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Accepted: Evaluating water productivity in agriculture has become increasingly critical due
August 9, 2026 to the depletion of groundwater resources and intensifying pressure on available
gza:l?zreilglgzz 6 water supplies. Enhancing water productivity is essential for ensuring water and
P ’ food security and for maintaining the long-term resilience of agricultural
ecosystems. This study investigates and compares the physical and economic
water productivity indicators of three major crops wheat Pishgam, potato Jelly
and alfalfa in the Dehgolan Plain of Kurdistan Province. A total of 25 farms,
Keywords: covering 68 hectares, were randomly selected and categorized into wheat, potato,
Virtual water and alfalfa production systems. Farm area was measured using GPS devices,
Wheat Yield whereas irrigation water volume was quantified using an ultrasonic flow meter.
Water productivity Data on energy consumption (electricity and diesel), crop yield (measured
Net profit through plot harvesting), and other agronomic inputs including seed, fertilizers,
Potato pesticides, and machinery were collected from farmers using structured

questionnaires. The estimated yields at the end of the 2023-2024 cropping season
were also cross-validated with actual farm-gate sales records. The results
indicated that physical water productivity (CPD) for wheat, potato, and alfalfa
was 1.34,4.07, and 0.97 kg m™3, respectively. Economic water productivity based
on gross production value (BPD) was 239.72, 1301.07, and 89.94 thousand
IRR m™3, while economic water productivity based on net profit (NBPD) was
105.30, 1077.77, and 51.69 thousand IRR m™3, respectively. The virtual water
(VW) values were calculated as 0.75, 0.25, and 1.03 m3 kg™ for wheat, potato,
and alfalfa. Given these results, the continuation and reinforcement of wheat
cultivation are recommended due to its strategic role in national and global food
security and its potential to reduce reliance on imports. In contrast, the low water
productivity and poor sustainability of alfalfa production suggest a gradual
transition toward alternative crops with higher water-use efficiency and greater
economic returns. Moreover, potato production supported by precision
agriculture, optimized soil and water management, and secure profitability
represents a viable and strategic option for sustainable agricultural development
in the region.
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1. Introduction

The continuous depletion of groundwater resources, coupled with climate change and escalating
competition among water-consuming sectors, has significantly amplified the importance of water use
efficiency in agriculture. In Iran, particularly in semi-arid plains such as the Dehgalan plain in Kurdistan
province, the pressure on water resources is so severe that safeguarding water and food security
necessitates decision-making grounded in water efficiency indicators. Evaluating and comparing water
productivity across various crops is not only crucial for optimizing cropping patterns but also essential
for ensuring the sustainability of agricultural ecosystems and managing vital water resources.
Consequently, this research was undertaken with the objective of analyzing and comparing the physical
and economic water productivity indices for three significant agricultural crops: Pishgam wheat, Jelly
potato, and alfalfa.

2. Materials and Methods

This study was conducted during the 1403—1404 (2024-2025) crop year in the Dehgalan plain. A total
of 25 farms, covering an aggregate area of 68 hectares, were randomly selected and categorized into
three groups: wheat farms, potato farms, and alfalfa farms. A GPS device was utilized to determine the
precise area of each farm. The volume of water consumed during the cropping period was measured
using an ultrasonic flow meter. Data pertaining to production inputs, including energy consumption
(electricity and diesel), seeds, chemical fertilizers, pesticides, and agricultural machinery, were
collected from farmers through field questionnaires. Actual crop yields were assessed using the
harvesting method and subsequently verified against actual sales data from the farms at the end of the
growing season. Water productivity indices, including physical productivity (CPD), gross production
economic productivity (BPD), net benefit economic productivity (NBPD), and virtual water (VW),
were calculated according to standard formulas, and a comparative analysis was performed among the
crops.

3. Results

The analysis revealed that the physical water productivity index (CPD) for wheat, potato, and alfalfa
were 1.34 kg/m?, 4.07 kg/m?, and 0.97 kg/m?, respectively. This indicates a notably higher performance
of potatoes in terms of production per unit of water consumed. The gross production economic
productivity index (BPD) was estimated at 239,720 IRR/m?, 1,301,070 IRR/m?, and 89,940 IRR/m? for
wheat, potato, and alfalfa, respectively, underscoring the superior economic value of potato production
compared to the other two crops. Furthermore, the net benefit economic productivity index (NBPD)
was calculated as 105,300 IRR/m?, 1,077,770 IRR/m?, and 51,690 IRR/m? for these three crops, again
demonstrating the economic advantage of potatoes. The virtual water (VW) index was also found to be
0.75 m?/kg for wheat, 0.25 m3/kg for potato, and 1.03 m?/kg for alfalfa, with the lowest value for
potatoes signifying a lower water requirement per unit of product.

4. Conclusion

This research indicated that the Jelly potato variety, due to its high physical and economic productivity,
presents a sustainable and profitable option for agricultural development in the Dehgalan plain. The Pishgam
wheat variety, as a strategic crop, should be maintained, with efforts focused on enhancing its water use
efficiency and reducing reliance on wheat imports. Alfalfa, given its lower efficiency and significant pressure
on water resources, should be gradually phased out and replaced with economically and hydrologically
suitable alternative crops.
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