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Abstract

:

Climate change is a challenging fact influencing diverse sectors in society including the agricultural one, which is heavily dependent on natural resources and climate. In the Mediterranean region, climate change-related increases in air temperature, and in the frequency and intensity of extreme weather events, such as droughts, boost the pressure on the agricultural systems and affect crop yield potential. The growth of the world population implies that production needs to increase in a sustainable manner. Therefore, this study focuses on the maize crop due to its importance for food security and because it is a crop with significant water consumption that occupies a large worldwide area. In order to study climate change impacts on crop production, plant water requirements, and provide farmers guidelines helping them to adapt, it is necessary to simultaneously evaluate a large number of factors. For this reason, modelling tools are normally used to measure the future impact of climate change on crop yield by using historical and future climate data. This review focuses on climate change impacts on maize crop irrigation requirements and compares—by means of critical analysis—existing approaches that allow for the building a set of mitigation and adaptation measures throughout the study of climate.
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1. Introduction


Natural phenomena and human activities modify the global atmosphere composition, increasing greenhouse gas (GHGs) concentration [1]. Due to that fact, some changes occur in the average values of climatic elements, such as temperature and precipitation, leading to changes in climate. These changes lead to some impacts on agriculture affecting productivity, water resources, and nutritional quality, and induce fluctuation in food production, leading to variability in food availability, and, consequently in the prices [2]. Climate change (CC) is one of the biggest concerns for current agricultural and livestock systems. Agriculture, as the major sustainable source of food, is strongly affected by climate changes and weather extreme events such as changes in temperature, irregular rain patterns, and increases in the level of floods and droughts [3,4]. According to Anwar [5], agricultural systems are continuously responding to biophysical changes, such as pests and diseases, as well as market fluctuations and changes in agricultural policies, including subsidies, credit facilities, and incentives. Due to climate change, farmers will have to adapt to the coming environmental changes through, for instance, climate-smart agriculture [6], i.e., taking more effective care of the soil and its capacity to retain water, carbon, and nutrients. This farmers’ adaptation is also essential due to the combination between climate change and the increase in the world’s population. In this background, producing more food for more people, in a sustainable manner, while guaranteeing food security becomes paramount. In addition, combining climate change and the very significant upward trend in maize grain prices on international markets [7] shows the need to increase the production of this crop.



This paper presents a review of climate change impacts on the agricultural sector, with a focus on maize crop irrigation water requirements, as well as mitigation strategies, including the reduction in, or removal of, current and future emissions, and adaptation measures to build resilience against emerging and long-term climate impacts.



This literature review was carried out according to the following criteria (Figure 1): (i) were selected Scopus/Elsevier/Wiley peer-reviewed articles that are listed in Scholar Google, Web of Science and in Science Direct; (ii) the articles cited focus mainly on the impacts of climate change on maize crop namely on the irrigation water requirements; (iii) articles for different regions were selected but most of them focus on the Mediterranean region.



The present study aims to present different approaches for studying the impact of climate change on irrigation water requirements of maize, which, depending on assumptions made, can lead to varied results.




2. Climate Changes


The increase in the average air temperature has been seen over the years due to the greenhouse effect. This is caused by greenhouse gases that accumulate in the Earth’s atmosphere, leading to increased concentration over time. Examples of GHGs are water vapour (H2O), methane (CH4), carbon dioxide (CO2), ozone (O3), nitrous oxide (N2O), and chlorofluorocarbons (CFCs) among others [8]. The concentration of GHGs such as CH4, CO2, and N2O has increased by 150%, 40%, and 20%, respectively, since 1750 [8]. According to Lal [9], the agriculture sector contributes to GHGs emissions directly (by developing activities such as livestock, irrigation, grain drying, fertilizer, and pesticides) and indirectly (via soil erosion, land conversion, and biomass burning). According to IPCC [10], the global surface temperature increase by the end of the 21st century is expected to exceed 1.5 °C relative to the 1850–1900 period for most scenarios and is likely to exceed 2.0 °C for many scenarios, making it necessary to intensify measures of mitigation and adaptation to CC impacts. At the global scale, the precipitation will increase with the increases in the global mean surface temperature and could increase by 1–3% °C−1; however, there will be significant spatial variation in these changes [11].



To obtain projections of the future climate, consistent from a physical point of view, models of the Earth’s climate system are built [10,12]. Thus, the study of CC impacts can be carried out using climate models that simulate future climate scenarios based on emission scenarios [10].



Climate models can be classified into two groups: General Circulation Models (GCM) and Regional Climate Models (RCM), depending on the spatial resolution used and the size of the area considered for simulation.



2.1. General Circulation Models (GCM)


GCM are mathematical representations of the climate system that are developed from equations representing the physical processes that occur in the atmosphere and oceans, and their interactions with the lithosphere, biosphere, and cryosphere. The equations are discretized in space and time through a three-dimensional grid that covers the entire globe, typically having a horizontal resolution of between 250 and 600 km [13]. For each model grid cell, the values of meteorological variables (e.g., temperature, pressure, etc.) are determined by resolving equations describing the conservation of mass, energy, and linear momentum [12,14]. The most commonly used climate models are the general circulation models coupled to the ocean atmosphere and are currently the best way to simulate climate change scenarios (CCS) [10].




2.2. Regional Climate Models (RCM)


RCM models simulate the climate for limited regions of the Earth’s surface with a spatial resolution that typically varies between a few kilometers to 50 km [15]. RCM models are complementary to global climate analyses or simulations, or to study climate processes in more detail than global models allow for [16], the boundary conditions of these models are generated by the GCM models [12,14,17]. Miranda [12] reports that regional climate models (RCMs) are more advantageous than statistical regionalization techniques. These models are currently becoming the main way to carry out CC impact studies. However, these models still have important sources of uncertainty. Their spatial resolution does not allow for, for instance, explicitly representing cloud formation processes and other small-scale processes, which continue to have to be parameterized [18]. Parameterizations of precipitation-related processes still need to be improved and can be a source of errors for regional models, as is the case for GCM models [12].



Due to their complexity and future unawareness, these models have associated uncertainty since it is difficult to model the climate system. Uncertainties stand out at various levels, particularly at the level (i) of climate base data due to the small number of weather stations and unequal distribution over the globe, (ii) knowledge of the physical and chemical processes of the climate system, and (iii) the simplifications necessary to simulate a system as complex as the climate system through mathematical models [19,20].



Added to this is the uncertainty of future emission scenarios, which depend on possible future economic development scenarios (Section 5).




2.3. Emission Scenarios


The history of IPCC assessment reports covers several generations of emissions scenarios [21]. These include the “1990 IPCC First Scientific Assessment” (SA90), the “1992 IPCC Scenarios” (IS92) [22], and the 2000 “Special Report on Emissions Scenarios” (SRES) [23]. SRES contemplates four possible scenarios: A1, A2, B1, and B2. In these scenarios, with A and B denoting an economic and environmental emphasis, respectively, 1 and 2 represent a global and regional focus, respectively [24]. IPCC also reports more recently developed scenarios, i.e., the “Representative Concentration Pathways” (RCPs) [25] and the “Shared Socioeconomic Pathways” [26,27].



In contrast to the SRES scenarios that include only the forcing by GHGs and aerosol from artificial climate change factors [28], RCPs (Table 1) are characterized by the increase in radiation expressed in W m−2, a set of greenhouse gas concentration and emissions pathways designed to support research on the impacts of, and potential policy responses to climate change [25]. The first scenario, RCP2.6, constitutes a rigorous mitigation scenario with a peak radiative forcing of around 3 W m−2. RCP4.5 and RCP6.0 are intermediate scenarios that indicate a medium forcing level, where society controls the increase in GHGs emissions (with peaks of radiative forcing of around 4.5 and 6 W m−2). Finally, RCP8.5 represents a rising radiative forcing pathway leading to 8.5 W m−2 until the end of the 21st century. RCP8.5 is a so-called “baseline” scenario that does not include any specific climate mitigation target [29]. The RCP scenarios commonly used in the study of climate change impacts are RCP4.5 and RCP8.5.





3. Impacts on Agriculture


Climate change is a major challenge to global food security, as it threatens the agricultural sector’s ability to produce adequate food for the growing population while also being environmentally sustainable [30]. Agriculture is a very climate-dependent economic activity, so efforts to propose CC adaptation measures need to be stepped up. The increase in air temperature caused by GHGs has a huge impact on the pace of soil salinity development [31,32] and the crop cycle, namely phenology, productivity, and water requirements [33,34,35,36,37]. This complex scenario requires the urgent implementation of sustainable measures, which are capable of improving crop yield and quality [38,39] fostering the robustness and resilience of cropping systems [40].



3.1. Soil


The rise in atmospheric GHGs concentrations and the subsequent increase in air temperatures, together with extreme events of rainfall, are predicted to have a huge impact on soil erosion, declining rangeland quality (mainly organic matter content), and salinization [32,41]. In particular, in the Mediterranean region, precipitation tends to decrease, increasing the concentration of salts in the soil (due to reducing soil drainage). This accumulation of salts can result in reduced plant growth, reduced yields, and in severe cases, crop failure. Salinity limits water uptake by plants by reducing the osmotic potential, making it more difficult for the plant to extract water [31]. On the other hand, in Mediterranean regions, this precipitation will tend to be more concentrated in winter, increasing flooding episodes and, consequently, soil erosion.




3.2. Phenology and Productivity


3.2.1. Temperature


Air temperature affects the development and phenology of crops. There are three photosynthetic pathways: C3, C4 and crassulacean acid metabolism (CAM). In C3 plants (which include cotton, rice, wheat, barley, soybeans, sunflower, potatoes, and legumes), the first product of photosynthesis is a three-carbon molecule. In C4 photosynthesis (such as maize, sorghum, sugarcane, and millet) plants, the initial photosynthetic product is a four-carbon molecule [42]. For the average air temperature increase, C4 cultures are more tolerant than C3 crops [43]. C3 crops, in the face of the increase in temperature, have an increase in photorespiration, resulting in a decrease in the net photosynthetic rate. Moreover, it is important to note that there are biological limits associated with maximum temperatures; as a result, there are threshold values from which there is no accumulation of growing degree-day (GDD) [43,44].



The increase in the average air temperature accelerates crop phenological development rates and shortens the lengths of the crop growing stages, along with intensified transpiration rates, compared to the reference period. However, the impacts on the phenology of the crop (shortening of the cycle) should not be confused with the alteration of the growing season (with suitable temperatures), which will tend to increase at higher latitude—an earlier spring allows for taking advantage of a longer growing season [45,46]. Thus, the higher the average air temperature, the shorter the cycle and, consequently, the lower its productivity (since when temperatures are high, the metabolic activity of plants increases, reducing their yield) [47]. Hussain and Bangash [48] report that for the maize crop, a 1 °C increase in mean temperature could reduce yield by around 7%, in the Northern irrigated plain regions in Pujab, India. These studies prove that maize yields normally decrease with increasing temperature due to the shorter phenological phases; according to Maitah [49], there is a low negative correlation between grain maize yield (C4) and the average temperature. A study developed by Lizaso [50] shows that maize grain yield is reduced under heat waves mainly via pollen viability that in turn determines kernel number, although a smaller but significant effect of the female component has been detected. This occurs due to the fact that the cell division in the grain endosperm decreases above 35 °C and 30 °C, respectively [51].



For annual crops, the shortening of the cycle and the anticipating of sowing dates (e.g., for maize) can vary between −30 and −10 days, depending on the region [45,52], reducing the crop exposure to periods of excessive temperatures and, consequently, the consumption of water intended for irrigation [33]. For permanent crops, the number of chill hours plays a key role when it comes to breaking dormancy. Therefore, under CCS, where the increase in temperature is predominant, it will be more difficult to meet the chilling requirements of these crops (e.g., olives require a certain period of low temperatures for normal flowering [53]), which can lead to increased crop cycle duration and consequently, higher irrigation requirements.



It is predicted that the spring-summer season will have higher air temperatures, which would be beneficial for crop production in the Nordic countries where the length of the growing season is currently a limiting factor [54,55]. Thus, it would probably be required to move some crop production into other areas with lower temperatures [56] because production conditions are enhanced. Accordingly, the northern locations can be considered winners of CC [57]. Other indirect effects of temperature rise include increased frequency of heatwaves and the impacts on pests, weeds, and plant diseases, as depicted in [58], which compromise food security.




3.2.2. Carbon Dioxide


The main effects of elevated CO2 concentration ([CO2]) on plants include a reduction in transpiration and stomatal conductance, improved water and light-use efficiency, and thus an increase in photosynthetic rate [59,60]. Due to its fertilizer effects on photosynthesis, the increase in [CO2] leads to an increase in productivity, and it is more relevant in C3 plants (with an increase of 10 to 20%) than in C4 plants (with an increase of 0 to 10%) [54,61]. This occurs because C3 plants are offered a higher quantity of CO2 in relation to reference conditions, C4 plants reach their limit of CO2 absorption faster. As a C4 crop, maize might have less advantage in photosynthetic accumulation for final biomass production than a C3 crop under elevated CO2 conditions. However, the impact of [CO2] on plant production also depends on external factors, such as water and nutrient availability, or the presence of pests, diseases, and weeds, that affect the duration of the cycle and the efficiency of the photosynthetic rate.





3.3. Water Requirements


In the context of CC in the Mediterranean region, precipitation will tend to decrease (with fewer events but with greater intensity), especially in the spring. Plant transpiration and soil evaporation increase with increasing temperatures. Thus, the balance between the water received by plants through precipitation and that lost by evapotranspiration (ET) will result in the variation of water storage in the soil [62], which in turn leads to increased pressure on water resources [63,64], mainly in regions already water-stressed [2,63,65]. In regions with more moderate climate conditions, and without a marked dry period during summer, the effects of climate on crops are not so straightforward, as referred by Maitah et al. [49] in a study developed in the Czech Republic. These authors mention that the effect of precipitation might be either negative or positive on maize crops. A negative correlation occurs because of the intensified nitrogen leaching by the excessive precipitation, and a positive correlation may occur if precipitation reduces the existing water stress.



According to Lickley and Solomon [66], a drying tendency is emerging in Southern and Northern Africa, parts of Latin America, Australia, and Southern Europe. Furthermore, the GCM models predict significant drying for these regions as well as for the southern parts of North America. Giorgi [67] refers to the Mediterranean region as a “Hot-Spot” in future CC projections. Thus, in Mediterranean countries, annual crop yields such as cereals are limited by heat stress, water scarcity, and short-grain filling duration. Therefore, permanent crops such as olives, grapevine, and citrus are gaining importance in this region.



The impact of CC on crop water requirements depends on the methodology adopted in the evaluation (Figure 2). There are two main approaches: (i) Crop focus—adjusting the crop cycle, CO2 fertilizer effect on crop productivity, and stomatal conductance effect on ET are also considered, or (ii) Growing season period focus—evaluating the effects of higher climatic demands considering the maintenance of the current growing season dates (constant phenological dates). In the first approach (i), irrigation requirements decrease due to earlier maturity dates and stomatal closure caused by [CO2] increase. Gabaldón-Leal et al. [68], for example, present a study for maize where a decrease of up to 25% in irrigation water requirements and an increase in irrigation water productivity of up to 22% were found [33]. However, for the second approach (ii), irrigation requirements generally increase as suggested by studies developed for maize crops [33,47,69,70,71]. According to Yetik et al. [72], in Mediterranean conditions, irrigation water requirements will increase 7.4% on average, when compared to the 1961–1990 period. In addition, according to Dono et al. [73], irrigation requirements will increase around 11.3% for the business-as-usual scenario.



Table 2 presents some values for the proposed approaches. However, several authors [35,36,74] have already found that the increase in irrigation requirements is linked to the type of adaptation measure adopted and therefore the increases in net irrigation requirements may be more or less significant depending on the perspective of the farmer and the crop concerned. Therefore, long-term planning of agricultural systems should address climate change to ensure that farmers can respond efficiently and sustainably.



Therefore, the first approach leads to a decrease in irrigation requirements that could be further accentuated according to the adaptation measures chosen. In contrast, the second approach results in an increase in irrigation requirements, which, in turn, is in line with the projected evolution towards a hotter and drier climate. Therefore, both should be considered due to the fact that the approaches described previously provide complementary results regarding CC impacts evaluation; defining the lower and upper limits of variation in irrigation needs and, when combined, allow us to support more crop-focused adaptation measures and irrigation management throughout the growing season period.




3.4. Water Use Efficiency


Climate change and increasing population do impose additional pressure on resources—namely on water resources and food production [75,76]. Hemathilake et al. [77] reported that the yields of major grain crops roughly increased by only 1% globally in a year, which is much lower than the world’s population growth rate. In this context, global maize yield demands in the world could increase by 66% in 2050 compared to current maize yields [78]. Thus, it is necessary to increase production in order to supply the growing population’s needs. However, the yield losses could be controlled by an adequate irrigation management [79].



In this regard, FAO [80] estimates a more than 50% increase in irrigated food production by 2050, which will require a 10% increase in water used for agriculture, provided water productivity improves under sustainable agriculture. In this context, water use efficiency (WUE) should be one of the main aspects to be considered when adaptation measures are defined.



WUE translates the relationship between water use and plant growth and is defined as the amount of biomass or grain produced per unit of water used by a plant [75]. This parameter is limited by many factors such as (i) CO2 concentration [81], (ii) water deficit stress and heat waves. Hatfield et al. [75] report that (i) at the leaf level, increasing CO2 concentration increases WUE until the leaf is exposed to temperatures exceeding the optimum for growth—heat waves—and then, WUE begins to decrease. However, this event is more prominent in C3 than in C4 crops; (ii) WUE increases under water-deficit stressed conditions due to the lower reduction in net photosynthesis. Thus, understanding the mechanisms that can improve WUE and result in significant water savings and higher yields is therefore essential.



On the other hand, WUE is also dependent on the irrigation system applied. In most maize-producing regions of the world, the most common method for the irrigation is surface irrigation systems, mainly furrow irrigation, which have low-efficiency values. Therefore, replacing irrigation systems for sprinkler or drip irrigation could be a measure that increases WUE [82].





4. Impact Assessment


To assess the impacts of CC in agriculture, it is generally necessary to follow a methodology comprising a series of steps, to obtain reliable CC projections, which are presented in Figure 3.



4.1. Build Future CCS


To build the future CCS, information from weather stations for the reference period considered, usually 1971–2000 [10,36], must be collected and, these values, with the anomalies for each CCS, when considering a bias correction methodology, should be affected.



One common approach for the construction of future climate series is to perform a bias correction, which can be carried out by using the Delta Change method (DCM) [83]. The DCM is the method suggested to generate future climatic series because DCM is a method that allows for maintaining temperature variance and precipitation variation coefficient and not changing the number of precipitation days, thus upholding the current climate variability [84]. The monthly correction factors of the deviations used in the DCM take the form of multiplicative factors for precipitation and additives for the other climatic variables (such as temperature).



To produce air temperature correction series two kinds of data are necessary: (i) the temperature observed in the reference period for the region under study and (ii) the anomaly that corresponds to the difference between the temperature simulated by the model relative to the CCS and the temperature simulated by the model for the reference period. The disturbance of the temperature series is performed by adding the observed temperature to the anomalies, as presented by Lenderink [84] and Maraun [85]. The same authors also propose constructing future precipitation series with three types of data: (i) precipitation observed in the reference period for the region under study; (ii) precipitation from RCM scenarios, that correspond to average monthly precipitation simulated by the RCM model related to the CCS considered, and (iii) precipitation from RCM control, that corresponds to average monthly precipitation simulated by the RCM model for the reference period. In the case of precipitation, the future series is obtained through multiplicative factors, so that the number of days with rain is maintained in a given year. Thus, the future precipitation series are constructed through multiplicative factors between precipitation observed and a ratio between precipitation RCM scenarios and precipitation RCM control.




4.2. Climate Change Impacts Assessments Methodologies in Agriculture


The CC impact assessment studies can be carried out using several approaches, with the following being the most common: (i) deterministic models, (ii) temporal or spatial analogies, and (iii) a statistical approach:




	
Soil water balance (SWB) and crop growth models are commonly used. A schematic representation of the modeling approach is presented in Figure 4. Examples of SWB models include: ISAREG [86], SWAT [87], HYPE [88], HEC-HMS [89], HSPF [90], SWIM [91] and SIMDualKc [92]. Dynamic crop growth models, such as AquaCrop [93,94], STICS [95]; AdaptaOlive [34], and WEAP-PGM [96], simulate crop responses to management practices (e.g., irrigation) and soil properties (e.g., depth, texture), as well as crop physiological responses to atmospheric conditions (e.g., precipitation, temperature, and carbon dioxide) [47];



	
The temporal analogy consists of referring to an earlier period as an image of a future CCS to respond to climatic variability. For example, studying the behavior of a crop in a particularly hot year as an indicator of the impact of future CC. The spatial analogy involves conducting research in one region and identifying parallels to how another region might be affected by climate change [97]. However, the characteristics of the chosen region may not be the same as those of the area under study, namely referring to the latitude (solar radiation);



	
Some functions based on multiple regression analysis [98,99] allow for the estimation of yields. These types of studies allow us to define a set of adaptation measures and to evaluate them by simulating the crop behavior for different CCS and management practices, in order to assess the most appropriate to reduce the negative impacts of CC on crop yield [33,74,100].








The commonly performed approach for maize crop is that of deterministic models as presented in studies by the following authors: Gabaldón-Leal et al. [68] in Andalusia region; Gabaldón-Leal et al. [44] for maize yield under heat stress conditions; Yang et al. [47] for maize yield in Portugal; Baum et al. [101] for different maize planting dates in Central US; Uretra et al. [102] for maize yield in Mexico; Amnuaylojaroen et al. [103] for maize production in Northern Thailand.





5. Uncertainties


As mentioned above, model simulation is an effective way to study the effects of CC on agriculture, as it allows for projections into the future. Although it is difficult to foresee future CC evolution and eliminate uncertainties in assessing its effects. Thus, the uncertainty can be minimized through greater awareness of sources of uncertainty and greater efforts to develop more sophisticated assessment tools [20].



Uncertainties have two different backgrounds. On the hand, the use of RCP scenarios inputs uncertainties because they depend on economic development scenarios. This occurs due to a high level of uncertainty that exists relative to the evolution of future anthropogenic GHG emissions, in the conversion of these emissions into future concentrations of GHG in the atmosphere, and in the corresponding radiative forcing [10,19,104]. On the other hand, there is also uncertainty associated with crop modelling because the models correspond to simplifications of very complex systems. As Kamali et al. [100] note, at the crop level, uncertainties can be verified for the (i) CO2 effect on the evapotranspiration; (ii) the effect on the crop cycle; (iii) varieties; (iv) sowing dates and (v) irrigation systems, for example.




6. Mitigation and Adaptation Measures


As climate change has been felt in agricultural production systems, adaptation and mitigation measures need to be developed to adjust crop requirements to the new climate reality, reducing the risks of CC [10,105]. Thus, if policy makers and farmers develop adequate adaptations plans, it is possible for the agriculture sector to withstand changes in temperature and precipitation and maybe take advantage of CC [106]. However, as already mentioned above, the high level of uncertainty associated with CC and emission scenarios, and the economic effects on the crop production systems, makes it difficult to define these measures.



Mitigation strategies can prevent the impacts caused by CC, and improve the effectiveness of adaptive, transformative, and coping strategies [107]. According to Maione et al. [108] and Meissner et al. [109], some mitigation options enable economic gains while simultaneously contributing to climate change mitigation or adaptation (win-win policy options) and can be adopted in a short period. Nevertheless, there are also mitigation options that may provide benefits to one aspect, while worsening the situation in the other (win-lose policy options). Mitigation measures involve reducing GHGs emissions in agriculture, such as reducing carbon intensity (e.g., by energy efficiency or renewable energy), optimizing nutrient use (e.g., precise dosing and timing of fertilizers, substituting synthetic fertilizers by organic fertilizers), or reducing CH4 emissions by manure digestion [110,111,112].



According to Iglesias et al. [62], Pathak et al. [113], Dubey et al. [114] and Kogo et al. [30], the common farm-level adaptations strategies to buffer against the impacts of climate change and enhance sustainability are, for example:




	i.

	
Crop management practices such as the use of diversified crop cultivars, scheduling of planting dates to spread risk and mitigation against food shortages in case of crop failure, planting of early maturing crops during short rainy seasons, planting of drought-tolerant cultivars, practice crop rotation and use of low planting densities during the dry season [98,115,116,117];




	ii.

	
Adaptation of integral system approaches to improve WUE and water productivity in crops, e.g., precision farming and digitalization, through more efficient soil and irrigation management, the adoption of some water conservation techniques such as regulated deficit irrigation, partial root drying, and supplemental irrigation [34,49,75,118,119,120,121,122] and, for instance, the use of pivot in order to create a cooling effect during heat waves;




	iii.

	
Conservation agriculture practices such as on-farm rainwater harvesting for irrigation, soil and water conservation through land contouring and terracing, mulching, conservation tillage practices, and integrated soil fertility management [123];




	iv.

	
The use of natural plant biostimulants has been also proposed to improve plant resistance to abiotic environmental stresses [40,121];




	v.

	
Adoption of soil conservation measures to conserve soil moisture and prevent conditions, such as salinity [124];




	vi.

	
Invest in farmer education to adapt to the new reality and to develop systematic farming strategies [125,126].









The efficiency of each measure is strongly governed by the local specificities and regional-to-local CC signals. Therefore, the responses proposed need to be implemented at regional/local scales, particularly in the most affected regions, in which the Mediterranean Region is included [51,67].




7. Concluding Remarks


In this manuscript, a review of methodological approaches to evaluate the climate change impacts on maize irrigation requirements under Mediterranean conditions has been presented. The review has been developed around the main effects of CC on the maize crop and in the diverse approaches to evaluate the impacts of CC on agriculture, and the respective adaptation measures. With the aim of feeding more people, while maintaining food security, with reduced resources availability (water, soil and energy) the future research will thus focus on increasing the efficient use of water and developing mitigation and adaptation measures to improve agricultural production under climate change conditions. As a final consideration, the issue of uncertainty in its different dimensions should be explicitly considered in studies of the impacts of CC on agriculture because contradictory results may be obtained depending on the scenarios and approaches considered.
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Figure 1. The keywords used in the present study to select peer-reviewed papers, and the number of the selected papers according to the selection criteria. 
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Figure 2. The most common methodological approaches to obtain CC impacts on irrigation requirements. 
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Figure 3. Steps required to assess CC impacts (adapted IS-ENES, 2019). Legend. Yellow boxes—crucial steps; blue boxes—optional steps. 
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Figure 4. Schematic representation of the most common conceptual approaches applied to assess the impacts of climate change on Agriculture using crop growth and SWB models. 
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Table 1. Future climate change projections. Source: IPCC, 2014.
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2046–2065

	
2081–2100






	
Temperature increase compared to the 1986–2005 period (°C)

	
Scenario

	
Mean

	
Probable variation

	
Mean

	
Probable variation




	
RCP2.6

	
1

	
0.4 to 1.6

	
1

	
0.3 to 1.7




	
RCP4.5

	
1.4

	
0.9 to 2.0

	
1.8

	
1.1 to 2.6




	
RCP6.0

	
1.3

	
0.8 to 1.8

	
2.2

	
1.4 to 3.1




	
RCP8.5

	
2

	
1.4 to 2.6

	
3.7

	
2.6 to 4.8
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Table 2. Variation of irrigation water requirements in the context of CC.
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Approaches

	
Variation (%)






	
Impacts

	
Crop focus

	
−25% [68]




	
Growing season period focus

	
+2–14% [47]
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