares were selected. The farms
were categorized into systems 1 and 2 for wheat cultivation, and systems 3 and 4 for
alfalfa. Systems 1 and 3 were equipped with surface irrigation systems, while systems 2
and 4 utilized fixed classic sprinkler irrigation systems with movable sprinklers, all
operating under gravity-fed water sources. Data on total input consumption were
collected through questionnaires administered to farmers in the region during the 2020—
2021 cropping season.

Results: The results indicated that in wheat cultivation systems, the highest energy
consumption was associated with chemical fertilizers, especially nitrogen fertilizers. In
alfalfa systems, irrigation water in system 3 and chemical fertilizers in system 4 were the
dominant energy-consuming inputs. The total energy inputs for systems 1 to 4 were
29733.16,46347.05, 52054.7, and 39147.48 MJ/ha, respectively, while the corresponding
output energies were 66,450, 96,000, 189,600, and 229,100 MJ/ha. The calculated energy
ratios were 2.32, 2.07, 3.64, and 5.85, and the specific energy values were 6.32, 6.81,
3.25, and 2.69 MJ/kg, respectively. Energy productivity was measured at 0.12, 0.10, 0.29,
and 0.37 kg/MJ for the four systems, respectively.

Conclusion: The findings revealed that high nitrogen fertilizer uses in wheat farms and
excessive water consumption in alfalfa farms significantly increased energy input levels.
Moreover, delays in water release to farmers were identified as a major challenge in
irrigation management in the area. To enhance energy productivity and reduce
environmental impacts, it is recommended to educate farmers on efficient energy and
resource management practices.
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Introduction

Increasing energy productivity in the agricultural sector is one of the key issues in sustainable
natural resource management and reducing production costs. The high consumption of
agricultural inputs, particularly chemical fertilizers and irrigation water, has a direct impact on
the amount of energy input in production systems. In this context, comparing energy
productivity in different irrigation systems can play a significant role in optimizing energy
consumption and improving water resource management. This study aims to examine the
energy consumption patterns in irrigated wheat and alfalfa production in the downstream lands
of the Soural Reservoir Dam in Kurdistan Province and compare the energy productivity of
surface and sprinkler irrigation systems.

Method

This field study was conducted on 37 farms covering a total area of 76 hectares in the
downstream lands of the Soural Dam. The studied farms were categorized into four groups
based on crop type and irrigation system:

v Systems 1 and 2: Wheat farms equipped with surface and fixed-classic sprinkler
irrigation systems with movable sprinklers, utilizing gravitational energy.

v' Systems 3 and 4: Alfalfa farms equipped with surface and fixed-classic sprinkler
irrigation systems with similar energy supply characteristics.

The required data, including the amount of input (consumed) and output (produced) energy
in each system, were collected through in-person questionnaires from farmers during the 2019—
2020 cropping season. To enhance data accuracy, information regarding water consumption
and other inputs was verified and refined through consultations with relevant organizations such
as the Kurdistan Regional Water Authority and agricultural experts. Energy indices, including
total input and output energy, energy ratio, specific energy, and energy productivity, were
calculated.

Results

The results of this study indicated that the consumption of chemical fertilizers, particularly
nitrogen, in wheat farms and irrigation water in alfalfa farms had the greatest impact on
increasing energy input. The total input and output energy for different systems were calculated
as follows:

v Wheat: System 1 (29,733.16 MJ/ha input, 66,450 MJ/ha output) and System 2
(46,347.05 MJ/ha input, 96,000 MJ/ha output).

v' Alfalfa: System 3 (52,054.70 MJ/ha input, 189,600 MJ/ha output) and System 4
(39,147.48 MJ/ha input, 229,100 MJ/ha output).

The energy ratios in the studied systems were calculated as 2.32, 2.07, 3.64, and 5.85,
respectively. Additionally, the specific energy and energy productivity indices were estimated
as 6.32, 6.81, 3.27, and 2.69 MJ/kg and 0.12, 0.10, 0.29, and 0.37 kg/MJ, respectively.

An analysis of these indices revealed that in wheat farms, energy productivity was higher in
System 1 than in System 2, due to farmers' belief that increasing nitrogen fertilizer use would
enhance yield. However, the grain yield of wheat in System 2 was approximately 1.40 times
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higher than in System 1. on alfalfa farms, System 4 had higher energy productivity than
System 3, primarily due to the significantly higher water consumption in System 3, which was
2.4 times that of System 4. One of the major challenges in irrigation management in this region
was the delay in water release to farmers, which led to reduced productivity and increased
resource wastage. This issue underscores the importance of implementing educational programs
and optimizing energy consumption.

Conclusions
Based on the findings of this study, crop type and irrigation system have a significant impact

on energy consumption and efficiency. In wheat farms, optimizing fertilizer input can lead to
reduced energy input and improved system efficiency. on alfalfa farms, water management
plays a crucial role in enhancing energy productivity. Additionally, implementing educational
programs for farmers on energy and resource management can have a significant impact on
improving efficiency and reducing environmental effects. Therefore, it is recommended that
policymakers and agricultural planners emphasize modern water management techniques and
agricultural input optimization to improve energy productivity and ensure the sustainability of
agricultural production in the region.
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