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Abstract

This study aimed to optimize the agricultural cultivation area in Jiroft, by integrating the Water Footprint
(WF) framework and nutritional value (caloric output). Motivated by the region's severe water scarcity and the
imperative to ensure food security in arid zones, this research developed an optimal cropping pattern through two
objective functions: minimizing the total water footprint and maximizing total caloric production (energy
footprint). The research was conducted in two phases. First, the water footprint of potatoes (the region's key
crop) was assessed under 18 distinct management treatments. These treatments combined different levels of
irrigation (100% (WL1), 90% (WLZ2), and 80% (WL3) of crop water requirement), irrigation methods (surface
drip (IM1) and subsurface drip (IM2)), and nitrogen fertilization levels (100% (F1), 60% (F2), and 40% (F3) of
the optimal requirement). Based on the results, among these treatments, the combination of 90% irrigation using
the surface drip method with 60% nitrogen fertilizer (WL2IM1F2) was identified as the most water-sustainable
practice for potato cultivation. This treatment achieved the lowest total water footprint (197.50 m3/ton) and the
highest water productivity (7.39 kg/m?). Subsequently, this optimal potato treatment was integrated with other
staple crops (onion, watermelon, wheat, corn, tomato) into a Linear Programming (LP) optimization model for
the county's overall cropping pattern. Under the first scenario (minimizing water footprint), optimization of the
cropping pattern led to a 34.6% reduction in total water consumption while simultaneously increasing total
production by 26.7%. This was achieved primarily by expanding the cultivation of crops with a low water
footprint, such as onions and watermelons. The second scenario (maximizing caloric output) resulted in an
11.9% increase in total calorie production by increasing the area allocated to crops with high caloric yield,
particularly potatoes (using the WL2IM1F2 treatment) and maize. The findings demonstrate that a combined
dual approach that integrates water footprint and caloric productivity criteria can effectively balance water
conservation and food security objectives.
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