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Abstract

Considering that agriculture is the largest consumer of water resources in the world, if humanity wants to
face the challenges that are ahead of it in the future, it must reduce the amount of water consumption in the
agricultural sector to sustainable consumption. Agriculture as the main water consumer in Minab city has
attracted a lot of attention. This study was carried out with the aim of estimating the water footprint in the
agricultural sector of Minab city to optimize the crop cultivation pattern. so; First, the water footprint was
estimated in the introduced components (blue, green and gray) and based on the net benefit and yield,
economic value and land value were estimated for each category of agricultural products, and then with the
aim of reducing the water footprint and increasing the net benefit Cultivated area of each category of products
(legumes, garden, oilseeds, fodder, cereals, jalizi, vegetables) during 1386 to 1400 in two scenarios of
optimizing the cultivated area based on benefit maximization and optimizing the cultivated area based on the
ratio of footprint to benefit , was optimized. The results showed that by applying the net profit maximization
scenario (the first scenario), the cultivated area decreases by 12% and the agricultural production and water
footprint increase by 61% and 13%, respectively. A very slight change (5% decrease) can be seen in the net
profit, but in the second scenario, with the aim of maximizing the net profit compared to the footprint, the
cultivated area decreases by 12%, agricultural production increases by 79%, and the volume of water
footprint decreases by 11%. A very minor change (5% decrease) can be seen in the net profit, so the water
footprint perspective in the composition of agricultural products in the region has been significantly effective
in water security.

Introduction

Todey, many researchers believe that in the future war between countries will be over water
(Sullivan, 2002). Iran is located in the arid middle belt of the earth and although it covers 14% of
the total area of the earth, it has only 2% of precipitation. Iran ranks 14th in water stress in the
world among the 16 countries that have the highest water stress (Reddy et al., 2022). One of the
southern provinces of Iran is Hormozgan, where agricultural products are cultivated out off season
(Bazrafshan et al., 2019). Minab county is one of the three main agricultural poles in this province.
For this purpose, estimating the water footprint plays an important role in optimizing the cultivation
of agricultural products. The optimal cropping pattern is a plan that is compiled with the aim of
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optimally managing the spatial composition of the product, and considering the extent of the border
area of the Iran and the climatic diversity of various regions, reaching a suitable cropping pattern
that can create the maximum exploitation of production factors and inputs is an inevitable
necessity. This study was carried out with the aim of estimating the water footprint in the
agricultural sector of Minab county to optimize the crop cultivation pattern.

Materials and Methods

In this research, the data related to the date of cultivation, type of soil, cultivated area, yield per
unit area, amount of production of various types of agricultural products in seven categories of
products (leafy vegetables, cucumbers, grains, fodder, oilseeds, horticulture and legumes) prepared
from Minab Agricultural Jihad yearbook and Hormozgan province.

Data sources: data used in this research include climatic data (humidity, precipitation, wind

speed, temperature, sunshine hours and air pressure), crop data (yield, cultivation area and
production, agricultural product prices, plant evapotranspiration, irrigation efficiency, water and
irrigation requirement, length of growth period, etc.) and land and surface soil management data,
which are collected from Ministry of Jihad Agriculture, Islamic Republic Iran Meteorological
Organization (IRIMO) and Planning and Budget Organization of Hormozgan.
In this research, the water footprint framework of Hoekstra et al. (2011) has been used to estimate
the water footprint components including blue, green and gray footprints. In order to optimize of
cultivated area, the water footprint was estimated in the introduced components and based on net
benefit and yield, economic water and land value were estimated for each category of agricultural
products, and then with the aim of reducing the water footprint and increasing the net benefit, the
crops were optimized in two scenarios: optimization of cultivated area based on benefit
maximization and optimization of cultivated area based on the ratio of footprint to benefit, the
cultivated area of each category of during the 2016 to 2021.

Results and Discussion

Based on the results, in the first scenario, with the optimization of the cultivated area, which is
the only goal of benefit maximization, the changes of production variables, cultivated area, total
volume of the footprint and net income were investigated in the current and optima state. Based on
the results, the net income was 5% decrease and the total volume of the footprint has increased by
15% and also due to the 10% decrease in the cultivated area, the production has decreased by 35%
(Table 1).

Based on the second scenario, in the optimization of the cultivated area with the aim of
maximizing the benefit-to-footprint ratio, water and food security can be optimized, because the
average footprint in the second scenario has decreased by 91%, the volume of the footprint in the
second scenario in legumes 95%, horticulture products 91%, oil products 83%, fodder products
96%, cereals 98%, cucumber 92% has decreased compared to the current situation. According to
the results, the amount of net income in the second scenario has decreased by a very small amount
(1%) while the net income in fodder and beens products has increased by 97% and 71%,
respectively, and leguminous, horticultural, oil products, and Grain has decreased by 75%, 17%,
15% and 97%. Considering that the average cultivated area of agricultural products has not changed
in the second scenario, while fodder and cucumber products have increased by 97 and 83 percent,
and legumes, horticultural products, oil products and grains have decreased by 77%, 22%, 35%
and 97%.
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Table 1- Optimization of cultivation area based on studied scenarios

Group Production Area (ha) (M\évl\ljl) Net B(MUSD)

Beans 0.94 112.7 0.4 0.5
Horticulture 92.24 9073.8 133.7 119
Qil 0.38 78 0.8 0.2
Current situation Fodder 4.4 76 0.5 0.7
Cereal 0.67 228.6 1.3 0.5
Cucumber 77.19 2774.1 20.2 26.7

Total 176.15 12377.3 156.9 147.7
Beans 2.76 300 2 14

Horticulture 105.71 9810.5 171.6 136.4
oil 0.32 50 0.8 0.2
Scenariol Fodder 1.74 30 0.2 0.3
Cereal 2.19 750 5.9 15
Cucumber 0.78 30 0.2 0.3
Total 113.4 10970.5 180 140
Beans 0.4 25 0.5 0.23

Horticulture 133.7 7057.25 119 76.04
oil 0.8 50 0.2 0.32
Scenario2 Fodder 0.5 150 0.7 8.7
Cereal 1.3 6 0.5 0.02

Cucumber 20.2 5079 56.7 132.01

Total 156.9 12367.3 147.6 217.33

VWF (MCM): Volume of water footprint based on Million m3 and Net B: Net benefit

Conclusion

The purpose of this research is to optimize the cultivated area of agricultural products based on
the water footprint concept. In terms of the performance of agricultural products, the highest yield
is related to the category of fodder crops and grains (corn and barley) have the lowest yield. The
investigation of the total water footprint showed that the category of horticulture products has the
highest and the lowest amount of water footprint is related to the category of fodder products.
According to the cultivated area and crop production in the category of horticulture and cocumber
products, the largest volume of virtual water belongs to these two categories of products. The
economic value of water showed that this amount is high in the category of bean products and the
least related to oil products. The highest average value of land is related to the category of cereal
products and the lowest is related to the category of fodder products. The value of the land is
directly affected by the yield and price of the products. As we expected, in the second scenario, in
the optimization of the cultivated area with the aim of measuring the profit-to-footprint ratio, water
and food security can be optimized, while on average, the average footprint in the second scenario
has decreased by 91% and the net income has increased. Is. In the first scenario, the cultivated area
has decreased by 10%, the total footprint has increased by 15%, net income has decreased by 5%,
and production has decreased by 35%.
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Table 1- Average of cultivated area, production and their shares in the case study area

Products group Name Cultivated area (ha) culﬁCZtree dO;rea Prcz:jouncst)lon pf:;&it?;n
Bean 50.64 0.14% 417.14 0.07%
Beans Green beans 170.00 0.47% 1553.33 0.25%
Horticulture Citrus 8232.50 22.77% 99916.38 15.80%
Date palms 9309.81 25.75% 45072.72 7.13%
Qils Maize 78.00 0.22% 383 0.06%
Fodder Surghom 67.27 0.19% 4700.07 0.74%
Cereal Barley 28.46 0.08% 747 0.01%
wheat 348.50 0.96% 908.14 0.14%
Pumpkins 30.00 0.08% 458 0.07%
Eggplant 3531.79 9.77% 105662.43 16.71%
Anion 3738.30 10.34% 106224.43 16.79%
Cocumber Cucumber 2540.00 7.02% 53020 8.38%
Pepper 304.29 0.84% 4725.71 0.75%
Tomato 3667.41 10.14% 124252.13 19.64%
Watermelon 4063.17 11.24% 85139.71 13.46%
Total - 36160.14 100% 632507.89 100%
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Table 2 — Crop variables of the case study

Product group Name Pe(mm) ETc(mm) (C,T\{\,;F; Clz(kl;/lrt];a)te)
Bean 52 401 349 100
Beans Green beans 76 232 156 100
Citrus 84 1129 1045 330
Horticulture Dates 51 1554 1503 220
Fodder Surghom 0 459 459 150
Barley 122 323 201 150
Cereal Wheat 89 306 217 150
Pumpkins 69 296 227 100
Eggplant 84 515 431 200
Onion 92 496 404 250
Cucumber Cucumber 31 406 375 250
Pepper 69 239 170 300
Tomato 91 493 402 360
Watermelon 0 417 417 300

CWR: Crop water requirement; CF: Chemical fertilizer
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Tabel 2- Average of WF component of agricultural products during 2007-2021
Name Yield (ton/ha)  WFgreen(m®/ton)  WFaie(m¥/ton)  WFarey(m®/ton) ~ WFT (mton)  VWF (MCM)
Bean 8.21 65.62 440.39 126.19 623.26 0.25
Green beans 11.33 84.33 173.1 110.96 368.4 0.55
Citrus 12.23 69.03 858.79 164.36 1092.18 109.41
Dates 5 106.38 3134.97 22.32 3929.67 1753.97
Surghom 71.35 0 69.36 22.23 91.59 0.43
Barley 2.85 491.91 810.44 604.81 1907.15 0.13
fhdnWheat 2.78 561.15 1368.19 945.75 3820.84 211
Pumpkins 15.27 50.66 124.82 73.42 228.31 0.1
Eggplant 29.68 31.23 160.26 74.37 263.48 24.7
Onion 29.25 34.1 149.73 92.79 272.81 27123
Cucumber 20.32 17.73 214.49 142.99 375.21 16.66
Pepper 16.15 84.35 207.81 36.67 328.26 0.81
Tomato 33.84 3117 137.69 123.3 287.01 30.33
Watermelon 22.2 0 223.84 3367.2 13968.65 28.38

VWF=Volume of WF
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Table 4- Optimization of cultivation area based on studied scenarios

Group Production Area (ha) (I:/I/\évl\ljl) Net B(MUSD)

Beans 0.94 112.7 0.4 0.5
Horticulture 92.24 9073.8 133.7 119
Qil 0.38 78 0.8 0.2
Current situation Fodder 4.4 76 0.5 0.7
Cereal 0.67 228.6 1.3 0.5

Cucumber 77.19 2774.1 20.2 26.7

Total 176.15 12377.3 156.9 147.7
Beans 2.76 300 2 14

Horticulture 105.71 9810.5 171.6 136.4
oil 0.32 50 0.8 0.2
Scenariol Fodder 1.74 30 0.2 0.3
Cereal 2.19 750 5.9 15
Cucumber 0.78 30 0.2 0.3
Total 113.4 10970.5 180 140
Beans 0.4 25 0.5 0.23

Horticulture 133.7 7057.25 119 76.04
Oil 0.8 50 0.2 0.32
Scenario? Fodder 0.5 150 0.7 8.7
Cereal 1.3 6 0.5 0.02

Cucumber 20.2 5079 56.7 132.01

Total 156.9 12367.3 147.6 217.33

VWF (MCM): Volume of water footprint based on Million m® and Net B: Net benefit
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Fig. 4 Results of changes in studied variables optimization scenarios
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