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Fig. 3. The operational groups of the Climed-Fruit consortium. 

Moreover, a survey was shared with the project partners to score the project practices according to 
their link with each subtopic, using a scale from 0 to 3 (0 meaning no link with the subtopic, 3 indicating 
a strong link with the subtopic). Each project OG was invited to justify the score attributed to their 
practices. According to the obtained results, it was decided to include practices in the targeted 
subtopics with scores ranging between 2 and 3 (Fig. 4). 

 

Fig. 4. The result obtained from the survey to distribute project practices in the subtopics. 

According to the survey results, a work timeline was proposed, beginning with a subtopic that 
includes a considerable number of practices, as follows: 
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The Mediterranean region is highly vulnerable to the impacts of climate change, with rising 
temperatures, erratic rainfall, and prolonged droughts threatening its agricultural productivity and 
ecosystem stability. Soil degradation, water scarcity, and extreme weather events pose significant 
challenges to perennial crops such as olives, grapes, and citrus, which are vital to the region's economy 
and cultural heritage. Addressing these challenges requires innovative and sustainable practices to 
enhance resilience, conserve biodiversity, and mitigate environmental impacts. 

This document explores a comprehensive array of strategies tailored to the Mediterranean context, 
focusing on soil conservation, water management, biodiversity preservation, and adaptation of food 
chain processes. It highlights the importance of soil health through organic amendments, mulching, 
and reduced tillage, which improve carbon storage and fertility. Advanced irrigation techniques, such 
as deficit irrigation and smart systems, are presented as solutions to optimise water use in drought-
prone areas. The role of biodiversity in fostering resilient agroecosystems is emphasised, with 
examples of genetic resource conservation, intercropping, and agroforestry. Additionally, the 
document examines post-harvest innovations, processing adaptations, and supply chain diversification 
to enhance economic and environmental sustainability. 

This review, far from exhaustive, primarily draws on the results and practices tested within the 
CLIMED-FRUIT OGs, as well as other European projects and national/regional initiatives. It offers 
actionable insights for farmers, policymakers, and researchers. By adopting these practices, 
Mediterranean agriculture can adapt to climate change, reduce its ecological footprint, and ensure 
long-term productivity. The aim is to promote a transition towards sustainable and resilient farming 
systems that balance ecological health with economic viability, thereby safeguarding the region's 
agricultural heritage for future generations. 
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Sustainable soil management practices are crucial to preserve soil health and mitigate adverse effects 
on plant performance. The Portuguese OG New Practices in Rainfed Olive Groves assessed the effects 
of conventional tillage and self-reseeding annual legume cover crops on plant physiological 
performance and soil properties. The application of legume cover crops reduced soil erosion risk, 
improved soil fertility, prevented soil water content loss through evaporation and increased water 
holding capacity. Therefore, the use of leguminous cover crops is a promising strategy for sustainable 
soil management in rainfed olive orchards, as it can provide numerous ecosystem services such as 
nitrogen fixation, hosting beneficials and increasing water retention.  

A viticultural experiment conducted in France (VITIMULCH project) showed that the presence of 
exogenous dead mulches, such as green waste and felts and crushed oysters (Fig. 17), under the row 
can increase soil humidity up to 20% in a dry vintage (depending on the raw material used, Fig. 18). 
Furthermore, dead mulches can improve soil structure and physicochemical properties such as pH or 
organic matter. For example, the annual application of composted green waste under the row (15 cm 
thick and 60 cm wide) improved organic matter in soil from 1.6% to 4.3% and made it possible to keep 
10% more humidity in the soil than in bare soil. 

 

Fig. 17. Vegetal felt under vine raw 
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Fig. 18. Soil humidity (%) at 15 cm depth for different exogenous dead mulches under the vine raw, 2023 
vintage, Vitimulch project. Bars from left to right: bare soil, crushed oysters, coniferous wood chips, green 

waste, spontaneous cover, vegetal felt 

The soil degradation over the last 40 years has caused a decrease of about 30% in the water retention 
capacity of agricultural soils, compromising their ability to respond to catastrophic weather events 14. 
The introduction of tillage techniques along lines, called keylines (Fig. 19), identified along the natural 
water flows, can make a significant contribution to preventing soil erosion and improving soil water 
retention capacity.  

 

Fig. 19. Keyline design in the Domaine des Quarres vineyard in Layon, France 
 (photo credit: Domaine des Quarres) 

Keyline design is an agriculture water management system that uses the force of gravity to slow down 
surface water runoff, intercept it and distribute it slowly away from areas (valleys) with high erosion 
levels. This is achieved by designing precise cultivation patterns that follow the direction of the keylines 
upstream and downstream, ensuring consistent water behaviour over the entire slope 15. 
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Keyline design always starts with a topographical survey (GPS, drone, remote sensing, total station) to 
obtain a contour map of the area under consideration. Using a contour line for reference, a line called 
a keyline intersects upstream of the reference curve and crosses the reference curve with a slight 
slope. A layout representing the cultivation pattern is outlined by drawing the keyline parallel to the 
upstream and downstream (Fig. 20) flows. In practice, water is thus forced to flow in the direction of 
the keylines through tillage and cultivation operations (e.g., ripping, harrowing, sowing, harvesting, 
etc.) for arable crops, aeration for pastures and permanent crops and surface water regulation systems 
(e.g., ditches).  

 

Fig. 20. Arrangement of keylines in arable land (above) and example of tillage following keyline design: a) 
natural waterfall in the valley; b) water forced to flow along ridges 15  

A study in Italy found that keylines significantly impacted runoff distribution and soil moisture in two 
hydrographic basins in Mugello (Florence) 15. Introducing keylines with 20-cm deep ditches, placed 
about 25 m from each other, reduces erosive phenomena between keylines, while outflow follows the 
keylines. The study also found an increase in the topographic wetness index (TWI) due to the significant 
outflow in keylines, indicating that topography controls water movement and soil moisture spatial 
patterns (Fig. 21).  
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Agroforestry and mixed farming, where trees such as carob or pistachio are interplanted with legumes 
or cereals, enhance nitrogen cycling and diversify income 32. Temporal diversification, such as crop 
rotation and staggered harvests (e.g., early apricots, mid-season peaches, late pomegranates), 
supports soil health and year-round economic stability. 

As global warming and economic crises threaten Mediterranean horticultural and ornamental crop 
production, new challenges and opportunities arise. Pitaya, or dragon fruit, offers significant potential 
as a novel crop, requiring minimal water and thriving in high temperatures. With growing consumer 
demand for exotic fruits, pitaya is recognised globally as a superfruit 33.  

To enhance climate resilience, Mediterranean fruit growers can diversify income beyond 
agriculture. Agrotourism activities such as farm stays, guided harvests and tastings provide off-
season revenue and promote local heritage 34. Examples include vineyard tours and wine tastings 
in Tuscany, olive oil workshops in Andalusia, citrus walks in Sicily and almond blossom festivals 
in Mallorca. In the Istria and Dalmatia regions (Croatia), there is a focus on agrotourism with olive 
oil pressing, fig drying and local tastings. These activities connect visitors to traditional 
landscapes while supporting farm sales. 

Producing value-added products from perennial crops boosts farm profitability and reduces 
dependency on volatile markets. Grapes can become wine, juice, raisins or grape seed oil, 
appealing to various consumer segments (Rossi et al., 2020). Olive growers can create extra virgin 
olive oil, flavoured oils, tapenades and cosmetics 35. Citrus crops yield essential oils, 
marmalades, candied peels and dried slices for teas or cocktails, representing a valuable source 
of bioactive compounds for food, pharmaceutical and biomedical uses 36, 37. Mediterranean nuts 
are turned into plant-based flours, drinks and high-protein snacks, meeting the demand for 
sustainable, health-focused foods. 

Other income diversification strategies include agri-crafting workshops where visitors learn 
cheesemaking, bread baking or natural dyeing with farm plants, as well as wellness retreats. Yoga 
in vineyards, Mediterranean cooking classes or herbal walks can attract diverse tourists seeking 
authentic, nature-based experiences. Although these ventures require initial investment, they 
provide long-term stability and new marketing channels. 

Circular economy principles can support sustainability. For example, winemaking grape pomace 
can be reused as compost, animal feed or natural dye 38; 39; olive pits can be processed into biofuel 
or bioplastics; and citrus peels can be used in cleaning products or essential oils. These practices 
reduce waste, lower costs and create new revenue from agricultural by-products. 

Collaborating with local tourism boards, sustainable travel agencies and cultural networks can 
increase visibility and customer reach. By merging value-added processing with agrotourism and 
circular practices, Mediterranean farmers can reduce climate risks, enhance income security 
and contribute to vibrant rural economies rooted in heritage and innovation. 

The GreenVineyards project enhances the skills of wine sector workers to address climate change. 
Upskilling winery staff is essential for resilience and sustainability, creating a positive ecological 
footprint, preparing workers for green jobs and preventing skill shortages, which helps wineries remain 
competitive and responsible. The course, comprising 13 units, targets industry skill gaps to foster a 
sustainable wine sector, with the following focuses: 
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Interspersing cover crops, legumes or aromatic plants between the main crop rows enhances plant 
diversity, directly influencing overall ecosystem biodiversity. Additionally, the different plant heights, 
root systems and growth habits create microhabitats that support various organisms. Crop mixtures 
increase the population of different arthropods, insects and birds 17. Intercropping aromatic and 
medicinal plants with nut trees in integrated management systems has been shown to have significant 
potential for increasing yields, controlling pests/pathogens and weeds and improving soil health and 
the quality of commercial crops 18. The crop mixture can potentially attract beneficial insects, which 
have the potential to keep the harmful pest population below the threshold level.  

Recent studies on biodiversity conducted in pear orchards and vineyards 19, 20 showed that spontaneous 
cover supports natural enemies and specifically increases the population of Hymenoptera (86%), 
minute pirate bugs (80%), spiders (40%), mites and thrips (100%). A similar study conducted in Spain 
by the OG CARBOCERT examined the use of permanent cover with spontaneous vegetation in alleys, 
rows and slopes of almond plantations. The findings revealed a significant increase in biodiversity, 
estimated at 76%, highlighting the ecological benefits of this approach. 
 

  
Fig. 4. Spontaneous dryland cover (left) and spontaneous plant cover maintained by mowing (right) 

(photos: IRTA) 
Similar results can be observed in olive groves and other perennial crops 21. It has been found that 
natural vegetation mowing, instead of tilling, increased biodiversity and can be an asset to favour the 
overall parasitism of the anthophagous generation of the olive moth Prays oleae 22. It also boosted 
plant species richness and diversity, as well as grass and straw cover. 

Cover crops are plants grown primarily to protect and improve soil health rather than for harvest 
(unlike intercropping, where all the crops are harvested). They are a sustainable solution to mitigate 
soil erosion, soil fertility reduction, water-holding capacity, biodiversity loss and other ecosystem 
alterations due to extreme climate events. 

A study conducted by the Centre for the Research and Technology of Agro-Environmental and 
Biological Sciences (CITAB) 23 in rainfed vineyards located in the Douro Demarcated Region 
(northeastern Portugal) evaluated the impact of soil cover management on soil functional biodiversity, 
vine performance and grape quality. Three different inter-row soil management practices (tillage, 
rolling and mowing) were applied (Fig. 5), and several parameters related to biodiversity were assessed 
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The Mediterranean region faces unprecedented challenges from climate change, but the strategies 
outlined in this document offer a pathway to resilience and sustainability. By prioritising soil health 
through organic amendments, cover crops, and reduced tillage, farmers can enhance carbon 
sequestration and combat erosion. Water-efficient practices like deficit irrigation and smart 
technologies ensure optimal resource use, critical in an era of increasing scarcity. Biodiversity 
conservation, including the use of resistant varieties and agroecological practices, strengthens 
ecosystems and reduces dependency on chemical inputs. Innovations in post-harvest handling and 
food processing, such as innovative packaging and dealcoholisation techniques, address climate-
induced shifts in crop quality and market demands. Diversification of income streams through 
agrotourism and value-added products provides economic stability while promoting circular economy 
principles. Collaborative efforts, supported by policies and research, are essential to scale these 
practices and foster widespread adoption. 

The success of these strategies hinges on knowledge sharing, capacity building, and investment in 
sustainable infrastructure. Projects like CLIMED-FRUIT demonstrate the potential of integrated 
approaches to mitigate climate impacts and enhance agricultural resilience. As the Mediterranean 
navigates the complexities of climate change, adopting these practices will be crucial to preserving its 
agricultural legacy, ensuring food security, and maintaining ecological balance. By embracing 
innovation and sustainability, the region can build a resilient future for its farming communities and 
ecosystems. 

 

 

 

 

 


