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Project summary 

CLIMED-FRUIT aims to share knowledge ready for practice, collected from different Operational 

Groups (OG) across Europe, for a better adaptation to climate change and mitigation, in perennial 

crops in the Mediterranean Area (grape vine, olive, fruits). The project builds on the results of a core 

group of 9 OGs coordinated by multi-actor consortium members (advisors, farmer organisations, 

research and education institutes, organisations for standardisation), covering several Mediterranean 

crops in 7 different countries (France, Spain, Portugal, Greece, Italy, Croatia, Serbia). Best practices are 

collected and shared, ranging from (i) soil conservation and carbon storage, (ii) improving resilience of 

crops facing climatic hazards (frost, hail), (iii) innovative practices for adapting water stress 

management, (iv) adaption of food chain processes to climate change and diversification, and (v) 

preserving biodiversity for a better resilience to climate change issues and pests. These groups will 

share their experience through a combination of innovative digital formats, cross-visits and interactive 

local dissemination events. In addition, new knowledge and practices will be gathered more widely by 

organising an open contest. Participants from other European projects, other EIP OGs or even 

international projects from the Mediterranean area will be invited to submit abstracts. The most 

applicable solutions will be selected and pitched in a broad online conference. Participants will be 

invited to rank the best presentations according to cost/benefit ratio, which will be then widely 

disseminated and shared. Social media channels, videos, podcasts, crowd writing contests will be used 

to spread the knowledge. Specific editorial partnerships will be established with most popular technical 

reviews. The network will host a forum to capitalise on existing OG experiences and foster new OGs to 

spread and explore new practical knowledge in relation to adaptation to climate change. 

Objective and executive summary 

Deliverable 4.5. is the product of the activities done in Task 4.4. Production of technical articles for 

Educated Multipliers (Task Leader: SEASN, Participants: all partners) within the WP4 – Summarising 

information, whose text from GA is here entirely reported: 

“Specific material for stakeholders with technical background will be produced, adapted to the variety 

of dissemination means. Each chapter of the 5 sub-topic Reviews will be shaped into technical articles 

suitable to be published in the specialized journals most read by this category of stakeholders. At least 

12 technical articles will be produced.” 
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1. Technical article as a method of knowledge exchange 

The creation of technical articles is a one of the key tools for ensuring long term conservation of 

knowledge through effective dissemination. The purpose is to share content with experts and 

practitioners, technicians and farmers (good technical level, but not scientific). A technical article 

serves as a bridge between complex scientific advances and their practical application, translating 

detailed research findings, technologies, and methodologies into a clear, structured format. These 

articles focus on clarity, relevance, and applicability, avoiding overly theoretical discussions and 

emphasizing practical insights and real-world implementation. Technical articles maximize the 

visibility, understanding, and potential uptake of project results. By providing accurate, concise, and 

actionable information, they contribute to broader impact, foster collaboration, and support the 

sustainability of innovations beyond the immediate research community.  

1.1. Production of Technical articles 

As a first step, a meeting between SEASN/IPN/IFV/CIHEAM BARI/UNE was held at the beginning of 

M25 to discuss the strategy for producing technical articles. In line with the initial plan, it was agreed 

that the technical articles would be based on the content of the Subtopics Review to save time and 

translation costs. Two main options for article development were studied: 

Option 1: Technical articles are linked to one of the chapters of one specific subtopic from the  

Subtopics Review (for example a technical article on dry farming practices that is one of the chapters 

mentioned in Subtopic 2). In this case, the article would build on the general information included in 

Subtopic 2 and provide more detailed insights on specific aspects, such as presenting specific results 

and outlining the technical implementation of certain practices. By building on subtopic content, this 

method retains a multi-crop perspective, allowing each article can be relevant and usable by all 

partners. As a result, these articles are well-suited for publication in multi-crop specialized journals. 

However, if the goal is to promote crop-specific results in dedicated journals (for example, Vitisphère 

for viticulture), additional work would be required. 

Option 2: Technical articles are also based on a specific chapter of one of the subtopics, but in this case 

one specific crop is selected (the one for which the most relevant results are available). This approach 

results in crop-specific articles that are ready for dissemination through specialized sectoral journals. 

However, it also means that not all articles will be of direct interest to all project partners, and it will 

be necessary to ensure the production of at least one article per crop.  

In the second step, partners were consulted to indicate their preferred option. Based on their answers, 

it was decided that for each chapter, where possible, at least one technical article should be dedicated 

to viticulture, and one or more additional articles addressing issues relevant to multiple crop species 

Practices that have already been disseminated through EPA, subtopics, or digital stories should be 

excluded to avoid unnecessary repetition. Each article was limited to a maximum length of 

approximately 1,200 words and produced in English. 

The following structure of the technical article was defined: 

• Introduction 

• Results - divided in subtopics 

description of practices from Core Opreratinal Groups, Open Conest Winners, Crowd Writing 

and research papers 

• Conclusion 

• Bibliography 
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The third step, editing of technical articles, started once UNE completed the proofreading and editing 

of the related subtopics in English. Following this, IPN/SEASN, with contributions from CIHEAM and 

IFV, finished their editing. Subsequently, all other partners were invited to contribute by providing 

additional technical details of their respective practices to support practical implementation. Finally, 

the Editorial Board, composed of four experts from IFV, CIHEAM, AVA ASAJA, and VINDEA, reviewed 

the technical articles and approved them for publication. 

The fourth step – proofreading, editing and translation into the 6 languages of project was provided 

by UNE.  

The list of Technical articles is given in Table 1, and full text of all 12+1 BONUS is given in Annex. Also, 

material in English and all languages is placed on the project website (https://climed-fruit.eu/results/) 

and on the EU Farmbook website. Each partner is free to distribute material on their language through 

web page, social networks, journals, conferences, workshops. 

Table 1. List of Technical articles  

Subtopic 
No 

Subtopic title TA 
No 

Title 

2 Improving resilience to climatic hazards 

1 Improving vineyard resilience: adapting to 
extreme heat and drought conditions in dry 
farming 

2 Improving vineyard resilience: agricultural 
frost damage mitigation techniques  

3 Improving resilience of perennial fruit trees 
facing climatic hazards  

3 
Innovative practices for water stress 

management and dry farming 

4 Improving vineyard resilience: innovative 
practices for water stress management  

5 Improving vineyard resilience: innovative 
practices for dry farming 

6 Innovative practices for water stress 
management and dry farming in perennial 
crops  

1 Soil conservation and carbon storage 

7 Improving vineyard resilience: good practices 
for soil conservation and carbon storage  

8 Improving the resilience of perennial fruit: 
good practices for soil conservation and 
carbon storage  

5 
Preserving biodiversity in the 

Mediterranean area for better resilience 
to climate change issues 

9 Winged allies for your crops: strategies for 
boosting the presence of pollinators 

10 Varietal diversity: building on yesterday’s 
varieties to meet tomorrow’s challenges  

4 
Adaptation of food chain processes to 

climate change and diversification 

11 Dealcoholisation of wine – adaptation of 
wine processes to lower alcohol levels 
associated with rising temperatures 

12 Strategies for adapting food processes to 
climate change – transforming olive waste-
into-valuable resources 

5 
Preserving biodiversity in the 

Mediterranean area for better resilience 
to climate change issues 

13 Green Infrastructure establishment for 
sustainable olive orchards  
The case of LIFE IGIC project 

 

  

https://climed-fruit.eu/results/
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ANNEX 



https://climed-fruit.eu/








https://www.youtube.com/watch?v=CRblHCA8V9M&t=1s
https://www.youtube.com/watch?v=8hwEwlRn26o
http://www.plantarchives.org/20-2/8412-8418%20(6967).pdf


https://climed-fruit.eu/
https://youtu.be/YbUxoIG4qpU








https://www.vignevin-occitanie.com/wp-content/uploads/2023/03/grappe-126-vf.pdf
https://www.sictag.fr/
https://doi.org/10.1128/AEM.01047-06
https://doi.org/10.1016/j.scienta.2024.113088


https://climed-fruit.eu/




https://www.mdpi.com/2311-7524/8/10/939




https://doi.org/10.1038/s41612-023-00423-1
https://doi.org/10.1038/s41612-023-00423-1
https://doi.org/10.1016/j.scienta.2017.11.020
https://cherrytimes.it/en/news/multifunctional-covers-key-tools-cherry-orchard-sustainability-morandi
https://doi.org/10.1016/S0304-4238(99)00114-4
https://www.youtube.com/watch?v=oSl994ugNnI&list=PLqU_4ysqg2Ql8oRs5pa0Ar3zca56c2QyM&index=9
https://www.youtube.com/watch?v=oSl994ugNnI&list=PLqU_4ysqg2Ql8oRs5pa0Ar3zca56c2QyM&index=9
https://doi.org/10.1016/j.scienta.2018.04.019
https://olive4climate.eu/en/
https://doi.org/10.3390/horticulturae8100939
https://www.sciencedirect.com/science/article/abs/pii/S0304423821008323
https://doi.org/10.21273/HORTSCI.44.1.196
https://cerasina.com/wp-content/uploads/2024/01/weigi1_e_a4_web.pdf
https://goaguacatespain.com/mapa/
https://goaguacatespain.com/wp-content/uploads/2021/09/tema-9.pdf


https://climed-fruit.eu/


https://climed-fruit.eu/wp-content/uploads/2024/06/1.-EPA-OFIVO.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/1.-EPA-OFIVO.pdf


https://ives-openscience.eu/wp-content/uploads/2022/06/D8-flash-SerranoE_ok.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/6.-EPA-VIRECLI-Precision-irrigation.pdf


https://climed-fruit.eu/wp-content/uploads/2024/06/6.-EPA-VIRECLI-Precision-irrigation.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/6.-EPA-VIRECLI-Precision-irrigation.pdf


https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf


https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf


https://climed-fruit.eu/
https://www.youtube.com/watch?v=DgNCMCEo3hc


https://www.youtube.com/watch?v=DgNCMCEo3hc
https://doi.org/10.3390/su141711104
https://doi.org/10.3390/su141711104






https://www.youtube.com/watch?v=DgNCMCEo3hc


https://climed-fruit.eu/
https://doi.org/10.1201/9781003351672-16




https://doi.org/10.1016/j.agwat.2017.08.015
https://climed-fruit.eu/wp-content/uploads/2024/06/8.-EPA-GO-AVOCADO.pdf
https://goaguacatespain.com/mapa/


https://climed-fruit.eu/wp-content/uploads/2024/06/8.-EPA-GO-AVOCADO.pdf


https://climed-fruit.eu/wp-content/uploads/2024/06/8.-EPA-GO-AVOCADO.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/8.-EPA-GO-AVOCADO.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/8.-EPA-GO-AVOCADO.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/9.-EPA-GO-CITRICS.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/9.-EPA-GO-CITRICS.pdf


https://climed-fruit.eu/wp-content/uploads/2024/06/9.-EPA-GO-CITRICS.pdf
https://doi.org/10.1016/j.agwat.2023.108393


https://www.phytech.com/almonds
https://climed-fruit.eu/wp-content/uploads/2024/06/10.-EPA-New-Practices-in-Rainfed-Olive-Grovesl.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/10.-EPA-New-Practices-in-Rainfed-Olive-Grovesl.pdf


https://doi.org/10.1016/j.agwat.2023.108393
https://climed-fruit.eu/wp-content/uploads/2024/06/10.-EPA-New-Practices-in-Rainfed-Olive-Grovesl.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/10.-EPA-New-Practices-in-Rainfed-Olive-Grovesl.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/10.-EPA-New-Practices-in-Rainfed-Olive-Grovesl.pdf


https://climed-fruit.eu/
https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf


https://feder.bio/wp-content/uploads/2017/07/Compost-ed-estratti-per-la-sostenibilita-dei-sistemi-agricoli.pdf
https://www.en.une.org/cooperacion/carbocert
https://www.vignevin.com/wp-content/uploads/2023/05/3-stockage-du-carbone.pdf


https://simeos-amg.org/
https://www.vignevin.com/wp-content/uploads/2024/09/Le-projet-OAD-MO.pdf?_rt=MXwxfGNvbXBvc3R8MTczMjUyOTMwNA&_rt_nonce=ebfbe202b4


https://www.youtube.com/watch?v=VHEc0I_WJEM&list=PLqU_4ysqg2QmO7plsRi5r5C_M4mMFuVwW&index=6&t=3s&ab_channel=CLIMED-FRUIT
https://www.vignevin.com/wp-content/uploads/2023/05/2-Engrais_verts_pratiques_performances.pdf
https://www.vignevin.com/wp-content/uploads/2023/05/2-Engrais_verts_pratiques_performances.pdf


https://www.vignevin.com/wp-content/uploads/2023/05/2-Engrais_verts_pratiques_performances.pdf
https://www.youtube.com/watch?v=qbH_yIY_uGM&list=PLqU_4ysqg2QmO7plsRi5r5C_M4mMFuVwW&index=25&t=1s&ab_channel=CLIMED-FRUIT
https://acrobat.adobe.com/id/urn:aaid:sc:EU:116d525d-5e14-4064-a9b8-68a33cf36c7b
https://euroregio.eu/en/european-projects/carbon-farming-med-2
https://www.interreg-central.eu/projects/carbon-farming-ce/?tab=home
https://www.interreg-central.eu/projects/carbon-farming-ce/?tab=home
https://www.life-viticase.eu/en


https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://www.vignevin.com/wp-content/uploads/2024/09/Le-projet-OAD-MO.pdf?_rt=MXwxfGNvbXBvc3R8MTczMjUyOTMwNA&_rt_nonce=ebfbe202b4
https://www.vignevin.com/wp-content/uploads/2024/09/Le-projet-OAD-MO.pdf?_rt=MXwxfGNvbXBvc3R8MTczMjUyOTMwNA&_rt_nonce=ebfbe202b4
https://www.youtube.com/watch?v=VHEc0I_WJEM&list=PLqU_4ysqg2QmO7plsRi5r5C_M4mMFuVwW&index=6&t=3s&ab_channel=CLIMED-FRUIT
https://www.youtube.com/watch?v=VHEc0I_WJEM&list=PLqU_4ysqg2QmO7plsRi5r5C_M4mMFuVwW&index=6&t=3s&ab_channel=CLIMED-FRUIT
https://vignevin.sharepoint.com/:w:/r/sites/climedfruit/Documents%20partages/General/Workpackages/WP4%20Summarising%20info/Task%204.3.%20Writing%20practice%20abstracts%20and%20extended%20practice%20abstracts%20for%20EIP%20AGRI%20community/EPA%27s%20Open%20Contest%20Winners/FV%20EPAs%20OC%20Winners/Lorenzo%20Gabriele%20Tramacere%20-%20cover%20crops%20autoriseminanti/EPA_part1%262_OG%20presentation_Tramacere.docx?d=w5a1b931bcfcd473795e5c9818a7fe5da&csf=1&web=1&e=GZdJHC
https://vignevin.sharepoint.com/:w:/r/sites/climedfruit/Documents%20partages/General/Workpackages/WP4%20Summarising%20info/Task%204.3.%20Writing%20practice%20abstracts%20and%20extended%20practice%20abstracts%20for%20EIP%20AGRI%20community/EPA%27s%20Open%20Contest%20Winners/FV%20EPAs%20OC%20Winners/Lorenzo%20Gabriele%20Tramacere%20-%20cover%20crops%20autoriseminanti/EPA_part1%262_OG%20presentation_Tramacere.docx?d=w5a1b931bcfcd473795e5c9818a7fe5da&csf=1&web=1&e=GZdJHC
https://vignevin.sharepoint.com/:w:/r/sites/climedfruit/Documents%20partages/General/Workpackages/WP4%20Summarising%20info/Task%204.3.%20Writing%20practice%20abstracts%20and%20extended%20practice%20abstracts%20for%20EIP%20AGRI%20community/EPA%27s%20Open%20Contest%20Winners/FV%20EPAs%20OC%20Winners/Lorenzo%20Gabriele%20Tramacere%20-%20cover%20crops%20autoriseminanti/EPA_part1%262_OG%20presentation_Tramacere.docx?d=w5a1b931bcfcd473795e5c9818a7fe5da&csf=1&web=1&e=GZdJHC
https://vignevin.sharepoint.com/:w:/r/sites/climedfruit/Documents%20partages/General/Workpackages/WP4%20Summarising%20info/Task%204.3.%20Writing%20practice%20abstracts%20and%20extended%20practice%20abstracts%20for%20EIP%20AGRI%20community/EPA%27s%20Open%20Contest%20Winners/FV%20EPAs%20OC%20Winners/Lorenzo%20Gabriele%20Tramacere%20-%20cover%20crops%20autoriseminanti/EPA_part1%262_OG%20presentation_Tramacere.docx?d=w5a1b931bcfcd473795e5c9818a7fe5da&csf=1&web=1&e=GZdJHC
https://vignevin.sharepoint.com/:w:/r/sites/climedfruit/Documents%20partages/General/Workpackages/WP4%20Summarising%20info/Task%204.3.%20Writing%20practice%20abstracts%20and%20extended%20practice%20abstracts%20for%20EIP%20AGRI%20community/EPA%27s%20Open%20Contest%20Winners/FV%20EPAs%20OC%20Winners/Lorenzo%20Gabriele%20Tramacere%20-%20cover%20crops%20autoriseminanti/EPA_part1%262_OG%20presentation_Tramacere.docx?d=w5a1b931bcfcd473795e5c9818a7fe5da&csf=1&web=1&e=GZdJHC
https://vignevin.sharepoint.com/:w:/r/sites/climedfruit/Documents%20partages/General/Workpackages/WP4%20Summarising%20info/Task%204.3.%20Writing%20practice%20abstracts%20and%20extended%20practice%20abstracts%20for%20EIP%20AGRI%20community/EPA%27s%20Open%20Contest%20Winners/FV%20EPAs%20OC%20Winners/Lorenzo%20Gabriele%20Tramacere%20-%20cover%20crops%20autoriseminanti/EPA_part1%262_OG%20presentation_Tramacere.docx?d=w5a1b931bcfcd473795e5c9818a7fe5da&csf=1&web=1&e=GZdJHC
https://vignevin.sharepoint.com/:w:/r/sites/climedfruit/Documents%20partages/General/Workpackages/WP4%20Summarising%20info/Task%204.3.%20Writing%20practice%20abstracts%20and%20extended%20practice%20abstracts%20for%20EIP%20AGRI%20community/EPA%27s%20Open%20Contest%20Winners/FV%20EPAs%20OC%20Winners/Lorenzo%20Gabriele%20Tramacere%20-%20cover%20crops%20autoriseminanti/EPA_part1%262_OG%20presentation_Tramacere.docx?d=w5a1b931bcfcd473795e5c9818a7fe5da&csf=1&web=1&e=GZdJHC
https://www.vignevin.com/wp-content/uploads/2023/05/2-Engrais_verts_pratiques_performances.pdf
https://www.vignevin.com/wp-content/uploads/2023/05/2-Engrais_verts_pratiques_performances.pdf
https://www.inrae.fr/sites/default/files/pdf/etude-4-pour-1000-resume-en-francais-pdf-1_0.pdf
https://www.inrae.fr/sites/default/files/pdf/etude-4-pour-1000-resume-en-francais-pdf-1_0.pdf
https://www.youtube.com/watch?v=qbH_yIY_uGM&list=PLqU_4ysqg2QmO7plsRi5r5C_M4mMFuVwW&index=25&t=1s&ab_channel=CLIMED-FRUIT
https://www.youtube.com/watch?v=qbH_yIY_uGM&list=PLqU_4ysqg2QmO7plsRi5r5C_M4mMFuVwW&index=25&t=1s&ab_channel=CLIMED-FRUIT


https://acrobat.adobe.com/id/urn:aaid:sc:EU:116d525d-5e14-4064-a9b8-68a33cf36c7b
https://acrobat.adobe.com/id/urn:aaid:sc:EU:116d525d-5e14-4064-a9b8-68a33cf36c7b
https://euroregio.eu/en/european-projects/carbon-farming-med-2
https://euroregio.eu/en/european-projects/carbon-farming-med-2
https://www.interreg-central.eu/projects/carbon-farming-ce/?tab=home
https://www.interreg-central.eu/projects/carbon-farming-ce/?tab=home
https://www.interreg-central.eu/projects/carbon-farming-ce/?tab=outputs
https://www.life-viticase.eu/en


https://climed-fruit.eu/
https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://feder.bio/wp-content/uploads/2017/07/Compost-ed-estratti-per-la-sostenibilita-dei-sistemi-agricoli.pdf
https://feder.bio/wp-content/uploads/2017/07/Poster-Oltrebio-23012023-2.pdf
https://feder.bio/wp-content/uploads/2017/07/Compost-ed-estratti-per-la-sostenibilita-dei-sistemi-agricoli.pdf


https://climed-fruit.eu/wp-content/uploads/2024/06/5.-EPA-OLTREBIO-COMPOST-TEA.pdf
https://feder.bio/wp-content/uploads/2017/07/Compost-ed-estratti-per-la-sostenibilita-dei-sistemi-agricoli.pdf
https://feder.bio/wp-content/uploads/2017/07/Compost-ed-estratti-per-la-sostenibilita-dei-sistemi-agricoli.pdf


https://doi.org/10.1016/j.eja.2024.127115
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Fig. 6. Pollinator exposure to pesticides: (1) direct contact with pesticides or pesticide residues 
that remain active on foliage and flowers; (2) in nectar and pollen for systemic pesticide treatments 

that are drawn up through a plant’s vascular system; (3) pesticide drift into areas where bees are 
foraging, nesting or gathering nesting material; and (4) pesticide runoff that contaminates water 

that bees forage on or the nesting beds of ground-nesting bees (source: Oregon State 
University/Iris Kormann and Andony Melathopoulos) 

Bees and insect pollinators can be exposed to pesticides used in agriculture or disease 
vector control in various ways, including direct over-spraying, ingestion of contaminated 
pollen, nectar or honeydew, and contact with residues on foliage or flowers (Fig. 6). 
Insecticides are generally found to pose the highest risks to insect pollinators. However, 
the use of fungicides and acaricides may also result in toxic effects on bees. Most 
herbicides are generally not directly toxic to bees, but they can have substantial indirect 
effects on pollinators by removing nectar and pollen sources or nest sites. Pesticide use 
has been considered to be among the top three drivers of pollinator decline in almost all 
parts of the world [11]. 

Reducing the impacts of invasive alien species on pollinators 
Invasive species, such as Asian hornets (Vespa velutina) and certain non-native plants, 
threaten native pollinator populations by outcompeting them for resources or preying on 
them. The Invasive Alien Species Regulation (Regulation (EU) 1143/2014) [12] aims to 
monitor and control invasive species through early detection programs and coordinated 
eradication efforts. Additionally, promoting native plant species in pollinator habitats will 
help ensure that invasive plants do not disrupt local ecosystems. Raising awareness 
among farmers, beekeepers and policymakers about the risks posed by invasive species is 
crucial to preventing their spread and minimising their impact on pollinators. 
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Conclusion 

Preserving pollinator biodiversity contributes significantly to resilience against climate 
change by maintaining ecological functions that are essential for ecosystem stability and 
agricultural productivity. Key strategies include creating habitats rich in native and diverse 
flowering plants, conserving wild areas and reducing pesticide use. Integrated pest 
management (IPM) and organic farming can minimise harm to beneficial species, while 
crop rotation and cover crops enhance biodiversity. Providing nesting sites for pollinators, 
such as bee hotels and undisturbed soil, further supports their populations. Financial 
incentives and policy support will encourage farmers to adopt these practices. 
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Varietal diversity: building on yesterday’s varieties to meet tomorrow’s challenges  

The Mediterranean region has long been home to a rich diversity of perennial fruit crops, 
including grapes, citrus, olives, avocado and almonds. These crops face increasing 
challenges as climate change accelerates, from rising temperatures and prolonged 
droughts to shifting pest and disease pressures. Addressing these challenges requires a 
strategic approach that leverages the genetic diversity of existing traditional varieties and 
the development of new resilient cultivars through breeding programs. 

Farmers are adjusting their practices to cope with the challenge, but many of these 
solutions remain confined to specific regions or agricultural sectors. The EU-funded 
CLIMED-FRUIT [1] project is working to bridge this gap by collecting and sharing innovative, 
climate-adaptive practices from various European agricultural groups to enhance 
resilience and promote effective climate change adaptation and mitigation. This article 
presents a non-exhaustive list of experimental results from experiences carried out across 
Europe and identified in the framework of the CLIMED-FRUIT project. 

Preserving crop diversity 
Climate change is one of the key drivers of biodiversity loss and threatens the survival of 
the strategic reservoir of crop genetic resources needed to adapt production systems to 
future challenges. Modern agricultural systems often rely on a narrow genetic base, 
increasing the risk of genetic erosion and reducing the sector’s ability to respond to future 
challenges. For example, concerning olives, although 139 varieties have been identified 
across the Mediterranean [2], only a few varieties were planted in modern orchards. In 
Spain (the largest olive-producing country), only three varieties (Picual, Arbequina and 
Hojiblanca) are planted in over 90% of the orchards and dominate production. 

There are different strategies for conserving and utilising crop genetic resources, from 
safeguarding traditional varieties to breeding new cultivars, ex situ and in situ conservation, 
the rediscovery of old varieties and wild relatives and the development of new resistant 
cultivars, such as PIWI grape varieties, which aim to reduce chemical inputs while ensuring 
long-term sustainability. 

Among these strategies, ex situ conservation plays a particularly prominent role, as 
illustrated by numerous gene banks and germplasm collections across Europe that 
safeguard the rich diversity of cultivated and wild plant species. The conservation of plant 
genetic resources has traditionally relied on ex situ methods, such as gene banks, where 
plants are preserved outside their natural habitats. Notable examples include the El Encín 
Vineyard Collection in Madrid (3,000 grapevine accessions) and the Alameda del Obispo 
Olive Germplasm Bank in Córdoba (more than 800 olive varieties). In the case of vines, 
France has developed an extensive grapevine heritage, including ancient varieties, modern 
crosses and mutations. Collections have documented around 550 varieties [3], with 377 
officially authorised for cultivation in the French official national vine variety catalogue. 

https://climed-fruit.eu/
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Each year, new varieties — whether traditional French and foreign grape varieties or modern 
breeding selections — are added to this list, enriching France’s viticultural diversity. The 
Mediterranean Germplasm Database [4] is the reference database for the agrifood plant 
germplasm collection stored at the Institute of Biosciences and Bioresources of the Italian 
National Research Council in Bari, Italy. The collection contains about 220 accessions of 
citrus fruits of great agronomic, historical and ornamental value, over 200 accessions of 
both domestic and wild olive trees and about 480 accessions of grapevine. In addition, the 
regional centre for the ex situ conservation of native fruit, vine and olive is located at the 
Basile Caramia Centre for Research, Experimentation and Training in Agriculture, located 
in Locorotondo (southern Italy). The germplasm conservation fields are situated in various 
locations to meet different species’ soil and climatic requirements. Collections have 540 
distinct grapevine cultivars (regional, national and international germplasm), 62 olive 
cultivars (regional and extra-regional germplasm), 93 accessions of sweet orange, 
clementine, mandarin, lemon, lime and related hybrids and rootstocks. Moreover, the 
Locorotondo countryside is home to about 1,000 varieties of fruit species: 210 almond 
trees, 215 fig trees, 193 pear trees, 80 cherry trees, 70 peach trees, 64 apricot trees, 52 
plum trees, 32 apple trees and 60 minor fruit trees. 

Exploration of old or wild varieties that could prove of interest in the face of climate 
change 
Exploring old or wild varieties of Mediterranean fruit trees is a promising strategy for 
improving climate resilience. Many traditional and underutilised cultivars have developed 
natural adaptations to drought, heat stress, pests and diseases over centuries of 
cultivation in marginal environments. Additionally, their wild relatives often possess unique 
genetic traits that can be harnessed to breed more resilient varieties. 

In viticulture, Vitis vinifera ssp. sylvestris (wild grapevine) genetic resources must be 
conserved, considering its potential for improving disease resistance and stress tolerance.  
Wild grapevine is critically endangered, often isolated or in small populations, lacking 
natural regeneration and facing annual declines. Some of these wild vines are preserved in 
the national public ampelographic collection (INRAE Domaine de Vassal, France) or 
regional conservatories (e.g., Charentes, southwestern France). Some varieties may show 
traits better adapted to climate change (maturity period, acidity level, canopy architecture, 
etc.), and additional observations include aromatic precursor analysis, water stress 
assessments and research on disease resistance. Extreme heat and drought are pushing 
winemakers to explore ancient and climate-adaptable varieties. Old grape varieties such 
as Assyrtiko from Santorini (Greece), Xynisteri from Cyprus and Listán Prieto (Fig. 1), which 
has evolved in the high, dry steppes of central Spain’s Castile-La Mancha region, have 
demonstrated exceptional drought resistance, making them valuable in a warming climate 
[5]. The Valovitis project [6] studied over 60 forgotten grape varieties originating in Pyrenean 
regions (southwest France and northern Spain). References of their agronomical and 
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Dealcoholisation of wine: adaptation of wine processes to lower alcohol levels 
associated with rising temperatures 

 

According to the European Environment Agency (EEA), climate change is expected to 
negatively impact grape growth and wine quality in traditional wine-producing regions of 
southern Europe by mid-century [1]. Rising temperatures in wine regions, driven by climate 
change, are accelerating the ripening of grapes and increasing sugar buildup, leading to 
increased alcohol levels in the wine. This shift affects not only wine balance and typicity but 
also challenges fermentation and wine marketability. One strategy to mitigate these 
changes involves implementing agronomic and viticultural practices to reduce the sugar 
content in grapes, thereby preventing excessive ethanol levels in wine. Another approach 
focuses on the winemaking process itself, including selecting yeast strains with lower 
sugar conversion rates or implementing must and wine dealcoholisation processes.  

The Mediterranean region is experiencing some of the most intense impacts of climate 
change on European agriculture, including more frequent extreme heat, droughts, loss of 
biodiversity and intensifying water needs. This is particularly concerning for perennial fruit 
crops like grapevines, which cover substantial areas and are increasingly affected by these 
changes. Farmers are adjusting their practices to cope, but many of these solutions remain 
confined to specific regions or agricultural sectors. The EU-funded CLIMED-FRUIT [2] 
project is working to bridge this gap by collecting and sharing innovative, climate-adaptive 
practices from various sources to enhance resilience and promote effective climate 
change adaptation and mitigation.  

Since the 1980s, alcohol levels in wine have increased by nearly 1% per decade, with an 
average rise of 2–3% overall. Today, most red wines from the Mediterranean exceed 14% 
ABV (alcohol by volume), compromising freshness and aromatic complexity [3]. High 
ethanol levels are often perceived as ‘warmth’ in the mouth and can distort aroma 
perception by affecting the volatility of key compounds [4]. From a technical standpoint, 
high alcohol poses challenges in completing fermentation and results in higher taxation in 
many countries [5]. At the same time, consumer demand for low-alcohol wines is rising, 
driven by health trends and shifting social norms. In response, the EU introduced two new 
categories of wines in the Consolidated text of Regulation (EU) No 1308/2013 [6, 7]: 

 ‘Dealcoholised wine’: ≤ 0.5% vol. 
 ‘Partially dealcoholised wine’: greater than 0.5% vol. and less than 8.5% vol. or 9% 

vol. (depending on the wine-growing zone)  
 
In addition, under Regulation (EU) 2019/934, producers are allowed to reduce the alcohol 
content of wine by up to 20% of the original alcohol content [8]. 

Methods for producing lower-alcohol wines 

https://climed-fruit.eu/


 

  

 

2 
This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 
101060474. This communication only reflects the author’s view. The Research Executive Agency is not responsible for any use that may be made of 
the information provided. The authors and editors do not assume responsibility or liability for any possible factual inaccuracies or damage resulting 
from the application of the recommendations in this article.  

Te
ch

n
ic

al
 A

rt
ic

le
 N

º 
1

1
 

There are various strategies to moderate rising ethanol levels in wine, as well as to produce 
no- or low-alcohol wines, involving techniques implemented at the pre-fermentation, 
fermentation and post-fermentation stages of wine production. Each strategy differs in 
terms of dealcoholisation efficiency [9, 10] (Fig. 1). Examples of such strategies include 
adapting viticultural practices by introducing new grape varieties, altering cultivation 
methods and relocating vineyards to cooler regions to slow down sugar accumulation in 
the fruit. Other approaches involve using underripe grapes from cluster thinning or 
selecting yeast strains that produce less ethanol [11]. 

Agronomic practices, such as shading and different types of pruning, have been shown to 
be effective in reducing sugar content in grapes [12]. The reduction of leaf area to fruit mass 
after fruitset may lead to better synchronisation of sugar and flavour/phenolic ripening [4]. 
Alternative techniques are trimming the vine canopy to reduce the sugar accumulation in 
the grapes and foliar application of antitranspirants to reduce photosynthetic capacity [13]. 

Physical methods are widely used and permitted to reduce alcohol content in wines. These 
kinds of methods are applied during fermentation or in the post-fermentation stage and 
include membrane-based processes and distillation. Of the distillation methods, the 
spinning cone column (SCC) is broadly used, especially to achieve no or very low alcohol 
content. The SCC is a falling film separator consisting of a rotating vertical shaft and 
vertically stacked cones that rotate alternately and are fixed in place. This technology 
operates under vacuum conditions at low temperatures (approximately 25–40°C), 
preserving the wine’s delicate aromas and flavours. The process has two steps: first, aroma 
compounds are separated at ~28–30°C and reduced vacuum pressure (0.04 atm); then, 
ethanol is distilled and separated at ~38°C. The aroma is then recombined with the 
dealcoholised wine. Due to its complexity and cost, SCC is best suited to large wineries 
with specialised facilities [14]. 

Membrane-based techniques have been developed in the last 15 years and have 
revolutionised the selective removal of ethanol from wine while preserving the sensory 
quality. Separation is driven either by pressure (as in reverse osmosis and nanofiltration) or 
by concentration gradients using a stripping flow (membrane contactors). These methods 
offer advantages such as energy efficiency, product quality and ease of use, especially for 
small wineries. However, scaling up can lead to issues such as membrane fouling, variable 
performance and higher operating costs, making industrial applications more challenging 
[15].  
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Fig. 1. Authorised methods for alcohol reduction in wine [9, 10]  

 

Reduction of alcohol content at the fermentation stage: partial evaporation under 
vacuum during alcoholic fermentation (AF) 

Partial vacuum evaporation of ethanol — currently under review by the OIV (International 
Organisation of Vine and Wine) for use during fermentation (already authorised for finished 
wine) — involves extracting alcohol through partial vacuum evaporation during alcoholic 
fermentation. This approach helps preserve and even enhance aromatic compounds, as 
yeasts continue to generate new aromas after the alcohol evaporation. The French Wine 
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and Vine Institute (IFV)  [10] has tested this method on Sauvignon, Grenache Rosé and 
Syrah musts with promising results (Fig. 2). 

 

Fig. 2. Partial vacuum evaporation of ethanol from fermenting must [10]  

 

The removal of ethanol from the fermenting must during a single pass through the 
dealcoholisation equipment ranged from 0.97% and 2.2% v/v. The final ethanol reductions 
in the wines were: Sauvignon 1 (11.5% to 9.2% v/v), Sauvignon 2 (12.8% to 8.7% v/v), 
Grenache Rosé (16.0% to 14.0% and 12.1% v/v), and Syrah (14.6% to 13.5% and 11.6% v/v). 
In all cases, the dealcoholisation of musts through vacuum evaporation led to a slight 
increase in total acidity and a drop in pH. The polyphenol concentration also increased, 
which was attributed to the concentration effect caused by the removal of water and 
alcohol as condensate. In the Sauvignon, reducing the alcohol during fermentation led to a 
decrease in thiol compounds, which are essential for the variety’s distinctive aroma. 
However, this loss is partially offset by an increase in other aromatic compounds, 
indicating a shift rather than a complete loss of aromatic expression. An increased 
concentration of esters and acetates was observed in the Grenache Rosé and Syrah wines. 
Additionally, the Grenache Rosé had slightly higher norisoprenoid and terpenol content 
compared to the control. 
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Reducing alcohol levels in the post-fermentation stage 

Example of coupling reverse osmosis/nanofiltration with distillation/membrane contactor  

Direct distillation is never used to dealcoholise wine under atmospheric pressure due to 
the high risk of aroma loss; instead, a two-step process is used. First, reverse osmosis (RO) 
or nanofiltration (NF) removes a permeate containing alcohol, water and small molecules 
(e.g., acids, potassium). Alcohol is then separated from the permeate via distillation or 
membrane contactor, and the recovered water is reintroduced into the wine (Fig.3). 

 

Fig. 3. Nanofiltration (NF) or reverse osmosis (RO) with either distillation or membrane contactor 
[10] 

The process can be conducted continuously (if volumes are large) or in separate locations, 
RO/NF at the winery and distillation at a distillery. For low-level dealcoholisation, only 
about 18% of the wine volume needs transporting (for a 2% reduction), keeping costs low. 
The recovered alcohol is highly concentrated (85–95% vol.) and can be used by the 
distillery. Volume loss slightly exceeds the ethanol removed (e.g., 1.1% loss for 1% vol. 
ethanol reduction).  
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Retentate 

 

NF 
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or 
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Coupling osmotic distillation with pervaporation: possibility of achieving near-zero 
wastewater in wine dealcoholisation1 

In the research conducted by Esteras-Saz et al. (2023) [16], osmotic distillation (OD) was 
coupled with pervaporation (PV) to add value to the wastewater (extracting water) produced 
in OD. Tempranillo red wine was dealcoholised from 14.0% to 11.0% v/v via a membrane 
OD process, with a commercial polypropylene hollow fibre module. The OD extracting 
water, containing ca. 5.3 wt% (weight %) ethanol, was further processed via sequential PV 
using hydrophobic (PDMS or silicalite-1) and hydrophilic (mordenite or faujasite) 
membranes (Fig. 4). This process yielded two products: bioethanol (recovering 88% of 
ethanol removed from the wine) and 99.4 wt% water, which was reused in OD. Aroma 
compound losses averaged 30% for aliphatic alcohols and ethyl esters and 17% for acids, 
while aromatic alcohols were largely retained. The low-temperature OD-PV integration 
offers an efficient, sustainable method for wine dealcoholisation with minimal aroma loss 
and effective resource recovery. 

 

 

Fig. 4: General outline of the osmotic distillation-pervaporation coupling [16] 

Conclusion 

As Mediterranean wine regions face increasing alcohol levels due to climate change, 
dealcoholisation has become a key adaptation strategy. However, most current techniques 
can alter the wine’s sensory profile, especially when the alcohol is reduced by more than 
1–2% v/v. In almost all cases, this also entails higher production costs due to necessary 

                                                           
1 Not authorised by OIV 
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investments in new grape varieties, double harvesting, applying advanced technologies 
such as membranes and distillation and loss of wine volume due to dealcoholisation. 
Balancing quality, authenticity and economic feasibility is now a major challenge for the 
wine sector, requiring close collaboration between winemakers and researchers. 
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Strategies for adapting food processes to climate change: transforming olive 
waste into valuable resources 

Adapting food processes to climate change through the waste-to-resource concept 
involves transforming food waste into bioenergy, organic fertilisers and bioplastics, using 
microbial processing for by-product conversion, and adopting sustainable packaging 
solutions. Other strategies include composting organic waste to improve soil quality, 
recovering energy from waste through anaerobic digestion, utilising resilient and 
underutilised crops and optimising supply chains with digital tools to reduce food loss. 
These approaches promote a circular economy, enhance food security, reduce 
environmental impact and foster climate resilience in food systems. 

Farmers are adjusting their practices to cope with the challenge, but many of these 
solutions remain confined to specific regions or agricultural sectors. The EU-funded 
CLIMED-FRUIT [1] project is working to bridge this gap by collecting and sharing innovative, 
climate-adaptive practices from various European agricultural groups to enhance 
resilience and promote effective climate change adaptation and mitigation. This article 
presents a non-exhaustive list of experimental results from experiences and research 
carried out across Europe and identified in the framework of the CLIMED-FRUIT project. 

Reuse of olive by-products and co-products   

Olive oil extraction has increased significantly due to the health benefits of olive oil, leading 
to the production of large amounts of olive mill wastes (OMWs), which cause serious 
environmental issues. Depending on the extraction method, these wastes include polluted 
wastewater and solid residues, such as olive skin, stones and pomace. Olive pomace, 
consisting of crushed husk, pulp and stones, along with liquid residue, represents a 
significant by-product, with 35 kg of pomace and 100 litres of liquid produced per 100 kg of 
olives [2]. The modern two-phase extraction method, considered more eco-friendly than 
the three-phase process, still produces waste with a high moisture content of around 65–
70% [3]. Managing these wastes is an ongoing challenge for olive oil producers, from both 
economic and environmental standpoints. However, adopting a ‘zero waste’ strategy 
through the waste-to-resource concept can transform OMWs into valuable products, 
supporting a circular economy in the olive oil industry [4]. OMWs, rich in organic material 
and bioactive compounds, are increasingly seen not as waste but as a resource to be 
reused. This approach promotes sustainable practices and can have significant 
socioeconomic benefits, especially in low-income regions, contributing to more 
sustainable and eco-friendly olive oil production processes (Fig. 1). 

https://climed-fruit.eu/
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Fig. 1. OMW applications following the waste-to-resource concept [4]  

 

Olive processing waste: biofuel example 

The Mediterranean countries produce 95% of the global olive oil supply [5]. The olive oil 
industry in the Mediterranean area is evolving due to climate change and environmental 
pressures. Olive oil production generates considerable waste, particularly olive pits and 
pomace, which pose disposal challenges but also present significant opportunities for 
energy recovery potential. Olive pits and pomace, with calorific values of 17–20 MJ/kg and 
19-24 MJ/kg, can be utilised in biomass boilers or transformed into high-efficiency pellets, 
offering a renewable alternative to fossil fuels and reducing energy costs in olive mills [6] 
[7]. Olive pomace can be converted into fuel briquettes and pellets through drying, sieving, 
grinding, and compression, providing biofuels for olive oil production, such as heating 
water during grinding, and enhancing circular, energy-resilient processing systems [8]. The 
impurity content (pulp, skin and small twigs) modifies the properties of olive stones as a 
fuel. Higher fractions of impurities cause lower bulk densities, as well as higher net calorific 
values, ash, fines below 1 mm, oil and nitrogen content [9]. 

The EU BIOmasud® plus project [10] aimed to promote the sustainable market for 
Mediterranean solid biofuels used in residential heating, with the primary objective of 
developing integrated solutions to enhance the quality and sustainability of Mediterranean 
solid biofuels. This included extending BIOmasud® certification to new biofuels and 
countries. The BIOmasud® plus project has commercialised olive stone and cake as 
biofuels in Spain, Greece, Italy, and Turkey, with olive cake being the second most used 
biofuel in Spain's industry in 2015. Unlike solid biofuels like firewood and briquettes, the 
quality of olive stone is not graded by the ISO 17225:2014 standard. Spain has established 
a national standard (UNE 164003:2014) for grading olive pit quality for combustion 
purposes. Additionally, 7 Spanish and 5 Italian olive stone producers are certified by the 
BIOMASUD quality system for Mediterranean biofuels. Innovative thermochemical (e.g., 
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pyrolysis, gasification) and biochemical (e.g., bioethanol, biogas) conversions of olive by-
products are being explored, though largely at the research stage. 

In southern Italy, the Bitonto Olive Producers Cooperative [11] is a cooperative mill with a 
high awareness of the environmental impact of two-phase olive mill waste. The quantity of 
processed products stands at 150,000 quintals of olives delivered per olive oil campaign. 
The waste comprises 30–40% pitted pomace, 12–13% olive stones and 50% oil mill 
wastewater. The cooperative utilises 1–2% of the 12,000 qx/campaign (Fig. 2A) of produced 
olive stones, which are converted into thermal energy to supply three internal water heaters 
(Fig. 2B). The remainder of the olive stones is sold to a private party and represents 5% of 
the turnover. Furthermore, the pitted olive pomace and mill wastewater are provided to a 
biogas digester company to convert the waste into biogas through anaerobic digestion. 

 

Fig. 2. The olive stones produced by the cooperative (A) and the water heater used to produce hot 
water onsite(B) 

 

Olive residues to generate bioinsecticides for pest control 
The main objective of the EU project LIFEWaste4Green [12] was to mitigate the adverse 
effects on the environment and human health of chemical origin pesticides, currently used 
in stone fruit crop protection. 

Olive mill wastewater (OMW), a byproduct of olive oil production, poses a serious 
environmental problem in olive oil-producing countries like Morocco, as it is often 
discharged into ecosystems without prior treatment. OMW is known for its antimicrobial 
and biocidal properties, making it effective in controlling plant pests. Due to its high 
phenolic content, crude OMW has been explored as a natural bio-insecticide against 
Potosia opaca in date palms [13]. Experimental results showed that crude OMW caused 
weight loss of treated larvae comparable to the commercial insecticide Cordus (50% 
chlorpyriphos ethyl) in concentrations of 17% and 15%, and mortality rates nearly 
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equivalent to those of the commercial insecticide Kemaban (48% chlorpyriphos ethyl). 
Additionally, OMW extract had a strong insecticidal activity against Euphyllura olivina and 
Aphis citricola (Fig. 3) when the applied concentration was 2 g/L [14]. The biocidal activity 
of OMW is mainly attributed to its high phenolic compound content.  

 

Fig. 3. Assessment of the toxicity of different concentrations of OMW extracts after 24-h exposure 
[14]  

Transforming olive waste into animal feed 
Olive by-products represent a valuable and underutilised resource for livestock feeding, 
particularly in Mediterranean regions where olive oil production generates large amounts 
of agricultural waste. Recent studies have highlighted how these by-products, such as olive 
leaves, olive cake (OC), olive pomace and olive mill stone waste (OMSW), can be safely and 
effectively used in the diets of both ruminants and monogastric animals such as pigs, 
improving sustainability while maintaining or even enhancing animal performance and 
product quality. 

Olive leaves, for example, can provide up to 50% of the energy and amino acid requirements 
for sheep and goats at maintenance levels. When adequately supplemented, they can 
serve as part of the forage component in productive diets. Farmers are advised to feed olive 
leaves fresh, as drying or ensiling them can reduce their nutritional value. However, caution 
is needed due to their high copper (Cu) content, which may limit their use, particularly in 
sensitive species [15]. 

Olive cake (OC), the solid residue left after oil extraction, is another promising feed 
ingredient. It can be preserved by ensiling or by incorporating it into multi-nutrient blocks, 
making it more practical for farm use. A recent study [16] showed that feeding OC to Bísaro 
pigs did not negatively affect key productive parameters such as growth, average daily feed 
intake (ADFI), feed conversion ratio (FCR) or digestibility. Two trials tested different OC 
types and inclusion levels. In the first, pigs were fed diets with 0%, 5%, 10%, 15% and 20% 
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exhausted OC (EOC) for 15 days. In the second, over 82 days, pigs received either a control 
diet or diets containing 10% crude OC, 10% two-phase OC, 10% EOC or 10% EOC with 1% 
added olive oil. Across both trials, OC was well accepted, and no negative effects were 
observed. In fact, feed intake increased with higher inclusion levels. These results support 
OC as a safe, sustainable feed ingredient at moderate levels, helping farmers reduce feed 
costs and utilise local agro-industrial by-products. 

In ruminants, incorporating OC at up to 15–20% of dry matter in diets does not impair 
digestion or growth. More importantly, OC supplementation improved the quality of milk 
and meat by increasing monounsaturated fatty acids (MUFAs) and decreasing saturated 
fatty acids (SFAs). These changes enhance the nutritional value of animal products for 
consumers by reducing the risk of cholesterol-related diseases [17]. 

Olive pomace and OMSW are also rich in fibre and energy, but their use is limited by 
antinutritional compounds such as polyphenols and tannins, especially in raw form [18]. 
However, novel studies [19] [20] demonstrated that solid-state fermentation (SSF) with 
beneficial fungi such as Pleurotus ostreatus can detoxify OMSW, increase its protein and 
fat content and improve digestibility, especially for poultry. Mixing OMSW with other by-
products, such as oat bran, can further enhance its feed value, offering farmers a low-cost, 
nutritious alternative that also supports animal health through the presence of bioactive 
compounds such as β-glucans. 

In summary, olive by-products offer a sustainable, cost-effective feeding solution for 
farmers. With proper processing and inclusion levels, they can maintain animal 
productivity, improve product quality and contribute to more circular, environmentally 
friendly farming systems. 

Conclusion 

Olive oil production creates large amounts of waste, but these by-products, such as olive 
pomace, pits, leaves and mill wastewater, can be valuable resources when properly 
managed. Instead of treating them as waste, farmers can use them to produce biofuels, 
natural pest control products, compost or even livestock feed. These practices not only 
reduce disposal problems and environmental harm but also offer new ways to save costs 
or generate income. Feeding animals with olive by-products, for example, can cut feed 
expenses while maintaining product quality. Using pomace or stones as fuel helps lower 
energy bills in olive mills. Even wastewater can be used as a natural insecticide. These 
strategies are already being applied across Mediterranean regions and supported by EU 
projects. By adopting them, farmers contribute to more sustainable, circular farming, 
turning waste into opportunity. 
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Green Infrastructure (GI) is defined as “a strategically planned network of natural and semi-
natural areas, along with other environmental features, designed and managed to deliver a 
wide range of ecosystem services” (European Commission, 2013). The implementation of 
Green Infrastructure (GI) —also referred to as Ecological Infrastructure— in 
agroecosystems, along with the application of agroecological farming practices in olive 
orchards and other perennial crops, has been proposed as a promising strategy to enhance 
biodiversity and sustainability, counteract the negative impacts of intensive management, 
and improve resilience and adaptation to climate change (Kabourakis, 1999; Cramer et al., 
2018; MAES et al., 2018). 

In olive orchards, GI consists of both natural and constructed elements (GI components), 
such as aromatic, medicinal, and fruit-bearing plants, water ponds, and stone or brush 
refuges, as well as the application of sustainable agroecological farming practices (Figure 
1). These practices include optimal canopy management (e.g., pruning and recycling of 
pruning residues), agroecological soil management (e.g., minimal tillage and use of cover 
crops), nutrient and fertilizer management, irrigation water management, and plant 
protection strategies. 
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Figure 1. Elements of a Green Infrastructure in an olive orchard (© Source: E. Kabourakis, 
LOVAPS Lab – HMU) 

 

Green Infrastructure (GI) provides numerous agroecosystem, environmental, and human 
benefits, collectively referred to as agroecosystem services. These include biodiversity 
conservation, improved soil fertility and health, reduced soil erosion and nutrient leaching, 
pest regulation, wind protection, runoff reduction and control, decreased contamination of 
surface and groundwater, and support for processes such as nitrogen assimilation, 
nitrification, and decomposition. Additionally, GI can lower labor and farming costs while 
enhancing the economic profitability and environmental value of olive orchards. By 
increasing the availability of habitats that offer shelter, food, and breeding grounds for 
various animal species—including arthropods, birds, reptiles, mammals, and 
amphibians—GI also delivers biodiversity-related benefits. These include natural pest and 
disease control, pollination, protection and enhancement of flora and fauna populations 
that depend on agricultural land for survival and reproduction, and improved connectivity 
between farmland and adjacent natural areas (e.g., NATURA 2000 sites) through the 
creation of green corridors and patches that facilitate species movement and dispersal. 

Within the framework of the LIFE IGIC project, the establishment of GI led to increased 
populations of aromatic plants, shrubs, and fruit-bearing trees, as well as enhanced 
populations of wild functional flora and fauna in olive orchards. In total, 270 plant species, 
18 gastropod species, 9 mammal species, 3 reptile species, and 16 arthropod taxa—
including many functional species such as parasitoids (Psyttalia concolor, Pnigalio 
mediterraneus, Eupelmus urozonus) and predators (e.g., Chrysoperla carnea, Hemerobius 
humulinus)—were recorded in the LIFE IGIC pilot orchards. 
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Sustainable farming practices implemented in the project included minimum tillage, soil 
cover use, pruning residue recycling, green manuring, and sustainable irrigation, 
fertilization, and plant protection management. The establishment of GI improved the 
resilience of olive orchards to climate change, reduced greenhouse gas emissions, and 
enhanced soil fertility and tree nutrition. It also contributed to the preservation and 
enhancement of the agricultural landscape in the project area. Moreover, the project raised 
awareness and educated rural stakeholders, policymakers, and the general public through 
educational and outreach events. It also developed a Decision Support Tool (DST) for 
assessing GI implementation in olive orchards. Finally, the project created a certification 
standard for olive products and a prototype for agroecotourism activities that incorporate 
Green Infrastructure. Further information is available on the LIFE IGIC project website 
(www.lifeigic.eu) and in the project video 
(https://www.youtube.com/watch?v=IvGDESfrsmI). 
 

GI-elements establishment 
The LIFE IGIC project established Green Infrastructure (GI) in pilot olive orchards located in 
the Messara Valley (southern Crete, Greece). Based on the project’s outcomes, the 
following technical guidelines were developed to support the successful implementation 
of GI in olive orchards: 

1. Planting of aromatic, medicinal plants and fruit-bearing trees 

Suggested practice: Plant aromatic, medicinal, and fruit-bearing trees and shrubs (see 
Figure 2). 

Instructions:  

- A key requirement for establishing trees and shrubs is access to irrigation water 
during the initial growth phase. Therefore, planting locations should be selected near 
irrigation sources. During the first few years, plants must be regularly irrigated and 
maintained according to species-specific and weather-related needs. 
- Planting can be done along the margins of olive orchards. If GI-supporting trees and 
shrubs are planted within the orchard, their placement should avoid interfering with annual 
field operations (e.g., pruning, harvesting) or machinery movement. 
- Proper fencing is necessary to protect young plants from free-ranging grazing 
animals. 

Technical characteristics: The number suggested is 100 – 400 aromatic plants/hectare or 
30 - 100 trees/hectare or a combination of both. 

Plant species that are suggested to be established as GI elements include aromatic and 
medicinal plants: sticky fleabane (Dittrichia viscosa), Cretan savory (Satureja thymbra), 
wild oregano (Origanum onites), dittany (Origanum dictamnus), Mediterranean thymus 
(Thymbra capitata), three-lobed sage (Salvia fruticosa), rosemary (Rosmarinus officinalis), 

http://www.lifeigic.eu/
https://www.youtube.com/watch?v=IvGDESfrsmI


 

 

 
 

4 
This project has received funding from the European Union’s Horizon Europe research and innovation programme under grant agreement No 
101060474. This communication only reflects the author’s view. The Research Executive Agency is not responsible for any use that may be made of 
the information provided. The authors and editors do not assume responsibility or liability for any possible factual inaccuracies or damage resulting 
from the application of the recommendations in this article.  

Te
ch

n
ic

al
 A

rt
ic

le
 N

º 
1

3
 

 

French lavender (Lavandula stoechas) and fruit trees and shrubs, such as: lentisk (Pistacia 
lentiscus), Cretan ebony (Ebenus cretica), spiny broom (Calicotome villosa), Spanish 
broom (Spartium junceum), tree medick (Medicago arborea), wild almond (Amygdalus 
webbii), almond-leaved pear (Pyrus amygdaliformis), pomegranate (Punica granatum), 
cypress tree (Cupressus sempervirens) and small-flowered tamarisk (Tamarix parviflora). 

The detailed list of the supporting GI species planted in the LIFE IGIC project is available 
online on the DST tool (Green Infrastructure in Olive orchards). 

 

 

 
Figure 2: GI-plantation establishment (© Source: LOVAPS Lab – HMU) 

 

2.Establishment of stone refugia 

Suggested practice: Establishment of stone refugia (Figure 3).  

Instructions: Stone refugia should be placed in locations that provide functional 
microhabitats for target fauna species while avoiding interference with olive tree and 
soil management practices (e.g., harvesting, pruning residue handling, fertilization). 
The size and placement of stone elements may vary depending on orchard topography 
and machinery access. 

Technicalities: Stone refugia can be rectangular, circular, or any other shape. A 
recommended size is approximately 1 meter in height and 2 meters in base diameter 
for stability. Metal mesh, wire, and nails can be used to reinforce the structure. Mesh 
covering is advised to prevent human disturbance, such as stone removal or snail 
foraging.  

https://lovaps.hmu.gr/apps/green-report/index/
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Figure 3: Example of stone refugia established in the framework of LIFE IGIC project (© 

Source: LOVAPS Lab – HMU) 

 

3. Establishment of brush piles  

Suggested practice: Establishment of brush piles (wooden branches and trunks) 
(Figure 4). 

Instructions and technicalities  

Brush piles can be placed both at the edges and within olive orchards. A minimum of 2 
piles per hectare is recommended, with an optimal density of at least 5 per hectare. 
Materials can be sourced from within the orchard, such as pruning residues and 
branches. Metal wire can be used to stabilize the piles and prevent damage or 
displacement. To enhance their ecological function, brush piles should include 
features such as nesting holes in trunks and tightly packed branches to improve habitat 
quality. Piles located between olive trees may be mulched during the harvest and soil 
management period (typically October–January) to avoid interference with operations 
or during high wildfire risk periods, in accordance with civil protection guidelines. 
Outside of these periods, the piles should remain in place year-round. 

 

 

Figure 4: Brush pile refugio in the framework of LIFE IGIC project (© Source: LOVAPS 
Lab – HMU) 
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4. Establishment of water ponds 

Suggested practice: Establishment of artificial water ponds (Figure 5). 

Instructions and technical specifications 

A reliable irrigation water source is essential for refilling the ponds. Therefore, ponds 
should be located near irrigation infrastructure (e.g., network pipes). A density of 1–2 
ponds per hectare is considered sufficient. Ideally, ponds should be placed under olive 
tree canopies to reduce evaporation and near other GI elements such as brush or stone 
refugia. Construction involves digging a small hole with a maximum depth of 1 meter 
and a shallow section of 30–40 cm, with a total volume of about 1 cubic meter. 
Waterproof PVC basins (1 m long × 0.3 m wide × 30 cm deep) can be installed. Stones 
and wooden logs should be placed inside to provide escape routes for animals that may 
fall in. Permanent concrete structures should be avoided, as they may hinder farming 
operations like harvesting. Ponds should be refilled during summer and cleaned 
monthly to prevent water stagnation. 

 

      
Figure 5: Establishment of water ponds in olive orchards in the framework of LIFE IGIC 

project (© Source: LOVAPS Lab – HMU) 

 

Agroecological - Sustainable farming methods application 
The application of agroecological and sustainable farming methods is a core component of 
GI in olive orchards and is essential for its effective implementation. The LIFE IGIC project 
proposed and applied the following practices. 

1. Olive tree canopy and pruning residues management. 

Suggested practice: Conduct systematic annual, early-season pruning of olive trees, 
followed by shredding and incorporation of pruning residues into the soil (Figure 6). 
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Instructions: Dense canopy growth should be pruned by removing vigorous shoots and 
those that block sunlight, to ensure adequate light penetration and air circulation. Trees 
that have produced heavily in the previous season or have not been properly pruned for a 
long time should be prioritized. All infected or dry shoots must be removed. Instead of 
burning, pruning residues should be shredded using a mulching machine and returned to 
the soil as organic matter. 

 

    

Figure 6: Mulching and incorporation of pruning residues (© Source: E. Kabourakis, 
LOVAPS Lab – HMU). 

 

2. Soil and spontaneous vegetation management  

Soil in olive orchards should remain covered for as long as possible—especially during the 
rainy season—either with vegetation or plant debris. It is also recommended to protect 
and/or create uncultivated habitats (biotopes) within olive orchards, particularly in large 
areas with a monoculture of olive trees. 

Suggested practice 1: Minimum soil tillage 

Instructions: Apply minimal soil disturbance using appropriate tools to reduce erosion and 
compaction. If tillage is necessary, it should be shallow (10–15 cm) and performed with 
tools such as a chisel plough-type cultivator (which does not invert the soil) or a disc 
harrow.  

Suggested practice 2: Application of cover crops, companion crops and green manuring 
(Figure 7).  

Sow a mix of legume and grass species at the beginning of the rainy season (e.g., Vicia faba, 
Vicia sativa, Pisum sativum, Triticum spp., Hordeum spp.). Incorporate the biomass into 
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the soil during legume flowering for green manuring. Companion crops such as legumes 
and cereals help improve soil fertility and structure. 

 
Figure 7. Use of cover crops  and mulching (© Source: E. Kabourakis, LOVAPS Lab – HMU) 

Suggested practice 3: Retention of spontaneous flora as groundcover and mowing (Figure 
8). 

Maintain spontaneous vegetation as ground cover and mow it before olive tree flowering. 
Leave it undisturbed for the rest of the year, except during high wildfire risk periods, when 
mowing should follow civil protection guidelines. 

    

Figure 8: Left: Spontaneous flora soil cover; Right: Mowing of spontaneous flora (© Source 
E. Kabourakis, LOVAPS Lab – HMU) 

Suggested practice 4: Uncultivated hedge strips of spontaneous flora and GI-plantations 
(Figure 9). 

Maintain uncultivated hedge strips or biotopes within or along the edges of olive orchards 
year-round. These are especially important in orchards adjacent to human settlements, 
industrial zones, roads, or intensively managed farmland. 
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Figure 9: Buffer strip comprised by GI-supporting species and spontaneous flora on the 
sides of olive orchards (© Source E. Kabourakis, LOVAPS Lab – HMU) 

 

3. Agroecological nutrient and fertilizer management  

Suggested practice: Rational use and minimization of synthetic chemical inputs and use 
of organic fertilizers (Figure 10). 

Instructions: Apply balanced fertilization annually or biennially, depending on orchard 
management, soil properties, tree nutritional status, and weather conditions. Use organic 
fertilizers such as animal or green manure and natural minerals to enhance soil fertility 
through slow nutrient release and improved tree nutrition. 

 

Figure 10: Organic fertiliser (animal manure) application (© Source, LOVAPS Lab – HMU) 

 

4. Agroeocological irrigation water management 

Suggested practice: Water harvest and efficient irrigation water methods according to the 
requirements of the olive trees and the soil. 
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Instructions: Harvest water using minimal tillage and contour-following techniques in 
sloped orchards. Maintain ground cover to support water retention. Use efficient irrigation 
systems such as drip irrigation, ensuring even water distribution across the orchard. 
Maintain the irrigation network to prevent leaks. Irrigation should preferably occur in the 
early morning or late afternoon. 

 

5. Agroecological plant protection  

Suggested practice: Minimize synthetic chemical pesticide use and apply plant protection 
products rationally. Promote natural enemies and prevent pest and disease outbreaks. 

Instructions: Use plant protection products only when necessary, with. minimum use of 
synthetic chemical pesticides and in accordance with monitoring and official guidelines. 
Prioritize biological control methods using natural predators and parasitoids (beneficial 
insects). Prevention is key. Use attract-and-kill traps to manage olive fruit fly populations 
(Figure 11).  

 

   
Figure 11: Right: MacPhail trap for olive fruit fly (Bactrocera oleae) monitoring - Left: 

Attract and kill trap in an olive orchard (© Source E. Kabourakis, LOVAPS Lab – HMU) 

 

Conclusion 

In conclusion, integrating Green Infrastructure (GI) into olive orchards enhances climate 
resilience, protects natural resources and biodiversity, improves environmental 
performance, and supports the delivery of multiple agroecosystem services. GI includes 
physical elements (plantations, stone refugia, brush piles, artificial water ponds) and the 
application of agroecological and sustainable farming practices (canopy management, 
pruning residue recycling, minimal tillage, agroecological ground cover, irrigation, nutrient 
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and fertilizer, and plant protection management). Projects like LIFE IGIC provide valuable 
guidance and technical details for successful GI implementation in olive orchards. 
However, further research across broader contexts and geographic regions is needed to 
deepen understanding and expand the application of GI in olive orchards and other 
perennial fruit crops. 
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