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Rainfed Mediterranean agriculture must adapt to water scarcity due to climate change and pressures on water resources. According to recent literature, two adaptation solutions based on the concept of diversification can be explored. The first solution is crop diversification at the field level. Three main cropping systems, namely agroforestry, intercropping and service crops, have been shown to increase soil water availability and to improve crop water use. The second solution is to consider diversification at the landscape level by diversifying crops and associated agricultural management practices (both in number, abundance and spatial organization) and building small-scale water harvesting infrastructures. In order to move towards a sustainable Mediterranean agriculture, one of the main scientific challenges ahead is to provide knowledge and tools, such as integrated agro-3 hydrological models, useful to evaluate several spatiotemporal combinations of these solutions in order to optimize soil water availability and crop water use. * Three paired scaling-up initiatives are compared in terms of the benefits of landscape-based interventions over individual plot-level interventions in three Indian semi-arid watersheds.

Intrestingly, the study shows how landscape-based interventions (earthen field bunds, farm ponds, check dams) resulted in a higher crop production per year due to conversion of fallow lands to croplands.

Introduction

Mediterranean agriculture (MA) has developed over the millennia by benefiting from mild to hot temperatures and adequate insolation. The population has shaped a very heterogeneous biophysical environment (soil, topography, biodiversity) by designing landscapes and agricultural practices adapted to successive periods of drought and heavy rainfall. The Mediterranean diet is recognized worldwide, based on emblematic crops such as olives, grapes, fruits, cereals and legumes (as a substitute for animal protein) ( [START_REF] Eea | Mediterranean Sea region briefing -The European environment -state and outlook[END_REF], Figure 1). MA is an essential economic sector and employs a large part of the population. For instance, agriculture in Maghreb contributes 10 -20% of Gross domestic product (GDP) and employs 13 -20% of the working population [START_REF] Fao | L'agriculture pluviale face aux changements climatiques en Afrique du Nord: Impact et perspective avec l'agroécologie[END_REF]. Agriculture is the primary user of water in the Mediterranean region. Crop irrigation is for instance responsible for up to 79% of the total water withdrawals in Eastern Mediterranean countries [START_REF]AQUASTAT Main Database, Food and Agriculture Organization of the United Nations[END_REF].

Climate change accentuates for MA the challenge of maintaining or even increasing production to feed a growing population, while simultaneously preserving natural resources such as soil, water, and biodiversity that are vulnerable to climate hazards and anthropogenic pressures. This also requires addressing potential yield gaps that may exist. Climate projections show that average temperatures will increase from 0.5° to 5.6°C, depending on the scenario, and that rainfall will continue to decrease from April to September, by about 4% per °C of global warming [START_REF] Medecc | Climate and Environmental Change in the Mediterranean Basin -Current Situation and Risks for the Future[END_REF].

Sustainable management of the scarce water resource in a warmer and drier climate is one of the most crucial issues facing MA. Based on climate projections and crop modeling, water and heat waves are, and will continue to be, key limiting factors for crop production [START_REF] Medecc | Climate and Environmental Change in the Mediterranean Basin -Current Situation and Risks for the Future[END_REF]. The sustainability of the Mediterranean food system will therefore depend on the sustainability of MA in a context of water scarcity.

Adapting MA to water scarcity has already been extensively studied in the field of irrigation, including new irrigation practices and technologies. Alternative water resources such as the reuse of treated wastewater and desalinated water have also been increasingly used [START_REF] Medecc | Climate and Environmental Change in the Mediterranean Basin -Current Situation and Risks for the Future[END_REF]. However, new margins of progress also exist for Mediterranean rainfed agriculture in the framework of the agroecological transition, to optimize the use of rainfall for agricultural production. Based on recent literature, we aim to demonstrate the potential of diversification, considered at two distinct spatial levels, in facilitating the adaptation of MA to water scarcity. Firstly, at the field level, diversification can be achieved through practices such as intercropping, agroforestry, and service crops. Secondly, at the landscape level, diversification involves diversifying crops and agricultural management practices both in terms of their number, abundance and spatial organization, as well as building small-scale water harvesting infrastructures with optimal density and topology. However, the choice of crop species and varieties, sowing densities and spatial arrangements are critical to finding the right mix achieving the expected positive outcomes from intercropping.

Field diversification

For instance, the lack of complementarity for water can strongly limit yield advantages Regarding the water cycle, trees act positively on multiple above-and below-ground ecohydrological processes, and they offer the opportunity to preserve water and improve the water balance at the field level. However, the relevance of AFS for a drier future remains controversial in the drylands.

Despite promising evidence, the positive outcomes of AFS may be counterbalanced by increased negative interactions between trees and crops with increasing aridity, which are still insufficiently 

Service crops

Service crops, also known as cover crops, are plant species grown in cultivated fields to provide supporting and regulating ecosystem services 

Landscape diversification

The term landscape is polysemic and can be ambiguous depending on the context of the study and on the scientific domain. We make our own the definition of Marshall [START_REF] Marshall | Agricultural Landscapes: field margin habitats and their interaction with crop production[END_REF], that defines the agricultural landscape as 'a mosaic of farmers' fields, semi-natural habitats, human infrastructures (e.g., roads) and occasional natural habitats' (Figure 2). In what follows, we propose that adapting MA to water scarcity can be achieved through two approaches at the landscape level: 1) diversifying crops and agricultural management practices, and 2) implementing small-scales water harvesting infrastructures. These measures come to increase the heterogeneity of two main properties of landscape. Firstly, the composition that refers to the number and proportion of landuse category and, for agricultural lands, to the number and abundance of crops and agricultural practices; secondly the configuration that refers to the physical distribution and spatial characteristics of land uses, crops and agricultural practices 

Conclusion

Improving the sustainability of Mediterranean rainfed agriculture in a context of water scarcity and climate change can be achieved through crop diversification at the field level by considering agroforestry, intercropping and service crops. Diversification of landscape by rearranging the composition and configuration of crops, as well as through landscape water harvesting infrastructures, can also help to achieve this goal. Diversification, at the field and landscape level, can provide food and livelihoods, but also ecosystem services (pest control, nutrient provision, carbon sequestration, soil preservation). In this review, we enlighten the scientific issues concerning each of the diversification modes. Nevertheless, the adaptation of Mediterranean Agriculture to water scarcity will not be achieved by mobilizing only one of these solutions, but by combining in space and time these solutions at both levels. New tools that consider the spatial and temporal [46] Garcia L, Metay A, Kazakou E, Storkey J, Gary C, Damour G. Optimizing the choice of
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 1 Figure 1: Map of agricultural Mediterranean regions showing the main type of crops [5].

  [START_REF] Zhang | A lack of complementarity for water acquisition limits yield advantage of oats/vetch intercropping in a semi-arid condition[END_REF]. A better understanding of processes underlying crop competition, complementarity, cooperation and compensation regarding water use under future dry conditions will be essential to manage and predict crop growth, water use efficiency, and yield formation in Mediterranean intercropping systems. Crop modeling has the potential to address such issues, but would require further development before being used for intercropping design purposes, mainly because they have been used for sole crops and therefore processes relevant to intercropping like plant competition and plasticity have been only rarely coded so far which could promote complementarity among associated crops[START_REF] Gaudio | Current knowledge and future research opportunities for modeling annual crop mixtures. A review[END_REF].AgroforestryAgroforestry is a type of land use that combines trees and/or shrubs with crops and/or livestock in the same field for forestry, agricultural and pastoral purposes. In the Mediterranean region, agroforestry systems (AFS) have been part of the traditional forms of agriculture for millennia, and consist mainly of silvopasture and fruit tree-based silvoarable agroforestry [23, 24]. AFS are now of increasing interest because planting trees has a series of beneficial outcomes on ecological functions and services within the agricultural field and contributes to strengthening resilience to climate change [25].

  understood and poorly predicted by the modeling tools available to date[START_REF] Luedeling | Field-scale modeling of tree-crop interactions: Challenges and development needs[END_REF]. Indeed, most of the aforementioned facilitative mechanisms are strongly context-dependent and rely on tree species choices and management. Investigating tree species diversity, especially of native or under-utilized tree species, is needed to explore new species choices and rationalize the selection of trees with the most adapted physiological, phenological and architectural traits to agroforestry under the future drought conditions in the Mediterranean. Management practices like crown and root pruning are additional possibilities to shape tree forms, drive their functioning and optimize tree-crop interactions towards beneficial outcomes, e.g., by regulating shade or root overlap, but such practices are still in their infancy in the agroforestry context[START_REF] Zhang | Effect of tree form on wheat yield via changing microenvironment in almond-wheat intercropping[END_REF]. Finally, plantation design and density should also be revisited with possibly unconventional spatial patterns, i.e., not necessarily in rows as in most alley-cropping systems, and with more consideration of environmental heterogeneity within fields to promote the overall complementarity and facilitative effects of trees in AFS.

[ 38 ]

 38 . In arable agrosystems, services crops are usually sown after cash crop harvest while they are increasingly grown as intercrops in perennial agrosystems, like vineyards, olive groves, and fruit orchards. They have recognized benefits for protecting soils against erosion, nutrient leaching, and loss of organic matter, regulating weeds and pests, and preserving habitats and biodiversity. They are key components of conservation and regenerative agriculture that are developing in Mediterranean countries to face climate change [39]. Recent syntheses have highlighted positive outcomes of service crops regarding the water cycle in the fields. Compared to bare soils, service crops were shown to reduce runoff by 27% [40], deep drainage by 27-32 mm [41], and leaching by 2.5-fold, especially those caused by heavy rain events, which are increasingly frequent in the Mediterranean [42]. They also contribute to reducing soil albedo and evaporation, thus potentially increasing soil water content, mainly through mulching effects, either as live plants or residues left after destruction. In the long term, the improvement of soil organic matter content and soil aggregation promoted by service crops may lead to enhanced rain harvest through improved soil hydraulic properties (e.g., better infiltration) and soil water storage capacity. They have indirect effects on crop water productivity by limiting weed colonization and therefore water competition. However, drawbacks specific to water-limited regions need to be accounted for when introducing service crops under climate change. Below 700 mm of annual rainfall, service crops were shown to reduce soil water content by 18% and subsequent crop yield by 7% on average [43] because water supply cannot compensate for the transpiration of water by service crops. Similarly, the reduction in drainage can have detrimental consequences on groundwater recharge because the observed drainage reduction may be close to the annual recharge potential under such climate conditions [44]. The balance between the positive and negative effects of service crops regarding water use in the Mediterranean climate remains therefore to be quantitatively assessed over short-to long-term periods. This would require more field experiments with service crops and water balance measurements, combined with long-term simulation studies with improved crop models able to simulate a range of non-crop species under varying climatic and soil conditions [45].To take advantage of synergies between service crops and climate change adaptation, management is key. Several authors recommend being agile in terms of sowing and destruction dates to adjust service crops' water use and reduction of soil evaporation according to the actual drought conditions and cash crop development stages. In this perspective, techniques and tools are to be developed to regulate service crops' biomass[START_REF] Gardarin | Intercropping with service crops provides multiple services in temperate arable systems: a review[END_REF] and ensure the desired water-use dynamics.Finally, service crop selection is an essential aspect that requires further work. The choice of service crop species or mixtures based on their functional traits, especially belowground traits, appears to be one relevant approach to design eco-hydrologically performant service crops [46] that are both drought-resilient and drought-facilitative for the main crops. As for trees in agroforestry, exploring local plant biodiversity should be promising[START_REF] Jiménez-Alfaro | Native plants for greening Mediterranean agroecosystems[END_REF].
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 492 Figure 2: Two typical Mediterranean landscapes. The different elements of landscapes are

  

  

12], quality [13], stability [14], and provision of ecosystem services [15].

  Field diversification has received increasing attention in recent years to build resilience to climate change and to improve resource-use efficiency and ecological performances of agrosystems in the

	Intercropping
	Intercropping or polyculture is defined as the cultivation of two or more different crop species
	simultaneously in the same field during a growing season. In the Mediterranean, intercropping is an
	ancient practice consisting of mixtures of grain or fodder cereals (e.g., barley, durum wheat) and
	legumes (e.g., chickpea, fava bean), and to a lesser extent, of other arable crops. Intercropping has
	recently gained increased interest due to its potential to increase climate resilience of agriculture
	[11], and its well-demonstrated advantage over monocultures in terms of resource efficiency, crop
	yield [Several mechanisms are involved in regulating water balance in intercrops as compared to
	sole crops. When water is a limiting factor to crop production, intercropping can increase crop
	water uptake and water use efficiency through physiological and ecological mechanisms and
	optimize the overall soil moisture environment for crops [14]. Better water use efficiency is
	generally attributed to better water uptake in the soil profile, resulting from the exploitation of
	denser root systems and complementary spatial root distribution of both intercrop components
	species [17, 18], and to the delay between species in reaching their maximum water requirement.
	For instance, in cereal-legume mixtures, the capacity of cereals to use water from deep soil layers
	representing a unique when they reach their flowering stage allows associated legumes to use water from shallow layers
	opportunity to support field diversification [10]. In the context of water scarcity, we present here while they are at their grain-filling stage, limiting water competition during sensitive stages for
	three main approaches for field diversification, namely (1) intercropping, (2) agroforestry, and (3) grain production of both species [19]. Moreover, increased dry matter accumulation rate and
	service crops, that would be promising for the future of MA although they would need pursuing reduced water loss through soil evaporation and transpiration and runoff are conducive to better
	research and engineering efforts in specifically addressing plant diversity-water relations at the field water utilization [20].
	level.

Mediterranean [6]. Field diversification is a process that transforms simplified agrosystems into a more biologically and technically diverse state [7]. It consists of enhancing plant genetic, functional and/or structural diversity within cultivated fields to regulate plant competition and promote complementarity and cooperation effects resulting from ecological differences among plants, usually leading to overperformance (e.g., overyielding) compared to sole crops [8]. Plant diversity is also targeted to reduce risks regarding environmental adversity through compensation effects among plants with different environmental sensitivities. It can be achieved by multiple means (e.g., mixing varieties, species, growth forms, functional types etc.) and supported by appropriate management practices (e.g., plantation design, sowing dates, tree pruning, reduced tillage, etc.) [9].

Mediterranean regions benefit from an extremely rich heritage of diversity of crops and trees, including under-utilized or associated non-cultivated plant species,

  In semiarid areas with less than 450 mm of rainfall, hydraulic lift was

	estimated to provide up to an additional 35-47 mm of water annually, representing around 10% of
	the total precipitation [28]. By creating alliances with soil microorganisms, trees can facilitate the
	use of water and nutrients under dry conditions [29]. As a result, AFS were shown to support higher
	land-and water productivities than monocultures under Mediterranean or semiarid conditions, as
	recently illustrated by an increase in total productivity of 10-44% in olive-[30], walnut-[31], apple-

Trees can regulate the local microclimate by providing shade, thus reducing evapotranspiration [10], limiting water loss through soil evaporation, and preventing crops from severe water stress under drought [26]. By digging deep, trees can use water from deep soil reserves usually not accessible to arable crops, making the overall water harvesting more complete, and limiting water and nutrient losses through deep drainage. In addition, trees with deep roots can activate several water redistribution mechanisms. They can lift water from deep soil layers up to the upper layers through a process known as hydraulic lift and potentially act as 'bio-irrigators' for the underlying crops [27]. [32], apricot-[33], jujube-[34] based agroforestry. They also help mitigate the effect of increasing drought on ecosystem services in more extensive pastures [35].

  variability of Mediterranean landscapes, such as agro-hydrological models, are needed to evaluate such combinations. Landscape management will also require innovative governance based on new institutions and organizations involving the different stakeholders (farmers, water managers, land managers...) who are central actors for acceptability. Finally, the ability of Mediterranean agrosystems to evolve towards biodiversification is also contingent upon the social, cultural, and environmental contexts. Indeed, these agrosystems are typified by potential obstacles to achieving successful transition towards biodiversification, including limited market opportunities for some crops, insufficient availability of new crop varieties, equipment constraints and gaps in farmers' knowledge regarding cultivation of new varieties. Although the impact of such contextual factors on transition towards biodiversification has been explored in European and North American countries, it remains an issue for Mediterranean regions. conservation in vineyard and olive orchards. Soil and Tillage Research, 2021, 208:104896. https://doi.org/10.1016/j.still.2020.104896 *This review highlights the significance of service crops in the Mediterranean region, with a specific focus on olive and vineyard. The key contribution of this review lies in providing quantifications of the benefits of service crops in analyzing runoff control and soil water content. It shows the contrasted benefitx of service crop depending on climate conditions. [41] Meyer N, Bergez JE, Constantin J, Justes E. Cover crops reduce water drainage in temperate climates: A meta-analysis. Agronomy for Sustainable Development. 2018, 39(1), 3. https://doi.org/10.1007/s13593-018-0546-y [42] Kaye JP, Quemada M. Using cover crops to mitigate and adapt to climate change. A review. Agronomy for Sustainable Development. 2017, 37(1), 4. https://doi.org/10.1007/s13593-016-0410-Garba II, Bell LW, Williams A. Cover crop legacy impacts on soil water and nitrogen dynamics, and on subsequent crop yields in drylands: a meta-analysis. Agronomy for Sustainable Development, 2022, 42(3), 34. https://doi.org/10.1007/s13593-022-00760-0 [44] Plaza-Bonilla D., Nolot JM, Raffaillac D, Justes E. Cover crops mitigate nitrate leaching in cropping systems including grain legumes: field evidence and model simulations. Agriculture Ecosystems Environment, 2015, 212 1-12. https://doi.org/10.1016/j.agee.2015.06.014 [45] Tribouillois H, Constantin J, Justes E. Cover crops mitigate greenhouse gases balance but reduce drainage under climate change scenarios in temperate climate with dry summers. Global Change Biology, 2018, 24:2513-2529. https://doi.org/10.1111/gcb.14091.
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