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Abstract

:

Water resource management has emerged as a pivotal concern within arid regions in recent times. The water footprint (WFP) index stands out as a principal gauge for facilitating comprehensive watershed management. This study endeavors to compute the WFP of diverse agricultural products encompassing major crops, orchards, cucurbits, and medicinal plants across arid regions. This research focuses on three distinct climate scenarios: the Shazand Plain with a semidry climate, the Khomein Plain characterized by a dry climate, and the Saveh Plain exhibiting a very dry climate. This study also seeks to ascertain the climate most conducive to cultivating crops from a WFP (green, blue, and gray) perspective. To achieve these objectives, this study employed the CropWat family software to determine crop water requirements, as well as considering crop yield and relevant parameters for calculations. The findings of the investigation unveiled that the cultivated areas in the respective climates amounted to 19,479 ha (semidry), 18,166 ha (dry), and 41,682 ha (very dry). These areas were allocated as follows: 88%, 85%, and 55% for crops; 11%, 13%, and 40% for orchards; and 1%, 2%, and 5% for cucurbit crops. Importantly, the very dry climate was predisposed to allocating more land for low-water-demand orchards. Among the major crops, wheat occupied 44%, 39%, and 43% of the total areas in the semidry, dry, and very dry climates, respectively. Analyzing the overall agricultural output in these climates, it was revealed that over 79%, 69%, and 66% of production correlated with crops; 17%, 19%, and 22% with orchards; and 4%, 12%, and 12% with cucurbits, respectively. In terms of water consumption, maize and apples emerged as the highest performers, with varying consumption patterns across different crops. Interestingly, canola exhibited a substantially higher WFP, surpassing wheat and barley by 56.48% and 58.85%, respectively, in dry climates. Cucurbit crops, on the other hand, displayed a lower WFP in dry climates, which could potentially encourage their cultivation. The influence of climate warming on canola’s WFPgray introduced complexity, challenging the conventional correlation between WFP and yields. Medicinal plants consistently demonstrated lower WFP values, underscoring the need for deliberate and considerate cultivation decisions in this regard.






Keywords:


climate change; CROPWAT model; gray water footprint; water management












1. Introduction


An ample water supply is essential for cultivating crops to achieve higher yield potential on agricultural land. This underscores the existence of two potential issues. Firstly, future crops are likely to demand more water due to rising temperatures, which exponentially amplify atmospheric drying. Secondly, increased production potential translates to higher yields only when there is an adequate water supply [1]. A clear and ample water supply is indispensable for sustainable human development and health. However, uncertainties stemming from future climate change have heightened concerns regarding already strained freshwater resources [2,3]. Driven by population growth, economic progress, and changing consumption patterns, the global demand for water resources is escalating by 1% annually [4,5,6]. Agriculture alone consumes over 70% of the global freshwater withdrawal [7]. Climate change and rapid population growth are diminishing agricultural water resources across various regions worldwide, particularly in semidry and dry climates [8,9]. Water security and food security are intricately linked to irrigated agriculture [10]. In pursuit of water conservation and sustainable water management within irrigated agriculture, numerous experiments have been conducted to enhance water utilization and crop yield efficiency [8].



There are several indicators for assessing water and food sustainability, such as the water footprint (WFP), water scarcity, and crop water productivity [11]. The WFP measures both direct and indirect water use, serving as a metric to determine how much freshwater a product consumes throughout its life cycle. Its components encompass green water, blue water, and gray water [11]. WFPgreen pertains to rainwater absorbed by plants, not runoff. WFPblue represent water withdrawals from rivers, reservoirs, and groundwater, while WFPgray signifies freshwater resources used to maintain water quality against standard pollutants. Extensive studies on the WFP in agriculture have been conducted across various crops and regions [12]. These studies predominantly target reducing average global freshwater consumption [13]. In cases where water consumption intensifies in inadequately irrigated agriculture, strategic resource redistribution can curtail wastage and boost yields by up to 30% [1,14,15]. Therefore, mitigating water consumption in this economic sector emerges as a pivotal strategy in countering water scarcity [16,17].



The volume of virtual water involved in food production is substantial, and understanding the virtual water content in individual diets or within broader community contexts can inform water management [18,19]. A more comprehensive concept of virtual water is needed to gauge water consumption throughout the production cycle. This gave rise to the WFP concept, which is closely intertwined with virtual water but encompasses a more holistic perspective [12,20,21]. The WFP serves as a multidimensional indicator of freshwater use, encompassing not just direct consumer or producer water consumption but also accounting for indirect water usage [22].



Since its inception in 2002, the WFP index has sparked numerous studies evaluating its applicability across various domains. Initially, research focused on estimating all three WFP components on a global scale, but as water resource management gained prominence on smaller scales, local assessments of the index gained significance [13]. In a case study, Hess et al. [23] investigated water scarcity data locally and globally to assess the WFP of potato cultivation in England. Their findings indicated an average water consumption of 61 million cubic meters solely for potato production in England. Utilizing water scarcity maps, they pinpointed the east of England as unsuitable for such production. Deng et al. [24] divided Chinese provinces into eight regions and studied the WFP of agricultural products alongside other commodities. Their calculations revealed that agriculture predominantly contributed to the WFP in most regions. They advocated measures like improving water consumption efficiency and altering export patterns to control and diminish a substantial portion of the WFP. Ababaei and Etedali [25] assessed the WFP for major cereals (wheat, barley, and maize) in Iran. Their study unveiled that WFPgreen usage for wheat and barley production in Iran exceeded WFPblue usage by 2.3 and 1.9 times, respectively.



In a study by Zhuo and Hoekstra [26], diverse agricultural management practices were evaluated across categories such as irrigation efficiency, water use efficiency (WUE), and WFPblue and WFPgreen for winter wheat crops. The results highlighted that low irrigation treatment had the most significant impact on increasing irrigation water consumption efficiency, leading to a 5% rise in irrigation efficiency and a 38% drop in irrigation WFP. Nonetheless, product performance decreased by 9%. Behmanesh [27] assessed WFPgreen and WFPblue usage in semidry climates for major crops like wheat, sugar beet, tomato, alfalfa, and maize. The findings indicated an average annual water consumption of 3547 m3 ton−1 for these products, with the WFPgreen constituting approximately 83% and irrigated water making up the remaining 17%.



This study’s outcomes not only provide insights into crop-specific water requirements, but also underscore the significance of tailored water management strategies for individual crops. Additionally, the importance of sustainable agricultural practices emerges as a critical factor in ensuring resilient and adaptable agricultural systems amidst evolving climatic conditions. This holds true in arid regions, as illustrated in the case study of the Shazand Plain (semidry climate), the Saveh Plain (very dry climate), and the Khomein Plain (dry climate). This study’s findings offer applied guidance for addressing water management policies to bolster agricultural systems across major crops (wheat, barley, canola, bean, alfalfa, maize, and potato), orchards (almond, walnut, grape, cherry, peach, apple, pistachio, pomegranate, and apricot), cucurbits (cucumber, melon, and watermelon), and medicinal plants (saffron, lemon balm, thyme, safflower, anise, echium, mint, yarrow, marjoram, chicory, lavender, chamomile, peppermint, sage, and rose).




2. Materials and Methods


2.1. Study Area and Datasets


Table 1 provides descriptions of three distinct plains: Shazand, Khomein, and Saveh (in the center of Iran), encompassing their geographical, climatic, and hydrological characteristics. Long-term meteorological data spanning from 1991 to 2021 for these three plains—Shazand, Khomein, and Saveh—were sourced from the National Meteorological Organization (NMO). Utilizing the Ivanov–Köppen classification, the Shazand Plain is located within a semidry climate zone. Its topography, consisting of mountains, results in warm summers and cold winters. Notably, Shazand stands as one of the coldest regions in Markazi Province, experiencing a maximum temperature (Tmax) of 19.4 °C, a minimum temperature (Tmin) of 4.71 °C, and an average daily precipitation (P) of 8.24 mm. Based on various indicators, it is apparent that the hydrological conditions of the Shazand and Khomein plains are quite similar (both classified as forbidden plains), whereas the Saveh Plain (classified as a critical forbidden plain) exhibits distinct climate characteristics.



All three plains—Shazand, Khomein, and Saveh—are grappling with decreasing reservoir levels at rates of 2.9, 61.7, and 8.2 Mm3 y−1, respectively. These discrepancies contribute to their individual water resource challenges, predominantly stemming from excessive groundwater extraction for agricultural purposes. The geographical positions of these plains are visually depicted in Figure 1. Analyzing Table 1 reveals that Shazand sits at a relatively higher elevation of 1913 meters above sea level. Consequently, this plain exhibits lower average Tmax and solar radiation (Srad) indices. Consequently, the average weekly reference evapotranspiration (ETref) values are also lower. In contrast, both the Khomein and Saveh plains record a higher Tmax of 1.2 and 4.63 °C, respectively. Additionally, these two plains receive more significant Srad indices compared to the Shazand Plain. This leads to higher reported ETref values for the Khomein and Saveh plains, with increases of 2.35 and 5.59 mm w−1, respectively, in comparison to the Shazand Plain.



This study focused on the assessment of major crops, including wheat, barley, canola, bean, alfalfa, maize, and potato, across the studied plains. Furthermore, it encompassed the examination of significant orchard plants such as almond, walnut, grape, cherry, peach, apple, pistachio, pomegranate, and apricot. Additionally, the investigation delved into major cucurbit crops, namely cucumber, melon, and watermelon, as well as major medicinal plants, including saffron, lemon balm, thyme, safflower, anise, echium, mint, yarrow, marjoram, chicory, lavender, chamomile, peppermint, sage, and rose (with the cultivated area of major medicinal plants being less than 5 ha). Data gathering was performed for every aspect of cultivation, area measurement using a global positioning system (GPS), crop yield determination, and crop production recording. The investigation encompassed the evaluation of 2972 farms within the Shazand Plain (characterized by a semidry climate), 1859 farms within the Khomein Plain (characterized by a dry climate), and 5053 farms within the Saveh Plain (characterized by a very dry climate) (Figure 1).
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2.2. WFP Calculations


The WFPblue, WFPgreen, and WFPgray of different products were calculated using the models presented by Chapagain et al. [28] and Hoekstra and Chapagain [12]. In these instructions, the WFP is considered as an indicator in which the allocation of water for human consumption is considered and ecosystem consumption is not considered. Effective water requirements and P were obtained using NETWAT software provided by the Meteorological Organization. This model is a native version of the CROPWAT model in which crop evapotranspiration (ETc) is taken from the USDA-SCS model based on the Penman–Monteith equation and the amount of effective precipitation (EP). In calculating the WFP, it is assumed that irrigation took place when 50% of the water was out of reach of the crop and the moisture in the root rhizosphere reached the amount of field capacity. The WFP of all products consists of three components: WFPblue, WFPgreen, and WFPgray defined as in Equation (1):


  W F  P t  = W F  P  g r e e n   + W F  P  b l u e   + W F  P  g r a y    



(1)







Each component of the crop’s WFP is expressed in cubic meters per kilogram (m3 kg−1).



2.2.1. WFPgreen


Water consumption in this period is examined according to the calculation of ETc during the growing period, which is finally expressed numerically in m3 kg−1. The WFPgreen of the crop is calculated using Equation (2):


  W F  P  g r e e n   =   C W  U  g r e e n    Y   



(2)




where CWUgreen is the amount of water used to trace the green water of the crop in each climate (m3 kg−1) and Y is the yield of the crop (kg ha−1). The amount of WFPgreen of the crop is determined based on Equation (3):


  C W  U  g r e e n   = 10 ×   ∑  d = 1  T   E  T  g r e e n      



(3)




where the coefficient of 10 converts ETref from millimeters (height) to the volume of water per unit area (m3 kg−1). In this regard, T is the duration of crop growth during the growth period d (days). ETgreen also indicates green water evapotranspiration. Another assumption in this calculation is that only when the green water in the soil is not enough for the crop to use does the crop use the available water. Therefore, ETgreen is obtained from the method presented by Hoekstra and Chapagain [12] (Equation (4)):


  E  T  g r e e n   = min ( E  T C  + P E )  



(4)




where ETc is the amount of evapotranspiration of the crop and PE is also the amount of EP. The crop’s water requirement is affected by rainfall, temperature, air pressure, wind speed, crop type, soil conditions, and planting time.




2.2.2. WFPblue


WFPblue (Equations (5)–(7)) is calculated almost exactly like WFPgreen, except that ETblue is calculated as in Equation (7):


  W F  P  b l u e   =   C W  U  b l u e    Y   



(5)






  C W  U  b l u e   = 10 ×   ∑  d = 1  T   E  T  b l u e      



(6)






  E  T  b l u e   = max ( 0 , E  T C  + P E )  



(7)




where CWUblue (Equation (6)) is the amount of irrigated WFP in each climate (m3 ha−1) and Y is the yield (kg ha−1).




2.2.3. WFPgray


In this study, the WFPgray was also examined. For this purpose, only the use of N fertilizer as a source of pollution was studied. Information on the average application of N fertilizer (NAR; kg ha−1) was obtained through face-to-face interviews with farmers. The calculation method is based on the model presented by Chapagain et al. [28] and Hoekstra and Chapagain [12]. The US Environmental Protection Agency (USEPA) recommends a maximum allowable concentration of N in surface and groundwater sources of 10 mg l−1, according to a study by Chapagain et al. [28]. This standard was adopted when water from agricultural activities was recycled and used in urban regions after being transferred to its sources. Therefore, it was necessary to keep the concentration of this factor below one threshold. Since no information was available on the natural concentration of N in the water and the environment, its value was considered zero in this study. As explained, the relation used to calculate the WFPgray is given as in Equation (8):


  W F  P  g r a y   =    α  I r r   × N A  R  I r r      C  max   −  C  n a t     ×  1   Y  I r r      



(8)




where α is considered as a specific coefficient, given in Table 2. NARIrr is the application rate of N fertilizer (kg ha−1), Cmax is the maximum acceptable N (mg l−1), Cnat is the normal concentration of N (assumed to be 0), and YIrr is the crop yield in irrigated cultivation (kg ha−1).






3. Results and Discussion


3.1. Agricultural Situation


This study examines agricultural characteristics in semidry, dry, and very dry climates, with a focus on harvested areas, production values, and crop yields (Table 3). Recent research identifies these regions as restricted plains due to specific agricultural challenges, necessitating a reduction in cultivation area as a crucial part of long-term management strategies. Despite this, unauthorized well construction has increased due to livelihood challenges. The findings reveal that in semidry, dry, and very dry climates, harvested areas encompassed 19,479 ha, 18,166 ha, and 41,682 ha, respectively. Of these, 88%, 85%, and 55% were allocated to crops; 11%, 13%, and 40% to orchards; and only 1%, 2%, and 5% to cucurbit crops like cucumbers, melons, and watermelons. Notably, in very dry climates, a significant portion of land was dedicated to low-water orchard crops such as pistachio and pomegranate, primarily utilizing surface water for conservation. Conversely, challenging conditions like mountainous terrain and low Tmin during the growing season make orchard crop cultivation, like pistachio and pomegranate, more difficult in semidry and dry climates, emphasizing major crop cultivation.



Unfortunately, inadequate management practices over recent decades have resulted in the neglect of orchards crops like walnut, almond, and grape. Many orchards have even been converted to crop cultivation. Notably, in these climates, 44%, 39%, and 43% of cultivation areas are dedicated to wheat, a strategically vital crop for the nation. When considering agricultural production in semidry (110,627 tons), dry (111,097 tons), and very dry (326,706 tons) climates, over 79%, 69%, and 66% correspond to crops; 17%, 19%, and 22% to orchard crops; and a mere 4%, 12%, and 12% to cucurbit crops, respectively. Wheat emerges as the most significant contributor among crops, while grapes dominate orchard crop production in semidry and dry climates, and pomegranates excel in very dry climates. Across all three climates, maize and apples consistently exhibit the highest yields among both crops and orchards (Table 3).



These findings support the classification of enclosed plains in semidry, dry, and very dry climates as restricted areas, necessitating a deliberate reduction in cultivation area as part of long-term management strategies [30]. This approach aligns with the principles of sustainable land management, aiming to prevent degradation and preserve resources in arid and semiarid regions [31,32]. It also addresses the challenge of unauthorized well construction, which is a response to water scarcity challenges in these climates. In very dry climates, the emphasis on cultivating water-efficient orchard crops using surface water aligns with the concept of selecting crops adapted to local water availability, optimizing water utilization in arid settings. Furthermore, the influence of mountainous terrain and low temperatures on specific tree crops highlights the importance of climate suitability in crop selection [33].




3.2. Water Consumption


The distribution of agricultural output among distinct crop categories within varying climate zones validates the principle of comprehending crop production and yield distribution to optimize resource allocation and safeguard food security [34]. The substantial allocation of cultivation area to wheat, a strategically vital crop for the nation, underscores its pivotal role in ensuring food security and fostering economic stability [35]. As highlighted above, the findings firmly establish that maize and apples consistently yield the highest outputs across all three climates, both among crops and orchards. This observation underscores the importance of selecting high-yield crop varieties tailored to local climatic and soil conditions [36]. The neglect of certain tree species like walnuts, almonds, and grapes due to inadequate management underlines the urgency of implementing effective land management practices to sustain agricultural diversity and longevity [37].



The findings reveal that, among the examined crops, alfalfa (680, 820, and 953 mm), maize (531, 585, and 598 mm), and potato (469, 530, and 611 mm) exhibit the highest ETc values, while saffron records the lowest ETc values (195, 304, and 311 mm) across semidry, dry, and very dry climates, respectively. Conversely, crops with the lowest ETc values in these climates are rose (343, 410, and 563 mm), grape (513, 579, and 567 mm), and pomegranate (490, 525, and 565 mm). Similar ETc values are observed for other tree species. These outcomes emphasize the considerable maintenance costs associated with plant cultivation, encompassing water and nutritional requirements, especially in arid plains. Consequently, it may be necessary to consider substituting certain crops prevalent in these regions with alternatives like saffron, grapes, pomegranates, and even medicinal plants. Unfortunately, improper agricultural management, combined with ineffective policies such as guaranteed purchase support, over the past 45 years in Iran has resulted in detrimental effects. Despite the historical prevalence of grape, pomegranate, and saffron cultivation, these misguided policies have adversely affected the environment, causing the degradation of fertile plains nationwide [38].



Alfalfa stands out among the studied crops, exhibiting the highest water requirement (621, 780, and 917 mm), while saffron demands the least amount of water (136, 261, and 268 mm) across the different climates. Conversely, the crops with the highest water demands are cucumber (685, 706, and 866 mm) and cherry (662, 690, and 837 mm). Meanwhile, rose (462, 510, and 539 mm) and grapes (500, 565, and 633 mm) demonstrate the lowest water requirements. An essential observation pertains to the significant climate changes experienced by the studied plains over the last half-century. These plains once maintained normal hydrological conditions that supported crops like grapes, saffron, pomegranates, almonds, and walnuts with considerably lower water needs. However, long-term meteorological data (33 years) illustrate a staggering decrease in rainfall of 69%, 73%, and 92% in semiarid, dry, and very dry climates, respectively. This decline highlights the excessive exploitation of groundwater, evident through the proliferation of both authorized and unauthorized wells, which increased by over 350% during this period [38].



This study underscores that crops such as alfalfa, maize, and potato exhibit the highest ETc values, reflecting their significant water demand. Conversely, saffron, rose, grapes, and pomegranate exhibit lower ETc values, signifying their more economical water usage. These findings resonate with existing research that emphasizes the variability in crop water demand due to factors like crop type, growth stage, and environmental conditions [39]. Moreover, the pronounced climate shifts of recent decades have had substantial implications on water requirements across various crops. The noticeable decrease in P, reaching reductions of up to 92% in specific regions, highlights the complex challenges posed by evolving climate patterns. The study by Lobell et al. [40] sheds light on the crucial need to understand the consequences of climate change for both agriculture and water resources. Furthermore, the surge in well drilling and excessive groundwater extraction underscores the evident consequences of declining P for water availability. The adverse effects of such practices on ecosystems and agriculture are well documented [41]. Thus, it becomes imperative to implement sustainable groundwater management and conservation strategies to address these challenges. Through analyzing the effectiveness of P for alfalfa in dry climates, it becomes apparent that its impact is less pronounced than in semidry climates, yet is more substantial than in very dry climates. Additionally, maize, potato, and bean display no discernible response to rainfall across all three climates (refer to Table 4). Cucumber and cherry stand out as orchard crops with the highest ETc values and water demands across the studied climates, while grape and rose exhibit the lowest water demands and ETc values. Among orchard plants, melons exhibit the least responsiveness to rainfall, whereas almonds and roses demonstrate the most significant effects. Notably, almonds boast high ETc values, extensive water requirements, and substantial P responsiveness across all climates. In dry climates, crops such as alfalfa, canola, wheat, and saffron, alongside orchard crops like cherry, apple, pistachio, and peach, demonstrate the highest levels of EP (Table 4).



The proposal to substitute water-intensive crops with alternatives like saffron, grapes, and pomegranates aligns well with strategies geared toward adapting to fluctuating water availability. Research by Kumar et al. [42] underscores the importance of crop diversification and the selection of drought-resistant varieties to enhance water use efficiency. Furthermore, the examination of EP for different crops reveals varying levels of responsiveness to P. This underscores the crucial role that irrigation practices play in supplementing water requirements for crops with lower responsiveness to rain. Investigations into irrigation efficiency and scheduling, as exemplified by Pereira et al. [43], provide valuable insights into optimizing water allocation within agricultural contexts. The results also underscore the adverse consequences of ill-conceived agricultural management policies on environmental degradation. Implementing effective policies that promote sustainable water use and prudent agricultural practices becomes a necessary step to mitigate these negative impacts. The concept of integrated water resource management, as outlined by Biswas [44], emphasizes the need for comprehensive and harmonized approaches to water governance. Therefore, the findings highlight elevated water requirements for crops.
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3.3. WFPs


In semidry climates, bean has the highest allocated WFP at 3121.08 m3 ton−1, while potato exhibits the lowest WFP at 326.93 m3 ton−1. Among orchard products, almond demonstrates the highest WFP at 1569.74 m3 ton−1, with grape having the lowest WFP, even lower than roses, at 410.19 m3 ton−1. Bean consistently holds the highest WFP in all three sectors, emphasizing the importance of soil water retention and consistent irrigation practices. Potato cultivation requires more water than maize, highlighting the role of direct irrigation and surface or groundwater resources in potato production. In the orchard produce sector, peach has a WFP of 530.28 m3 ton−1, surpassing other horticultural products. Comparing cucurbit products, cucumbers’ WFP exceeds watermelons’ WFP by 58.62%.



In semidry climates, the prominence of bean with the highest WFP underscores their substantial water demand, aligning with recent studies emphasizing the importance of understanding crop water requirements in water-limited regions. Disparities between the WFPgreen and WFPblue lines of bean and other crops underscore the significance of soil water retention and efficient irrigation strategies, especially in water-scarce regions. Comparing water usage between potato and maize cultivation, potato consumes more water in line with the recent literature on crop-specific water requirements. In dry climates, canola stands out with the highest WFP at 5355.36 m3 ton−1, surpassing all other crops, orchard, and cucurbits by a significant margin. Cherry, also grown in this climate, exhibit a substantial WFP. Barley’s production results involve more pollution than wheat due to increased fertilizer usage, elevating wheat’s WFP relative to barley. Within this dry climate, cherries demonstrate the highest water consumption and the lowest pollution output (Figure 2).



Cucurbit crops, including cucumbers, melons, and watermelons, have significantly lower WFPs than critical crops in dry climates, suggesting the potential for a shift towards cultivating more cucurbit crops in these areas. Canola’s remarkable WFP in dry climates is attributed to its dependence on phosphorus (P) and associated pollution, allowing it to exceed the WFP of other products in this climate. In conclusion, these findings provide valuable insights into WFP allocation across diverse crops in different climatic contexts, substantiated by the recent scientific literature. They underscore the need for sustainable water management strategies and informed crop selection to address water scarcity and environmental concerns, as referenced throughout the text [11,45,46,47,48,49,50,51].



3.3.1. WFP of Major Crops


The findings presented in Figure 3 provide valuable insights into the intricate relationship between major crops and the World Food Programme (WFP) across diverse climatic conditions. These results align with existing research that underscores the complex interplay involving crop selection, climate, and water resource management. In semidry climates, crops such as wheat, barley, canola, and potatoes exhibit favorable WFP levels. In dry climates, maize, bean, and saffron products also show relatively positive WFP conditions. Notably, in exceedingly dry climates, alfalfa displays promising WFP performance. These findings underscore the substantial impact of EP on the growth of winter crops. As a result, the timing of planting and autumn P prove critical for optimal water absorption by winter crops.



The analysis reveals that WFPgreen and WFPblue levels for winter crops in semidry climates are lower compared to both dry and very dry climates. This underscores the significant influence of EP on the growth of winter crops. As such, timely planting dates and adequate autumn rainfall are essential for optimal water absorption by winter crops. Overall, this study indicates that canola demonstrates the highest WFP in both dry and very dry climates, followed by wheat and barley, respectively. What was particularly noteworthy, in a comparison between wheat and barley in dry climates, is that wheat displays higher WFPgreen and WFPblue values, while barley exhibits a higher WFPgray. Among the crops in semidry climates, bean shows the highest WFP, while potato exhibits the lowest.



Conversely, the WFPgray for wheat and barley in semidry climates is 53% higher than in other climates. Consequently, the use of chemical fertilizers and sufficient autumn rainfall leads to increased reliance on chemical fertilizers during the fall season (see Figure 3A,B). Remarkably, canola experiences a significant increase in WFPgray with climate warming. This highlights that enhancing the WFP does not necessarily correlate with higher yields. In semidry climates, canola yield surpasses that of dry and very dry climates by 57% and 60%, respectively (see Figure 3C). Cultivating inappropriate crops in rotation on a broader scale and over the long term could result in irreversible damage to water and land resources, especially in dry climates. It can even be argued that cultivating crops like canola in semidry climates lacks scientific justification, given the average yield of canola in semi humid regions (its primary origin), rendering such cultivation unsuitable.



In semidry climates, the favorable WFP levels exhibited by crops such as wheat, barley, canola, and potatoes suggest an adaptability to available water resources. This aligns with studies emphasizing the significance of crop selection in regions characterized by limited water availability [52]. Additionally, the contrasting WFPgreen and WFPblue values for winter crops in semidry, dry, and very dry climates underscore the essential role of EP in influencing crop performance. This reaffirms the importance of timely planting and P patterns in maximizing water absorption, a key factor in optimizing crop yields [9,53].



The differences observed in the WFPgray for wheat and barley across different climates emphasize the complex relationship between fertilization practices, P, and resulting water pollution. The higher WFPgray in semidry climates could be attributed to the increased use of chemical fertilizers, possibly driven by the need to compensate for water scarcity [54]. However, the increase in WFPgray for canola with climate warming indicates the need for a nuanced understanding of the implications of the increasing WFP. This echoes studies suggesting that focusing solely on WUE might not guarantee sustainable crop yields [55]. In dry climates, bean, despite its lower water consumption, can achieve the same yield as in semidry climates (2500 kg ha−1). However, in very dry climates, despite consuming 350 m3 ton−1 more water, bean yield is 28% lower compared to dry climates (Figure 3D). Interestingly, the results differ for alfalfa, as its yield in very dry climates surpasses that of semidry and dry climates by 46% and 33%, respectively. Despite this, the WFPblue and WFPgreen are 18% and 15% lower in these climates. Therefore, water utilization in such conditions remains optimal, given that fodder harvesting occurs five times annually in very dry climates and three times in dry and semidry climates. As a result, year-round temperature uniformity significantly impacts alfalfa growth and development (Figure 3E). The significant variations in bean yield across dry and very dry climates despite differing water consumption levels highlight the importance of WUE in crop performance. This finding supports the notion that the volume of water consumed is not the sole determinant; rather, it is the effectiveness of its translation into yield that matters [56]. Conversely, the positive results for alfalfa yield in very dry climates, despite lower WFPblue and WFPgreen levels, underscore the crop’s adaptability and efficient water utilization strategies. This aligns with research indicating that certain crops can thrive in arid conditions through specialized water use mechanisms [57].



The quantities of WFP for maize and potato are nearly identical, even though they produce substantial dry matter concerning water consumption. This aspect should not be overlooked in interpreting the results, including potential environmental and agricultural implications in the study areas. It is advisable to use a consistent unit for evaluating crop yield in future research. In both semidry and dry climates, the WFP for maize and potato remains similar. However, the yield of these crops in dry climates surpasses that in semidry climates by 9% for maize and 6% for potato. Furthermore, maize and potato yield in very dry climates are 20% lower than in dry climates, despite their WFPs being 9% and 15% higher, respectively. Given the pivotal role these crops have played in human and livestock food security in recent decades, neglecting their significance poses a substantial challenge (Figure 3F,G). The similarity in WFP quantities for maize and potato, despite their substantial dry matter production, highlights the importance of considering both water consumption and yield. This observation underscores the significance of adopting holistic assessment approaches that encompass environmental impact and resource efficiency [58]. The recommendation for consistent units in future research echoes the need for standardized metrics to facilitate cross-study comparisons [59]. Furthermore, the yield disparities for maize and potato between semidry and dry climates, as well as the yield decrease in very dry climates despite higher WFPs, emphasize the complexity of factors influencing crop productivity. These findings underline the necessity for context-specific strategies in crop planning and agricultural management [60]. As the global agricultural landscape faces increasing challenges related to water scarcity and climate change, these findings underscore the need for adaptive and science-informed strategies to ensure food security and environmental sustainability.




3.3.2. WFP of Orchard Crops


In the domain of horticultural products within this climatic context, almonds and grape exhibited the highest WFPs. The findings also unveiled a significant disparity in the WFP of peach between its WFPgreen and WFPblue components, with the widest gap observed among all products. Moreover, in the semidry climate, the WFPblue for peach notably surpassed that of the dry climate. In contrast, within the very dry climate, maize displayed the lowest WFP, while cherry showed the lowest WFPgray, despite having higher WFPgreen and WFPblue values. Based on the insights depicted in Figure 4A, it is apparent that the cultivation of almond displays distinct variations in WFP across diverse climatic conditions. Notably, the lowest WFPgreen was recorded in dry climates (570.04 m3 ton−1), whereas the lowest WFPblue was identified in semidry climates (520.32 m3 ton−1), and the least WFPgray was observed in very dry climates (28.33 m3 ton−1). Overall, given its minimal WFPgreen, almond cultivation is generally advisable in dry climates. This climate also proves favorable for growing walnut and peach, surpassing the other two climate types. Conversely, semidry climates yield better outcomes for the cultivation of grape, cherry, apple, and rose, as illustrated in Figure 4B–F.



The findings presented in Figure 4A offer valuable insights into the intricate connection between WFP and almond cultivation across a range of climatic conditions. These outcomes resonate with contemporary research that underscores the significance of understanding the interplay between crops and water for sustainable agricultural planning [61,62]. The observed variations in WFPgreen, WFPblue, and WFPgray for almond across different climates highlight the multifaceted nature of water utilization in agricultural systems. The identification of the lowest WFPgreen in dry climates aligns with the understanding that water scarcity often compels crops to optimize WUE [62]. This observation underscores the rationale for almond cultivation in such settings, aiming to conserve water resources while sustaining productivity. Similarly, the preference for dry climates for cultivating walnuts and peaches in terms of WFP echoes these crops’ adaptability to regions with limited water availability [63].



Regarding grape and rose production, semidry climates prove superior in terms of WFP, outperforming other climate conditions (Figure 4C–G). It is notable that, while the difference in WFP between semidry and dry climates is not statistically significant, the variance in their respective WFP values is substantial. This distinct fluctuation underscores the prominence of semidry climates. In the case of peach production, the contrast in WFP between dry and semidry climates is relatively marginal. This discrepancy is primarily attributed to the WFP in semidry climates. While the WFPgray for peach in very dry climates slightly exceeds that of other climates by 2 m3 ton−1, it remains lower than that of semidry climates when accounting for other components of WFP (Figure 4E). This finding aligns with studies emphasizing certain crops’ capacity to thrive under specific climatic conditions that strike a balance between water supply and demand [64]. Importantly, the nuanced discussion of WFP differences between semidry and dry climates underscores the need to consider the broader context of water management and allocation in agricultural decision making [65]. Furthermore, the slight discrepancy in WFP between dry and semidry climates for peach cultivation indicates a relatively consistent water utilization pattern for this crop. The notable influence of semidry climates on this observation reinforces the importance of evaluating various WFP components to comprehensively gauge the WUE of agricultural systems [66]. Despite the higher WFPgray in very dry climates for peach, the examination of other WFP components underscores the intricate trade-offs between water consumption and yield, further emphasizing the holistic evaluation of WFPs [67].




3.3.3. WFP of Cucurbit Crops


Considering the prominent role of cucurbit crops in Iran, encompassing factors such as their significance, geographical distribution, and cultivation extent, especially within highly arid climates, it becomes evident that these crops are relatively less prevalent in semidry and dry conditions. The insights illustrated in Figure 5 shed light on how, under such arid circumstances, the WFP associated with cucurbit cultivation surpasses that of the other two climates. Interestingly, the WFP patterns for cucumber and watermelon exhibit similarities in both semidry and dry climates (Figure 5A–C).



The findings from this study try to offer valuable insights into the cultivation of cucurbit crops in arid regions, especially in the context of their significance, distribution, and growth extent. This discussion will delve into the implications of these findings while incorporating recent scientific references to bolster the presented arguments. Cucurbit crops hold substantial agricultural and economic importance in Iran due to their contributions to essential nutrients and the local agricultural output. The cultivation of these crops across various climates, particularly in arid regions, poses complex challenges due to limited water resources. As emphasized by recent studies [68,69], water scarcity and effective water management have become pivotal aspects of agricultural sustainability in arid and semiarid zones. Specifically, the results indicate that, in extremely dry climates, the WFP linked to cucurbit cultivation notably surpasses that of other climates. This aligns with research by Forin et al. [70], underlining that water-intensive crops like cucurbits tend to exert heightened demands on water resources in regions characterized by water scarcity.



Furthermore, the observed congruence in WFP patterns for cucumber and watermelon in both semidry and dry climates, as shown in Figure 5A–C, raises intriguing questions regarding the inherent water use traits of these crops. Recent work by Xu et al. [71] has delved into the genetic and physiological characteristics of cucurbit crops, suggesting that certain shared genetic factors might contribute to similar water consumption patterns, influencing their WUE. These findings bear considerable implications for agricultural practices in dry and semidry climates. Given the restricted availability of water resources, adopting strategies that enhance WUE while preserving optimal crop yields becomes imperative. References such as Haque et al. [72] underscore the effectiveness of precision irrigation techniques and drought-resistant crop varieties in addressing the water-related challenges confronting cucurbit cultivation in dry climates.




3.3.4. WFP of Endemic Plants


In the context of the importance of yield and the scale of cultivation of orchard crops such as pomegranate, pistachio, and apricot within highly dry climates, and recognizing the limited occurrence of these crops in the other two climatic conditions, their corresponding WFPs are illustrated in Figure 6. The findings of this study show that pomegranate crops displayed the lowest WFP. This observation can be attributed to the historical cultivation practices of pomegranates, which have likely evolved over time to acclimate to arid conditions, resulting in optimized WUE. Notably, this finding is consistent with recent research by Lima et al. [73], highlighting the role of traditional farming knowledge in enhancing crop resilience to water scarcity. Moreover, considering the relatively lower WFP values associated with pistachios and apricots in comparison to other crops, the cultivation of these tree species in highly dry climates gains heightened significance (refer to Figure 6). Consequently, this study proposes the cultivation of pistachio and apricot as a favorable strategy in regions characterized by very dry climatic conditions.



The results focus on the importance of pomegranate, pistachio, and apricot cultivation in horticultural production, emphasizing their economic and nutritional value. It aligns with the principles of agroecology and crop diversification mentioned by Altieri and Koohafkan [74], highlighting the need to incorporate tree species with lower water requirements for more resilient and resource-efficient agricultural systems. This study acknowledges the challenges and opportunities of adapting these crops to dry climates, given global concerns about water scarcity and the importance of sustainable agriculture [75,76]. It recommends strategically cultivating pistachio and apricot in very dry regions due to their adaptability and significant roles in global agricultural markets. This recommendation is supported by recent advances in horticultural practices [3,77], showcasing innovative methods to improve yield and water use efficiency in fruit tree cultivation.




3.3.5. WFP of Medicinal Plants


The cultivation of medicinal plants holds substantial value due to the therapeutic and economic benefits they offer. However, the impact of water usage in such cultivation practices, particularly in water-scarce environments, necessitates meticulous investigation. Recent studies [78,79] underscore the importance of adopting sustainable water management strategies in agricultural practices involving water-demanding crops, including medicinal plants. Furthermore, these findings highlight distinctive WFP patterns influenced by climatic differences. Figure 7 presents the WFP values of major medicinal plants cultivated in semidry, dry, and very dry climates. Based on the findings, it is evident that, in semidry climates, peppermint, marjoram, lemon balm, chamomile, and salvia exhibit the lowest WFP values. Similarly, in dry climates, salvia, lemon balm, and peppermint showcase the lowest WFP. Conversely, lavandula demonstrates the highest WFP in semidry climates, while saffron holds this position in dry climates, and saffron, lemon balm, and rose lead in very dry climates.



The observed WFP patterns in semidry climates reveal that peppermint, marjoram, lemon balm, chamomile, and salvia exhibit the lowest WFPs. Similarly, in dry climates, salvia, lemon balm, and peppermint have the lowest WFPs. These findings align with research by Zhang et al. [80], which highlights the WUE potential of certain herbaceous plants like peppermint and chamomile in water-limited regions.



Upon closer examination of the graphs, the most prominent WFPblue traces are associated with rose and lemon balm in very dry climates, while safflower displays the most distinct WFPgreen imprints in dry climates. Intriguingly, the WFPblue traces in rose and lemon balm in very dry climates are more pronounced compared to the WFPgreen traces, and this relationship is reversed. Concerning safflower, the WFPgreen outweighs the WFPblue in dry climates. In both dry and very dry climates, rose stands out with the highest WFPgray readings. In a broader context, considering all three components of WFPblue, WFPgreen, and WFPgray across all three climates simultaneously, the analysis reveals that peppermint and salvia consistently maintain the lowest WFPblue, WFPgreen, and WFPgray values. Conversely, safflower and thymus consistently register the highest WFP values across all three climate categories (refer to Figure 7).



This text discusses the WFP of different medicinal plants in various climatic conditions. It highlights that certain plants like lavandula require more water in semidry climates, while saffron demands more water in dry and very dry climates, emphasizing the challenges of cultivating water-intensive crops in water-scarce regions. The results also emphasize that different plants employ different WUE strategies, with some relying on blue water resources (rose and lemon balm) and others on green water resources (safflower) in arid conditions. These findings align with existing WFP assessment principles. In conclusion, Figure 7 suggests that selecting the right plant species, using appropriate cultivation techniques, and managing water efficiently are crucial for addressing water scarcity issues in medicinal plant cultivation [81,82,83].






4. Conclusions


This in-depth study offers valuable insights into agricultural practices and their environmental consequences, quantifying multiple factors to facilitate informed decision making. The analysis of harvested areas in various climates produced significant results: 19,479 hectares in semidry regions, 18,166 hectares in dry regions, and 41,682 hectares in very dry regions. These figures, combined with the allocation percentages for crops, orchards, and cucurbits, provide a clear depiction of land utilization patterns. The examination of crop water requirements, represented as ETc values, highlights the challenges posed by water scarcity. Crops like alfalfa, maize, and potatoes show high ETc values, emphasizing their resource-intensive cultivation. In contrast, saffron, rose, and grape exhibit lower ETc values, revealing their comparatively efficient water use. Noteworthy findings include canola’s 5355 m3 ton−1 in a dry climate, a stark contrast to the minimal 326 m3 ton−1 attributed to potatoes. These results underscore the importance of carefully selecting crops in water-scarce environments. Additionally, this study elucidates shifting climatic conditions, evident in the precipitation decrease percentages of 69%, 73%, and 92% in semidry, dry, and very dry climates, respectively, over the past 50 years.



In light of these findings, it becomes apparent that dry climates have the highest WFPgreen values, advocating for almond cultivation in such regions. Regarding crops primarily grown in very dry climates, the pomegranate product, with its minimal WFP, is recommended for expanded cultivation. Consequently, the production of wheat, barley, canola, and potatoes in semidry climates offers more favorable conditions in all aspects except for the WFP. Within dry climates, the production of maize, beans, and saffron shows more promising prospects. Furthermore, conditions align more favorably with alfalfa growth in very dry climates. Although no significant distinctions emerge between semidry and dry climates for bean, alfalfa, and potato, and between dry and very dry climates for wheat and saffron, a partial analysis of WFPs suggests that WFPgreen and WFPblue exhibit lower values compared to their counterparts in dry climates. However, with the exception of its WFPgray of 2.5 cubic meters per ton, the WFP in very dry climates surpasses that in dry climates. This emphasizes the urgency of adaptive agricultural strategies to align practices with evolving environmental conditions. Evaluating WFPs across different crops and sectors highlights the importance of sustainable crop choices. Almonds, with varying WFP values, are best suited for dry climates, alongside walnuts and peaches. Safflower, thyme, and other crops consistently demonstrate higher WFP values, underscoring the need for thoughtful cultivation decisions. Conversely, lavandula boasts the highest WFP in semidry climates, saffron leads in dry climates, and saffron, lemon balm, and rose are prominent in very dry climates. These distinct WFP patterns are influenced by specific climatic conditions. In conclusion, the quantified results of this study emphasize the compelling need for balanced resource management and informed decision making in arid regions. By harnessing these insights, policymakers and stakeholders can collaborate to achieve sustainable agricultural practices that ensure food security, conserve water resources, and mitigate environmental challenges.
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Figure 1. Geographical situation of sampling points in studied farms. 
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Figure 2. The values of the important crops’ water footprint in (A) semidry, (B) dry, and (C) very dry climates. 
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Figure 3. The comparison of WFPs of the major crops in different climates. 
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Figure 4. The comparison of the WFPs of the major orchards in different climates. 
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Figure 5. The comparison of the WFPs of cucurbit crops in different climates. 
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Figure 6. The WFPs of apricot, pistachio, and pomegranate in the very dry climate. 
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Figure 7. The WFPs of major medicinal plants in different climates. 
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Table 1. The geographical, climatic, and hydrological conditions of the examined plains.
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Geographical Situation




	

	
Longitude

	
Latitude

	
Elevation (m)

	
Area (km−2)

	
Climate

	
Plain Condition






	
Shazand

	
49.25

	
33.57

	
1913

	
984

	
Semidry

	
Forbidden




	
Khomein

	
50.05

	
33.37

	
1834

	
2126

	
Dry

	
Forbidden




	
Saveh

	
50.20

	
35.03

	
1108

	
4066

	
Very dry

	
Critical forbidden




	
Climatic Situation




	

	
Tmin (°C)

	
Tmax (°C)

	
Tmean (°C)

	
P (mm w−1)

	
Srad (Mj m−2 d−1)

	
ETref (mm w−1)




	
Shazand

	
4.71

	
19.4

	
12.08

	
8.24

	
16.05

	
27.99




	
Khomein

	
6.5

	
21.6

	
13.7

	
5.17

	
18.87

	
33.51




	
Saveh

	
12.69

	
24.03

	
18.03

	
3.55

	
22.76

	
54.95




	
Hydrological Situation




	

	
WD (mm w−1)

	
Run Off

	
R-Coefficient

	
Aridity index

	
AD 1

	
AARD 2




	
Shazand

	
19.75

	
799.91

	
1.67

	
−1

	
0.21

	
2.9




	
Khomein

	
28.34

	
310.74

	
1.03

	
−1.2

	
0.49

	
8.2




	
Saveh

	
51.4

	
143.91

	
0.68

	
−1.6

	
26.1

	
61.7








Note(s):1. Annual drop in meters. 2. Average annual MCM reservoir deficit.













 





Table 2. The application rate of N fertilizer and Alpha index * (α) for each crop.
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	Crops
	Fertilizer Usage (kg ha−1)
	α
	Orchard
	Fertilizer Usage (kg ha−1)
	α
	Cucurbit Crops
	Fertilizer Usage (kg ha−1)
	α





	Wheat
	345
	40
	Almond
	70
	17
	Cucumber
	410
	52



	Barley
	339
	50
	Walnut
	75
	18
	Melon
	150
	30



	Maize
	570
	40
	Grape
	60
	18
	Watermelon
	284
	30



	Bean
	150
	21
	Apricot
	60
	15
	
	
	



	Alfalfa
	125
	17
	Cherry
	80
	29
	
	
	



	Canola
	350
	40
	Peach
	150
	21
	
	
	



	Potato
	178
	23
	Pistachio
	100
	37
	
	
	



	Saffron
	100
	40
	Pomegranate
	60
	12
	
	
	



	
	
	
	Apple
	120
	18
	
	
	



	
	
	
	Rose
	0
	0
	
	
	







Notes: * The Alpha index is an index which defines as α amount of N leaching [29]. * The cultivation management of medicinal plants was organic.













 





Table 3. The agricultural status of different climates.
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Semidry

	
Dry

	
Very Dry




	
Crop

	
Harvested Area (ha)

	
Production (ton)

	
Yield (kg ha−1)

	
Harvested Area (ha)

	
Production (ton)

	
Yield (kg ha−1)

	
Harvested Area (ha)

	
Production (ton)

	
Yield (kg ha−1)






	
Wheat

	
7500

	
33,750

	
4500

	
6100

	
24,400

	
4000

	
9800

	
40,180

	
4100




	
Barley

	
2000

	
8000

	
4000

	
4200

	
16,380

	
3900

	
6000

	
18,000

	
3000




	
Canola

	
50

	
150

	
3000

	
135

	
175.5

	
1300

	
600

	
720

	
1200




	
Bean

	
3000

	
7500

	
2500

	
2707

	
6767.5

	
2500

	
200

	
360

	
1800




	
Alfalfa

	
4000

	
26,000

	
6500

	
1975

	
15,800

	
8000

	
2600

	
31,200

	
12,000




	
Maize

	
230

	
920

	
40,000

	
243

	
10,692

	
44,000

	
3000

	
105,000

	
35,000




	
Potato

	
380

	
11,400

	
30,000

	
65

	
2080

	
32,000

	
700

	
21,000

	
30,000




	
Saffron

	
55

	
0.22

	
4.6

	
75.66

	
0.34

	
4.5

	
8

	
0.034

	
4.3




	
Almond

	
418

	
501.6

	
1200

	
812

	
974

	
1200

	
890

	
12,460

	
1400




	
Walnut

	
268

	
482.4

	
1800

	
168

	
302

	
1800

	
596

	
10,782.8

	
1800




	
Grape

	
729

	
10,206

	
14,000

	
792

	
11,880

	
15,000

	
319

	
3509

	
11,000




	
Cherry

	
89

	
712

	
8000

	
39

	
312

	
8000

	
134.5

	
1171

	
8706




	
Peach

	
31

	
341

	
11,000

	
31

	
403

	
13,000

	
105

	
1470

	
14,000




	
Apple

	
397

	
5955

	
15,000

	
273

	
6825

	
25,000

	
869

	
1527.5

	
17,500




	
Pistachio

	
190

	
380

	
2000

	
135.9

	
407.7

	
3000

	
3419

	
4444.7

	
1300




	
Pomegranate

	
>5

	
>1

	
2420

	
>5

	
>1

	
2850

	
9802

	
26,955.5

	
2750




	
Apricot

	
>5

	
>1

	
1750

	
>5

	
>1

	
1610

	
507.5

	
8536.2

	
16,820




	
Rose

	
>5

	
>1

	
150

	
>5

	
>1

	
300

	
62

	
1240

	
2000




	
Cucumber

	
5

	
125

	
25,000

	
24

	
600

	
25,000

	
120

	
3000

	
25,000




	
Melon

	
>5

	
>1

	
12,000

	
13

	
390

	
30,000

	
1700

	
28,900

	
17,000




	
Watermelon

	
120

	
4200

	
35,000

	
363

	
12,705

	
35,000

	
250

	
6250

	
25,000




	
Lemon balm

	
>5

	
>1

	
3500

	
>5

	
>1

	
3500

	
>5

	
>1

	
3400




	
Thymus

	
>5

	
>1

	
2800

	
>5

	
>1

	
2800

	
>5

	
>1

	
2100




	
Safflower

	
>5

	
>1

	
820

	
>5

	
>1

	
925

	
>5

	
>1

	
1100




	
Anison

	
>5

	
>1

	
950

	
>5

	
>1

	
820

	
>5

	
>1

	
650




	
Echium

	
>5

	
>1

	
450

	
>5

	
>1

	
450

	
>5

	
>1

	
450




	
Mentha

	
>5

	
>1

	
4000

	
>5

	
>1

	
4000

	
>5

	
>1

	
2563




	
Yarrow

	
>5

	
>1

	
1300

	
>5

	
>1

	
1300

	
>5

	
>1

	
1200




	
Marjoram

	
>5

	
>1

	
1800

	
>5

	
>1

	
1800

	
>5

	
>1

	
2150




	
Chicory

	
>5

	
>1

	
3400

	
>5

	
>1

	
3426

	
>5

	
>1

	
2560




	
Lavandula

	
>5

	
>1

	
450

	
>5

	
>1

	
450

	
>5

	
>1

	
500




	
Chamomile

	
>5

	
>1

	
1200

	
>5

	
>1

	
1200

	
>5

	
>1

	
1300




	
Peppermint

	
>5

	
>1

	
3100

	
>5

	
>1

	
3000

	
>5

	
>1

	
3200




	
Salvia

	
>5

	
>1

	
2500

	
>5

	
>1

	
2400

	
>5

	
>1

	
2200











 





Table 4. ETc, water requirement, and EP in different climates.
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Semidry

	
Dry

	
Very Dry




	
Crop

	
ETc

	
WR

	
EP

	
ETc

	
WR

	
EP

	
ETc

	
WR

	
EP






	
Wheat

	
400.8

	
342.1

	
58.7

	
467.7

	
418.4

	
49.3

	
453.6

	
417.5

	
36.2




	
Barley

	
330.0

	
271.3

	
58.7

	
426.1

	
376.8

	
49.3

	
414.9

	
378.7

	
36.2




	
Canola

	
354.9

	
296.2

	
58.7

	
349.4

	
300.1

	
49.3

	
369.9

	
333.7

	
36.2




	
Bean

	
386.3

	
386.3

	
2.3

	
359.6

	
359.6

	
1.3

	
335.2

	
335.2

	
1.0




	
Alfalfa

	
680.2

	
621.5

	
58.7

	
820.2

	
780.5

	
39.7

	
953.3

	
917.1

	
36.2




	
Maize

	
531.1

	
531.1

	
1.3

	
585.4

	
585.4

	
0.0

	
591.8

	
591.8

	
0.0




	
Potato

	
469.9

	
469.9

	
1.0

	
529.6

	
529.6

	
0.0

	
611.0

	
611.0

	
0.0




	
Saffron

	
195.5

	
136.8

	
58.7

	
311.1

	
261.8

	
49.3

	
304.8

	
268.7

	
36.2




	
Almond

	
650.6

	
624.4

	
36.3

	
684.0

	
670.6

	
34.1

	
833.4

	
809.5

	
31.3




	
Walnut

	
642.7

	
616.5

	
30.5

	
652.5

	
639.1

	
25.2

	
789.8

	
765.9

	
23.5




	
Grape

	
513.4

	
500.9

	
26.2

	
579.2

	
565.8

	
23.7

	
657.1

	
633.2

	
21.9




	
Cherry

	
688.5

	
662.3

	
33.2

	
704.4

	
690.9

	
29.4

	
897.6

	
873.7

	
27.4




	
Peach

	
612.3

	
586.1

	
27.4

	
648.9

	
635.5

	
25.7

	
797.1

	
773.2

	
25.8




	
Apple

	
653.8

	
627.6

	
27.1

	
655.6

	
642.2

	
26.4

	
887.0

	
863.1

	
26.7




	
Pistachio

	
590.2

	
563.9

	
30.4

	
620.6

	
407.7

	
27.9

	
863.8

	
852.5

	
12.6




	
Pomegranate

	
490.6

	
546.9

	
18.6

	
526.0

	
601.3

	
14.3

	
656.0

	
644.7

	
10.7




	
Apricot

	
489.4

	
648.4

	
25.4

	
559.4

	
681.3

	
23.1

	
753.9

	
730.0

	
22.9




	
Rose

	
343.4

	
462.9

	
34.0

	
410.3

	
510.7

	
27.3

	
563.3

	
539.4

	
23.0




	
Cucumber

	
685.0

	
685.0

	
2.3

	
713.1

	
706.9

	
6.2

	
877.8

	
866.4

	
17.6




	
Melon

	
550.4

	
473.2

	
1.0

	
545.5

	
545.5

	
2.3

	
602.8

	
591.4

	
10.7




	
Watermelon

	
607.5

	
607.5

	
2.0

	
578.2

	
578.2

	
7.2

	
627.5

	
616.2

	
15.5
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