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Agriculture systems require evidence-based management approaches to minimize impacts from climate change and to minimize greenhouse gas emissions. This is critical in global regions with a Mediterranean-type climate where the impacts are expected to intensify greater than the global average, thus threatening crop yields. A significant knowledge gap exists regarding the agronomic interventions that are suitable for climate-smart agriculture considering their net effects on climate adaptation and mitigation. This study seeks to fill this gap in the context of a Mediterranean-type climate. A systematic map study was conducted on peer-reviewed research focusing on climate change relevant agronomic interventions in crop production systems. The aim was to assess the extent of the research pertaining to climate mitigation and/or climate adaptation and the readiness to inform evidence-based climate-smart agriculture policy. A total of 722 articles were identified from database searches, 648 articles were screened for relevance, and 158 articles were selected for further analysis. Information was extracted on geographic location of the research, timing of the research, type of climate change outcome researched, interventions studied, and crops studied. The study found that the knowledge base was significantly inadequate of what can be implemented to adapt and/or mitigation climate change and the net climate effects of interventions. 27 interventions were studied across 55 unique crops since 1996, mostly in Spain and Italy. More studies were relevant to climate adaptation (62%) than mitigation (22.5%). 15.2% of studies considered both adaptation and mitigation together and only 1 of 158 considered impacts on yield, adaptation, net mitigation. This study concluded that a larger evidence base is needed to inform policy on which crop management interventions are suitable to maximize positive impacts of both climate mitigation and adaptation together, with positive or acceptable yield outcomes. It is also recommended that further research into interventions should include yield and product quality, as well as economic and social benefits and trade-offs.
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Introduction

The Mediterranean-type climate regions of the world have seasonal cycles of hot and dry summers and temperate, wet winters (Roberts et al., 2001). They are warming faster than the global average, and they are projected to be drier in the future (Urdiales-Flores et al., 2023). The Earth has already warmed about 1.1°C since pre-industrial levels, and global warming will increase if greenhouse gas (GHG) emissions are continuously released into the atmosphere from human activities (IPCC, 2023). Mediterranean-type climate regions cover five continents in the subtropics to mid latitudes and on the western edge of continents, sharing similar planetary dynamics (Seager et al., 2019). The regions include the Western Cape province of South Africa, South and Western Australia, the west coast of North America extending from northern Mexico to Washington State, central Chile, and the Mediterranean basin (Seager et al., 2019).

Food security is already a core issue (FAO et al., 2024; United Nations, 2015) and it is likely to be exacerbated as global warming impacts crop yields (IPCC, 2023). Mediterranean-type climates typically support the cultivation of cereals, fruits, and vegetables (Mrabet et al., 2020). These crops include wheat (Triticum aestivum), maize (Zea mays), barley (Hordeum vulgare), rice (Oryza sativa), canola (Brassica napus), potatoes (Solanum tuberosum), tomatoes (Solanum lycopersicum), olives (Olea europeae), grapes (Vitis vinifera), dates (Phoenix dactylifera) and almonds (Prunus dulcis), amongst others. Climate projections suggest these regions will have drier weather (Lionello et al., 2014; Seager et al., 2019) and greater uncertainty of precipitation (Lionello et al., 2014). This will reduce the growing season and quality of the crops, thus leading to reduced marketable yield (Mrabet et al., 2020). Increasing resilience to climate change is needed, requiring different crop management approaches and technologies.

In addition to enhancing climate resilience, crop systems are also under pressure to reduce greenhouse gases (GHGs), or mitigate climate change. Changing management practices of crop production in the Mediterranean biome can reduce approximately 261 Teragrams carbon dioxide equivalent (CO2 eq) per year (Aguilera et al., 2021). Policy pressure is intensifying to achieve the 1.5 degree target set by the 2015 Paris Agreement under the United Nations Framework Convention on Climate Change (UNFCCC) (2015). All countries that include a Mediterranean-type climate within their country have signed1 the Paris Agreement (United Nations, 2025).

The decisions to shift agriculture to enhance food security are a political one considering the potentially significant trade-offs (Vermeulen et al., 2012). Tradeoffs may include mitigating GHGs versus optimising yield or increasing operational inputs to enhance climate resilience versus reducing profits. An evidence-based approach to identify agronomic interventions and their net effects on climate change mitigation, adaptation and yield is needed. Research is needed to consider specific crops, geographies and other specific contexts to make the findings applicable. This evidence base should be applied to achieve policy goals, such as achieving climate-smart agriculture. The scientific community has a role to inform farmers and decision-makers on the interventions or strategies to achieve a climate-smart outcome (Beddington et al., 2012).

In a Mediterranean climate context, meta-analyses and reviews have been conducted to assess the impact of specific interventions within the area of climate change. Reviews were conducted on cover crops (Shackelford et al., 2019; Ziche et al., 2024) organic fertilizers (Aguilera et al., 2013b) conservation agriculture (Tadiello et al., 2023), agroecology (Aguilera et al., 2020) and organic management (Aguilera et al., 2013a). These studies have often been limited to a type of crop, a particular intervention, such as cover cropping, an aspect of climate mitigation or adaptation, such as carbon sequestration. A significant gap exists to understand what agronomic approaches are suitable for climate-smart agriculture considering the net effect on climate adaptation and mitigation are. To our knowledge, a review of agronomic interventions that consider both climate change mitigation and adaptation in regions with a Mediterranean-type climate has not been conducted. This study seeks to contribute to addressing this gap to guide future researchers and to inform policy makers of the knowledge available for evidence-based policy.

The aim of this study is to investigate the peer-reviewed research on climate-smart agronomic interventions in regions with a Mediterranean-type climate, considering both climate mitigation and adaptation. The specific objectives of the study are to a.) map the existing literature, including the interventions assessed, and b.) to analyze the state of the research to inform climate policy.





Materials and methods

A systematic mapping study was conducted to generate a database of published articles describing research on climate adaptation and climate mitigation interventions in cropland agriculture in a Mediterranean-type climate. A systematic map allows for the collating of evidence that may not be synthesized together as in a meta-analysis, but it is useful to answer broader research questions that are relevant to policymakers regarding, for example, what is the state of research and what interventions have been studied? (James et al., 2016). Bibliometric analysis techniques were applied to analyze literature to map the research field. Bibliometric analysis allows for assessing the state of the research space to unpack the structure and dynamics of a research topic (Donthu et al., 2021). The reporting of this systematic review was guided by the standards of the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) Statement and the PRISMA Extension for Scoping Reviews (PRISMA-ScR) (Page et al., 2021; Tricco et al., 2018).

A literature search was conducted in March 2025 using Web of Science and Scopus databases. These databases were considered sufficient for this research that considers peer-reviewed literature, excludes grey literature but also reduces duplication. The search terms used were deemed appropriate for a policy practitioner or researcher interested in locating studies on climate change mitigation and adaptation in crop production in a Mediterranean-type climate. The following search phrase used was: (agriculture OR farm) AND crop AND Mediterranean AND (climate change OR climate) AND (mitigate OR adapt OR reduce OR resilient OR greenhouse gas OR emissions). This search may exclude non-English studies. The scope of the search included the title, abstract and keywords and no limits were set on the publication date. One researcher conducted the review process.




Screening and coding of studies

This analysis was limited to peer-reviewed articles, including review and data papers. All crop types were considered, including perennial and annual crops and woody or non-woody crops. The researchers did not want to limit the findings based on certain crop types since learnings on crop management may be applied across different crops. Consideration was made of both irrigated and rainfed conditions since both are applied in Mediterranean-type climates. The included agronomic studies consider a variety of research methods applicable to field crops at the commercial scale, including on-farm experimentation, pot-trials and in-vitro screening. Meta-analyses of such studies were also included. Where existing, aspects of studies that include ground-truthing or calibration of models, such as for life cycle analysis, were included.

The studies excluded conference papers, book chapters, studies within a controlled climatic environment and not applicable to field-based crop production, such as studies with the aim of informing greenhouse production practices, and research that was outside of the scope of field-based crop production such as assessments of land use systems. Simulation studies including life cycle analysis and other modelling exercises were also excluded since these use certain generalized input data such as emissions factors to quantify GHGs or soil organic carbon (e.g. default GHG emissions factors from the Intergovernmental Panel on Climate Change). There is no scientific consensus on specific emissions factors for the Mediterranean-type climate.

Data coding was conducted on the studies included in the review, and the metadata was extracted and compiled into a database (Supplementary Table 1). The information extracted from the studies includes general information such as the year of publication, the year of the trial being conducted, the objective of the study and the treatments assessed. Climate change-relevant information included whether the respective author framed the article in terms of climate change, if the article was relevant to climate mitigation and/or climate adaptation, the climate interventions studied, and the aspect of climate mitigation (including GHG, carbon sequestration) or climate adaptation outcome relevant. The climate adaptation outcomes are defined in Supplementary Table 2. In instances where studies assessed combinations of interventions they were counted as instances studied rather than per study or per combination to give them equal weighting in the results. The interventions considered in this study are defined in Supplementary Table 3.

The analysis was conducted in R software (R Core Team, 2021). The R scripts used in the analysis can be found in the GitHub repository:

https://github.com/27659526/Systematic-Map-of-Agronomic-Interventions-in-a-Mediterranean-Type-Climate.






Results and discussion

The outcome of the systematic review process, including the articles identified, screened and included in the systematic mapping database, is presented in the PRISMA flowchart (Figure 1). This search retrieved 722 articles. An initial screening of abstracts and titles to remove duplicates and provide relevance to this review’s objective resulted in 198 articles for further screening. After the full article screening, the final set of articles from the literature included 158 articles.

[image: Flowchart illustrating the identification process of studies via databases. Initial records from WOS and Scopus totaled seven hundred twenty-two; seventy-four duplicates were removed, leaving six hundred forty-eight for screening. Four hundred fifty were excluded, and one hundred ninety-eight reports were sought for retrieval. One was not retrieved. One hundred ninety-seven were assessed for eligibility; forty-three were excluded for reasons such as no primary data or irrelevant focus. One hundred fifty-eight studies were included in the review.]
Figure 1 | Flow chart for the systematic map, showing the number of records kept at each stage of the review process.




Meta-data of the systematic map




Year of research and publication

The earliest date of publication was 1998, and the earliest date of research conducted was 1996 (Figure 2). The earliest studies were associated with climate resilience, while studies on climate mitigation began to be published in 2007. There has been a general increase in publications between 1998 and 2024 (R2 = 0.716; p<.001), with the highest number of publications in 2024 (n=26), the last complete year of data collection. The median number of publications occurred in 2012, 2014 and 2016 (n=4) and the publications cumulated to 50% in 2023 (n=81). The highest growth of publications was observed between 2019 and 2024. In this period, 66% of the total articles were published. An increasing trajectory in the output of published articles was also found in other studies such as reviews of: global research on climate change and agriculture (Li et al., 2024; Pius Awhari et al., 2024), conservation agriculture and climate mitigation (Román-Vázquez et al., 2025), climate change and agriculture and forestry (Aleixandre-Benavent et al. (2017), and GHG flux of agriculture management practices in a temperate climate (Collins et al., 2022).

[image: Bar chart showing the number of articles published from 1996 to 2025 on mitigation, adaptation, and both. Articles peak around 2014 and 2022. A line graph depicts the last year of data collection for each year, showing fluctuations.]
Figure 2 | Research articles plotted against time, including years of publication and years of research. Many studies were conducted over multiple years, and in this case, the final year of study was used. Articles that did not state the date of research are not included (n=11). The graph excludes meta-analysis studies (n=7).

This study also surveyed the year of research conducted. A lag time between publication and research conducted in the field was observed, often with a gap of several years. The research significantly increased in 2015 and remained elevated through to 2021. The release of the IPCC Fifth Assessment Report in 2014 and the adoption of the Paris agreement in 2015 may be key drivers in the expansion of research. One can assume that research conducted post-2021 is still in progress for publication. Assessing the date of research against climate policy milestones may be more relevant than the timing of publication. Localised climate-related policy and increased funding opportunities are also significant factors for the onset of research.

The duration of trials ranged from a single growing season to multi-year studies up to 24 years. The average trial period was 3.9 years. The duration period of trials in publications indicate a slight decrease over time (-1.35 years trial length per decade) but this is not highly significant (R2 = 0.032; p<.05).





Location of research

Crop production and climate change have been studied widely across geographic areas (Figure 3). All regions with a Mediterranean-type climate are represented with climate change mitigation and/or adaptation studies. Many of the studies have been conducted in the Mediterranean basin. Most notably, more than half of all studies have been in Italy (n=49) and Spain (n=43). Outside of Spain and Italy, countries have up to 9 studies (Australia), but mostly countries have five studies or fewer.

[image: Map highlighting regions with Mediterranean-type climates in yellow. Key areas include the western United States, Chile, parts of southern Australia, Europe, northwestern Africa, and small regions in Central Asia.]
Figure 3 | Countries where research was conducted: The locations shaded in yellow have Mediterranean-type climates and are mapped using Köppen-Geiger climate classification (Csa, Csb and Csc) data for the 1991 to 2020 time period (Beck et al., 2023). The data was not filtered to exclude any locations from the Köppen-Geiger data set, such as the areas in Ethiopia, Kenya Colombia and Ecuador that are not typically considered as countries with Mediterranean-type climates. The text depicts the countries, and the number of studies conducted in each country. Studies that did not state the location of the study (n=2). The abbreviations are Alg., Algeria; Auz., Australia; Cro., Croatia; Cyp., Cyprus; Fr., France; Isr., Israel; Mor., Morocco; Pak., Pakistan; Pal., Palestine; Port., Portugal; S.Af., South Africa; Sp., Spain; Tun., Tunisia; Tur., Turkey; U.S.A., United States of America. Chile, Egypt, Greece, Italy, Iran, Syria are not abbreviated.

The countries and territories that have Mediterranean-type climates that did not appear in the literature search include Albania, Bosnia and Herzegovina, Gibraltar, Malta, Montenegro, and Iraq. Not having representation in the literature search does not mean interventions are not being researched in these countries.





Crops studied

The field studies focused on 55 unique crops including cereal, fruit, grass, herbs and legume crops (see Table 1). The most studied crops were wheat (n=39), grape (n=16), tomato (n=14), barley (n=13), olive (n=13) and maize (n=11). The crops that were studied more than once are presented in Figure 4.

[image: Bar chart depicting the number of studies on various crops. Wheat leads with 39 studies, followed by grape with 16, tomato with 14, olive and barley each with 13, maize with 11, and almond with 9. Other crops have fewer studies, ranging from 7 to 2, including lettuce, chickpea, and cauliflower.]
Figure 4 | Main crop of focus in the studies ranked by frequency of occurrence in the literature. Other crops identified in the studies that occur only once are not included in the graph. These include apricot, artemisia, blueberry, camelina, cardoon, carob, carrot, clover, cocksfoot, French serradella, glass wort, grapefruit, lentil, moringa, mug wort, oat, orange, peach, peppers, pistachio, potato, quinoa, rapeseed, rooibos, ryegrass, saffron, St John’s wort, sulla, tall fescue, teff, triticale.


Table 1 | The full list of primary crops of focus in literature.
	Crop type
	Crop
	Scientific name
	Crop type
	Crop
	Scientific name



	Beverage crop
	Rooibos
	Aspalathus linearis
	Legume
	Clover
	Trifolium spp


	Cereal
	Barley
	Hordeum vulgare
	Legume
	Cowpea
	Vigna unguiculata


	Cereal
	Maize
	Zea mays
	Legume
	Cullen
	Cullen spp


	Cereal
	Oat
	Avena sativa
	Legume
	Lentil
	Lens culinaris


	Cereal
	Quinoa
	Chenopodium quinoa
	Legume
	Lupin
	Lupinus spp


	Cereal
	Sorghum
	Sorghum bicolor
	Legume
	Moringa
	Moringa oleifera


	Cereal
	Teff
	Eragrostis tef
	Legume
	Soybean
	Glycine max


	Cereal
	Triticale
	× Triticosecale
	Nuts
	Almond
	Prunus dulcis


	Cereal
	Wheat
	Triticum spp
	Nuts
	Pistachio
	Pistacia vera


	Fruit
	Apricot
	Prunus armeniaca
	Oil
	Camelina
	Camelina sativa


	Fruit
	Blueberry
	Vaccinium corymbosum
	Oil
	Canola
	Brassica napus


	Fruit
	Grape
	Vitis vinifera
	Oil
	Rapeseed
	Brassica napus


	Fruit
	Grapefruit
	Citrus x paradisi
	Oil
	Safflower
	Carthamus tinctorius


	Fruit
	Mandarin
	Citrus reticulata
	Oil
	Sunflower
	Helianthus annuus


	Fruit
	Olive
	Olea europaea
	Root crop
	Potato
	Solanum tuberosum


	Fruit
	Orange
	Citrus x sinensis
	Spice
	Fennel
	Foeniculum vulgare


	Fruit
	Peach
	Prunus persica
	Spice
	Saffron
	Crocus sativus


	Grass
	Cocksfoot
	Dactylis glomerata
	Vegetable
	Cardoon
	Cynara cardunculus


	Grass
	Ryegrass
	Lolium spp
	Vegetable
	Carrot
	Daucus carota


	Herb
	Artemisia
	Artemisia absinthium
	Vegetable
	Cauliflower
	Brassica oleracea


	Herb
	Mugwort
	Artemisia vulgaris
	Vegetable
	Lettuce
	Lactuca sativa


	Herb
	Sulla
	Sulla coronaria
	Vegetable
	Peppers
	Capsicum spp


	Legume
	Alfalfa
	Medicago sativa
	Vegetable
	Tomato
	Solanum lycopersicum


	Legume
	Carob
	Ceratonia siliqua
	Vegetable
	Zucchini
	Cucurbita pepo


	Legume
	Chickpea
	Cicer arietinum
	 
	 
	 





Other crops are included in the studies that are not listed here such as cover crops.



It is not surprising the crops most researched are high value crops. Crops that are understudied are the valuable cereal, fruit, vegetable and oil crops such as potato, oat, orange, mandarin, peach, apricot, peppers, and lettuce. The presence of crops that are drought resistant and adapted to the Mediterranean-type climate such as safflowers, cardoon, sunflower and canola are expected, but these are also under-studied.






Climate change aspects assessed




Type of climate change outcome linked to research: mitigation and/or adaptation

Interventions to manage agriculture can impact climate mitigation, climate adaptation or both. This is important to consider since there may be trade-offs or synergies to consider between mitigation and adaptation when assessing outcomes of agriculture management practices. The analysis of the literature (excluding meta-analyses) shows that 62% of the research studies only collected data on adaptation outcomes, 23% only collected data on climate mitigation, and 15% collected data on both climate adaptation and climate mitigation (Figures 5, 6). When analyzing the data at the country level, only the USA and Israel countries had more studies related to climate mitigation than climate adaptation, and 20 countries had studies that focused on adaptation (>50%). Overall, the median proportion of studies per country that factored in mitigation was 25%. Only Spain (n = 10) and Italy (n = 8) had more than one study that included both mitigation and adaptation. Other locations with both aspects of climate change considered, occurring once, were Greece, Syria, Morocco, Chile and Croatia.

[image: Bar chart showing the number of studies on adaptation, mitigation, and both across various countries. Italy leads with 31 studies, most on adaptation. Spain, Australia, and the USA follow. The chart highlights varying focuses on adaptation, mitigation, and a combination of both strategies.]
Figure 5 | Number of studies per country contributing to research on climate interventions related to climate change mitigation, adaptation or both between 1996 and March 2025. Meta-analyses (n = 7) are excluded in this graph and 2 adaptation studies did not state their location.

[image: Donut chart showing three segments: Adaptation at 62.3% in purple, Mitigation at 22.5% in brown, and Both at 15.2% in green.]
Figure 6 | Typology of climate change research. The objectives of the studies either were applicable to only climate adaptation, only climate mitigation or both based on the researcher’s interpretation of the study.





Discursive framing of climate change

A basic scan of the articles was conducted to identify if they contextualized their research as pertaining to climate change mitigation, climate adaptation or neither. The abstract, introduction and discussion were scanned for reference to frame their work directly into climate change. Explicitly linking research to climate change will allow greater visibility for informing policy since readers will directly identify the policy relevance to climate change. For example, if research only frames the findings in terms of improving yield stability it may be interpreted as being specific to agrisciences. If it is framed to be in the context of climate resilience the study becomes more noticeable for the climate policy domain.

Most, but not all, authors linked their research directly to climate change. Of the total studies reviewed, 71% of the articles explicitly framed the context of the study to fall within climate change (Figure 7).

[image: Donut chart showing priorities: Adaptation only 38%, No 29.1%, Mitigation only 23.4%, Both 9.5%. Each section is color-coded.]
Figure 7 | Research articles written with a framing of climate change. Consideration was made for direct linkages of climate change mitigation and or climate adaptation within the context of the background and introduction, discussion and conclusion sections.





Outcome of climate change mitigation studied

Climate mitigation outcomes included GHGs (CO2, CH4 and N2O) and carbon sequestration. Of the 62 studies that assessed climate change mitigation, the most frequent outcome studied was carbon sequestration either alone (n=29) or with any other combination (n=40), as illustrated in Figure 8. The least studied gas was methane (CH4), of which only six studies included this in an analysis with other GHGs and/or soil organic C. Only two studies conducted a comprehensive analysis by considering all the main GHGs and soil organic C in one publication. It is evident that research does not look at the net impact of interventions within climate mitigation. Such linkages do occur within climate mitigation, for example, research suggests that soil organic C can increase N2O emissions under certain conditions (Guenet et al., 2021). The evaluation of net climate mitigation is necessary to draw accurate conclusions about the impact of interventions on climate mitigation.

[image: Bar chart illustrating the number of studies related to different mitigation aspect groups. “Soil organic C only” has the highest count at 29, followed by “N2O only” with 14. “CH4 only” has none. “CO2 only” has 3, “Combination of any two” has 9, “Combination of any three” has 6, and “All gases and Soil organic C” has 2.]
Figure 8 | Outcome of climate change mitigation studied, considering greenhouse gases and carbon sequestration.





Outcome of climate change adaptation studied

This study broadly considered climate adaptation to include outcomes that contribute to improved agriculture production. Studies did not necessarily directly link their research focus to climate change and weather changes. The authors did not want to exclude research that enhances resilience of crop systems in times of shock.

The most frequent adaptation outcomes (>10) were improved yield, including yield stability, resilience to water stress (including drought and excessive rain), nutrient management, physical aspects of soil health, and quality of yield. It is not surprising that yield was the most studied adaptation outcome (n=53) since it is a key variable studied in agronomic research, of which this study falls within. Drought issues are a key concern in Mediterranean-type environments reflecting in the high frequency of this topic in the research (n = 45), Temperature stress (n=10), in particular, heat stress, adaptation to salinity (n=7) and acidic soils (n=3), also significant issues in semi-arid environments, are under-researched (Figure 9).

[image: Bar chart illustrating the number of studies on plant benefits. “Improved yield” leads with fifty-three studies, followed by “resilience to water stress” with forty-five. Other categories include enhanced nutrient management with thirteen studies, enhanced soil health, improved quality, and resilience to temperature stress. Lower categories like resilience to microclimates and heavy metals have one study each.]
Figure 9 | Adaptation outcomes studied. The outcomes are further defined in the Supplementary Material.





Scope of meta-analyses

Meta-analyses are helpful to review and analyze data across several studies around a specific research question. Seven studies are included in this review that look at multiple studies across the Mediterranean-type climate. These analyses are mostly relevant to climate mitigation (n=5) and included reviews of N2O emissions from cropping systems (Cayuela et al., 2017), N2O emissions affected by fertilizer type and water management (Aguilera et al., 2013b), impacts of cover crops (Aguilera et al., 2013a), the effects of conservation agriculture on soil organic C (Tadiello et al., 2023), carbon sequestration in olive, almond orchards and vineyards (Vicente-Vicente et al., 2016). Soil organic C is the most frequent mitigation outcome assessed (n=4), followed by N2O (n=2) and CO2 (n=1). Only two studies consider adaptation aspects including two reviews on cover crops (Ziche et al., 2024; Shackelford et al., 2019). Shackelford et al. (2019) included the adaptation outcomes of water stress, soil health in terms of biodiversity and weed management and Ziche et al. (2024) considered weed management and nutrient management.






Management interventions assessed

Agricultural management interventions are the variables studied in the research considered in this review that contribute to climate mitigation and/or climate adaptation. A total of 27 unique interventions were identified in the literature. These interventions were grouped into the agronomic management themes of crop establishment and harvesting, crop system management, soil management and water management. They were studied alone or in various combinations of two or more interventions within the same study. Overall, the five most frequent interventions researched include tillage management (n=51), organic fertilizer management (n=37), cover crops (n=35), chemical fertilizer management (n=23) and cultivar selection (n=22). The frequency of interventions is presented in Figure 10 and the relationship between interventions, crops and climate focus is illustrated in Figure 11.

[image: Bar chart divided into four sections illustrating frequencies of agricultural practices for climate adaptation (purple), mitigation (brown), and both (green). Practices like cultivar selection dominate adaptation, while irrigation management is prevalent for mitigation. The CM section shows greater diversity, while the W section focuses on fewer practices. Percentages indicate the proportion of studies in each section.]
Figure 10 | Frequency of interventions studied both in climate mitigation, climate adaptation and both. The interventions are grouped into water management (W), soil inputs (S), crop management system (CM), and crop establishment and harvesting (CEH).

[image: Sankey diagram depicting various countries, crop types, and agricultural practices connected to adaptation and mitigation categories. Countries like Spain, Italy, and others are linked to crop types such as cereal, fruit, and nuts. These crop types are further connected to agricultural practices like agroforestry and irrigation management. The practices are categorized into adaptation, mitigation, or both, with color-coded lines illustrating the connections.]
Figure 11 | Sankey diagram of the research conducted thta includes the country, crop type, interventions studied and the relevance of the findings to mitigation, adaptation or both.




Climate change mitigation interventions

A total of 16 interventions were included in studies on GHGs and/or carbon sequestration. The major interventions (with a frequency >10) considered in climate mitigation studies include (most frequent): tillage management, organic fertilizer management, cover crops, and chemical fertilizer management. Other interventions include irrigation management, crop rotations, nitrogen inhibitors, soil cover, biochar application, intercropping, planting density, livestock integration, crop variety selection, symbiotic amendment (fungi/bacteria), hydraulic arrangement and application of hedgerows.





Climate change adaptation interventions

Climate adaptation studies included more interventions (n=26). The interventions with a frequency >10 include cultivar selection, tillage management, organic fertilizer management, cover crops, irrigation management, chemical fertilizer management and crop variety selection. Additional interventions included crop rotation, soil cover, biochar application, symbiotic amendments of fungi and/or bacteria, the application of biostimulant, sowing time, intercropping, planting density, nitrogen inhibitor, hydraulic arrangement, agroforestry, harvesting frequency, harvesting time, inorganic amendment, planting technology, solarized soil, application of superabsorbent polymer, and weed management.





Climate change mitigation and adaptation interventions

In studies that considered both mitigation and adaptation, a total of 12 interventions were studied. Tillage management, cover crops, organic fertilizer management and chemical fertilizer management were studied most frequently (frequency >3). Other interventions include organic fertiliser management, irrigation management, crop rotation, soil cover, hydraulic arrangements, crop variety selection, symbiotic amendments of fungi and/or bacteria, intercropping and livestock integration.






Limitations of the study

This review focused on searching for articles based on climate outcomes rather than searching based on specific interventions or locations. The limitation of this approach is the review may not have coverage of all research on possible agricultural interventions that contribute to climate mitigation or adaptation. It did not include research from all countries that have a Mediterranean-type climate including Albania, Bosnia and Herzegovina, Gibraltar, Malta, Montenegro, Liberia and Iraq.

The scope of this research was limited to climate change mitigation and adaptation intentionally excluding economic, social, cultural and other environmental aspects related to sustainable agriculture. It is recommended that future systematic mapping and systematic reviews are conducted to include these aspects and assess for benefits and trade-offs.





Implications for research and policy

A systematic map is an approach to assessing the state of knowledge in a particular research area. To our knowledge, this is the first study to compare research on agriculture management interventions and their contribution to climate responses of mitigation and adaptation. This study assessed the interventions studied, the locations of the research and the climate mitigation and adaptation outcomes, including detailed attributes of mitigation and adaptation. This systematic map may be helpful for both researchers and policy makers to guide their future research and, in the case of policy makers and research managers, where to direct research funding. An important finding for policy makers is that the evidence base is not enough to inform policy on what agriculture management interventions are suitable to optimise positive outcomes for both climate mitigation and adaptation, together with positive or acceptable yield outcomes. Only 1 of 158 considered impacts on yield, adaptation, and net mitigation.

This work highlights the importance of structured research programs to consider climate adaptation, mitigation, and aspects within climate mitigation and adaptation to be studied on various agronomic interventions and crops across regions with a Mediterranean-like climate. Synthetic research is needed across studies to assess co-benefits trade-offs that can inform policy. The research map available in the Supplementary Material can be further used as a resource for researchers to guide their research.






Conclusion

This systematic map highlights the limitations of the currently available scientific knowledge to inform a climate-smart approach to crop production in a Mediterranean-type climate. Research began in the late 1990s, with the first identified publication in 1998, increasing to 26 publications in 2024. Studies were identified in all the global regions with a Mediterranean-type climate, however, there is inadequate representation outside of Spain and Italy. The extent of the studies across geographic regions varied greatly from Italy (n=49) and Spain (n=43) having the most per country, 15 countries out of 21 having under five studies each and five countries having two studies or less. Management interventions were studied individually (n=27) or in various combinations across 55 different crops. Many of these crops were studied in less than three research events. The majority of the studies assessed the relationship with interventions with either adaptation (62%) or mitigation (22.5%), and only a few considered the impact of interventions on both (15%). Few studies considered the broader net impact on either adaptation or mitigation when investigating further the attributes that define climate mitigation (GHGs and carbon sequestration) or adaptation (resilience against extreme weather, water quality, salinity, nutrient availability and weeds). When considering the importance of applying climate adaptation and mitigation approaches to particular contexts of geographic locations, crops, interventions and combinations thereof, the research is significantly lacking.

It is also evident that little knowledge is known of the net climate effects of interventions regarding both climate adaptation and net climate mitigation. It is important to holistically assess the implementation of management interventions since there is the potential to increase resilience and climate mitigation, or an intervention synergistically may lead to trade-offs benefiting one aspect and contributing to climate forcing or climate maladaptation.

This article is framed by the authors in that, given the urgency to act on climate change, academic research in agriculture should be closely tied to policy. This will allow for the increased likelihood of tangible climate-smart actions will be applied to farms. The review found that not all studies explicitly linked the research to being relevant to climate change. 71% of articles framed the article as ‘climate change’, which may limit the visibility of research to practitioners.

A literature database was developed, and it is available as Supplementary Information for researchers to use in their future work.
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Footnote


1 The countries of Libya, Iran and Yemen have signed but not ratified the Paris Agreement.
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Crop type Crop Scientific nam: Crop type Crop Scientific name

Beverage crop Rooibos Aspalathus linearis Legume Clover Trifolium spp
Cereal Barley Hordeum vulgare Legume Cowpea Vigna unguiculata
Cereal Maize Zea mays Legume Cullen Cullen spp

Cereal Oat Avena sativa Legume Lentil Lens culinaris
Cereal Quinoa Chenopodium quinoa Legume Lupin Lupinus spp

Cereal Sorghum Sorghum bicolor Legume Moringa Moringa oleifera
Cereal Teff Eragrostis tef Legume Soybean Glycine max
Cereal Triticale x Triticosecale Nuts Almond Prunus dulcis
Cereal ‘Wheat Triticum spp Nuts Pistachio Pistacia vera

Fruit Apricot Prunus armeniaca oil Camelina Camelina sativa
Fruit Blueberry Vaccinium corymbosum oil Canola Brassica napus
Fruit Grape Vitis vinifera oil Rapeseed Brassica napus
Fruit Grapefruit Citrus x paradisi oil Safflower Carthamus tinctorius
Fruit Mandarin Citrus reticulata Oil Sunflower Helianthus annuus
Fruit Olive Olea europaea Root crop Potato Solanum tuberosum
Fruit Orange Citrus x sinensis Spice Fennel Foeniculum vulgare
Fruit Peach Prunus persica Spice Saffron Crocus sativus
Grass Cocksfoot Dactylis glomerata Vegetable Cardoon Cynara cardunculus
Grass Ryegrass Lolium spp Vegetable Carrot Daucus carota
Herb Artemisia Artemisia absinthium Vegetable Cauliflower Brassica oleracea
Herb Mugwort Artemisia vulgaris Vegetable Lettuce Lactuca sativa
Herb Sulla Sulla coronaria Vegetable Peppers Capsicum spp
Legume Alfalfa Medicago sativa Vegetable Tomato Solanum lycopersicum
Legume Carob Ceratonia siliqua Vegetable Zucchini Cucurbita pepo
Legume Chickpea Cicer arietinum

Other crops are included in the studies that are not listed here such as cover crops.





