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_ Waterscarcity is the primary limiting factor for agricultural development in
Revise Date arid ‘and 'semi-aridgregions/such as Iran (Khozeymehnezhad et al., 2021).
26 July 2026

Given the highly constrainied water resources in South Khorasan Province,
optimizing water-use efficiency (WUE) and economic water productivity

Accept Date (EWP) ‘isnvitalto achieving sustainable agriculture (Shayanmehr et al.,
22 August 2026 5 U ; :
2024). In"recent years, transitioning agricultural production from open-field
systems to greenhouse environments has been widely promoted as a key
Keywords: strategy to enhance water productivity and shield crops from harsh

environmental conditions (Guo et al., 2024; Heydari et al., 2007). However,

Cucumber, Tomato, Pepper, & the operational performance and water productivity of greenhouse units vary

CreQghouscSeale. \Gigniﬁcantly, depending on factors such as facility scale, crop type, and local
management practices. Therefore, evaluating physical and economic water
efficiency under real farming conditions is crucial for strategic planning and

\ resource allocation. To address this need, the present study aimed to
evaluate the physical and economic efficiency of water consumption in
greenhouse production units in South Khorasan Province.
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Materials and Methods

This study was conducted during the 2024-2025 agricultural growing season in South Khorasan Province,
Iran. A comprehensive census survey was carried out, covering all 202 active greenhouse units producing
cucumber (113 units), tomato (49 units), and pepper (40 units) across the province. Data were gathered
through structured questionnaires, face-to-face and telephone interviews, and field measurements. The
recorded parameters included greenhouse cultivation area, total crop production, physical yield, volume of
applied irrigation water (monitored via water meters where available), and farm-gate crop prices. Following
the methodology described by Asadi et al. (2023), physical water use efficiency (WUE) and economic water
productivity (EWP) were calculated using the following equations (Eq. 1 and Eq. 2):

Y

WUE =, (1)
YXP

EWP = v (2)

is the farm-gate price of the crop (Rialskg ). The collected dataiwere processeds an alyzed using
descriptive statistics in Microsoft Excel.

Where ¥ represents the crop yield (kgha '), ¥ is the volume of irrigation water consumeci‘ (m3ha '), and P

Results and Discussion \

The results revealed substantial differences in performance betweenngreenhouse and open-field systems
(Table 1). The average physical yields of greenhouse cucumber, tomato, andspepper were 196,450, 198,671,
and 147,965 kg ha™', respectively, which were significantly higher than their eorresponding open-field yields
(35,272, 23,363, and 16,363 kg ha™).

Greenhouse cultivation also dramatically improved physical water, use efficiency (Table 1). The physical
WUE values for greenhouse cucumber, tomato, and pepper were 16.25, 15.13, and 14.85 kg m™3, representing
8.5-, 14.8-, and 14.4-fold increases compared to open=field conditions. In terms of economic water
productivity, greenhouse cucumber achieved the highest values(10,731,402 Rials m~3), followed by tomato
(10,546,689 Rials m™) and pepper (5,343,465 Rials m™3). These values were 8-, 15-, and 11-times higher
than those obtained under open-field systems, respectively. These findings are in line with Heidari et al.
(2007), who reported that protected environments, significantly reduce evaporative losses while maximizing
economic returns per unit of water.

Table 1. Comparisomof yield and physical and econemic water productivity between greenhouse and
open-field systems

Crop Production Yield_1 Physical ?UE Economic VYater P_;‘oductivity

System (kg.ha) (kg.m™) (Rials m™)

Cucumber, Greenhouse 196,450 16.25 10,731,402

Open Fié&\ 35,272 2.81 1,381,446

Tomato Greehqlse 198,671 15.13 10,546,689
Open Field 23,363 1.02 686,303

Pepper %reenhouse 147,965 14.85 5,343,465
pen Field 16,363 1.04 458,369

Furthermore, greenhouse units with a scale of 1000 to 3000 m? achieved the highest physical yield (192,410
kg ha™') and water use efficiency (30.69 kg m~3). Regarding the planting window, sowing crops from April to
June yielded the highest average performance (216,102 kg ha™') and physical WUE (35.43 kg m™).

Conclusion

Transitioning crop production from open fields to greenhouse environments is a highly effective strategy to
mitigate water scarcity in South Khorasan Province. Greenhouse cucumber was identified as the most
suitable crop in the province compared to other crops like tomato and pepper, as it achieved the highest
physical water use efficiency of 16.25 kg.m™ and the highest economic water productivity of 10,731,402
Rials m. To optimize water productivity, greenhouses should ideally be designed within a scale of 1000 to
3000 m? and managed under optimal planting dates (April to June). These findings provide valuable insights
for agricultural policymakers to support targeted greenhouse development in hyper-arid regions.
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