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The Scientific Committee 

HAVING REGARD to the documents and decisions of international organisations on agriculture, 

sustainable development and the harmonisation of global policies in this area issued by: FAO, WTO, 

IFAD, UNEP, UNDP, and in particular:  

HAVING REGARD to the Convention on Biological Diversity (CBD) adopted in Nairobi, Kenya, 

on 22 May 1992;  

HAVING REGARD to the WTO's 1994 Agreement on Agriculture (AoA) and International Rules 

on Agriculture;  

HAVING REGARD to the Voluntary Code of Conduct for Responsible Fisheries, adopted by the 

FAO in 1995;  

HAVING REGARD to the FAO's 2004 Voluntary Guidelines on the Right to Food;  

HAVING REGARD to the Rome Declaration on World Food Security, adopted by the FAO during 

the World Summit on Food Security - 16-18 November 2009 in Rome;  

HAVING REGARD to the Voluntary Guidelines on the Responsible Governance of Tenure of Land, 

Fisheries and Forests, known as VGGT, adopted by the FAO in 2012;  

HAVING REGARD to the United Nations Framework Convention on Climate Change (UNFCCC) 

and the guidelines for agricultural policies increasingly integrated into climate adaptation and 

mitigation strategies, such as the 2015 Paris Agreement;  

HAVING REGARD to the 17 Sustainable Development Goals (SDGs) defined by the United Nations 

as a strategy “to achieve a better and more sustainable future for all” in Agenda 2030;  

HAVING REGARD to the agroecology regulations in force in the Mediterranean Basin, such as, in 

particular, the “Farm to Fork” strategy of May 2020;  

HAVING REGARD to Regional Law 21/2021 of 29 July 2021 of the Sicilian Region on “provisions 

on agroecology, the protection of biodiversity and Sicilian agricultural products, technological 

innovation in agriculture, and maritime state concessions”;  

CONSIDERING the findings of scientific and experiential abstracts from 16 countries in the 

Mediterranean Basin and 10 countries in other parts of the world, produced during AEMED 2025, 

the global trends driving agricultural and agri-food systems are one of the main reasons for the crisis 

in the planet's ecological processes and social conflicts among humanity, which endanger the stability 

and resilience of ecosystems and the well-being of people and animals.  

Despite their apparent efficiency, the dominant agricultural and agri-food systems are losing 

resilience, accentuating territorial imbalances and becoming increasingly unstable and susceptible to 

shocks and crises. FAO data show that since 2016, hunger and malnutrition among the world's 
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population have been on the rise again, as has resistance to antimicrobial drugs, fuelled by intensive 

farming practices, and current wars have highlighted the vulnerability of Mediterranean agri-food 

systems.  

Many different approaches and frameworks are now being proposed to transform agricultural and 

agri-food systems towards more sustainable models. Although there are no definitive solutions, the 

path forward for the European Community has been laid out by the objectives of the two European 

Green Deal Strategies, Farm to Fork and Biodiversity 2030, as achieving their goals is essential to 

addressing the environmental, social and global health issues that motivated them, and which remain 

relevant today.  

Beyond the climate and environmental crises, since the 1990s, EU policy has encouraged a policy 

aimed at increasing the scale of farms, effectively concentrating funding on larger farms. Although 

these represent 20% of the total, they absorb 80% of CAP funding. In Italy, this policy has contributed 

significantly to a drastic reduction in the number of smaller farms. In October 2020, there were 

1,133,023 active farms in Italy, a 30% decrease compared to 2010 (-487,000). In the 38 years since 

1982, almost two out of three farms have disappeared (-63.8%, ISTAT). The reduction has been more 

pronounced in the last twenty years: the number of farms has more than halved compared to year 

2000, when it stood at almost 2.4 million. This decrease in the number of farms has been followed by 

a reduction in actively used land of about one third, from 18 million hectares in the 1970s to the 

current 12.4 million. In fact, the country has lost productive capacity instead of becoming more 

efficient, and the abandonment of land in the high hills and mountains has led to the degradation of 

hydraulic-agricultural and hydraulic-forestry systems, with consequent impacts in terms of 

hydrogeological instability on slopes and flooding in lowland areas. A mirror phenomenon, caused 

by the abandonment of inland and mountain areas, is the uncontrolled increase in wooded areas, with 

the risk of greater vulnerability to extreme events and fires.  

The Mediterranean, heavily marked by conflicts, still lacks a common process that can find in the 

agroecological transition, with the commitment of farmers, politicians, scientists and citizens who 

have shared agricultural, commercial and social systems for millennia, a concrete tool to begin 

developing a path of free trade that protects biodiversity, the climate and the people who live around 

it, without affecting the agroecosystem's potential to feed populations and protect the environment.  

The diversity of agricultural and agri-food systems in the Mediterranean basin, as throughout the 

world, means that there is no perfect recipe. However, there is an inclusive model, a vision to pursue, 

that of agroecology, which already includes the fundamental principle of diversity in its principles. 
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Furthermore, diversity lies specifically at the core of agroforestry practices that sustain and enhance 

biodiversity, while fostering diversified and multifunctional production systems and landscapes.  

CONSIDERING the findings of AEMED 2025, 

WE RECOMMEND  

A Roadmap for a just agroecological transition in the Mediterranean. The global trends driving 

agricultural and agri-food systems are one of the main reasons for the crisis in the planet's ecological 

processes and social conflicts among humanity, which endanger the stability and resilience of 

ecosystems and the well-being of people and animals.  

WE POINT OUT that, despite their apparent efficiency, the dominant agricultural and agri-food 

systems losing resilience, accentuating territorial imbalances and becoming increasingly unstable and 

susceptible to shocks and crises. FAO data show that since 2016, hunger and malnutrition among the 

world's population have been on the rise again, as has resistance to antimicrobial drugs, fostered by 

intensive farming practices, and current wars have highlighted the vulnerability of Mediterranean 

agricultural and agri-food systems.  

WE PROPOSE referring to the two European Green Deal strategies, Farm to Fork and Biodiversity 

2030, as guidelines for the European Community, as achieving their objectives is essential to 

responding to environmental, social and global health issues.  

WE OBSERVE that EU policy has encouraged a concentration of funding on larger farms, causing a 

drastic reduction in the number of smaller farms, with consequences for production capacity and 

environmental degradation in marginal areas.  

WE URGE that the agroecological transition be considered as a tool for building a free trade process 

in the Mediterranean that protects biodiversity, the climate and local communities.  

WE SUPPORT the agroecology model as an inclusive vision, based on diversity and its fundamental 

principles, to rebalance agricultural and agri-food systems.  

WE BELIEVE that a paradigm shift based on the 13 principles and 10 elements of agroecology is 

necessary to build resilience in supply and value chains, landscapes and livelihoods.  

WE WANT to invest in knowledge and technologies for the recovery of agricultural land, integrating 

agroecological practices, agroforestry and organic production, and introduce agro-eco-voltaic 

systems and technologies for mechanisation in difficult areas.  

WE INDICATE the need for genetic improvement technologies that involve farmers and researchers, 

without dependence on seed companies.  

WE RECOMMEND reducing greenhouse gas emissions, fossil fuel use, deforestation, and food 

competition between humans and animals, protecting natural resources.  
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WE PROPOSE renewed social justice in agricultural and forestry systems, protecting rights and 

access to food, especially in rural areas.  

WE AFFIRM that agroecology, integrating collective health and the environment (One Health), is 

the best way to reject neo-colonial models disguised as development aid.  

WE DENOUNCE that conflicts and occupations, such as, but not limited to, those in Palestine in the 

Mediterranean, are incompatible with any discourse on sustainability.  

WE EMPHASISE that migrants are often victims of exploitation in the agricultural fields of the 

southern Mediterranean, and that gender justice is an essential condition for food sovereignty.  

WE REITERATE the importance of integrated and participatory knowledge for the transformation 

of food systems, including fair and sustainable economic management.  

WE DECLARE that AEMED, in Agrigento, must be the starting point for a renewed impetus for 

ecological transition in the Mediterranean.  

WE WANT to promote an agroecological development model where the rights of people and the 

environment are at the centre.  

WE INDICATE that the alliance with organic farming is central to Mediterranean agroecology, 

maintaining consistency with its original principles and monitoring the risks of co-optation.  

WE NOTICE the importance of certification systems, which must be consistent and participatory in 

order to support agroecology without diluting its principles.  

WE URGE the support of policies in the next European programming period for a change of model.  

WE FIND the European Commission's vision for 2040 does not adequately reflect the perspectives 

of Mediterranean countries and we strongly encourage greater consultation with them.  

WE CALL FOR a fair, innovative, balanced, sustainable and inclusive CAP for all Mediterranean 

countries.  

WE REITERATE that only through peace, justice and cooperation will it be possible to build truly 

sustainable agri-food systems.  

 

Agrigento, September 12th, 2025 

Signed 

Scientific Committee of AEMED 2025 

 

* This Document is being sent to all Ministries of Agriculture of the Mediterranean countries and of the European Union. 
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Potential impact of organic cultivation of traditional wheat varieties on carbon 

sequestration in Andalusia (Spain) 

 

Antonio M. Alonso Mielgo1, Gloria I. Guzmán Casado1, Guiomar Carranza-Gallego1 

 

1 Agroecosystems History Laboratory, University Pablo de Olavide, Seville, Spain, email: amalomie@upo.es 

 

Keywords: Carbon footprint, Climate change, Landraces, European Union Allowances, Agroecology 

 

Introduction 

The Mediterranean region is especially vulnerable to increases in temperature and prolonged periods 

of drought. Emissions of greenhouse gases continue to increase, with agricultural activity responsible 

for 11% of them (UNEP, 2024) and 34% if the food system as a whole is considered (Crippa et al., 

2021). Excessive tillage, production and use of pesticides, burning of stubble, production and use of 

fertilizers (mainly nitrogenous) and monoculture are some of the factors that contribute most to these 

emissions. 

Wheat occupies 219 Mha worldwide and represents 20% of protein intake (31% in the Mediterranean 

basin). It is considered the most important crop for global food security (FAOSTAT, 2025). In Spain, 

wheat occupies more than 2 Mha, of which 86% are rainfed; and these soils are highly degraded, with 

a very low percentage of organic matter (MAPA, 2025), mainly because modern wheat varieties leave 

hardly any organic remains in the soil after harvest. Traditional varieties, on the contrary, have a 

greater production of root and aerial biomass (straw), so they contribute to a greater extent to carbon 

sequestration in the soil. In addition, these traditional varieties have a greater capacity for nitrogen 

absorption (especially in conditions of low availability), greater resistance to drought and compete 

better with weeds (Carranza-Gallego et al., 2018). This makes them ideal for organic farming in 

rainfed conditions, especially in Mediterranean climates with low rainfall. 

The main objectives of the study are: 

• To make a comparative assessment of the carbon footprint of conventional dryland cultivation 

of modern wheat varieties compared to organic cultivation of traditional varieties in 

Andalusia. 

• To evaluate the potential economic impact that this transformation would have, considering 

the market for greenhouse gas emission rights 
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Materials and Methods 

The calculations are based on a field experiment carried out over 3 years in two Andalusian locations 

(Southern Spain). Six modern varieties (MV) and six traditional varieties (TV) of wheat were tested 

under organic and conventional cultivation in dryland conditions. TV were landraces grown during 

the first third of the 20th century in the region. Field measurements of biomass components, literature 

emission factors, and soil organic carbon modelling were combined in an attributional Life Cycle 

Assessment, in order to estimate GHGe from “cradle to farm gate” (Carranza-Gallego et al., 2018). 

The area cultivated with rainfed wheat in Andalusia (276,542 ha) comes from MAPA (2025) and the 

market for carbon European Union Allowances (value in January 79.03 €/t CO2e) from Sendeco2 

(2025). The final results are obtained by projecting the emissions from the field trial on these 

indicators of cultivated area and emissions payments. 

 

Results and Discussion 

The use of nitrogenous chemical fertilizers and machinery are the most influential factors in emissions 

from conventional wheat cultivation. The use of machinery is the most determining factor in organic 

farming. However, the application of organic amendments and the use of legumes in the rotation in 

organic wheat allows these emissions to be reduced (Guzmán et al., 2024), while increasing the 

availability of nitrogen for wheat (Barbieri et al., 2021). The greater root and aerial biomass in organic 

farming not only allows greenhouse gas emissions to be reduced, but also contributes to carbon 

sequestration in the soil (Carranza-Gallego et al., 2018). 

The conversion in Andalusia from conventional wheat cultivation with modern varieties (CON MV), 

the current situation for the most part, to organic cultivation with traditional varieties (ORG TV), 

such as those evaluated, would mean: 

1) A reduction in the carbon footprint of 319,683 t CO₂e per year, moving from emissions 

(224,276 t) to carbon sequestration (95,407 t) in the soil (Figure 1). 

 

Figure 1. Carbon footprint of the cultivation of traditional (TV) and modern (MV) varieties of rainfed wheat 

under ecological (ORG) and conventional (CON) management in Andalusia (t CO2e/yr-1) 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 17 a 270 

 

 

 

2) A value of the carbon footprint reduction of 25.3 million €. If this money were allocated 

to rainfed wheat producers, they could receive 91.5 €/ha for this ecosystem service (Figure 

2). 

 

Figure 2. Economic value of the carbon footprint of traditional (TV) and modern (MV) wheat varieties grown 

under organic (ORG) and conventional (CON) management in Andalusia (M€/yr-1) 

 

 

Conclusions  

Climate change is a reality that needs to be addressed seriously and urgently. Organic wheat farming 

under rainfed conditions reduces the carbon footprint of conventional farming. When traditional varieties 

are also used, carbon is sequestered in the soil. Therefore, the availability of traditional varieties is 

essential to provide more environmental benefits and to face changing climate conditions with greater 

chances of success. 
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Oak nuts (acorns) are produced by various Quercus species, which are widespread in Europe and the 

Mediterranean region, where they play a key role in sustaining Mediterranean agroforestry ecosystems. 

Acorns are highly nutritious, containing minerals and vitamins, and have been shown in numerous 

studies to have high nutritional value. Historical sources show how acorns were used worldwide, 

especially for making flour and related foods. In this respect, wild acorns were a vital resource to 

overcome particularly difficult years due to the scarce production of cereals (wheat, barley, spelt). 

Throughout history, humans have relied on gathering wild produce like grasses, mushrooms, and fruits. 

The Food and Agriculture Organization (FAO) has designated acorns as non-wood forest products 

(NWFPs), highlighting that they contribute to different categories of ecosystem services, such as 

provisioning and cultural services. NWFPs, like acorns, are part of Europe's cultural heritage and are 

vital to the sustainable development of local communities. NWFPs contribute to sustainable land 

management and are crucial for the conservation of high biodiversity value agro-ecosystems and priority 

habitats, such as the Spanish open oak woodlands (i.e., Dehesa), where biodiversity conservation is 

closely linked to human management. In the Mediterranean countries of Spain, Portugal, Morocco and 

Greece, acorns have long been a food source, and there is now growing interest in this resource, with 

local supply chains being created. In Italy, this tradition has almost been lost, with only isolated activities 

remaining, like the production of an acorn bread ("lande cottu") in Sardinia. 
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The objectives of the project BioAcornScape, funded by the Marche Region Rural Development 

Program’s Cooperation Measure, (Italy) are to bring back to light a forgotten food resource, represented 

by the oak acorns (Quercus pubescens) and the food products derived from them (flour, bread, biscuits, 

pasta), to restore the technical and productive  know-how and to re-create an innovative agri-food chain 

with high added value in an inland area of the Apennines in central Italy (Alto Maceratese), severely 

affected by the 2016 earthquake, which led to depopulation. This area is still well preserved from an 

environmental point of view, with high levels of biodiversity and a good state of conservation of water 

and soil quality, and with still well-preserved agricultural landscapes, mainly characterized by 

silvoarable systems, i.e. arable land with isolated downy oak (Q. pubescens). These oaks provide a wide 

range of ecosystem services, including water drainage, soil erosion control, carbon sequestration and 

increasing organic matter in agricultural soils. In this context, other aims of the project, are to a) to 

preserve the ancient agricultural landscape of the Marche Region in a functional, aesthetic and 

productive key; c) to preserve and possibly increase the ecosystem services provided by the isolated 

oaks in the silvoarable systems, for the health of the ecosystem and associated agricultural crops.  

The three-year project started in November 2022 and consist of several interdependent phases: a) 

identification and characterisation of harvesting sites on farms participating in the project, fine-tuning 

of acorn harvesting techniques, considering both isolated oaks and oak rows on the borders of different 

arable fields, selection of harvesting equipments; b) assessment of the ecological value of isolated field 

oaks in terms of soil health indicators (e.g., arthropod-based soil biological quality Index (QBS-ar), Tea-

bag index (TBI), soil chemical-physical parameters); c) optimisation of the process of turning acorns 

into flour; d) use of acorn flour for the production of food products (bread, pasta, biscuits); e) transfer of 

the production know-how developed in the laboratory and in the field, to the project partners (bakeries, 

pasta factories, farms etc.) for the scale-up of the processes; f) evaluation of the sensory acceptability of 

the derived acorn products. 

Harvesting acorns from the oak rows proved to be easier than harvesting them under isolated oaks. For 

harvesting, the nets normally used for olives were used and the natural fall of the acorns was waited for, 

which in the study area is mainly concentrated in the month of November. The acorns were cleaned after 

harvest using a common olive blower. Damaged acorns were removed by flotation in water and sent to 

the next processing stages, which included in order, drying, shelling, detannification and grinding. Each 

of these steps (e.g. drying T and times, soaking time in water for detannification) was thoroughly 

evaluated in the laboratory before being transferred to the project partners. The optimisation of the 

process was verified at laboratory level on the basis of the content of bioactive compounds and the 
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technological properties of the resulting flours. The formulation of recipes for the production of bread 

obtained by mixing various percentages of acorn flour and wheat flour was also optimised in the 

laboratory by evaluating different levels of dough hydration and fermentation processing (acid and 

direct). Other products (pasta, biscuits and piadinas) are in the process of production and sensory 

assessment.  

Samples for QBS-ar index and chemical-physical analysis were taken from the trunk along an east-west 

transect to investigate the trend in soil quality values as one moved away from the oak: under the canopy, 

at the edge and outside in the cultivated field (stable alfalfa field). Results showed a decreasing trend in 

soil quality moving away from the oak towards the arable field. QBS-ar shows average values > 200, 

which are typical of woodland, beneath the oak canopy and at the edge, and around 150 in the arable 

field. The same trend was observed for NPK and organic matter, highlighting the role of oak as a carbon 

sink to mitigate climate change. 

The BioAcornScape project revived interest in a forgotten food resource and laid foundations for 

developing an innovative agri-food chain in the Alto Maceratese area. It promotes acorn flour products 

as a sustainable local product and a potential source of local income. This renewed interest can also help 

preserve the ancient agricultural landscapes of the Marche hills, its oak trees and the key ecosystem 

services they provide. 

 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 22 a 270 

Eco-conscious Choices: How Ecolabels Shape Consumer Decisions in the Edible Flower 

Market 

 

Giuseppina Rizzo1, Riccardo Testa1, Francesco Vella1, Giorgio Schifani2, and Giuseppina Migliore1 

 

1Department of Agricultural, Food and Forest Sciences, University of Palermo, Palermo, Italy. Email addresses: 

GR: giuseppina.rizzo03@unipa.it; RT: riccardo.testa@unipa.it; FV: francesco.vella09@unipa.it; GM: 

giuseppina.migliore@unipa.it 

2Department of Biological, Chemical and Pharmaceutical Sciences and Technologies, University of Palermo, 

Palermo, Italy. Email addresses: GS: giorgio.schifani@unipa.it 

 

Keywords: product cues; attitudes; sustainability 

 

Introduction 

In the context of the agroecological transition of the agricultural sector, eco-labels in food products play 

a pivotal role in signalling their environmentally friendly characteristics and, as a result, in influencing 

consumer’s perception and purchase (Taufique et al., 2017). At the European level are experimenting 

new environmental food labels with the aim of communicating in a direct and easy manner the 

environmental impact of the food products consumers may buy. These labels are based on multi-attribute 

products, which measure various environmental impacts of the products, and takes into account also the 

organic production process.  However, the effectiveness of these labels is not a universal or direct 

phenomenon but rather is contingent on a variety of psychological factors and the characteristics of the 

specific product (Recio-Román et al., 2024). 

Edible flowers represent an interesting case study in that, while still a niche product, they are now 

gaining consumer interest as part of a growing trend towards new and gourmet food options (Schösler 

and de Boer, 2018). Furthermore, to the best of our knowledge, it is not clear how these eco-labels, for 

example green-Score, can affect consumers choice. To fill this gap, the current study employed the 

Stimulus-Organism-Response (SOR) model (Mehrabian & Russell, 1974), to gather insights into Italian 

consumers perception of Green-Score. To ascertain the variables to be incorporated into the model, a 

comprehensive review of the extant literature was conducted, leading to the identification of several key 

factors. Firstly, environmental concerns and health consciousness were taken into consideration, as the 

existing literature indicates that eco-labelling is predominantly valued by consumers with heightened 

awareness of the ecological and health-related consequences of their food choices. Furthermore, the 
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purchase of these products is often influenced by their aesthetic and sensory qualities (Chen et al., 2017). 

Consequently, both intrinsic and extrinsic product cues were examined. Finally, existing literature 

suggests that utilitarian and hedonic attitudes may significantly mediate the impact of these external 

stimuli on consumers' acceptance of eco-labels (Woolf et al., 2021).  

  

Methodology  

The present study utilised an online questionnaire to gathered information on consumers. It stored 

psychographic scales related to intrinsic and extrinsic food quality cues (Husic-Mehmedovic et al., 

2017), environmental concern (Kumar et al., 2021), health consciousness (Chen et al., 2017), utilitarian 

and hedonistic attitudes (Qi and Ploeger, 2021), and the perception of the importance of the certification 

label (Nittala et al., 2014).  

The data analysis was conducted by a Partial Least Squares Structural Equation Modeling (PLS-SEM), 

an advanced technique for estimating complex models and handling latent variables (Memon et al., 

2021).  

 

Results 

Environmental concern shows a significant positive effect on utilitarian attitudes, meaning that 

consumers with stronger environmental awareness are more likely to assess products based on their 

practical and sustainable aspects. However, its impact on hedonic attitudes is not significant, indicating 

that environmental concern does not enhance the emotional or sensory appeal of a product. Health 

consciousness plays a crucial role, significantly enhancing both utilitarian and hedonic attitudes. This 

suggests that consumers who are more aware of health implications tend to evaluate products both in 

terms of functional benefits and sensory enjoyment. Result shows that intrinsic cues have a positive and 

significant impact on both utilitarian attitudes and hedonic attitudes. This suggests that consumers 

perceive intrinsic attributes as essential for both functional and sensory product evaluation. 

In contrast, extrinsic cues do not significantly influence utilitarian attitudes or hedonic attitudes, 

indicating that external marketing efforts may not be decisive factors in shaping these perceptions.  

Regarding the influence of attitudes on label perception, utilitarian attitudes show a significant positive 

effect, suggesting that consumers who prioritize functionality are more likely to consider certification 

labels important. Conversely, hedonic attitudes do not significantly impact label perception, implying 

that the emotional or sensory appeal of a product does not drive attention toward labels.  
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Figure 1. PLS-SEM results 

  

 

 

Conclusion 

This study contributes to the literature on consumer behaviour by exploring Italian consumers 

‘perception of multiple-attribute eco-label, such as the Green-Score into the niche market of edible 

flowers. Although Green-Score label is not yet used into the Italian food market, this study could 

contribute within the discussion at the European policy level which sees in the Green-Score (or other 

multi-attribute labels) a step towards greater environmental transparency in food labelling.  
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Context description; Conceptual framework 

Chemical fertilizers overuse has led to ammonia (NH3), nitrous oxide (N2O) and carbon dioxide (CO2) 

emissions, water pollution and soil degradation; therefore, it is necessary to adjust the management of 

nitrogen-based fertilizers. The European Union targets the reduction of CO2 emissions by 55% by 2030 

and aims to achieve climate neutrality by 2050. A global transition towards sustainable farming 

practices, that support food production for a growing population, is urgently needed to prevent the 

degradation of arable soils. In recent years, cover crops (CC) are getting interested due to their 

agroecological services such as increasing soil aggregation and carbon sequestration, reducing nutrient 

leaching and erosion, and controlling weeds and pests compared to conventional farming. However, few 

scientific studies have reported results of CC adoption in rotation with maize as a sustainable alternative 

in reducing soil CO2 emissions and enhancing carbon sequestration.  

 

Purpose; research questions 

The objective of this study was to develop a carbon farming strategy based on the effectiveness of hairy 

vetch (Vicia villosa Roth) and black oat (Avena strigosa L.) cultivated as cover crops before maize to 

mitigate greenhouse gas emissions in a conservation agriculture context compared to conventional 

management.  

 

Design; methodology; approach 

A field study was conducted in 2022/2023 and 2023/2024 at the “Fondazione per l’Agricoltura F.lli 

Navarra” in Malborghetto di Boara, Ferrara, Italy (44°51’44” N, 11° 38’ 22” E, 4 m a.s.l). The 

experimental design consisted in a randomized block design with four treatments: three CC 
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managements [Hairy vetch (HV), Black oat (BO) and their mixture (HV+BO)] and conventional bare 

soil (Conv). Treatments were replicated three times. In both growing seasons, CC were sown in October 

and terminated mechanically at the end of March. Plots following CC management were sod sown with 

silage maize (Zea mays L.) and were not fertilized during the maize growing season. However, Conv 

plots received a mineral fertilization (a total of 250 kg of N ha-1 as urea fertilizer, applied at VE and V5 

phenological stages). Maize was sown at the beginning of April and harvested in August. 

 

Data collection and analysis; 

Both CC aboveground biomass was determined at their suppression before maize sowing. Later, soil 

monitoring was conducted at 15 days interval after maize sowing and repeated throughout the maize 

growing season until maize harvesting (milk stage for biomass production). Soil carbon dioxide 

emissions (CO2), moisture, temperature and compaction were measured using respectively EGM-5 

Portable CO2 Gas Analyzer, FieldScout TDR 350 soil moisture meter and FieldScout SC-900 

compaction meter. At maize harvest, yield and plant height were determined. Total soil mineral nitrogen 

(N-NO3 + N-NH4) analysis was carried out in the laboratory after soil sampling (0-20 cm depth) at four 

sampling dates (0, 15, 30, 60 and 120 days after sowing (DAS)).  

 

Results and implications 

Results showed that 2023/2024 reported a significantly higher CC aboveground biomass at their 

suppression (608.79 g of DM m-2 vs. 533.77 g of DM m-2), compared to 2022/2023. This result could 

be due to differences in rainfall precipitation amounts between the two years. Furthermore, among the 

soil managements, HV+BO mixture produced the highest amount of biomass (697.60 g of DM m-2), 

HV had an intermediate aboveground biomass (555.62 g of DM m-2) and BO produced the lowest 

aboveground biomass (460.62 g of DM m-2).  

The total soil mineral nitrogen (N-NO3 + N-NH4) released during the two growing seasons was similar 

in the first three sampling dates, while at 60 and 120 DAS, the data reported higher significant values 

during the second growing season (29.85 and 14.00 mg N kg-1 of dry soil, respectively) compared to 

the first growing season (25.77 and 12.40 mg N kg-1 of dry soil, respectively). At 60 and 120 DAS, the 

highest quantity of mineral nitrogen resulted under the Conv management (44.35 and 16.29 mg N kg-1 

of dry soil, respectively). 

The dynamics of soil CO2 emissions were similar among the two growing seasons. Soil CO2 flux changes 

among soil managements, particularly in HV soil management, at 15 and 30 DAS, the highest values 
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were recorded. Significant relationships between total soil inorganic N and soil CO2 emissions were 

demonstrated between the two growing seasons and the four sampling dates. 

The soil volumetric water content demonstrated that generally the Conv management reported lower 

values for each depth in both growing seasons. The highest soil volumetric water content was recorded 

in HV, while HV+BO mixture and BO had intermediate values. A significant relationship was 

demonstrated between soil volumetric water content and soil CO2 emissions for growing seasons and 

soil managements. 

Results of soil volumetric water content have not demonstrated, in general, significant differences 

between the different soil managements, for the two growing seasons. The soil temperature (0-7 cm soil 

profile) and soil CO2 emissions relationship were significant. In addition, the soil penetration resistance 

in Conv management plots was significantly higher compared to plots where CC were sown.  

The maize plant height was significantly higher (+8.7%) in the 2023/2024 growing season (281.19 cm) 

compared to the 2022/2023 growing season (258.78 cm). Differences in maize plant height were noticed 

also between the different soil managements where the Conv management had a significantly higher 

plant height (288.91 cm), the HV and the HV+BO mixture an intermediate value (269.78 and 263.25 

cm, respectively) and the BO the lowest maize plant height (257.98 cm).   

The maize yield was significantly higher (16.35 vs. 13.09 Mg DM ha-1, +25%) in the second growing 

season compared to the first growing season. Maize following Conv management (fertilized) presented 

a slightly significant high maize yield (18.08 Mg DM ha-1), compared to maize following HV soil 

management (15.69 Mg DM ha-1, not fertilized). 

Compared to conventional management, maize following HV as soil management has demonstrated 

high potential for reducing chemical fertilizers input, soil CO2 emissions and soil compaction. 

Furthermore, the yield of maize following HV (not fertilized) was reduced by only 13% due to that HV 

mulch contributed to maintain high soil moisture, enhanced carbon sequestration and provided nitrogen 

immediately to the crop. Adopting cover crops represents a promising sustainable alternative to 

conventional management in a climate change scenario. 
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Conceptual Framework  

 

The global imperative to transition towards sustainable food systems requires transdisciplinary and 

community-driven innovation that balances environmental integrity, social equity, and economic 

viability. Agroecology Living Labs (ALLs) have emerged as participatory platforms for co-designing 

context-specific solutions. However, their potential is often limited by fragmented approaches that do 

not adequately integrate socio-economic and environmental dimensions. While Living Labs, as 

described by Galway (2021) and Leminen & Westerlund (2019), provide dynamic environments for 

collaborative problem-solving, their application in driving agroecological transition has primarily 

focused on technological and ecological innovation, overlooking the systemic interconnections between 

societal structures and environmental resilience.  

Existing structural models, such as Schuurman’s (2015) three-layered framework, categorize ALL 

organizations across macro (institutional), meso (project-based), and micro (methodological) levels but 

fail to sufficiently address the interconnection between socio-economic dynamics, such as governance, 

equity, livelihoods, and ecological outcomes. While studies by McPhee (2021) and Pigford (2018) 

enhance our understanding of participatory and agroecological practices, they do not comprehensively 

integrate economic sustainability into the operational frameworks of ALLs. This gap limits the ability 

of ALLs to drive inclusive, scalable transitions pathways of farming systems since agroecological 

transformations are essentially tied to localized socio-political and economic contexts.  

 

Purpose and research questions  

This study aims to gain empirical insights on socio-economic issues related to the design and 

implementation of ALLs. This framework will address the role of ALLs in driving systemic 

transformations of agri-food systems towards increased sustainability by examining how the Living Lab 
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approach can be implemented to advance agroecological transition. The primary focus will be on the 

socio-economic dimensions, ranging from the socio-economic barriers and  

drivers to ALLs implementations, to the socio-economic issues addressed by ALLs (such as business 

models and value chain rethinking), to the mechanisms through which these platforms can promote 

equitable decision-making, enhance livelihood resilience, and harmonize environmental sustainability 

with socio-economic well-being. The main research question addressed is the following: how can the 

agroecology living lab approach be implemented to advance agroecological transition, considering the 

empirical perspectives, while addressing socio-economic dimensions?  

 

Methodology  

As a preliminary stage for developing conceptual framework, this study intends to map and synthetize 

the empirical and practical knowledge already available on the socio-economic dimensions of ALLs, 

and their role in agri-food system agroecological transitions. To this end, it employs a rapid literature 

review methodology, a structured yet efficient approach for systematically compiling evidence on a 

given topic. Rapid reviews balance methodological transparency with time efficiency, making them 

particularly suitable for interdisciplinary fields that require timely insights (Tricco et al., 2015).  

 

Data Collection and Analysis  

To ensure reliability and relevance, this study follows a systematic and iterative search process using the 

Scopus database. The search query employed is [TITLE-ABS-KEY (living lab) OR TITLE-ABS-KEY 

(livinglab) OR TITLE-ABS-KEY (co-creat*) OR TITLE-ABS-KEY (co-design*) OR TITLE-ABS-

KEY (open innovat*)] AND [TITLE-ABS-KEY (agroecolog*) OR TITLE-ABS-KEY (agro-ecolog*)]. 

This combination of keywords was applied to document titles, abstracts, and keywords within Scopus 

database, and after applying automatic filters for selecting publications from the past ten years (2015 -

2025) and published in English or French languages, the search yielded no. 248 records.  

All retrieved records were exported to Microsoft Excel for systematic screening, which was conducted 

in two stages. During the first-level screening, titles, key words and abstracts were reviewed to assess 

each document's relevance to the research question. Studies were retained at this stage if they addressed 

Living Labs or similar participatory approaches within agroecological contexts.  

In the second-level screening, full-text articles were evaluated according to predefined eligibility criteria. 

Studies were included if they: (i) examined the design, implementation, or evaluation of Living Labs or 

equivalent participatory innovation platforms; (ii) explicitly engaged with agroecosystems or 

agroecological transitions; and (iii) performing an empirical analysis. Exclusion criteria were applied to 
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documents that lacked a demonstrable connection to Living Lab methodologies, did not focus on 

agroecological contexts, were not articles published in peer-reviewed journals (i.e. review, book or book 

chapter, conference paper, editorial, or data paper) and were not based on empirical data. Following this 

structured screening process, 70 articles were selected for in-depth review.  

The included articles are subjected to a systematic content analysis aimed at understanding, synthetizing 

and interpreting the existing body of evidence through the identification of  

recurring themes, patterns, and concepts. The basis of the analysis consists in classifying the content of 

each article according to the following categories: research objectives, geographical context of the study, 

type of farming system considered, participatory methods implemented, stakeholder groups involved, 

barriers and drivers associated with the implementation the Living Lab approach, socio-economic issues 

addressed, and main results achieved.  

 

Preliminary Results  

The analysis of the 70 articles selected for review highlights that the majority of empirical studies 

concentrate on knowledge co-production, co-design processes, and the active participation of farmers 

within agroecological contexts. These themes are central to the objectives of the reviewed literature, 

reflecting a strong emphasis on stakeholder engagement and collaborative innovation. In terms of 

methodology the most frequently employed participatory methods are participatory workshops, 

participatory action research (PAR), and knowledge co-creation approaches. These methods are 

instrumental in facilitating mutual learning, integrating diverse forms of knowledge, and fostering social 

innovation in agroecological transitions. The widespread use of such approaches reflects a growing 

consensus on the need for transdisciplinary frameworks that bridge scientific inquiry with local and 

experiential knowledge, thereby supporting more sustainable and inclusive food systems. The relevance 

of socio-economic issues in this body of literature is still under scrutiny and will provide useful insights 

for advancing a comprehensive implementation of living lab approach aimed to foster agroecological 

transition.  

 

Conclusion  

The literature review will help to surface and systematize existing evidence on the contribution of the 

Living Lab approach to advancing agroecological transition, with an emphasis on the underexplored 

socio-economic dimensions. The insights gathered will provide a foundation for developing and 

operationalizing more integrated ALL frameworks that align socio-economic and ecological goals to 

support systemic transformations in agri-food systems.  
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Context and conceptual framework 

The breeding of the Cabannina cattle breed in the inland areas of Liguria includes a genetic, historical, 

and cultural heritage that can provide economic opportunities in the inner areas, while also caring for 

the biodiversity of the territory. 

 

 

Figure 1. Number of Cabannina animals in Italy and Genoa Province 

 

The Cabannina, originally called “muntagnin-na” and “nosträ,” is the only native cattle breed of Liguria. 

It was widespread throughout the region and neighboring territories until the mid-20th century (with 

around 40,000 heads), but with the gradual abandonment of the countryside and regulations from the 

Ministry that required the use of only productive breeding animals (such as the Alpine Brown), the breed 

reached historic lows in the mid-1970s, with only about 200 specimens remaining. Recently it has 

experienced a moderate but constant expansion (Figure 1). 
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The Cabannina is a dual-purpose breed, with an average lactation yield of about 30 quintals, and fats 

and proteins higher than 4%. Light, harmonious, agile, and strong, it has an average height at the withers 

of 118 cm and a live weight of 400 kg. It is the result of selective breeding in a harsh environment: it is 

a good climber, curious, capable of assimilating coarse and poor forage. It is said that it “turns thorns 

into milk” due to its highly developed rumen, with strong hooves, and it is resistant to both cold and 

heat. The coat is brown, with a cream-colored dorsal stripe along the spine, finishing with a tuft at the 

tail with reddish and blonde highlights, similar to the forehead. The muzzle is slate-colored, the ears 

have a lot of hair, and the horns are lyre-shaped. It is long-lived, with many productive individuals 

reaching 18-20 years, rustic, fertile, and easy to calve. Its temperament is sociable, reliable, lively, and 

stubborn. 

 

Purpose and research questions 

The purpose of this research is to present a case study of how the agroecological breeding of a local 

cattle population, with its technical and social aspects, can contribute, on one hand, to an effective 

ecological transition and, on the other, to land management and the maintenance of agricultural activity 

in inner areas characterized by depopulation and abandonment. 

 

Design, Methodology, and Approach 

The methodology used is that of a single case study. We collected both secondary data (ISTAT data, 

analysis of documents related to the implementation of the inner areas strategy in Liguria, documents, 

and website of the ARPAC Association) and primary data through rapid rural appraisal techniques 

(McCracken et al. 1988) during technical visits by two of the authors to Cabannina breeders (in 2019, 

2021, and 2024). The other two authors are Cabannina breeders themselves with roles in the local 

association.  

 

Data Collection and Analysis  

There are about 30 Cabannina cattle farms, primarily located in 17 municipalities in the provinces of 

Genoa (14 municipalities), Savona (1 municipality), and La Spezia (2 municipalities). Apart from 

Rapallo, Sestri Levante, Castiglione Chiavarese, and Borzonasca, all other municipalities fall within the 

so-called Inner Areas (Fig. 2). 
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Figure 2. Municipalities with Cabannina farms (in red) and inner areas (diagonal lines) around Genoa 

 

These areas are characterized by demographic dynamics of depopulation and increasing distance (from 

intermediate to ultra-peripheral municipalities) from urban areas where the main healthcare, education, 

and mobility services are located. At the regional level, inner areas account for 56% of the land area but 

only 13% of the population (Formez, 2020). In the Cabannina breeding zone, there has also been a 

negative demographic trend over the past 30 years, which worsens as we move from municipalities 

forming a belt around service hubs to more peripheral and ultra-peripheral areas. Even more negative is 

the trend affecting the number of cattle, which has decreased by 32% in the 13 municipalities of the 

inner area since 1990, a figure still better than in the rest of the inner areas of the three provinces, where 

cattle numbers have decreased by about 43%. The decline in agricultural land is also dramatic, with the 

17 municipalities experiencing a 60% reduction, leading to a true agricultural desertification of the 

territory (Table 1). 

In light of these highly negative data for the agricultural sector, it must, however, be acknowledged the 

potential of the sector in terms of ecosystem services and environmental, cultural, and landscape 

resources (Marchioro, 2018). Such potential need to be activated, especially as phenomena like 

hydrogeological instability advance, to which ecosystem services, such as flood control, respond, as 

underlined in the environmental report of the Regional Territorial Plan. 
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Table 1. Agricultural and demographic data of the Cabannina Area 

 

Source: ISTAT 

 

In this context, the breeding of an indigenous breed like the Cabannina, which has been selected over 

time by rural communities to make the most of the resources of the land or the particular soil and climate 

conditions, helps to contain costs and maintain agricultural activity on the territory. 

A passage from Pretty (2007) sheds light on the relationship between the adaptation of technologies (and 

germplasm) to the local ecosystem and the necessary reconfiguration of social capital: “As a more 

sustainable agriculture seeks to make the best use of nature’s goods and services, technologies and 

practices must be locally adapted and fitted to place. These are most likely to emerge from new 

configurations of social capital, comprising relations of trust embodied in new social organizations, new 

horizontal and vertical partnerships between institutions, and human capital comprising leadership, 

ingenuity, management skills and capacity to innovate.” 

This is exactly what has been observed for the Cabannina (but similar experiences have also emerged 

around other local breeds of the Apennines). The breeders of this breed have indeed gathered together 

in an association and have activated a true collective action to support the breeding, their training, and 

N. Animal 

1990

N animal 

2020

N animal 

var%

UAA 1990 

Ha

UAA 2020 

Ha

UAA

 var%

POP 

1991

POP 

2020

POP var 

%

Belt Borzonasca 410 260 -37% 2424 858 -65% 2138 1848 -14%

Castiglione Chiavarese 38 27 -29% 467 297 -36% 1383 1579 14%

Rapallo 73 15 -79% 666 161 -76% 27426 29148 6%

Sestri Levante 60 7 -88% 612 320 -48% 20453 17788 -13%

Totale 581 309 -47% 4168 1636 -61% 51400 50363 -2%

Intermediate Campomorone 494 222 -55% 466 129 -72% 7994 6488 -19%

Campo Ligure 224 150 -33% 477 297 -38% 3357 2816 -16%

Carro 98 28 -71% 217 72 -67% 679 518 -24%

Sassello 463 573 24% 1273 680 -47% 1827 1756 -4%

Savignone 271 92 -66% 504 206 -59% 2883 3038 5%

Serra Riccò 374 282 -25% 865 206 -76% 7868 7621 -3%

Tribogna 45 63 40% 66 31 -53% 562 584 4%

Totale 1969 1410 -28% 3867 1621 -58% 25170 22821 -9%

Periferic Montoggio 71 53 -25% 306 174 -43% 1940 1995 3%

Rezzoaglio 761 465 -39% 1613 617 -62% 1557 913 -41%

Torriglia 138 53 -62% 640 84 -87% 2289 2198 -4%

Valbrevenna 46 43 -7% 93 179 93% 686 759 11%

Varese Ligure 1572 1548 -2% 5055 2776 -45% 2671 1834 -31%

Totale 2588 2162 -16% 7706 3830 -50% 9143 7699 -16%

Outermost Rovegno 61 24 -61% 200 50 -75% 654 500 -24%

TOTALE 5199 3905 -25% 15941 7137 -55% 86367 81383 -6%
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the possibility of qualifying products, also through forms of retro-innovation, that is the reinterpretation 

of traditional techniques in light of modern science (Zagata et al., 2020). 

 

Figure 3. Cabannina cattles grazing in mountain pastures 

 

The breeding method is similar to that of past centuries: from April to December, the cattle graze in 

forests and pastures; in autumn, they graze the regrowth of mown meadows ( Fig. 3), and chestnut groves 

and coppices provide energy to the diet through acorns and chestnuts, creating a grazing chain (Panozzo 

et al., 2024). Some farms practice transhumance, up to altitudes of 1500 meters. Rational grazing 

techniques with electric fences allow for rotation with optimal forage yield. The pastures are 

predominantly poor, but they are sufficient for the excellent health of the animals and for milk and meat 

production. 

Some breeders use GPS collars applied to the lead cow, allowing them to geolocate the movements of 

the herd. The ability of the breeders (human capital) to build a herd with lead cows makes the use of 

GPS technology economically sustainable. 

The Association of Cabannina Cattle Breeders, APARC, is responsible for safeguarding and promoting 

this breed and its culinary excellence, with an agroecological breeding model, and disseminating it in 

educational, academic, consumer, and livestock sectors. 

 

Results and Implications 

Breeding dual-purpose breeds is a climate change mitigation practice recognized internationally (Gerber 

et al. 2013b). These breeds are hardy and adapt to environments with limited resources. In fact, unlike 
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dairy breeds, they produce more meat per kg of milk, with lower GHG emissions compared to 

specialized livestock systems (Schader et al. 2014). 

The dairy products made from Cabannina milk are rich in unsaturated fatty acids, such as oleic, linoleic, 

linolenic acids, and conjugated linoleic acids (CLA) (Communod et al., 2011), known for their beneficial 

effects on human health. The fat globules are very small and therefore easily digestible. The milk is rich 

in beta-casein A2, making it suitable for those with intolerances. 

The milk is mostly processed in small dairies into raw milk cheeses, including the famous "U Cabanin" 

and "Prescinseua." The meat is highly sought after by restaurants, butcher shops, as well as private 

individuals. 

The territory is slowly recovering, after decades of abandonment, thanks to a breed that is capable of 

preserving plant biodiversity, preventing fires and hydrogeological instability, and providing 

opportunities for new businesses to get involved and be fairly compensated with genuine products now 

in demand in the market. 
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An exemplary case study on the effect of regenerative land management on ecosystem health was 

conducted on the Kachana cattle station in the Kimberley region of North Western Australia. The 

study site has a climate characterized by erratic seasonality and frequent extreme weather events that 

resembles future climate predictions for moderate dryland areas. The station is practicing holistic 

management for 30 years and is thus well suited to illustrate the long-term potential of such context-

specific, multi-faceted and targeted land management for soil and landscape regeneration in an 

increasingly adverse climatic context (Gosnell et al., 2020).  

We compared remote-sensing indices and soil physicochemical parameters of two nearby pasture 

sites with closely matching topography, hydrology soil type and management history before 1992. 

Management history started to diverge in 1993, with different goals for the two sites. The Regen 

Paddock (RP) site was managed intensively with the aim of rebuilding productivity and ecosystem 

functioning; this included actively monitoring and restoring vegetation and soil health by using 

strategic rest (complete exclusion of fire, and exclusion of grazing until 1995), initial seeding of 

perennial grasses, and high-density adaptive multi-paddock (AMP) grazing from 1995 onwards.  In 

contrast, the Elephant Rock (ER) site was managed passively by occasional targeted grazing and cool-

season burns along the perimeter to control damaging wildfires, with the aim of minimising further 

degradation.  

To test whether land management had a significant influence on ecosystem functioning, we compared 

normalized difference vegetation and moisture indices (NDVI, vegetation greenness; and NDMI, 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 41 a 270 

landscape moisture levels) from Landsat-TM satellite images before (1987 to 1992) and after the start 

of management (1993 to 2016). When compared against similar but unmanaged reference sites, both 

sites’ NDVI and NDMI were significantly increasing after management started in 1993, with much 

higher increases in RP compared to ER, while the various reference sites showed similar or decreasing 

values for the same timeframes. We also found significantly higher vegetation greenness and moisture 

levels in RP compared to ER during the managed years (1993-2016), whereas values were similar or 

higher in ER before 1993. We thus have good reasons to assume that the observable differences 

between RP and ER sites at the time of sampling in May 2016 were to a large extent due to differences 

in land management after 1993. 

Soil was sampled from 10 randomly chosen locations within the RP and ER paddocks to compare 

physicochemical parameters and estimated soil C stocks (Allen et al. 2014). At time of sampling, the 

intensively managed RP had a 3-fold higher total soil C content (65.2 ±15 g C kg-1 vs 22.4 ±5.9 g C 

kg-1) and a 2.5-fold higher total nitrogen (N) content (3.9 ±0.5 g N kg-1 vs. 1.6 ±0.3 g N kg-1). The 

difference in estimated soil C stocks between ER and RP was 111 Mg C ha-1. Under the assumptions 

that both sites had similar soil C contents before 1992, and values remained stable at ER, the average 

rate of increase at RP over 24 y of improved management would be 4.6 Mg C ha-1 y-1. Such high rates 

have been measured elsewhere under intensive AMP grazing regimes (Machmuller et al., 2015), 

although our rate remains speculative due to the lack of baseline C stocks. Surprisingly, at RP we also 

determined a 25% lower soil-bulk density (0.86 ±0.10 kg L-1 vs. 1.19 ±0.14 kg L-1) and a 2-fold higher 

soil water content (0.22 ±0.06 m3 m-3 vs. 0.098 ±0.03 m3 m-3) compared to the passively managed 

ER, which is in line with previous findings of AMP grazing sites (Machmuller et al., 2015). Further 

field observations specific to RP include a gradual and significant increase in carrying capacity, the 

transition from seasonal to perennial flow in the main drainage line after 5 years of management, and 

the capacity of the area to absorb, buffer and release clear water during and after extreme rainfall 

events. We therefore see great potential in the application of such multi-faceted and targeted land 

management for soil and ecosystem regeneration in seasonally dry climates, particularly on degrading 

soils with increasingly erratic and extreme weather. 
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Building a participatory value chain: the Community Bread project 
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Introduction: Context and Conceptual Framework  

The Community Bread project forms part of the Development Plan of the "Agroecological District 

of the Murge and Bradano" (hereinafter “District”), established in 2020 under Italian law 205/2017. 

Located between Puglia and Basilicata in Southern Italy, the District spans 4,000 km² and includes 

26 municipalities characterized by cultural homogeneity rooted in shared agro-environmental 

conditions, typical products, local knowledge, and longstanding food traditions. The District is a 

public-private consortium bringing together a wide range of stakeholders with the common goal of 

promoting sustainable territorial development through agroecology. Its mission prioritizes social 

inclusion, food security, environmental impact reduction, and the protection of rural landscapes. The 

network includes farms, agri-food companies, trade associations, tourism operators, social, cultural, 

environmental and religious organizations, LAGs, research institutions, and engaged citizens, 

effectively linking the business community with civil society and institutions. 

The District’s agro-climatic conditions are marked by considerable variability, including prolonged 

droughts and intense weather events that can compromise crop productivity. Durum wheat is the 

dominant crop, covering more than 40% of the District’s total utilized agricultural area (UAA). 

Together with minor cereals such as barley and oats, cereals occupy over half of the UAA. Forage 

crops and pastures represent another significant share (about 22%), while other herbaceous and 

permanent crops play a more marginal role. The agro-environment is nevertheless affected by 

widespread soil degradation, largely due to intensive tillage and heavy reliance on inorganic 

fertilizers, which reduce soil organic matter and threaten fertility and biodiversity. 
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Within this context, the Community Bread project seeks to foster the production and consumption of 

locally sourced agroecological foods by developing a participatory bread value chain, aligned with 

the concept of alternative grain networks (Meyer et al., 2024). This model is based on cooperation 

among producers, processors, retailers, and consumers, who engage in transparent, trust-based 

relationships grounded in solidarity and reciprocity. At present, the project involves four organic 

farms cultivating durum wheat, one mill processing grain into flour, one bakery producing bread and 

occasional baked goods in a wood-fired oven, five retailers across three municipalities, and 

approximately 250 consumers. 

The four farms engaged in the Community Bread project – located in Altamura, Matera, and Irsina – 

manage overall 6 hectares under organic agriculture, producing around 40 quintals of grain annually. 

They cultivate traditional and heritage varieties such as Senatore Cappelli, Gentil Rosso, Russia, 

Timilia, as well as organic heterogeneous material. Their soil management practices include minimal 

tillage or broadcast sowing following superficial ploughing (10 cm depth). Rotations incorporate 

green manure - often vetch and oats - requiring additional ploughing when grown. After mowing in 

summer, soil is kept covered; green manure is sown in September, and wheat sowing follows in 

October after regrowth. Soil preparation typically involves a clod crusher prior to broadcast sowing. 

Project’s Description: Aims, Challenges, and Strategies  

Farmers involved in the project face structural economic challenges: their organic grain production 

is undervalued relative to its quality and production costs. Their primary goal is to secure a more 

stable income by accessing alternative sales channels outside conventional markets dominated by 

large wholesalers and processors. The Community Bread project emerged from farmers’ initiative to 

build a short, value-driven supply chain connecting them directly with consumers and other 

stakeholders.  

Participating farmers commit to providing high-quality, healthy, and sustainable products in line with 

an Ethical Charter that includes principles related to environmental stewardship, land care, legal labor 

practices, and fair compensation. Bread is produced weekly based on real demand: consumers place 

orders through a shared WhatsApp group, ensuring zero surplus and eliminating waste. Consumers 

are informed about the participating farms and the choices behind production methods and grain 

varieties. Their involvement includes regular purchasing behavior and active promotion of the 

project, notably including subsidizing bread purchases for newcomers. Farmers cover all production, 

processing, and logistics costs, including milling, baking, and transportation, using their own 
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vehicles. Retailers are paid €0.20 per kg of bread, representing a modest 5% markup compared to the 

usual 25% for other products, effectively making them active promoters of the project. The final 

consumer price is aligned with the average market cost for organic bread (about €6/kg) plus €0.50. 

This means that farmers apply only a 12.5% margin to ensure that high-quality bread remains 

accessible to lower-income consumers. 

The initial idea of the project was of reviving a traditional “community oven”, which however was 

abandoned after consumers expressed reluctance to take on the additional costs and responsibilities 

involved. The project therefore opted to outsource bread production to a commercial bakery. The 

main obstacles to developing a participatory value chain stem from farmers’ distrust toward 

cooperation, reluctance to share information about production practices, and concerns about 

consumers’ long-term purchasing commitment. This has limited farmer participation. Additional 

organizational barriers include the lack of shared grain storage facilities, essential for small and 

medium-sized farms but difficult to establish due to stringent regulations. 

Solutions adopted include maintaining full transparency about objectives and production criteria; 

welcoming reliable, motivated stakeholders into the community; organizing both face-to-face and 

online meetings; offering flexibility in delivery; and establishing a distributed network of sales points. 

Results and Implications 

Although still at an early stage, the project shows strong potential for growth. A key lesson learned 

is that building a participatory value chain is an incremental process requiring significant investment 

in communication and relationship-building. Initial results suggest rising consumer interest in 

understanding who produces their food, the origins of raw materials, the environmental conditions of 

production, agronomic methods, and transformation processes. Consumers’ preference for breads 

made from diverse grains also encourages farmers to cultivate a broader range of varieties, enhancing 

on-farm biodiversity. Furthermore, direct farmer–consumer interactions create emotional 

engagement and foster optimism about collaborative organizational models. 

Future developments include establishing shared production processes, such as jointly cultivating 

land with collectively owned machinery and creating shared grain storage facilities tailored to small 

producers. This would help form a critical mass capable of supplying larger markets, including 

collective or public catering. The adoption of a collective brand under the District and the 

implementation of a Participatory Guarantee System are key upcoming objectives. Finally, expanding 

collaborations with other organic districts at national and European levels is also a strategic priority. 
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for reforestation: a case study in Sicily 

 

Maria Petrillo1, Rafael da Silveira Bueno1, Tommaso La Mantia1, 3, Giuseppe Di Noto2, Davide Signa2, 

Emilio Badalamenti1, 3 

 

1 Dipartimento di Scienze Agrarie, Alimentari e Forestali, Università degli Studi di Palermo 

2 Dipartimento dello Sviluppo Rurale e Territoriale Regione Siciliana 

3 NBFC - National Biodiversity Future Center, Palermo, Italy 

maria.petrillo@unipa.it 

rafael.dasilveirabueno@unipa.it 

tommaso.lamantia@unipa.it 

emilio.badalamenti@unipa.it 

 

Keyword: Agroecology; Spatial ecology; territorial planning; fragmentation; Graph theory; Conefor. 

 

Southern Italy, particularly Sicily, has undergone extensive reforestation in recent decades. 

However, many areas remain degraded or underutilised, especially in fire-prone landscapes where earlier 

reforestation relied on rigid, top-down approaches. These often-involved dense monocultures that were 

poorly adapted to local ecological conditions, resulting in limited long-term success and low resilience 

to wildfire and climate change. 

The recent Italian National Forest Strategy marks a paradigm shift towards ecological restoration. It 

emphasises the creation of multifunctional forests (Action A.7.2.a) and the restoration of ecological 

corridors (Action A.7.2.b). In this context, agroforestry, the integration of trees into agricultural or 

pastoral systems, emerges as a highly adaptive and multifunctional tool. Such systems enhance 

biodiversity and connectivity while generating ecosystem services such as carbon sequestration, erosion 

control and fodder production, making them particularly well-suited to Mediterranean landscapes under 

climate stress. 

This study aims to identify priority areas for agro reforestation in Sicily using ecological connectivity 

models, while considering ecological suitability and operational feasibility. The research addresses three 

core questions: 

-Where should reforestation be prioritised to improve ecological connectivity under ecological and 

logistical constraints? 

-How can agroforestry approaches reinforce and sustain landscape connectivity? 
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-Which native species are best suited to local conditions? 

The study focused on Monte Gradara, a Natura 2000 site (ZSC and ZPS) located approximately 25 km 

from Palermo. Despite its high conservation value, the area has been severely impacted by wildfires. 

The area includes large expanses of state-owned land, making it an ideal location for a pilot study. 

We applied graph-based connectivity models using the Integral Index of Connectivity (IIC) at dispersal 

distances of 500 m, 1,000 m and 1,500 m to reflect species with different dispersal abilities. 

These models helped us to identify fragmented habitat patches and potential corridors that would benefit 

most from reforestation. We then filtered the results based on operational feasibility, including proximity 

to roads, accessibility, and spatial continuity, to ensure practical implementation. 

To inform species selection, we consulted potential natural vegetation maps and ecological homogeneity 

areas. Suitable native species include Pyrus pyraster (wild pear), Pistacia lentiscus (mastic), Phillyrea 

latifolia (mock privet), Arbutus unedo (strawberry tree), Fraxinus ornus (manna ash) and Olea europaea 

var. sylvestris (wild olive). These species offer multiple benefits: they support biodiversity, restore 

degraded soils, increase carbon storage and provide fodder or edible fruit — key features for agroforestry 

systems that integrate ecological and productive functions. 

This study offers a replicable model for combining landscape connectivity planning with agroforestry 

design. It supports national and European restoration objectives, particularly those set out in the EU 

Nature Restoration Law, and shows how spatial modelling, selection of native species and field 

feasibility analysis can be brought together to guide sustainable, multifunctional reforestation in 

Mediterranean environments. 
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The need to transform agri-food systems towards sustainability arises within a global context marked 

by socio-ecological crises, the erosion of natural resources and the vulnerability of rural communities. 

These phenomena highlight the ineffectiveness of the current corporate-industrial food regime in 

addressing the challenges of food security, food sovereignty and social justice (McMichael, 2009). 

In this framework, agroecological transition emerges as an alternative capable of reducing 

agriculture’s dependency on global agro-industrial circuits, strengthening territorial connections, and 

enhancing the ecological, social, and cultural specificities of local systems (Pimbert, 2018). 

Agroecology is conceived as a multidimensional paradigm that simultaneously functions as a science, 

a practice, and a social movement (Wezel et al., 2009), fostering institutional and social innovation 

through the interaction between local actors and public policies (Anderson et al., 2019). 

The aim of this contribution is to investigate and analyze agroecological transition processes within 

the broader dynamics of re-localization and re-territorialization of agri-food systems, focusing on 

place-based, multi-actor and participatory models, strategies, and approaches (Altieri, 1995; 

Gliessman, 2015) developed at the territorial level in two different contexts of Mediterranean Europe. 

This research sought to explore the tools, strategies and governance models implemented in the 

studied territories for the creation of territorialized agri-food systems (Rastoin, 2015), as well as their 

organizational structure and development trajectories. A specific focus was placed on the model of 

Biological Districts (or biodistricts) and the analytical-interpretative framework of Local 

Agroecological-Based Agri-food Systems (SALBAs), considered representative of the broader 

phenomenon. In this regard, particular attention was given to the potentials and limitations of such 

initiatives in enabling territorial transformation processes in an agroecological key, assessing both 

opportunities for building spaces of autonomy and the presence of political, institutional, and 
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organizational lock-ins that hinder the scaling-up of agroecological practices and may expose them 

to processes of institutional co-optation (Van der Ploeg, 2008). 

The empirical analysis was based on two case studies in Mediterranean Europe: the Sierra de Aracena 

in Andalucía (Spain), with the "Inspira Territorio" project, and the province of Enna in Sicily (Italy), 

with the development of the “Biodistretto Agroecologico Monti Erei”. Both experiences were 

identified as emerging models grounded in territorial strategies aimed at strengthening producer 

autonomy, supporting the creation of multi-actor networks, and reducing the distance between 

production and consumption (Marsden & Sonnino, 2008). The methodological approach, qualitative 

in nature, is based on a microsociological and interpretive paradigm, prioritizing the analysis of local 

social dynamics and everyday practices through which agroecological agri-food systems are 

constructed (Holloway et al., 2007). Methodology tools included semi-structured interviews with 

producers, processors, consumers, and institutional representatives, participant observation, focus 

groups, and direct involvement in collective events, network meetings, and decision-making 

processes. The comparative nature of the study allowed the identification of convergences and 

divergences between the two initiatives, offering a nuanced understanding of the role of territorial 

governance, community engagement, and institutional configurations in shaping agroecological 

trajectories at the local and territorial level. 

The analysis highlighted how the success of agroecological experiences depends on the interaction 

between actor networks, institutions, and territorial policies, as well as on the initiatives' capacity to 

balance autonomy and integration within multi-level governance systems (Brunori et al., 2011). 

Theoretically, the research contributes to the debate on the transformation of agri-food systems 

through the lens of re-localization and the construction of new forms of territorial governance 

(Friedmann & McMichael, 1989). The results – although partial given the evolving and changing 

nature of the initiatives – offer relevant insights for defining agroecological development strategies 

aimed at strengthening the resilience of local supply chains, promoting more inclusive and adaptive 

governance models, and fostering public policies oriented towards the socio-ecological sustainability 

of territories. 

Beyond these general insights, the findings reveal wider implications for agroecological transition 

processes within the territories. First, both initiatives demonstrate that territorialized agri-food 

systems can act as laboratories of social innovation, where new organizational forms, shared 

narratives, and collective identities contribute to reconfiguring local food governance. Secondly, the 

research underscores the centrality of cohesive and robust actor networks capable of sustaining long-

term transition processes, particularly in contexts marked by institutional fragmentation and limited 
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public support. Thirdly, the analysis highlights the need to address key structural barriers – such as 

constraints in water and land access, insufficient processing and selling infrastructures, and the 

persistence of productivist policy frameworks – to enable the scaling of agroecological practices. 

Finally, both cases illustrate the inherent tension between grassroots autonomy and institutional 

integration, showing that formalization processes may risk diluting the transformative potential of 

agroecology when not accompanied by participatory and democratically anchored governance 

arrangements. The concluding reflection focuses on the scaling-up perspectives of the analyzed 

experiences, evaluating their transformative potential and the conditions necessary for consolidating 

more equitable, sustainable, and territorially rooted agri-food systems. Overall, the research suggests 

that agroecological transformations require supportive territorial governance arrangements, long-

term institutional commitment, and strengthened local capacities to promote systemic change. 
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On a global level, food systems need to be urgently transformed so that more people may have regular 

access to healthy, clean and fair food while at the same time reducing the direct and indirect costs to 

health and the environment. An emerging trend which may partly solve this dilemma is to grow one’s 

own food. 

There are various benefits when growing your own food including physical and mental health benefits, 

food production reconnection with consumers in urbanized areas, attainment of gardening skills, 

increased self-sufficiency in food production especially in times of a pandemic as well as improved 

social interactions in group settings. Data is however currently lacking for the number of people 

engaging in home-growing activities. 

The aim of this research was to find out what are the motivations and challenges that might be 

encountered when growing one’s own food as well as the opportunities and strategies that may be 

available to address these challenges. Furthermore, the role of Education for Sustainable Development 

(ESD) in supporting people and communities was investigated in this regard. 

Survey Research was first carried out to gain background information, followed by semi-structured 

interviews with a smaller sample of participants for both individual and community gardeners. 

Following analysis of the data, a training programme based on ESD practices was piloted, whereby the 

participants completed a pre and post-training survey to inform the researcher about their needs and 

preferences. Data was also collected from researching a newly-established community garden, with 

thematic and content analysis from the gardeners’ social interactions.  

Interest in growing food activities is high but individuals tend to stop growing when faced with obstacles 

such as poor growth and lack of resources and mentoring from an experienced grower. At a community 

level, where there is a structure and information readily available growing food is much more successful. 

Food production from these activities may be low and comprise no additional economic value to the 

individual but the sense of empowerment outweighs other disadvantages. Health reasons have more 

impact on the motivation as opposed to environmental concerns. 
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The training programme and final recommendations emerging from this research has a long-lasting 

positive effect as it can be utilized by other community members. Furthermore, the importance of a 

network that was established through this research may increase food growing activities that will 

effectively enable the state to reach health and environmental targets. 
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In Europe, intensive agriculture threatens species-rich semi-natural and natural communities that have 

emerged from traditional agricultural activities. To protect these communities, subsidies are given to 

farmers through agri-environmental schemes (AES). However, nearly thirty years of the uniform support 

system for farmers has not produced the expected results. Semi-natural areas become overgrown and 

forested when they are no longer grazed or mowed. Under such conditions, sheep farming is neither 

profitable nor safe from wolves. There are also a few horse breeders adapted to such a landscape and to 

the available fodder, and dairy cows are now kept in barns year-round and fed silage-based feed to ensure 

uniform milk quality and a hassle-free milking process. Therefore, beef cattle have become one of the 

most important agricultural animals, capable of eating low-value grass growing on large areas of semi-

natural grasslands. To encourage beef cattle farming, large subsidies have been provided, especially for 

the management of nature reserves. A vast number of beef cattle farmers in Estonia have started keeping 

these animals today only to receive subsidies. Historically, these beef cattle breeds have never been kept 

in Estonia. 

Research questions. With this explorative study, we wanted to know how Agri-Environmental Schemes 

affect the socio-ecological systems and agricultural practices of cattle farmers. 

Methodology. We conducted 15 semi-structured in-depth qualitative interviews with beef cattle farmers 

in Estonia and identified the socio-ecological aspects of their activities. By qualitatively mapping the 

profiles of organic farmers across Estonia, we addressed: a) their motivation to start livestock farming 

(e.g. beef cattle farming), b) the adaptation of livestock farming to natural and cultural conditions in 

Estonia, and c) the impact of farmers' social background and natural conditions in the area on beef cattle 

farming. 
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Evidence. The small-scale farmers cannot compete with intensive farmers in the meat market because 

only extensive breeds with slower weight gain and smaller body weight can graze in semi-natural 

grasslands. Semi-natural grasslands have now been preserved in small areas and are designated as having 

a conservation status. Farmers grazing there receive the highest subsidies. However, this creates social 

injustice, because permanent grasslands, which are not protected but have many more farmers grazing 

them, receive the lowest support rates for the use of this type of agricultural land. Farmers sharply 

perceive this injustice and signal it in every possible way. 

Small beef producers have independently created two organizations in Estonia that manage two food 

quality labels. These food quality labels are awarded to farms that raise their animals extensively and in 

a way that preserves biodiversity - both in semi-natural areas and on permanent grasslands. The motto 

of both organizations is "from pasture to fork". This shows good adaptation, organization and search for 

solutions by farmers - the main thing is to increase the agroecological mindset from the grassroots level 

to the wider meat consumers. However, a major problem is that Estonians are not accustomed to eating 

beef, and it is relatively expensive compared to other meats available on the market. These two 

organisations are also trying to spread the word about beef's nutritional properties and the positive impact 

of cattle on conservation areas.  

One of the most remarkable socio-cultural gaps we identified lies between family farms and large 

agricultural enterprises. Family farms depend solely on the grassland surrounding their farms, which 

also limits the number of animals. Large farmers, on the other hand, can move their animals to pastures 

tens of kilometres away and have greater opportunities to rent agricultural land. Small farmers and family 

farms are also finding it increasingly difficult to meet the new EU animal welfare requirements and cope 

with extreme weather conditions. For example, after the spring drought that hit Estonia in 2023 and later 

heavy rain in the autumn, many small farms closed down because they did not have the means to survive 

the extreme times.  

The farmers highlighted that their goal is to be sustainable, actually caring for nature, because it is the 

basis for the practical farming activities. Farmers, however, expect more cooperation and better 

communication with conservation and agricultural officials. Our respondents also signalled that, by 

directing farmers only with orders and prohibitions, their ability to innovate disappears. Farmers indeed 

want to receive positive feedback on their work, because the diverse, species-rich agricultural landscape 

has resulted from hundreds of years of daily work by farmers. 

We observed that all farmers have experienced rapid anthropogenic socio-ecological changes and are 

well aware of their causes and have several solutions in mind adapted to their farms or communities. 

Therefore, the knowledge of small farmers is crucial and must be included in policy-making. The lives 
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of farmers are most affected by social changes: the concentration of agriculture in the hands of large 

producers, little regard for small (organic) farmers, and short-term farmland leases that do not create 

certainty, all of which create insecurity in the future and add to the stress of unfavourable climatic 

conditions. 

Since agricultural subsidies have a major impact on agricultural producers, we recommend introducing 

flexible subsidies. It is important to favour producers' self-initiated agro-ecological activities with 

subsidies to support these initiatives. The supports also need to take into account the farmers' socio-

cultural background, i.e., their contribution and impact on local communities, when defining agricultural 

subsidies. 

The preparation of the conference paper was supported by the Estonian Ministry of Culture (project no. 

KUM-TA66) for RK. 
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Health risks arising from poultry farming are now a global challenge. Animals, plants and ecosystems 

health is strongly interconnected and requires an overall approach. Biodiversity and healthy soils are 

closely related to animals and whole system health. In agroecological grazing systems, biodiversity tends 

to increase, as well as soil microbiota that is transferred to grazing animals’ organism. Healthy gut 

microbiota plays a key role in avian influenza prevention and control. Microbiota is acquired from soil, 

so maintaining healthy soils is crucial to raise healthy poultry. Understand microbial health is linked 

with the need to consider planetary health as unicum (One Health approach). In pasture raised animals’ 

lower density and open-air living are both limiting factors for pathogens and respiratory disease spread.  

In our overview, we focus on avian influenza virus ecology and suggest some useful biosecurity 

measures for reducing wild birds contact in pasture farming:  

1. uniform tree planting in free and grazing areas to discourage main vector birds because they prefer 

open spaces, although trees may attract Passeriformes, less important in avian transmission;  

2. tree-planting in areas adjacent to the farm wherever possible;  

3. dead animal carcasses daily removal. Carcasses may attract scavenger animals working as virus 

vectors, such as foxes, martens, crows, etc...;  

4. outdoor area proper drainage to prevent puddles formation that attract water birds such as geese, 

ducks, etc...;  

5. training dogs to ward off potential vector birds from outdoor areas;  

6. keeping feeders and troughs indoors;  

7. poultry quarterly serological testing for avian influenza;  

8. horizontal covers. 
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Although these recommendations are based on scientific literature, regenerative agriculture, 

agroecological and rotational grazing practices should be further investigated as a new and more 

effective biosecurity strategy. 

 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 58 a 270 

Boosting the soil microbiome against desertification in semi-arid Mediterranean 

regions: a metabarcoding approach 

 

Catania V.1, Da Silveira Bueno R.2, Lo Verde G.2, Schiera G.1, Sgubin G.1, Castaldi S.3, Grilli E.3, 

Borruso L.M.4 and Quatrini P.1 

 

1 Dipartimento di Scienze della Terra e del Mare, Università degli Studi di Palermo, Via Archirafi 36, Palermo, 

Italia e-mail corresponding author paola.quatrini@unipa.it 

2 Dipartimento di Scienze Agrarie, Alimentari e Forestali, Università degli Studi di Palermo, Viale delle Scienze 

Ed. 4, Palermo, Italia 

3 Dipartimento di Scienze e Tecnologie Ambientali Biologiche e Farmaceutiche, Università degli Studi della 

Campania “Luigi Vanvitelli”, Caserta, Italia 

4 Faculty of Agricultural, Environmental and Food Sciences Free University of Bozen – Bolzano Universität Platz, 

5 – Piazza Università, 5 I-39100 Bozen-Bolzano, Italia 

 

Keywords: Soil management; soil microbiota ; desertification ; biodiversity 

 

Soil is a vital nonrenewable resource that allows life on earth thanks to its countless ecosystem services 

(Pereira et al., 2018). In spite of having a central role in several Sustainable Development Goals, 

sustainable soil management and soil security continue to be scarcely considered in politics and society, 

and also poorly addressed by scientists and farmers. 

Intensive agronomic practices and uncontrolled grazing are among the main causes of soil 

depauperation, while drought and extreme weather events contribute to its degradation, specially in 

semi-arid Mediterranean regions where erosion, compaction, salinization, reduction of organic matter 

and loss of biodiversity, lead to desertification (Catania et al., 2024), with negative consequences for the 

environment, agriculture and food supply.  

Experimental evidence is accumulating that, improving soil health, crops can be made more resilient to 

drought and extreme weather, and that soil health improvement includes boosting the soil microbiome 

(Soliman, 2024). Soil microbiome, that is the soil microbial communities composed of bacteria, fungi 

and microarthropods, is recognized as a key player in the functioning and productivity of agroecosystems 

and in carbon sequestration. 

The aim of our work was to analyze the microbial diversity of southern European soils at high risk of 

desertification, to shed light on the relationships between soil biodiversity, pedoclimatic conditions and 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 59 a 270 

land use. The final aim is to create a baseline of microbial diversity useful for monitoring the effects of 

climate change and land use, and support technical and political decisions. 

Within the project LIFE Desert Adapt (http://www.desert-adapt.it/index.php/en/), a wide study of soil 

biodiversity in the Mediterranean regions most prone to desertification in southern Europe was carried 

out, on a period of 5 years (2018-2022). Investigation of the soil communities of microarthropods, fungi 

and bacteria was carried out using a metabacoding approach. Approximately 90 soil samples from 38 

sites, located in 10 areas in southern Portugal (Alentejo, PT), central Spain (Extremadura, SP) and 

southern Italy (Sicily, IT) under different land uses (croplands, pastures, shrublands, agroforestry),  were 

subjected to DNA extraction and metabarcoding analysis based on three phylogenetic markers, namely 

16S RNA gene for prokaryotes, intergenic transcribed spacer ITS1 for fungi, and mitochondrial 

cytochrome c oxidase I (CO1 gene), for microarthropodes. 

Climate data (mean annual temperature, annual precipitations, aridity index) were obtained and soil 

parameters (geologic substrate, SOC, N, pH, CEC) were measured and related to microbial diversity; 

the effect of adaptation measures implemented in the agricultural fields to mitigate the effect of climate 

change and improve soil fertility, were correlated to microbial diversity and  the core microbiota of the 

most desertified areas was identified. Preliminary results of statistical analysis indicate that the main 

drivers of microbial diversity are geological substrate, mean annual temperatures and soil use. Ecological 

Networks will be drawn to represent the main biotic interactions in the Mediterranean agroecosystems 

under severe desertification risk.  

The results of this research lay the baseline of soil biodiversity in semiarid lands of Southern Europe and 

shed light on its drivers. This knowledge will contribute to boost the soil microbiome to fight 

desertification and mitigate climate change.  
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Context and Conceptual Framework 

The Women's Empowerment in Agriculture Index (WEAI) is a tool designed to measure women's 

inclusion in agricultural activities. It combines quantitative (surveys) and qualitative (interviews and 

focus groups) method. It is calculated using a composite index that reflects two key sub-indices: the Five 

Domains of Empowerment (5DE) Index, which measures women’s empowerment across five domains 

(Production, Resources, Income, Leadership and Time); and the Gender Parity Index (GPI), which 

measures inequality between a woman and a male counterpart in her household. Once collected the data, 

interviews and focus groups are necessary to complement the analysis. This research aims to assess 

WEAI in two fragile ecosystems, the Sahel and the Mediterranean, where women play a key but 

undervalued role in food production. Agroecology practices in these regions have strong potential, with 

small-scale sustainable interventions being more environmentally and socially viable. 

 

Objective and Research Questions 

The research has two main objectives: 1) to identify the most effective strategies for evaluating the 

gender impact of agroecological initiatives; and 2) to determine the primary areas in which 

agroecological practices influence women's empowerment.  

The research is structured around two key questions: 

Q1: What are the strengths and weaknesses of the WEAI and how can it complement other methods 

used to assess agroecology? 

Q2: According to WEAI, what are the most important issues linking agroecological practices with 

women's empowerment in ecologically fragile areas such as the Mediterranean and the Sahel? 

 

Design, Methodology, and Approach 

Data from Burkina Faso was collected through A-WEAI-based surveys, which involved in total 177 

households, interviewed between February and July 2023, first through the questionnaires and then 

through qualitative interviews. For the Mediterranean context, studies were selected based on three 
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criteria: (1) use of WEAI or related indices to assess women’s empowerment in agriculture; (2) research 

from North African countries, such as Egypt and Tunisia, where women’s roles and empowerment 

dynamics in agriculture have been explored; (3) studies combining both quantitative assessments and 

qualitative insights. The conclusions of these studies were compared with our findings from Burkina 

Faso. 

 

Data Collection and Analysis 

Primary data was gathered from participants in two projects: ACRA's 'Urban Agriculture and Promotion 

of Healthy Food for the Development of a Sustainable and Inclusive Agri-Food System', funded by 

AICS and focused on the peri-urban areas of Ouagadougou; and the 'Linking East and West African 

Farming Systems Experience in a BELT of Sustainable Intensification' project, funded by the European 

Union as part of the Horizon 2020 programme and led by the University of Sassari, which focused on 

rural areas near Ouagadougou. These data from Burkina Faso are cross-referenced with existing 

literature to highlight patterns and trends. Relevant studies include WEAI applications in North African 

agricultural contexts, such as in Egypt (Abdelaal, 2022) and Tunisia (McOmber et al., 2021).  

 

Findings and Implications 

The comparative WEAI analysis reveals significant disparities between women’s and men’s 

empowerment in both peri-urban Ouagadougou and rural Burkina Faso. Several key insights have 

emerged: 

 

 

Graph 1. WEAI results in Ouagadougou's peri-urban area from the 2023 pre-intervention data collection 
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• Production and Income: women are more involved than men in agricultural activities in urban 

contexts, as men generally look for other types of occupation.  

• Time use is a major constraint, with only about 50% of women empowered in this domain, 

compared to around 30% of men, a low value but less problematic than in rural areas.  

• Credit access shows the most severe limitation for women and underscores systemic barriers to 

financial inclusion. 

• Leadership shows relatively high female empowerment (~80%) but still falls short of men’s 

(~97%), indicating that while women are participating, they are not equally represented in 

influential spaces. 

• Ownership of productive resources is another significant gap, with only ~55% of women 

empowered compared to ~73% of men, pointing to persistent asset inequality. 

 

 

Graph 1. WEAI results in Burina Faso's rural area from the 2023 pre-intervention data collection 

 

Time use stands out as a dramatic constraint: less than 10% of rural women are empowered in this 

domain, compared to ~47% of men, mainly because of the heavy weight of domestic labour, which in 
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Credit access remains limited, though relatively better than in peri-urban areas: ~45% among women 
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Ownership and leadership display narrower gender gaps, with women reporting high empowerment 
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Production and income domains also show strong women’s empowerment (>80% and >85% 

respectively), though again with men scoring 100%, a reflect on the division of role and assets in rural 

contexts, where women are heavily involved but men are finally the households head who decide. 

While the Sahelian and Mediterranean contexts differ substantially in ecosystem types, agricultural 

systems, and livelihood arrangements, our comparative analysis reveals both striking commonalities and 

important divergences in women's empowerment patterns across these fragile ecosystem regions. The 

data suggests shared structural issues: limited access to resources, gendered labour divisions, and weak 

land tenure rights for women. However, the Mediterranean region exhibits more diversified household 

strategies and higher variation in empowerment scores depending on women’s social status and 

education level. 

• Time poverty: less than 10% of rural women in Tunisia considered empowered in time 

allocation, as gendered division of labour creates similar burdens. 

• Economic constraints: more than three-quarters of young women in Tunisia lack adequate 

empowerment in credit access, which mirrors our Burkina Faso findings. 

• Land and asset control: although both regions exhibit women's marginal roles in land tenure 

systems, restricting control over productive assets, rural Burkina Faso data shows high levels 

in ownership indicators (~95%), connected to a communal division of land that differ from 

the more individualized property systems in Mediterranean contexts. 

 

Conclusion 

The Sahel and the Mediterranean face conservative gender norms, which have a significant impact on 

workloads, land and asset ownership, and access to credit. These norms are reinforced by the fragility 

of the ecosystems in these regions, which create a pattern of time poverty and labour-intensive work for 

women. Class, status and ecosystem diversity - factors not fully captured in the standard design of the 

WEAI - critically shape empowerment patterns and must be better integrated into analytical frameworks. 

While WEAI is a helpful tool for creating a common ground for reflection, it needs to be complemented 

by other types of assessment and longer observations to deepen socio-cultural understanding. Although 

quantitative data facilitates comparisons and enables the identification of key areas, its narrow focus 

understates local knowledge and social systems, so it requires qualitative data to complement it. It is 

important to share experiences from different contexts where similar issues arise to facilitate the 

exchange of experiences and knowledge. A holistic, long-term approach is needed to address socially 

rooted issues and agroecology has great potential if considered part of a systemic, bottom-up 

transformation. 
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Introduction  

The Mediterranean region, characterized by arid and semi-arid conditions, faces significant agricultural 

challenges, including drought, soil erosion, and water scarcity (Lescourret et al., 2019). Agroecological 

transition, involving nature-based solutions like biofertilizers and biostimulants, is seen as a promising 

approach to address these issues (Landesman & Gätke, 2018). This systematic review focuses on the 

effectiveness of these solutions in the context of Mediterranean bioregions, with a particular emphasis 

on Sicily, where sustainable agriculture practices are being promoted (Sgroi et al., 2020). Sicily, Italy's 

largest island, is particularly relevant due to its rich agricultural heritage, ongoing agroecological 

initiatives, and vulnerability to climate change, as evidenced by a hydric crisis declared in 2023, with 

damages estimated at nearly 2 billion euros in 2024 (Agroecology Coalition, n.d.). The conceptual 

framework integrates ecological principles with traditional and scientific knowledge to evaluate how 

nature-based inputs enhance soil health, biodiversity, and climate resilience in agroecosystems.  

 

Objectives 

The primary objectives of this study are to identify the key categories of nature-based substances used 

in agroecological practices and to assess their contributions to various aspects of sustainable agriculture, 
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including soil fertility, biodiversity, and climate resilience. Additionally, the review aims to explore the 

regulatory and policy frameworks necessary to support the adoption of these inputs in the Mediterranean 

region, particularly in Sicily. Specific research questions include: the key categories of nature-based 

solutions used in agroecological transition; how these solutions contribute soil fertility restoration, plant 

defense, carbon sequestration, water holding, organic waste recycling, regional food security and 

economic sustainability, public health impact, and plant climate resilience; the regulatory and policy 

implications for the production, promotion, and adoption of these inputs in the Mediterranean region 

context.  

 

Metodology 

A systematic review approach was employed, involving a comprehensive search of scientific databases 

such as Scopus, Web of Science, and Science Direct. Keywords included 'Agroecology AND 

Biofertilizers', 'Biostimulants AND Soil Health', and 'Mediterranean Agriculture AND Local Nature-

Based Inputs'. The search was limited to peer-reviewed articles published between 2010 and 2025, 

focusing on case studies in Mediterranean farming systems that evaluate soil health, biodiversity, and 

sustainability outcomes. After the initial retrieval of approximately 500 articles, duplicates, and non-

relevant studies were removed, leading to the selection of high-impact papers for detailed analysis. Data 

were extracted and synthesized to categorize nature-based substances and assess their key impact 

metrics, using both quantitative meta-analysis and qualitative case study evaluations.  

 

Results  

Data collection involved synthesizing findings from selected studies, focusing on key categories of 

nature-based substances: microbial inoculants (e.g., PGPR, mycorrhizal fungi) (Bhattacharyya & Jha, 

2012), biostimulants (e.g., seaweed extracts) (Sharma et al., 2014), organic amendments from production 

wastes (e.g., compost) (Zouari et al., 2016), and biofermentation juices (CGIAR, n.d.). Evidence 

indicates these inputs enhance soil fertility, with compost boosting olive tree yields in calcareous soils 

(Zouari et al., 2016) and microbial inoculants improving nutrient uptake and plant defense (Rouphael et 

al., 2016). Carbon sequestration increases by 20-30% over a decade with compost use (Lal, 2004), while 

biostimulants enhance water retention in semi-arid regions (Sharma et al., 2014). In Sicily, case studies 

reported improved pollinator populations and reduced erosion. Meta-analyses showed reduced soil 

erosion (-40%) and increased biodiversity (+60%) in agroforestry systems (Ngaba et al., 2023a). The 

review highlights that nature-based solutions significantly contribute to agroecological sustainability in 

Sicily. Microbial inoculants enhance soil structure and plant resilience, critical for drought-prone regions 
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(Bhattacharyya & Jha, 2012). Composting agricultural waste improves soil carbon storage and fertility, 

supporting climate mitigation (Lal, 2004). Biostimulants increase water retention, reducing irrigation 

needs in semi-arid Sicily (Sharma et al., 2014). Organic farming initiatives in Sicily, such as Valdibella, 

enhance food security and economic viability through diversification (Sgroi et al., 2020). However, 

regulatory support under the EU’s Common Agricultural Policy (CAP) remains limited, with insufficient 

subsidies for biofertilizers (Landesman & Gätke, 2018). Sicily’s agroecology law (L.R. 21/2021) aims 

to bridge this gap, but implementation challenges persist. Traditional practices, like cover cropping, 

complement scientific approaches, suggesting a hybrid model for scaling agroecology.  

 

Conclusion  

Nature-based solutions, including biofertilizers and biostimulants, are effective in enhancing soil health, 

biodiversity, and climate resilience in Mediterranean agroecosystems, particularly Sicily. They support 

sustainable farming by improving nutrient cycling, reducing environmental stress, and bolstering 

economic outcomes. However, their adoption requires strengthened legal frameworks, such as 

integration into CAP, and increased subsidies for local production (Landesman & Gätke, 2018). 

Recommendations include scaling farmer education programs, leveraging Sicily’s AgrEcoMed project 

for innovation (CGIAR, n.d.), and aligning policies with FAO agroecological indicators. Bridging 

scientific and traditional knowledge, as seen in Sicilian practices, is vital for long-term success.  
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Context and scope 

In a context of environmental degradation and agriculture impoverishment, agroecology emerges as 

a transformative approach that leverages both modern scientific methods and local knowledge to 

reconfigure farming systems. SUNRISE is a comprehensive, pan-European initiative funded by the 

Agroecology Partnership designed to accelerate the agroecological transition by establishing a 

network of Agroecological Living Labs (AELLs) across 10 countries, including two Mediterranean 

ones (Italy and Spain). By integrating research infrastructures, local farming communities, industry 

stakeholders, and policy makers, SUNRISE will foster an environment of co-creation, 

experimentation, and knowledge exchange to drive the agroecological transition. 

In each AELL, SUNRISE is built upon the formation of multi-actor teams (MATs) that bring together 

diverse perspectives from farmers (both IPM and organic), agricultural advisors, input suppliers, civil 

society organizations, and researchers. MATs will identify local agronomic challenges, set transition 

goals, and co-design innovative solutions addressing six key sub-themes across diverse 

cropping/farming systems: 

(i) soil health (mixed cropping, cover crops, soil amendments and waste recycling, biofertilizers, 

reduced tillage, crop-livestock integration, semi-natural areas); 
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(ii) crop diversification (undersowing and intercropping, companion plants, crop rotation, crop-

pasture rotation, heritage cultivars and cultivar mixtures, improved varieties, evolutionary 

populations, landscape diversification); 

(iii) reduced inputs (closing nutrient cycles, living mulches and cover crops, biocontrol agents, 

crop-livestock integration); 

(iv) crop/animal production (enhanced complementarity, silvopastoral systems, improved grazing 

systems); 

(v) biocontrol (conservation biological control, associational resistance, ecological weed 

management, IPM, biopesticides, increased diversity for natural regulation); 

(vi) biodiversity and ecosystem services (multifunctionality of soil improving practices, linking 

productivity gain to ecosystem services provision, diversity assessment, semi-natural habitat, 

system diversification, pollinators, etc.). 

The Mediterranean AELLs, already established in Tuscany (Italy) and Catalonia (Spain) will address 

all of the above-mentioned sub-themes. 

 

Methodology 

SUNRISE (coordinated by SSSA, Italy) employs an 11-step participatory approach that 

systematically guides the co-creation process. The first step consists of (i) the establishment of MATs. 

MATs will be responsible for the completion of all following steps, starting with (ii) the collaborative 

identification of local priorities and key agroecological issues, and (iii) the identification of sites for 

on-station and on-farm trials, followed by the collaborative (iv) design of improved agroecological 

practices, (v) test of the potential innovations and (vi) results evaluation. Finally MATs will be 

responsible for the (vii) planning and (viii) implementation of knowledge sharing activities, and for 

(ix) the definition of a shortlist of successful innovations, to be used to provide (x) guidelines on 

AELLs establishment and functioning as well as (xi) policy recommendations. 

SUNRISE AELLs takes stock of synergies between research infrastructures (research centres and 

laboratories) and local lighthouses (experimental farms) to validate and fine-tune agroecological 

innovations. By applying both “hard” methodologies (rigorous, standardized scientific trials) and 

“soft” methods (participatory workshops, field days, and cross-farm visits), SUNRISE ensures that 

the resulting practices will not only be technically sound but also practically relevant and readily 
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adoptable by local actors and stakeholders. On the “hard” side, scientific trials are conducted both 

on-station (within research infrastructures) and on-farm (in experimental lighthouses), using 

standardized protocols for data collection and evaluation. Tools such as the REFA (Rapid Ecosystem 

Functioning Assessment) will be deployed to quantify parameters like soil microbial activity, nutrient 

cycling, natural biocontrol of pests, and biodiversity. On the “soft” side, participatory workshops and 

focus group discussions will capture the tacit knowledge of practitioners, ensuring that technical 

innovations are fully aligned with real-world conditions. This integrated approach will ensure a 

continuous feedback loop, wherein field results inform subsequent rounds of innovation co-design 

(steps iv, v, and vi of the participatory approach). The SUNRISE co-creative process not only will 

enhance the technical viability of novel agroecological practices but will also build a sense of 

belonging among the agricultural communities, ensuring that the living labs evolve into a sustainable, 

continuously self-reinforcing network. 

SUNRISE is structured into several work packages that address the establishment of MATs and 

AELLs, and the co-design of innovations (WP1), the upscaling of AELLs networks at regional, 

national and international scales (WP2), the co-assessment of agroecological innovations (WP3), and 

the dissemination and communication of outcomes (WP4). Additionally, a dedicated work package 

focuses on developing guidelines and policy recommendations to support the broader agroecological 

transition at regional, national, and European levels (WP5), while WP6 aims to ensure the 

sustainability and legacy of the AELL network beyond the project’s lifespan. 

 

Expected outcomes 

SUNRISE aims to enhance agricultural productivity and environmental sustainability in Europe by 

integrating scientific and local knowledge. AELLs will serve as a model for participatory innovation 

in agroecology, providing valuable insights to inform national policies and broader EU strategies. A 

key outcome of the project is the definition and refinement of a set of successful agroecological 

practices tailored to different EU contexts. Additionally, SUNRISE aims to establish a permanent 

network of agroecological living labs that will continue beyond the project’s duration, contributing 

to shaping the future of EU agriculture. One of the main goals is to use the project outcomes to 

improve current CAP schemes and contribute to future CAP policies, as well as the EU Biodiversity 

Strategy for 2030 and regulations on organic farming and the sustainable use of plant protection 

products. The project will also focus on upscaling its approaches by engaging with key actors in the 
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agroecological sector, including the Agroecology Partnership, Agroecology Europe, national 

agroecology associations, the Agroecology Coalition, and the new EU Partnership on FutureFoods. 

Through this collaboration, SUNRISE will help drive the agroecological transition and support the 

development of more sustainable food and farming systems across Europe. 
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Intensive soil exploitation has led to a change in the chemical, physical and biological properties of 

soils, with a subsequent decrease in fertility. Moreover, conventional agriculture has been identified 

as one of the causes of the increase in environmental problems such as soil loss, desertification, 

erosion, hydrogeological instability and, consequently, of socio-economic drawbacks i.e. low income 

of farmers, abandonment of agriculture, depopulation of green areas. There is therefore a need to 

mitigate the negative effects of intensive agriculture by promoting the transition to more sustainable 

practices in order to combat climate change and allow the recovery of soil fertility.  

Sicily is the second largest Italian region in terms of vineyards area (98,753 hectares) according to 

ISTAT 2024 data, but at the same time over 60% of the Sicilian lands is susceptible to desertification 

(Catania et al., 2024). It is important to safeguard the excellence of Sicilian viticulture to by 

guaranteeing the quality of the final product, but also by protecting the whole agroecosystems from 

the effects of climate change.  

Agroecology principles rely on soil defense and biodiversity as drivers of agroecosystem health and 

U.N. sustainable development goals aim to reduce hunger while protecting wildlife and biodiversity. 

In agroecosystems, microbial diversity is generally overlooked but microorganisms play a crucial role 

by acting as drivers for biogeochemical cycles by influencing the flow of nutrients (Yi et al., 2022). 

Many are responsible for nitrification and denitrification, as well as, the accumulation of soil organic 

carbon and its aggregation. Furthermore, microorganisms control soil structure and function through 

the action of extracellular enzymes and polysaccharides (Schimel et al., 2012). 
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In addition, microorganisms also play an important ecological role as plant symbionts. A large 

microbial community inhabits the rhizosphere, and specialized bacteria known as Plant Growth-

Promoting Rhizobacteria (PGPR) confer benefits. These bacteria have been shown to function as 

biological control agents and to substitute for chemical fertilizers by means of nutrient solubilisation 

or hormone synthesis and pesticides/fungicides effects (Besset-Manzoni et al., 2018; Wang et al., 

2021). Over the years, several mechanisms of action have been studied to explain growth promotion 

and biocontrol mechanisms, including direct competition for nutrients and niches, antibiosis, 

enzymatic lysis, signal interference and indirect induction of host resistance (Barea et al., 2005; 

Tabassum et al., 2017). Bacterial and fungal isolates can be tested for the ability to promote plant 

growth (auxins production, nitrogen fixation, phosphate solubilization, etc.) and selected for plant 

inoculation in the field. In this study, a collection of root endophytes and epiphytes was isolated from 

grapevine to create a collection of growth-promoting microorganisms to promote vine growth in 

semi-arid vineyards for sustainable viticulture management. Vines with different levels of vigor were 

selected to verify the hypothesis that higher vigor could be related to higher diversity of microbial 

endophytes endowed with more PGP traits. 

Vine root endophytes and epiphytes were isolated from roots sampled in a vineyard (Catarratto) in 

Camporeale (PA) presenting markedly different levels of vigor, determined based on observations of 

foliage, pruning wood yield, and NDVI values. For endophytes isolation, roots were surface-sterilized 

and dismembered in sterile water, the homogenate was spread on Nutrient Aagar and Potato Dextrose 

Agar plates until colonies appeared. For epiphyte isolation, the washed root samples were swabbed 

on NA and PDA plates before surface sterilization. After 48 hours of incubation at 30°C, 

phenotypically different colonies were isolated from each plate and transferred until pure cultures 

were obtained (Figure 1).  

About 100 isolates were obtained, 63 from NA plates and 36 from PDA plates. All bacterial isolates 

were subjected to DNA extraction and molecular identification by 16S ribosomal gene amplification 

and sequencing, while for the fungal isolates the internal intergenic spacer (ITS) was amplified. The 

amplicons were sequenced and the sequences analysed by BLAST towards nr database. Preliminary 

results assigned part of the bacterial collection to the genera: Bacillus Peribacillus, Paenibacillus, 

Klebsiella, Serratia, Pseudomonas, Pantoea, Rahnella. A higher number of bacterial genera was 

retrieved from low vigor vine roots. 

The collection of vine root epiphytes and endophytes is now under screening for the Plant Growth 

Promoting activity if the isolates. A first test on the production of indolacetic acid (IAA) was 
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conducted on some bacterial strains selected in accordance with their affiliation to genera known to 

include plant growth-promoting strains. The analysis revealed that all strains exhibited IAA 

production (Figure 1). 

Identification of all bacterial and fungal isolates and PGP tests are in progress. 

 

Figure 1. Workflow of vine endophytes collection: from root sampling a) to isolation b) to PGP trait 

screening c) 
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The methodological approach of NATAE project addresses the whole food system from the soil to 

the organisation of human society, to develop an integrated assessment of the whole agricultural 

systems and determine agroecological practices (AEPs) resilience, taking into account the potential 

interactions between the biophysical characteristics of farmland and the socioeconomic resources 

determining the potential productivity of the system at field, farm, territorial and value chain level. A 

continuous evaluation of the AE practices of farmers and local communities is foreseen, starting by 

already applied practices and subsequently those proposed by the project, or combinations of both, 

and conduct an evaluation of the performances to be adopted by farmers. The main objective is to set 

a mechanism connecting AEPs performances with SDGs and policy frameworks achievements 

pertinent for AET strategic policy formulation. 

NATAE’s methodological assets include several clusters interconnecting at activities level, a 

database of indicators is one of these assets. The framework of the database development was set 

through a co-design and co-creation process from January 2023 to June 2023 involving local 

stakeholders and the project consortium. The Database is updated and improved along the project 

life; the latest version is available at https://doi.org/10.5281/zenodo.12759320.  

 

1   
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The database builds upon and carries forward the experience gained by pre-existing methodological 

frameworks for the analysis of the performance of agroecological practices dealing with sustainability 

and agroecological transition of food systems, through quantitative indicator systems (AVACLIM, 

Handbook GTAE, IDEA, …).  

the Database allows monitoring social, economic, agricultural, farming and other performances of 

AEPs. By creating an innovative explicit connection between the performance indicators and the 

different conceptual frameworks of reference that steer the approach of the agroecological transition 

and govern development policies (SDGs, One Health, Ecosystem Services, …), it provides 

advantages for several target stakeholders such as farmers, researchers as well as decision and policy 

makers. It allows famers to monitor the achievements of specific targets at plot and/or farm level (e.g. 

soil fertility, water saving or efficiency, efficiency of pest and disease management, …). Researchers 

can adopt any of the proposed indicators or set of indicators, whether to monitor the performance of 

AEPs in the various territorial contexts, or to test AEPs combinations and induced changes in time 

and/or in relation to any of sustainability dimensions and assess multiple effects and trade-offs in the 

provision of ecosystem services. Most of all the database could be a useful tool for politicians and 

decision makers to connect and link each AEP performance indicator with the corresponding SDG 

indicator thus, supporting and validating the concrete contribution of AEPs to the achievement of the 

SDGs. 
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Context description; conceptual framework 

The decline of organic matter (OM) and recurrent water scarcity in Mediterranean soils necessitates 

sustainable strategies that recycle local residues while improving agroecosystem functionality. Soil 

OM is vital for fertility, water and nutrient retention, and microbial activity, making its depletion a 

significant threat to long-term productivity and climate resilience. Recycling organic wastes (OW) 

through composting or vermicomposting aligns with the frameworks of agroecology and circular 

economy, offering a path to counteract soil OM depletion and enhance soil water retention. 

Vermicompost, in particular, has been associated with greater improvements in soil porosity, water 

retention, and plant growth compared to conventional composts. However, comparative assessments 

of different residue-derived amendments, especially vineyard prunings, are rare, and an integrated 

evaluation of their effects on substrate and plant physiological properties under Mediterranean 

conditions is needed. 

Purpose; research questions 

This study aimed to provide an integrated assessment of residue-derived amendments by examining 

their short-term effects on substrate properties and plant growth under monitored pot conditions. We 

hypothesized that organic amendments, especially vermicompost with its finer particle size and 

higher biological activity, would enhance substrate water retention and improve plant performance 

mailto:francesco.serafini@unifi.it
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compared with traditionally composted materials. The research questions addressed were: How do 

the tested amendments (vermicompost, pruning-derived composts) impact selected Substrate 

Properties (SP), such as water retention capacity and salinity? Do changes in the substrate translate 

into enhanced Plant Growth (PP) and biomass allocation in lettuce? Do Physiological Indicators (PhP) 

(SPAD index, chlorophyll fluorescence, leaf colorimetry) reveal differences in nitrogen status or 

photosynthetic performance across treatments? 

Design; methodology; approach 

To address these questions, a pot experiment was conducted using soil classified as Fluventic 

Xerochrepts. Four organic amendments were tested against an unamended control (CTRL): 

Vermicompost from spent coffee grounds (VERM), Composted vine prunings without inoculant 

(PRUN), Pruning-derived compost with a commercial accelerator (COMM), and Pruning-derived 

compost inoculated with Indigenous Microorganisms (INDG). All treatments were applied at four 

rates: 2, 8, 16, and 32 t ha⁻¹, totaling 160 pots arranged in eight completely randomized blocks. Two 

cropping cycles were tested: emmer wheat (Triticum dicoccum Schrank, which failed) and lettuce 

(Lactuca sativa L. var. capitata ‘Iceberg’). Substrate volumetric water content (VWC) and pore water 

electrical conductivity (ECp) were monitored during both cycles. Lettuce (second cycle) was 

subjected to destructive measurements (shoot/root biomass, leaf number) and non-destructive 

measurements (SPAD index, chlorophyll fluorescence Fv/Fm, colorimetric traits). 

Data collection and analysis; evidence 

Results concerning Substrate Properties (SP) demonstrated that Vermicompost (VERM) consistently 

and significantly increased substrate VWC compared to the control (CTRL). In the second cycle, this 

effect was evident even at the lowest dose of 2 t ha⁻¹, suggesting an additive effect from repeated 

applications, with continuous monitoring confirming that the highest VERM dose (32 t ha⁻¹) 

maintained VWC values on average 3.6% higher than CTRL throughout the experiment. Conversely, 

pruning-derived composts (PRUN, COMM, INDG) showed less evident or sporadic effects on VWC, 

with INDG even showing significant VWC reductions compared to CTRL in the first cycle. Electrical 

conductivity (ECp) showed less consistent dose responses across treatments, remaining within 

agronomically acceptable thresholds, and only VERM showed a significant positive relationship with 

dose on one sampling date in the first cycle. 

Regarding Plant Growth and Physiological Parameters (PP and PhP), shoot biomass and leaf number 

were highest for lettuce grown in VERM amended substrates, with shoot dry weight increasing by 
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2.45 g plant⁻¹ on average compared to CTRL (p<0.01) and leaf number increasing by approximately 

4.5 leaves per plant (p<0.05). The shoot-to-root ratio was also highest in VERM-amended plants (an 

increase of about 5 units compared to CTRL, p<0.01), indicating a clear preferential allocation of 

biomass to aboveground tissues. COMM and INDG stimulated root development but did not 

significantly enhance shoot biomass or leaf number, while PRUN showed no significant effect on any 

Plant Growth Parameter. Importantly, Physiological Parameters (SPAD index, colorimetric traits, 

Fv/Fm) did not differ significantly among treatments (p>0.05), with Fv/Fm values consistently 

remaining above 0.83, confirming the absence of photo-inhibition and photosynthetic stress across 

all treatments. 

Results and implications 

The results confirm that vermicompost (VERM), even at moderate application rates (2 t ha⁻¹ in the 

second cycle), was particularly effective in enhancing water retention and crop growth under 

Mediterranean conditions. The higher shoot biomass and leaf number observed in VERM-amended 

plants, despite non-significant differences in nutrient/physiological indicators (SPAD, Fv/Fm), 

suggest that the primary mechanism of growth promotion was likely improved water availability, 

which allowed the plants to prioritize shoot development over root investment. Pruning-derived 

composts showed less evident or inconsistent agronomic benefits, and their variable performance 

underscores the challenge of using lignin-rich residues, suggesting the need to optimize their 

processing for better short-term agronomic value. From an agronomic and circularity perspective, the 

strong and stable effects of VERM on water retention highlight its potential as a sustainable 

amendment for increasing resilience in Mediterranean cropping systems constrained by water 

scarcity. These findings emphasize that the agronomic value of recycled organic materials depends 

significantly on the stabilization pathway (e.g., vermicomposting vs. composting) and the resulting 

physical/structural properties, which directly affect substrate water dynamics. Future studies should 

investigate long-term effects on soil organic matter stabilization and microbial community shifts. 
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Context description and conceptual framework 

Mediterranean agriculture is increasingly challenged by “a series of environmental challenges such as 

water and soil pollution, erosion or biodiversity loss, especially in monoculture systems” (Alcon et al., 

2020). In response, cropping system diversification, through practices such as crop rotation, cover crops, 

and intercropping, has been promoted as a key strategy to improve resource-use efficiency, enhance 

agroecosystem resilience, and stabilise farm income (Rodriguez et al., 2021; Viguier et al., 2021). 

Within the Mediterranean Basin, intercropping perennial fruit trees with annual crops or aromatic and 

medicinal plants has attracted growing scientific attention, mainly for its agronomic and ecological 

benefits (Marotti et al., 2023). However, despite the expanding literature, empirical evidence on the 

economic performance of these systems remains scarce, particularly under heterogeneous Mediterranean 

conditions. 

The ValMedAlm (VALorization of MEDiterranean ALMond orchards) project addresses this gap by 

adopting an integrated sustainability framework that jointly considers economic, environmental, and 

social dimensions in the assessment of intercropping practices in almond orchards across five 

Mediterranean countries. 

 

Purpose and research questions 

This study aims to provide preliminary economic evidence on the adoption of herbaceous intercrops and 

cover crops in Mediterranean almond orchards during the first years of experimentation. Specifically, it 

addresses the following research questions: 

1. What are the short-term economic effects of different intercropping and cover crop systems 

in almond orchards? 
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2. How do local agroecological conditions influence the economic viability of these diversified 

systems? 

3. To what extent can intercropping contribute to income diversification without compromising 

almond productivity? 

 

Design, methodology, and approach 

The study is based on a comparative multi-country analysis of demonstration trials implemented within 

the ValMedAlm project in Italy, Portugal, Croatia, Israel, and Morocco: 

• Italian demo site: in an organic farm in the Licata area that already uses minimum tillage 

systems, intercropping trials are carried out with Sulla and a mixture of three Medicago spp. 

(Scutellata, Truncatula, and Polymorpha) with CV Tuono. 

• Portuguese demo sites: in three experimental fields, two in Macedo de Cavaleiros and one in 

Argozelo, at different altitudes (from 584 to 750 m a.s.l.), chickpeas and short-cycle clover 

are being tested with three almond cultivars (Ferraduel, Ferragnès, Makako). 

• Croatian demo site: the trial is taking place on the island of Brač in an orchard with rocky soil 

rich in skeletons. The interactions of four almond cultivars (Ferragnes, Ferraduel, Ai, Texas) 

with aromatic plants (sage, immortelle, rosemary) are studied. 

• Israeli demonstration site: it is in the North District near Neve Yaar. Almond trees (cv. Matan) 

are tested with cover crops and at different fertilization rates (using treated wastewater).  

• Moroccan demo site: the two experimental trials are located at Azilal (altitude 1,348 m a.s.l. 

and Taoudjate (440 m a.s.l.), in which Faba bean and Lentil are tested with almond CV like 

Marcona and Fournatin or with local clones. 

Given the strong heterogeneity among experimental sites in terms of climate, soil, orchard structure, 

cultivars, irrigation regimes, and intercrop species, a harmonised economic assessment methodology 

was applied. 

Experimental areas were identified and measured using GIS tools on updated base maps, allowing 

precise calculation of the effective surface occupied by almond trees and intercrops. All trials were 

standardised to a 1-hectare rented almond farm, assuming outsourced mechanised operations and hired 

labour for manual activities. 

Economic analysis was conducted using the GAIA (Gestione Aziendale delle Imprese Agricole) farm 

management software, which enables the construction of reclassified balance sheets, production activity 

schedules, and profit-and-loss accounts consistent with the Farm Accountancy Data Network approach. 
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Data collection, analysis, and evidence 

Primary data were collected through a shared Excel-based logbook, in which project partners recorded 

all agronomic operations, inputs, labour use, outsourcing costs, yields, and prices. Additional 

information on local market prices and labour costs was included to ensure economic comparability. 

The analysis focused on key technical, economic, and financial indicators (Table 1) and allowed cross-

site and cross-treatment comparisons. 

 

Table 1. Technical, economic, and financial efficiency indices derived by using the GAIA software. 

 

Results and implications 

Preliminary results confirm that the economic performance of intercropping systems in almond orchards 

is highly context-specific. In line with previous findings on diversified cropping systems (Rodriguez et 

al., 2021; Viguier et al., 2021), not all intercrop combinations generate positive short-term economic 

returns. 

In some cases, such as aromatic plant intercropping in Croatia, high-value intercrops significantly 

contributed to overall farm income, supporting earlier evidence on the economic potential of perennial–

annual crop associations in Mediterranean systems (Marotti et al., 2023). Conversely, grain legumes and 

cover crops often generated negative gross margins due to additional costs and competitive effects, 

particularly under water-limited conditions, consistent with concerns raised by Alcon et al. (2020). 

Overall, the findings highlight that intercropping can represent an effective income diversification and 

climate adaptation strategy only when crop selection, management intensity, and local environmental 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 85 a 270 

constraints are carefully aligned. Long-term monitoring is required to fully capture potential benefits 

related to soil fertility, risk reduction, and system resilience. 
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This work presents the ASPmed project, "Agroforestry practices for Agroecological transition 

towards sustainable Sheep and Poultry farming in the Mediterranean region" funded under Section 

2 of the PRIMA call 2024 and running from 2025 to 2028. ASPmed brings together ten partners from 

eight Mediterranean countries (Italy, Portugal, Spain, France, Croatia, Turkey, Egypt, and Algeria) 

and follows a comprehensive research approach through five work packages (WPs) covering project 

management (WP1), research development (WP2-WP4), and dissemination and communication 

(WP5) over 36 months. The stability and sustainability of current agri-food systems are heavily 

threatened by future challenges, such as the ongoing triple planetary crisis and the growing global 

population, which is expected to reach nearly 10 billion by 2050, leading to an increased food 

demand. The effects of the climate crisis, for example, are impacting production systems through 

changes in precipitation patterns, temperatures and the frequency and intensity of extreme weather 

events. In the Mediterranean basin, the effects of climate warming are occurring at an even faster rate 

compared to the rest of the world. The continuous simplification of agri-food systems, through 

intensification and the widespread use of high-yield monocultures, has had significant repercussions 
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on biodiversity and ecosystem services, exacerbating environmental issues. Furthermore, agri-food 

systems are responsible for about one-third of global greenhouse gas emissions. In this context, the 

overall objective of this project is to develop an integrated and sustainable agri-food system that 

adopts land use practices such as agroforestry combined with poultry and sheep farming in the 

Mediterranean basin. With the following specific objectives: i) develop agri-food systems with a 

lower environmental impact that enhance biodiversity; ii) improve animal health and welfare through 

the introduction of more environmental-friendly and unconventional feed in their diets; iii) promote 

the local and rural economy and enhance the livelihood of farmers; iv) develop recommendations and 

guidelines for the implementation of this integrated system in different socio-economic contexts. The 

choice of poultry and sheep farming is based on their greater simplicity and cost-effectiveness in 

management, as well as their better adaptability to heat stress compared to large ruminants, while at 

the same time making them a valuable source of noble protein. The research design integrated various 

elements, such as supporting the revitalisation of agroforestry systems through new practices, 

techniques, and tools; the use of insect larvae both as alternative protein sources and as positive 

reinforcement to stimulate the poultry’s innate predatory behaviour; the use of green fodder derived 

from hydroponic cultivation; the use of alfalfa (Medicago sativa) enhanced with symbiosis of rhizobia 

from selected strains for animal feed; and the economic valorisation of the various agroforestry 

products, pursued through the development of new supply chains or the support of existing ones, 

targeting tailored markets. Each element of the research design will involve the adoption of specific 

methodologies and methods. First, experimental trials will be conducted to: optimise hydroponic 

cultivation across different pedoclimatic zones by analysing water availability, climatic conditions, 

and soil characteristics; select strains of rhizobia most tolerant to specific stress conditions, such as 

salinity and/or drought, for the efficient inoculation of alfalfa plants grown at various latitudes; 

optimise feeding protocols for poultry by studying the administration of different sprouts at various 

growth stages and the introduction of insect larvae. Secondly, 3D cameras and AI-based sensor 

technologies will be applied to monitor animal movement and behaviour, enabling the analysis of 

their health and welfare. Thirdly, pilot agroforestry case studies will be selected in collaboration with 

farmers, who will participate in living labs and can engage in participatory initiatives, knowledge 

exchange, co-design of locally impactful solutions, and field visits to facilitate peer-to-peer social 

learning and trust-building. Finally, the environmental sustainability of the agroforestry products will 

be assessed using the Life Cycle Assessment method to identify and attempt to mitigate the most 

critical and impactful production phases. An economic analysis will also be conducted to identify 

costs, revenues, and profitability, as well as bottlenecks and best practices for integrating these 
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products into tailored markets. The expected impacts of this project are numerous and align with the 

triple bottom line. Using the lens of environmental sustainability, there could be an increase in the 

uptake rate of sustainable agroforestry practices by farmers, tailored to local site-specific and 

pedoclimatic conditions, contributing to a more resilient and biodiverse agricultural landscape. 

Agricultural productivity is expected to improve, particularly through the adoption of hydroponics, 

especially in vulnerable areas with significant resource constraints and limited available land. 

Hydroponics can use up to 75% less space and up to 99% less water compared to conventional 

farming systems while requiring minimal labour input from non-specialised workers. Beyond 

efficiency and sustainable production, hydroponics also contributes to reducing climate impacts and 

enhancing farmers' livelihoods. Additionally, the increased biomass production of alfalfa stimulated 

by symbiosis of rhizobia could further support agricultural output. The integration of these production 

systems with livestock farming and forestry could enhance soil health and fertility, biodiversity, and 

the provision of various ecosystem services, such as carbon sequestration, erosion reduction, and 

efficient water use. Furthermore, this approach could strengthen resilience and resistance to climate 

change and extreme weather events. Using the lens of economic sustainability, for farmers, adopting 

agroforestry and sustainable, innovative agricultural practices could provide economic benefits, both 

by reducing costs - such as lower reliance on chemical inputs - and by increasing the market value of 

products, which may be perceived as healthier and more sustainable by consumers. The 

diversification of products from these systems could also enhance stability against market 

fluctuations. Furthermore, the use of innovative techniques could allow farmers to update and 

improve their knowledge and skills (i.e., reskilling and upskilling), helping them maintain their 

competitiveness in the market. Finally, using the lens of social sustainability, local challenges and 

needs could be gathered and analysed on a transnational scale through events, conferences, and living 

labs. Solutions could be co-created with farmers, aiming both to enhance productivity, sustainability 

in practices, and profitability, while also preserving agricultural landscapes and maintaining local 

practices and traditional knowledge. These solutions could then be shared across the Mediterranean 

basin. 
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Introduction 

Cotton farming is among the most resource-demanding production systems. It requires substantial 

amounts of water, synthetic pesticides, fertilizers, growth regulators and frequent tillage (ICAC, 

2012; WWF, 2005). They all contribute to soil degradation, above and below-ground biodiversity 

loss, environmental pollution and increased production cost. The conventional practices have led to 

input-intensive monocultures of cotton in various growing regions. Thus, the changes in the EU 

climate and soil legislation, alongside rising consumer awareness, are now driving demand for more 

sustainable climate-resilient cotton systems. In response, regenerative farming practices focusing on 

soil health, biodiversity, carbon sequestration, and ecosystem resilience has emerged as a promising 

pathway to mitigate climate change and enhance the long-term sustainability of cotton production. 

To explore this potential, a demonstration project was designed in 2022 by EgeDeniz, UTAEM and 

ETO as a joint initiative in Menemen Plain, İzmir, Türkiye. The project aimed to evaluate the 

feasibility of regenerative farming practices including crop rotation, cover cropping, mulching, and 

drip irrigation under no-till management. The findings demonstrated that these approaches can 

significantly improve soil health, carbon sequestration, and water retention, effectively addressing 

the environmental impacts of conventional cotton cultivation. 

Method and Methodology 

The research was conducted over a three-year period (2022-2024) at UTAEM's Ortaköy experimental 

site, where a cotton – wheat - cotton rotation system was implemented using no-till farming methods. 
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Two demonstration plots (each 1,500 m²) were established using two cotton varieties the early-

maturing, drought-avoiding cv. Bomba and the late-maturing, high-yielding cv. Milet 84 to evaluate 

the effiency of tested regenerative farming practices on soil structure, organic matter content, 

greenhouse gas emissions, and carbon sequestration in addition to soil water retention capacity 

(Figure 1).  

 

Figure 1. Experimental site 

 

The management practices and inputs used complied with the EU and Turkish organic legislation. In 

this context, soil organic carbon and nitrogen (%) were quantified following the Dumas method, and 

soil bulk density was monitored throughout the study period. In the field, soil CO₂ fluxes were 

measured periodically using a LI-COR LI-8100 system (Figure 2). 
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Figure 2. CO2 measurement in the field 

Additionally, soil infiltration tests were conducted by double-ring infiltrometer (Bouwer, 1986) in 

both parcels prior to design of the drip irrigation system, and repeated at the end of the project to 

assess changes in infiltration rates in both parcels over time period.  

Results and Implications 

The findings indicate that regenerative farming practices can be successfully implemented in cotton 

production, even in resource-limited environments. While initial yields were lower than regional 

conventional averages due to insufficient nutrient uptake, namely nitrogen, phosphorus, and zinc, the 

results showed that the Millet 84 variety outperformed the Bomba variety in terms of yield producing 

3,540 kg/ha compared with 3,060 kg/ha of seed cotton. It was noted that soil properties e.g. C, N and 

BD remarkably improved over the three-year period for both cotton varieties (Table 1). 

Table 1. Soil organic C and N contents (%) and bulk density (g/cm³) monitored during the project period 

Years 2022 2023 2024 Change (% 2022-2024) 

 Soil Contents 

 

 

Cotton Varieties 

C 

(%) 

N 

(%) 

BD 

(g/cm³

) 

C 

(%) 

N 

(%) 

BD 

(g/cm³

) 

C 

(%) 

N 

(%) 

BD 

(g/cm³

) 

C 

(%) 

 

N 

(%) 

 

BD 

(%) 

Milet84 1.30 0.30 1.11 1.55 0.60 1.21 1.63 0.60 1.47 25.38 100.00 32.43 

Bomba 1.23 0.40 1.09 1.42 0.45 1.18 1.48 0.60 1.37 20.33 50.00 25.69 
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The soil of Milet84 plot showed increases of 25.38% in C and 100% in N, while Bomba plot soil 

recorded rises of 20.33% and 50%, respectively. Bulk density increased for both varieties, indicating 

gradual soil compaction. Overall, soil C and N improved consistently across years, with Milet84 

exhibiting the greatest gain in 2 years’ time frame. 

The outcomes of CO2 measurements demonstrate a strong positive relationship between soil moisture 

and soil temperature with CO₂ emissions across seasons, with both variables peaking in midsummer 

and declining through winter. The treatment for Bomba variety consistently produced slightly higher 

values than Millet-84, indicating potential differences in soil water dynamics or biological activity 

influenced by the variety (Figure 3). 

 

Figure 3. Trends between soil moisture and soil temperature with CO2 flux 

 

On the other hand, infiltration test results showed that initial net infiltration rates were 3.3 mm/h in 

the Milet 84 plot and 2.0 mm/h in the Bomba plot, increasing over 100% to 11.7 mm/h and 7.0 mm/h, 

respectively, by the end of the experiment. 

Overall, Milet 84’s superior performance indicates its suitability for regenerative farming, especially 

where long-term soil fertility and water-use efficiency are crucial under changing climate conditions. 

During the project, regenerative practices increased soil organic matter, carbon sequestration, and 

water retention in soil. Findings from 2022–2024 support the scalability and long-term feasibility of 

regenerative cotton in the region as perhaps elsewhere. This system-based approach presents a viable 

model that integrates environmental and economic goals. The results are also relevant for the wider 
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textile sector, demonstrating how regenerative cotton can reduce the ecological footprint of value 

chains while improving soil health, biodiversity, and climate resilience. 
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Introduction  

The agricultural sector has a significant impact on the environment, contributing to global climate 

change and biodiversity loss through practices such as excessive pesticide use and intensive farming 

(Campbell et al., 2017; Schreinemachers & Tipraqsa, 2012). Viticulture, which is known to have a 

significant environmental footprint (Mwaka et al., 2024), is under increasing pressure from climate 

change, which is leading wine growers to use more chemicals to control disease. This paper explores 

sustainable innovations in viticulture aimed at agroecological transitions, focusing on resistance 

inducers and fungus resistant grape (FRG) varieties. Resistance inducers enhance plants' natural 

defences against pathogens (Taibi et al., 2023), while FRG varieties, developed from crosses between 

European and American or Asian grapevines, show high resistance to fungal diseases and reduce the 

need for chemical inputs (Pedneault & Provost, 2016). These innovations require different levels of 

investment and expertise, with FRG categorised as a radical innovation and resistance inducers as an 

incremental one (Dewar & Dutton, 1986). Our study seeks to understand future farmers’ preferences 

for these innovations and their willingness to adopt agroecological practices. This approach provides 

insights for designing more targeted and effective environmental interventions. 

Materials and methods  

Following Thomas et al. (2019), we implemented a business game as a lab-in-the-field experiment to 

simulate replanting decisions on a typical 3-hectare Sicilian vineyard. Student participants, 

considered “standard subjects” and potential future farmers, chose how many hectares to allocate to: 
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(A) a traditional variety combined with resistance inducers or (B) a FRG variety. The two practices 

differ in pesticide use, replanting costs and income per hectare, thereby making the environmental–

economic trade-off salient. After the game, attitudinal and cognitive factors were collected 

(environmental concern, perceived economic and personal benefits, risk attitude). 

First, we assessed the reliability of the scales used in our study by calculating Cronbach's alpha. 

Subsequently, we derived an indicator of pro-adoption as follows: for each participant we compared 

the number of hectares allocated to the FRG variety with those allocated to the traditional variety 

with resistance inducers. Participants who dedicated a larger area to the FRG option were coded as 

“pro-adoption”, while all others were coded 0. This dummy variable was then used as the dependent 

variable in a logistic regression model to assess the influence of expected economic, social and 

personal rewards, environmental concern, perceived behavioural control, risk propensity and 

perceived management difficulties on the likelihood of supporting the FRG option. 

Results 

The allocation choices reveal a clear trade-off between economic convenience and environmental 

performance: many participants still devote a larger share of land to the traditional variety with 

resistance inducers, but a non-negligible group shows a clear orientation towards the FRG option, 

even though it implies less short-term economic returns. The logistic regression using the pro-

adoption dummy as the dependent variable shows that stronger expectations of immediate economic 

rewards significantly reduce the likelihood of supporting the FRG option, confirming that perceived 

short-term income acts as a deterrent to radical innovations. By contrast, higher personal rewards and 

stronger environmental concern are positively associated with a pro-adoption stance, indicating that 

non-economic and value-driven motivations favour the choice of more sustainable practices. 

Moreover, a higher propensity for risk significantly increases the probability of being classified as 

pro-adoption, while social rewards, perceived behavioural control and perceived management 

difficulties do not exert a statistically significant effect in this sample. Overall, the results suggest that 

incremental innovations remain more attractive when economic considerations dominate, whereas 

environmental concern, personal gratification and risk tolerance play a key role in opening space for 

radical agroecological practices such as FRG varieties. 

Table 1. Logistic regression (N = 45) 

Variables Marginal effect Std. Error z P-value 

Expected Economic rewards -0.440 0.179 -2.46 0.014 

Expected Social rewards 0.057 0.105 0.54 0.587 

Expected Personal rewards 0.358 0.160 2.24 0.025 
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Environmental Concern 0.340 0.158 2.15 0.031 

Perceived Behavioural Control 0.188 0.097 1.94 0.053 

Risk Attitude 0.249 0.088 2.83 0.005 

Likelihood of managing the farm 0.009 0.019 0.48 0.48 

LR chi2 (7) 29.41    

Prob > chi2 0.000    

Pseudo R2 0.473    

Conclusions 

The study shows that incremental innovations are preferred by most respondents due to their ease of 

implementation and lower initial costs. At the same time, it sheds light on the willingness of some 

individuals to opt for more sustainable but riskier and less profitable practices, especially when 

personal benefits and environmental concern are strong. This aspect of the study provides crucial 

insights into the barriers and motivations behind sustainable choices in agriculture (Trujillo-Barrera 

et al., 2016). Our findings could inform policymakers about the types of economic and informational 

support needed to foster the agroecological transition of the agricultural sector.  
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One of the biggest problems facing humanity today is dealing with climate change and reducing the 

amount of carbon dioxide (CO2) in the atmosphere. One of the most promising strategies to mitigate 

climate change is biological carbon sequestration, i.e. the storage of atmospheric carbon (C) in plant 

biomass. Depending on how the biomass is managed, part of the biomass is incorporated into the soil 

after the harvest, storing atmospheric carbon in the soil pool. This not only helps to reduce atmospheric 

CO2 levels, but also improves soil health, leading to higher yields, nutrient levels and other 

agroecological benefits. The storage of atmospheric carbon in the plant/soil pools is complex and 

depends on many factors, such as crop type and variety, biomass management, agrotechnical measures, 

etc. Therefore, the aim of this study is to determine the biomass yields, carbon content and its allocation 

within the plant parts of old and new Croatian barley varieties. In order to achieve the aim, 2 old (Rex, 

Lord) and 2 new (Barun, Panonac) barley varieties were destructively harvested at 1 m2 in three 

repetitions in the continental part of Croatia at harvest 2022. Depending on crop variety and plant part, 

total biomass yield was in the range of 11.25 – 12.19 t/ha and carbon content between 42-47%. Total 

stored carbon in plant pool is in the range of 4.92 – 5.59 t/ha, where on average, 13% of carbon is stored 

in root, 40% in stem, 41% in grain and 6% in spike residue. 
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Farmer involved: Eddy René Salinas Granda, Tel. 593 997133081. The farm is located in Ecuador, 

province of Esmeraldas, Quinindé canton, La Unión parish, San Antonio del Mache sector; geographical 

location 66°98 ́72" 00°034 ́95"; altitude of 217 metres a.s.l.; average temperature of 24.2°C; relative 

humidity of 86.6%; average rainfall of 3 180.5 mm/year. 

Description of the context; conceptual framework: 

In 2019, the palm oil sector of Quinindé was affected by “bud rot” (BR), caused by Phytophthora 

palmivora, which wiped out more than 90% of African palm plantations (Elaeis guineensis Jacq.) [1].  

The National Institute of Agricultural Research (INIAP), Santo Domingo Experimental Station, has a 

collection of Dura oleifera plants (E. oleifera HBK Cortes) from the Ecuadorian, Peruvian, Brazilian 

and Colombian Amazon [2], in addition to having Pisifera plants of African origin. The economic state 

of the Quinindé palm grower is one of total indebtedness due to prices and the low production because 

of BR in the crop [3]. Research was then redirected towards the search for materials tolerant to BR in 

order to help improve the quality of life of palm growers. 
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In 2022, Mr. Salinas approached INIAP looking for an alternative for the recovery and sustainability of 

his farm affected by BR. INIAP decided to establish Oleifera x Guineensis (OxG) materials on Mr. 

Salinas' property to evaluate them, using this farm as a model to determine mainly the tolerance of these 

materials to BR. Oil palm plants of African origin were established as a control in this trial. 

Brief description of the situation of the farm, environmental, climatic and productive context. 

The farm under study has an area of 10 hectares; until 2019 its main crop was oil palm of African origin. 

In 2020 and 2021, there were average temperatures of 24.2°C (min. 18˚C, max. 31˚C); relative humidity 

of 86.6% and average rainfall 3,180.5 mm/year [4]. The farmer reported that in 2019 African palm plants 

over 15 years of age presented symptoms of BR, observing yellowing in young leaves, rot of the arrow 

pack and later the death of the plant. This is in line with other studies on BR in Ecuador [5]. By May 

2022, 90% of the plantation had been devastated by BR, leaving the farm without its main source of 

income. 

In April 2023, five hectares of OxG oil palm were established thank to a contract between INIAP and 

Mr. Salinas to use a plot to carry out the evaluation of these materials. 

Objectives that the farmer intended to achieve or problems that he intended to solve with practice. 

The farmer’ objectives were:  

• Improve farm productivity and profitability. 

• Strengthen training and knowledge in agroecological approaches. 

• Monitor and evaluate performance of new materials in relation to their response to BR. 

Experience, practices and strategies adopted. 

Participatory research is of great benefit to farmers and researchers. In this case, INIAP contributed with 

quality seeds and provided services to the farmer, i.e., recommendations, training and evaluating the 

agronomic behavior of the established OxG materials, to then determine the best material or materials 

for the area of influence. The farmer integrated with his cultivation techniques and tested, together with 

INIAP, recommendations designed to benefit the sustainability of his crop and the consequent 

improvement of the economy of his household.  

Difficulties encountered and solutions adopted. 

One of the difficulties encountered was obtaining the economic resources to maintain the crop and carry 

out cultivation techniques after planting, as generally the cultivation of palm begins its production after 

two and a half years of establishment. Therefore, the decision was made to place a passion fruit crop 
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(Passiflora edulis) between the rows of palms in such a way that did not affect their development. This 

intercrop helped eliminate weeds and produce income from the sale of the fruit. 

Results and lessons learned. 

Twenty-two months after establishment, 84.88% of the control plants were affected with BR, while none 

of the established OxG plants showed symptoms of BR. Plants at 22 months of age began to have defined 

female and male inflorescences, after a cycle of androgen inflorescences. Pollinating insects (Coleoptera 

and Hymenoptera orders) were also observed.  

Oil palm contributes to improving the quality of life of small farmers. It can be initially associated with 

semi-perennial species, e.g., passion fruit, contributing to maintaining the population of pollinating 

insects, producing mutually beneficial collaborations between plants and insects. 

Proposals for the future and possible collaborations. 

As a perennial crop, it is necessary to continue with the evaluation of the oil palm production of fresh 

fruit bunches, determine oil content of new materials, monitor and evaluate populations of pollinating 

insects present in the crop. Furthermore, it is necessary to evaluate crops that can be associated with oil 

palm in the adult stage to make efficient use of the soil, improve its biodiversity, try to reduce the carbon 

footprint and generate income for the farmer. 
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Conceptual framework 

Breeding in oil palm, with its two representative species Elaeis guineensis Jacq. and Elaeis oleifera 

H.B.K., has always been immersed in sustainable agriculture; seeking disease-tolerant plants, with 

better yields and oil quality [1]; being oil palm the oleaginous plant that produces more oil per unit 

of surface [2,3]). A genetic breeding program of interspecific hybrids Oleifera x Guineensis (OxG) 

must have genetic resources that represent variability [4]. The National Institute of Agricultural 

Research (INIAP), at the Santo Domingo Research Site has a breeding program, which has Dura and 

Pisifera type oil palm materials of African origin (E. guineensis Jacq.) and Dura type material of 

American origin (E. oleifera H.B.K.). 

The objective of this research was to determine the genetic diversity of the E. oleifera palm native to 

the Amazon with agronomic characteristics that contribute to sustainable agriculture. 

Methodology 

This research was carried out at the Santo Domingo Research Site, located in La Concordia (Ecuador), 

at 240 m.a.s.l., latitude 0°01'12" S, longitude 79°22'33" W, average temperature of 24.2° C, relative 

humidity of 86.6%, and average rainfall of 3180.5 mm/year. 
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During 2024, 12 characteristics were evaluated in 55 oil palm plants of the Dura oleifera type from 

11 accessions from a collection carried out by INIAP in the Ecuadorian Amazon and two accessions 

from crosses of Ecuadorian Oleifera x Colombian Oleifera (OE x OC). The floral phenology variables 

were based on those described by Forero, Hormaza, Romero and Ruíz [5], the vegetative variables 

were based on those described by Corley and Tinker [2], and the production variables were recorded 

every 22 days after harvest. 

Data analysis 

Genetic diversity was determined by multivariate cluster analysis using the UPGMA mean linkage 

method between groups [6]. The contribution of each of the 12 characteristics was evaluated in the 

13 accessions, it was determined using the method detailed by Cruz, Ferreira, and Pessoni [7]. 

Results and Conclusions 

Table 1 shows the contribution of each of the 12 characteristics evaluated. The bunch weight 

contributed 98.15% to diversity. Yield traits are the variables that contributes to select the best palm 

parentals [8].  

 

Table 1. Relative contribution of 12 characteristics evaluated in 13 accessions of Elaeis oleifera H.B.K. Cortés. 

Variable Relative 

Contribution 

Relative 

Contribution (%) 

Full flower opening time 36.43 0.006 

Anthesis (stage 620 to start of stage 690)  46.52 0.008 

Post anthesis times (stage 690)  234.72 0,039 

Inflorescence color at anthesis 19.02 0.003 

Flower odor 6.47 0.001 

Insect presence  1.92 0.0003 

Leaf area (Year 17) 112.88 0.019 

Leaf emission/year 64.85 0.011 

Leaflet dry weight 45.97 0.008 

Leaf dry weight 10172.38 1.674 

Bunch number 477.12 0.079 

Bunch weight  596343.00 98.154 
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Table 2 shows the discriminating factors used to characterize the difference between the 13 

accessions. A 76.69% variation or diversity was found. 

 

Table 2. Estimated eigenvalues obtained from the correlation matrix between the 12 characteristics evaluated 

in the 13 accessions of Elaeis oleifera H.B.K. Cortés. 

Root (Eigenvalues) Root (% Eigenvalues) Accumulated Eigenvalues (%) 

4.461 37.18 37.18 

2.948 24.57 61.74 

1.793 14.95 76.69 

1.127 9.39 86.08 

0.728 6.06 92.14 

0.417 3.48 95.62 

0.309 2.57 98.19 

0.132 1.10 99.29 

0.070 0.58 99.87 

0.015 0.12 99.99 

0.0007 0.006 99.99 

0.0001 0.001 100 

 

Table 3 quantifies the existing variability, observing a variability of 15.82% between accessions and 

84.18% within each accession. This shows that within each accession there were differences between 

plants of the same accession, due to cross-pollination. There is a high interpopulation genetic 

differentiation in 19 populations of oil palm collected in six regions of the Brazilian Amazon 

rainforest [9]. 

 

Table 3. Excoffier method to study the variability between and within the 13 accessions of Elaeis oleifera 

H.B.K. 

Variation 

Factor 

Degrees of 

Fredom 

Mean 

Square 

Variance 

Components 

Variation 

Percentage 

Outlier 

Screening Test 

Between 12 0,833 0,089 15.82 0,158 

Within 42 0,472 0,472 84.18   

Total 54 0,552 0,561 100   
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According to Figure 1, the formation of ten groups was determined, where the plants of groups 1, 2, 

3 and 9 showed an average yield of less than 100 kg/plant-1. In Group 4, plant 19 stood out, which 

being a pure oleifera, it had a production of 441 kg/plant-1; followed by plant 52 (OE x OC) of group 

10 with 314 kg/plant-1. Plants that belonged to groups 5, 6, 7 and 8 showed an average production 

between 103 and 176 kg/plant-1. 

 

 

Figure 1. Cluster analysis using the UPGMA method, based on the mean Euclidean distance of the 55 plants 

belonged to the 13 accessions of Elaeis oleifera H.B.K. 
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Italy is one of the leading producers of olive oil in Europe, with an annual production of 328,000 tons 

for the 2023/24 crop year. Research suggests that climate change will increase stress on olive 

production and heighten the prevalence of the olive fruit fly (Bactrocera oleae Rossi, 1790). Among 

the Plant Protection Products (PPPs) available on the market to control the olive fruit fly, some are 

based on Spinosad, such as the commercial formulation Spintor®Fly (Corteva, Agriscience, Milano, 

Italy). In the field of precision agriculture, drone spraying represents an efficient and cost-effective 

solution, useful in optimising PPPs application in olive orchards in the mediterranean basin. This 

method offers several advantages over tractor application. It provides greater precision, decreases soil 

compaction, and improves canopy distribution. Nonetheless, it reduces the environmental impact of 

potential drift to non-target areas, enhances environmental safety, lowers usage costs, and supports 

agricultural sustainability. 

Under the S.F.I.D.A. project, the study aims to evaluate and compare the effect of innovative aerial 

spraying technology (using a drone) and conventional ground spraying technology (using a Casotti® 

pump mounted on a tractor) for the application of Spintor® Fly in olive orchards. We hypothesised 

that the use of a drone would be less impactful compared to the traditional method on soil biodiversity. 

In this regard, to the best of our knowledge, no studies have yet evaluated the impact of the 

bioinsecticide Spintor® Fly on non-target soil organisms in a field experiment. Furthermore, no 
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studies have assessed and compared the effects of two distinct Spintor® Fly distribution systems — 

conventional (ground) and innovative (aerial) — on soil fauna in olive orchards. 

The study was conducted in 2021 in an olive orchard, under organic management located at the 

Agricultural School G. Garibaldi (Macerata, Italy). The olive orchard was divided into two main 

experimental plots of 0.25 ha each: a Casotti® pump-treated plot (CAS) and a drone-treated plot 

(DRO). A strip of uncultivated land of 0,11 ha at the edge of the orchard was used as a (non-treated) 

control plot (CAP). A total of eight applications were carried out from 6 August to 24 September 

2021, with an interval of 7 days between each administration. The application took place on the same 

days for both distribution methods. The arthropod-based Soil Biological Quality Index (QBS-ar) and 

ecotoxicological tests, including the earthworm avoidance test using adult earthworms of the Eisenia 

fetida and Eisenia andrei species (ISO Standard 17512-1:2008) and the Bait Lamina Test (BLT) (ISO 

Standard 18311:2016) were applied. In addition, soil chemical-physical analysis and soil analysis for 

the detection of Spinosad and Spinosin A, and Spinosin D were performed. 

Soil samples for QBS-ar and soil chemical-physical analysis were collected in each plot (CAS, DRO, 

and CAP) pre- and post-treatment. Similarly, three sets of 10 bait-filled strips were placed in each 

plot in the pre- and post-treatment sampling. The soil from the untreated site (CAP) was used as 

control soil, while the soils collected from the treated plots (CAS and DRO) (post-treatment) were 

used as test soils in the avoidance test. 

The QBS-ar index showed excellent soil quality in all plots and in both pre- and post-treatment 

samples. No significant differences were observed between CAP and the treated plots. The QBS-ar 

values in DRO were slightly higher than those of CAS in both pre- and post-treatment samplings. 

CAP showed significantly higher bait consumption compared to the treated plots. The feeding rate in 

DRO was higher than in CAS, and it showed a significant increase during the post-treatment 

sampling. In addition, avoidance rates up to 60% in the comparison between CAP and CAS and a 

slightly lower rate in the comparison between CAP and DRO. The soil chemical-physical analysis 

showed no differences in pre- and post-treatment. Whereas Spinosad and Spinosins were not 

detectable in all soil samples.  

In conclusion, although the study found no significant differences between treated plots (DRO vs. 

CAS), it suggests that drones can be a sustainable and promising application strategy in agriculture 

that does not pose a higher environmental risk than traditional methods. Despite the lack of significant 

risk reduction effects, our results showed that for similar risk levels, spraying PPPs with drones does 

not increase the risk. Long-term studies are needed to validate the advantages of drone spraying and 

to further investigate the improvements in soil health and olive productivity, confirming our results. 
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Drone application should be considered in European Regulations to allow for further research, testing, 

and data collection.  
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Introduction 

Transitioning to agroecology is increasingly advocated as a means to improve agri-food system 

sustainability, tackling multiple challenges of the Anthropocene (Altieri and Nicholls, 2020) and 

addressing a wide range of policy goals (FAO, 2018a). However, a significant gap remains in 

understanding the current state of agroecological transition within agri-food systems, especially at 

larger scales like the national level. Gaining a comprehensive understanding of this landscape is 

essential for informing policymaking, guiding research priorities, and supporting practitioner-led 

initiatives that aim to promote and amplify agroecology, as well as for evaluating progress in 

transition over time. 

 

Aim of the work and research questions 

Against this backdrop, this study intends to provide an extensive overview of the current uptake of 

agroecology across Italian farming systems, addressing the following research questions: 

RQ1. What is the degree of agroecological transition of the Italian farms?  

RQ2. What are the main territorial, structural, organizational, and socio-demographic determinants 

of agroecological transition at farm level in Italy? 

 

Methodology 

To address RQ1, the first step of the Tool for Agroecology Performance Evaluation (Mottet et al., 

2020), namely the Characterization of Agroecological Transition (CAET), was adapted for 

application at the national level, based on secondary data from the Italian Farm Accountancy Data 
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Network (FADN). Given FADN’s scope, only the farm-related aspects of CAET, which we refer to 

as F-CAET, were assessed. The original evaluation criteria were tailored to align with available data, 

with 17 farm-related indicators, covering 6 elements of agroecology (FAO, 2018) included and 

adapted based on relevant variables or proxies. To answer RQ2, an econometric model was estimated 

with F-CAET as the dependent variable, and specific sets of variables representing potential 

categories of determinants (farm location, farm structural characteristics, type of farming, farm 

management, and farmer’s socio-demographics) as regressors. 

 

Data collection and analysis 

Quantitative data retrieved from FADN formed a panel of 62,196 farm-year observations across 

16,784 farms from 2014 to 2020. The 17 adapted evaluation criteria were calculated using 0-1 indexes 

and then converted into 0–4 scores on a modified Likert-scale, consistent with CAET coding 

procedure. The obtained values formed the basis to estimate the F-CAET for all sampled farms over 

the entire period. Then, to identify the relationship between F-CAET and its potential determinants, 

a panel regression analysis was performed by assessing the between-group variation. Two approaches 

were used to interpret categorical variables: dummy coding and weighted effect coding, with the latter 

proving more appropriate due to unequal observations across categories. 

 

Results and Implications  

The results show that Italian farms have transitioned to agroecology to a limited extent, with a mean 

F-CAET of 26.39% (SD ± 7.97), ranging from 3.47% to 71.88%. However, the progress towards 

agroecology is inhomogeneous: Central Italy leads, followed by South and Islands, while Northern 

regions, which present the most industrialized, intensive, and specialized agricultural areas, are 

currently in less advanced stages. F-CAET analysis by single element of agroecology reveals that 

Italian farms’ transition is primarily triggered by Resilience, followed by Recycling and Efficiency, 

though with lower scores. Instead, Synergies and Culture & food tradition report the lowest results. 

In particular, the low utilization of farm resources in integrated systems calls for reducing farm 

specialization, and the lack of landscape diversification and natural elements highlights the need to 

mitigate the prevailing productivist approach, which weakens agroecosystem connectivity. However, 

improving Synergies may be challenging and take longer to address, as it requires rethinking 

production models and reconfiguring their relationship with the broader landscape. 

Besides, results show that territorial, structural, organizational, and socio-demographic factors 

significantly influence the variation in transition intensity towards agroecological farming systems. 
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Key determinants affecting the F-CAET include: the type of farming, with mixed farms including 

livestock having the highest positive impact; the farm size, where F-CAET is inversely correlated 

with economic dimension, but positively associated to greater physical size; farm location, with hilly 

areas and Central regions exerting the most positive effect; among management categories, economic 

diversification from complementary activities is the most influential, followed by organic production 

and family management; finally, among socio-demographic variables, female management is the only 

statistically significant positive driver of F-CAET. 

The findings offer key implications. To accelerate agroecological transition, it is essential to improve 

farm performance across all agroecology elements, with a primary focus on the most critical ones. 

Policymakers should support mixed farms and foster stronger connections between farming practices 

and the environment, promoting both farm and multifunctional diversification, with special emphasis 

on integrated farming systems that include livestock and ecosystem services. Besides, targeted 

policies and incentives should be designed to facilitate land access for smallholders, promote female 

entrepreneurship, and develop platforms for knowledge building and exchange, ultimately enabling 

the reconfiguration of agroecosystem-landscape relationships. 

The study confirms the viability of using FADN to accomplish a good part of CAET, while also 

revealing main information gaps, that however could be bridged with the upcoming Farm 

Sustainability Data Network, allowing for more comprehensive evaluations. Additional integrative 

sources should be explored to capture the multifaced aspects of agroecological transition, also related 

to the community/territory level. 
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Restoring ecosystems while simultaneously creating a robust agricultural food system for future 

generations is one of the hallmarks and central challenges of agroecology. As scholars and 

practitioners increasingly recognize, ecological transition alone is insufficient without sustained 

attention to social relations, intergenerational knowledge transfer, and the creation of resilient 

communities capable of stewarding agroecological systems over time. Ecofeminist theory and non-

violent pedagogy offer valuable frameworks for rethinking how we educate, collaborate, and care for 

one another within agricultural contexts. Yet little research has explored how these frameworks can 

be applied and modernized within contemporary agroecology, particularly in Sicily’s unique 

sociocultural landscape.  

Historically, a challenge for feminist movements has been how to help men feel included and 

supported—rather than attacked or ostracized—when confronting patterns of domination and 

relational disconnection. Intersectional feminist bell hooks argues in The Will to Change (2004) that 

societies must raise young men who are both empathetic and strong, autonomous yet connected, and 

responsible to themselves, their families, and their communities. An intersectional ecofeminist 

approach, we argue, can help articulate and enact this goal within agroecological practice. 

Similarly, while non-violent pedagogy is most often applied to formal educational settings, its 

strategies are equally relevant to non-traditional learning environments. Organic farms, which 

function as both workplaces and intergenerational learning spaces, offer fertile ground for such 

pedagogical experimentation. Paolo Freire’s landmark Pedagogy of the Oppressed was shaped not 

by classroom teaching but by his interactions with Brazilian farmers, illustrating that dialogic and 

experiential learning are deeply embedded in agricultural life. For this reason, we argue that it is time 

to return to non-violent pedagogy’s roots and explore how this area of study can invigorate 

agroecological practices in Sicily and beyond. 
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The purpose of our study is to investigate how ecofeminist insights and non-violent pedagogical 

practices are enacted, explicitly or implicitly, within Sicilian organic WorldWide Opportunities on 

Organic Farms (WWOOF) communities, and to consider how these frameworks can strengthen 

agroecological systems for future generations. Our primary research questions are: How do Sicilian 

organic farmers conceptualize their ecological, social, and educational roles? What themes emerge 

when farmers describe the challenges and opportunities of sustaining agroecological practices 

intergenerationally? How might integrating ecofeminist and non-violent pedagogical principles help 

create a more inclusive agroecological network in the Mediterranean? 

Our methodological framework builds upon ecological and non-violent pedagogy scholarship, with 

emphasis on Vandana Shiva’s Agroecology and Regenerative Agriculture (2022), Val Plumwood’s 

Feminism and the Mastery of Nature (1993), Althea Solter’s The Aware Baby (1984), Freire’s 

Pedagogy of the Oppressed (1968), and bell hooks’ writings on relational transformation. We use 

oral history as both a research tool and a pedagogical practice that honors lived experience, 

storytelling, and the co-creation of knowledge. Through this approach, we aim to understand farmers’ 

philosophical orientations, ongoing projects, visions for the future, and the relational dynamics 

shaping daily life on the farm. 

Our study focuses on three WWOOF farms in western Sicily: Azienda Agricola Capo Granitola (f. 

2013, Campobello di Mazara), Azienda Agricola Case Gentile (f. 2000, Castelvetrano–Selinunte), 

and Azienda Agricola Zu Federicu di Enzo Mazza (f. 1997/2006, Castelvetrano–Selinunte). Across 

our oral history interviews, three topics consistently emerged: sustainable economics, human 

relations, and formal and informal education. These themes form the core of our analysis and shape 

our argument about how agroecology can be strengthened for future generations. 

In terms of sustainable economics, farmers emphasized that ecology and economy must be 

understood as mutually intertwined. Agroecological practices cannot flourish long-term if they do not 

support viable livelihoods, especially for younger generations deciding whether to remain in or return 

to rural life. Economic instability was repeatedly cited as a barrier to intergenerational continuity. At 

the same time, participants described creative strategies—agro-tourism, direct sales, community-

supported agriculture, and WWOOF hosting—that help diversify income and reduce vulnerabilities. 

Our interviews suggest that economic sustainability is not only financial but pedagogical: young 

people value agroecology more when they see it can support a dignified and stable life. 

The second recurring theme, human relations, was described as both a major source of fulfilment and 

a major challenge. Farmers consistently emphasized the need to tend to our human relations as much 

as we tend to our seeds and plants, noting that many of the most difficult or transformative moments 
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in their farm’s history stemmed from interpersonal dynamics—among family members, 

collaborators, volunteers, or local communities. Ecofeminist theory helps illuminate why these 

relational dynamics matter: patterns of domination or disconnection often mirror the hierarchical 

logics that harm ecological systems. Conversely, relationships grounded in reciprocity and care model 

the values that agroecology seeks to cultivate on broader scales. 

The third major theme was education, both formal and informal. Farmers consistently highlighted the 

importance of hands-on, intergenerational, and experiential learning, noting that education exceeds 

the walls of the classroom and the university. Families, WWOOF exchanges, field trips, cultural 

practices, and community collaborations were described as essential mechanisms for teaching 

younger generations about ecology, resilience, and cooperation. These insights resonate strongly with 

non-violent pedagogy, which positions learning as relational, embodied, and context-based. 

According to our interviewees, some of the most impactful educational experiences arise not from 

structured lessons but from shared labor, cultural exchanges, and immersion in daily ecological 

rhythms. 

Based on our oral histories, we argue that agroecology for future generations is best ensured through 

the integration of sustainable economics, robust human relations, and dynamic educational practices. 

Together, these dimensions offer a powerful response to the question: How do we create an inclusive 

agroecological network in the Mediterranean? Our findings suggest that agroecological practices 

become more resilient and more capable of sustaining long-term success when principles of 

ecofeminism and non-violent pedagogy are woven into daily farm practices, long-term planning, and 

the education of younger generations. By highlighting practical techniques and reflective insights 

from Sicilian organic farms, our study aims to contribute not only to academic conversations but to 

the collaborative, intergenerational work of building flourishing, interconnected agroecological 

futures. 
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Redesigning the agroecosystem on a territorial scale: implementing agroecological 

practices after historic floods in a Mediterranean environment 

 

Asins-Velis, S., Senent-Aparicio, J., Buesa, I., Doñate, E., López-Urrea, R., Sacristán, D. 

 

Centro de Investigaciones sobre Desertificación-CIDE (CSIC, UV, Generalitat Valenciana). Contact 

information: Sabina.asins@csic.es 

 

Keywords: climate change, agroecosystem redesign, territorial planning, agroecological practices, 

SWAT, governance  

 

On 29 October 2024, an extreme rainfall event caused devastating floods in the province of Valencia 

(Spain). In the village of Turís, 771 l/m² were recorded in 24 hours, of which 185 l/m² were 

accumulated in just one hour, a Spanish record for that time period; and the Chiva weather station 

received 491 l/m² in 8 hours, the equivalent of a year's worth of rainfall in the town (AEMET, 2024). 

These extreme hourly precipitation events were due to a DANA (Isolated Depression at High Levels) 

which caused the death of 230 people, desolation in the affected municipalities and enormous grief 

among the entire population. The magnitude of the material losses may exceed 17 billion euros (Pérez 

et al., 2025). As regards the agricultural landscape, a total of 50,184 hectares were seriously affected, 

with an estimated loss of 1,379.4 million euros, due to soil loss, damage to crops (uprooted trees, root 

asphyxia, etc.), breakage of irrigation and road infrastructures, etc., which will require major repair 

work, conditioning and replanting, among other urgent tasks (AVA-ASAJA, 2024). 

Reconstruction work in the affected territories is currently underway, which has led to the regional 

government to publish urgent “urban” planning measures (Generalitat Valenciana, 2025). However, 

no legislative measures concerning the territorial planning of the affected “agricultural land” have 

been enacted. And this should also be a priority, given the projected climate change scenarios in the 

European Mediterranean, with an increase in the frequency and torrential nature of extreme 

precipitation events, which can cause these episodes to intensify. 

One of the most affected areas is the basin of the Barranco del Poyo, with an area of 479 km2. This 

ravine flows into the L’Albufera Lake, a Protected Natural Park, in whose waters the presence of 

numerous pollutants has been detected due to the agricultural and industrial practices implemented 

along the entire length of the ravine (Soriano et al., 2024). Therefore, the reconstruction process 

mailto:Sabina.asins@csic.es
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should be an opportunity to redesign the agro-ecosystem on a territorial scale so that the agricultural 

practices in place do not continue to contribute soil and pollutants to the lake. 

Objective: The objective is to propose a methodology to assist in the planning of the cultivated 

landscape of the catchment areas of L’Albufera Lake, in order to introduce agroecological practices 

that benefit the ecosystem on a territorial scale. 

 

Methodology: By fostering collaboration among stakeholders and leveraging scientific expertise, 

this case study seeks to enhance landscape sustainability, resilience, and aesthetic value, thereby 

ensuring the long-term viability of agriculture in this area. The Barranco del Poyo ephemeral stream 

was specifically chosen as the basin to be modelled, as it is the basin with the largest surface area and 

includes all the crops and associated landscapes that affect the water quality of L’Albufera lake. 

Basin-scale modelling is proposed using the Soil and Water Assessment Tool (SWAT), which 

operates on a daily time step. Its primary function is to forecast and assess the long-term impact of 

land cover and management practices on water quantity and quality in watersheds dominated by 

agricultural land use. SWAT is grounded in physical principles and utilizes environmental parameters 

and plant growth dynamics to estimate water availability across the landscape, thereby influencing 

stream flow and the transport of sediment, nutrients, and pesticides to the watershed outlet. The 

selection of SWAT for this endeavour stems from its accessibility, extensive user community, 

ongoing support, and development efforts. Moreover, its versatility allows for the simulation and 

evaluation of various alternative crops and land management strategies. Over the years, SWAT has 

gained widespread adoption for investigating water quality issues in agricultural settings. 

 

Results and Implications 

L’Albufera lake conservation status has been classified, from 2014 to the present, as unfavorable-bad 

or unfavourable-inadequate (Generalitat Valenciana, 2022: 12). The complex irrigation system of this 

extensive agricultural landscape, necessarily interconnected (Vera-Herrera et al., 2022), causes 15 

main irrigation ditches (acequias) to flow to L'Albufera, intertwined by hundreds of minor acequias. 

Water also reaches the lake directly through gullies, or through ditches with gully behaviour, with 

very little flow. All this connected network highlights the great importance of implementing 

agricultural practices that do not threaten the quality and health of soil and water. However, currently 

the high rates of nitrogen and phosphorus from agricultural inputs are contributing to the 

eutrophication of the lake (Martín et al., 2020; Vera-Herrera et al., 2022; Pérez-Martín and Benedito-

Castillo, 2023); a process that is also affected by the very high summer temperatures of recent years 
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-on August 8, 2022, the lake water reached 31.98ºC, the highest temperature recorded to date- 

(Generalitat Valenciana, 2022). Added to these nitrogen and phosphorus inputs are the high 

concentrations of pesticides (Carmona et al., 2017; Lorenzo et al., 2019; Calvo et al., 2021; Sadutto 

et al., 2021). And, in addition to the pollutants of agricultural origin, the discharges from the 

Wastewater Treatment Plants of the surrounding municipalities are incorporated, which do not 

eliminate all the chemicals. 

Taking as a starting point the necessary restructuring of the agricultural landscape as a consequence 

of the devastation caused by the DANA, and in view of the important problems of eutrophication, 

pollution and environmental risk that the lake has undergone over the last century, we propose, as a 

highly viable solution, the redesign of the agricultural landscape, at a territorial scale, including all 

the sub-basins sloping to the L'Albufera lake. This is possible through the incorporation of 

agroecological practices that allow the transition to Agroecology, in its extensive sense (Altieri, 1995; 

Gliessman, 2018; HLPE, 2019; Mottet et al., 2020; Wezel et al., 2020; AE4EU, 2023). Some of these 

practices are already listed among those eligible under the Common Agricultural Policy (CAP) Eco-

Schemes, although not all Member States have included them (Krishna et al., 2023). This approach 

is aligned with the objectives of the Water Framework Directive (EC, 2000), the European Green 

Deal (EC, 2019), the Farm to Fork Strategy (EC, 2020a), the EU Biodiversity Strategy for 2030 (EC, 

2020b), the Sustainable Food Systems (EC, 2020c), with the plans of the CAP 2023-2027 (EC, 

2023a), and with the Soil Monitoring Law Directive (EC, 2025). All of them agree on preserving the 

health of soil and water, which would require, at least, a 50% reduction in the use and risk of chemical 

pesticides by 2030; respecting, in the case of crop fields that discharge water into l'Albufera, the use 

of products registered in the Register of plant protection products, authorized in organic farming by 

the Spanish government (https://servicio.mapa.gob.es/regfiweb). 

The presence of pesticides was detected in L’Albufera Lake at all sampling points pre-DANA 

(Soriano et al., 2024). Among them, herbicides are an important source of contamination. Among the 

agroecological practices recommended to replace herbicides, significant progress has been made in 

the application of alternative methods, many of them of millenary tradition. They are mainly grouped 

into preventive practices; cultivation practices (including crop rotation, polycultures, complementary 

planting); mechanical methods; thermal methods; plant covers; natural barriers; biological pest 

control (organic, non-synthetic, biodegradable, contact herbicides based on essential plant oils); seed 

bank management, among other measures recommended by organic agriculture. Its application is 

feasible in the territory under study, although its presence at present is merely testimonial, with the 

pioneering organic certification of the rice producer Riuet (http://riuet.com/riuet-ecologico/), and 

https://servicio.mapa.gob.es/regfiweb
http://riuet.com/riuet-ecologico/
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greater representation in citrus cultivation in areas outside the Natural Park, but located in the basin 

sloping to the lake (as in Algemesí, Carcaixent, etc.). 

Fungicides have been detected especially in rice fields. Agroecological practices replace products 

that use synthetic chemical substances with fungicides and bactericides of natural origin, and are 

applied both for the control of soil diseases that can affect crops (phytopathogenic fungi) and the 

aerial part of plants. In this sense, methods are already being tested in the rice fields of the Natural 

Park, such as strengthening the rice plants by applying a special fertilizer, which increases their 

capacity to resist pests, particularly the Pyricularia fungus (https://www.avaasaja.org/). However, it 

would be essential to test and apply them throughout the watershed in order to improve the quality of 

the lake's water. 

With regard to insecticides, chlorfenvinphos (386.6 ng L-1) has been detected (Soriano et al., 2024), 

an organophosphate insecticide, which is used to control root flies, root maggots and other soil pests 

in citrus crops (Végh et al., 2023), and treatments for insects affecting potatoes, olives, broccoli and 

livestock (Belenguer et al., 2014). Biological insecticides are equally developed in the market, and 

are applied to treat the main pests affecting crops in the Natural Park environment, such as citrus, 

affected by whitefly -Aleurothrixus floccosus-, fruit fly (Ceratitis capitata), mites (Tetranychus 

urticae, Panonychus citri and Eutetranychus orientalis), the California red louse (Aonidiella 

aurantii), or the South African cotonet (Delottococcus aberiae), among others. The ecological 

practices and products proposed to move towards the elimination of chemical pesticides must be 

complemented with agroecological practices that promote the supply of nitrogen, phosphorus and 

potassium to plants, as well as improving wastewater purification techniques. 

The redesign of the territory, after the devastating impact of the DANA, must include not only the 

urban space but, necessarily, the agricultural landscape, which can be efficiently implemented by 

proposing a basin-scale modelling, using the Soil and Water Assessment Tool (SWAT). 
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Farms involved and location 

Società Agricola Korilsud srl: 38.106320432004665 N, 14.84488454326245 E; Azienda Agricola La Collina 

Verde: 38.13558390942176 N, 14.839511695457919 E; Azienda Agricola Faranda: 38.04603897121688 N, 

14.873723074431178 E; Azienda Agricola Villari: 37.972760948100735 N, 15.190821386044567 E; Azienda 

Agricola Spartà: 37.963509555846954 N, 14.978564484066997 E; Irias Società Agricola Snc: 

38.088454412468444 N, 14.667375996949772 E 

 

Project funded by PSR Sicilia 2014/22 - Sottomisura 16.1 fase 2 CUP: G19I24000290009 - Domanda SIAN 

n. 24250134244 

 

Keywords. biodiversity, hazelnut grove, laying hens, sustainability, agroforestry. 

 

Brief description of the farm situation, environmental, climatic, and productive context 

The Agrostart project is being developed in Sicily, specifically in the Nebrodi area, and involves two 

research institutions, six agricultural enterprises, a marketing company, and a company producing 

agricultural products. The project includes the participation of agronomic technicians and an 

innovation broker. One of the six agricultural enterprises, which has facilities for craft beer 

production, is focused on developing a new product: hazelnut beer. The agricultural enterprises are 

located in the municipalities of Ucria, Santa Domenica Vittoria, Roccella Valdemone, Ficarra, Brolo, 

mailto:rosanna.paolino@unibas.it
mailto:gcelano@unisa.it
mailto:n.tummolo@nutriplant.it
mailto:info@korilsud.it
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Fondachelli-Fantina, Barrafranca, and Randazzo. All the enterprises are involved in hazelnut 

cultivation, with an average surface area of 15 hectares and hazelnut orchards ranging between 5 and 

19 hectares, situated on soils with different agronomic suitability classes. The cartographic analysis 

(scale 1:250,000) helps identify unsuitable areas, such as those with high temperatures and sirocco 

winds, which could negatively affect yield, hazelnut quality, and project objectives. The enterprises 

predominantly have outdated orchards, often located on steep slopes, with a low level of 

mechanization. Management is mainly family-based, although some are undergoing generational 

transition. All the enterprises are part of the "Rete di Imprese Sicilia in Guscio," a regional network 

aimed at promoting Sicilian hazelnut cultivation and supporting the development of new orchards 

within the framework of the Ferrero's "Progetto Nocciola Italia". 

 

Objectives the farmer seeks to achieve and challenges they aim to address through this practice. 

The project "Agroforestry and Sustainability for Innovation of Sicilian Hazelnuts” aims to establish 

a micro-supply chain for hazelnut cultivation by restoring and redeveloping outdated orchards and 

implementing agroforestry systems. It also focuses on developing an innovative product-process, 

such as Nebrodi hazelnut beer. The initiative supports agricultural entrepreneurs by enhancing farm 

profitability through diversification and multifunctionality, integrating sustainable models to 

revitalize hazelnut orchards. 

 

Context Description 

Sicily produces an average of 14,000 to 18,000 tons of hazelnuts annually, accounting for 

approximately 13% of Italy’s total production. The cultivars primarily belong to a single predominant 

genotype, known under various varietal names, including Mansa, S. Maria di Gesù, Comune, and 

Nostrale. Due to its lower commercial value, most of the production is destined for local processing 

and direct consumption as table nuts. 

 

Experience, practices and strategies adopted (e.g., soil management, use of local varieties, 

reduction of chemical products, etc.). 

In two of the five hazelnut orchards, the following strategies have been implemented: 

Restoration of outdated hazelnut orchards: Renovation pruning, soil sampling, and pedological 

analyses to develop targeted fertilization plans for each area, alongside a hazelnut suitability map for 

Sicily.  
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Autonomous guidance device: A robotic mowing system for hazelnut orchards and fruit groves, 

designed to limit weed competition. Integrated with advanced GPS technology (GNSS/RTK). 

Prototypes of mass-trapping devices for Halyomorpha halys: The field trap operates with a three-

level system: 

Chromatics: Uses color-based attraction. 

Acoustics: Emits low-frequency vibrational signals (40 Hz) mimicking the mating call of the brown 

marmorated stink bug. 

Pheromones: Absorbs and releases aggregative pheromones via a treated substrate. The trap includes 

a chromatic recognition sensor to distinguish H. halys from beneficial insects, ensuring biodiversity 

preservation. 

Prototypes of mobile mobile poultry units for laying hens: Agroforestry approach to enhance farm 

multifunctionality, income diversification, weed control, and sustainability. Prototypes tested in 

previous projects (Corilus SM 16.1 Basilicata, Modelli Circolari MIUR- funded). 

Performance comparison: Evaluating production quantity, quality, and feed consumption between 

a commercial hybrid and the native Sicilian breed (Gallina Siciliana). 

Pasture sampling and evaluation: Field sampling and assessment of spontaneous pastures using 

portable X-NIRS instrumentation. 

Historical-anthropological analysis of hazelnut cultivation: Investigating the cultural and 

economic significance of hazelnut farming in the region. Findings may inform a potential application 

for Protected Geographical Indication (P.G.I.) or Protected Designation of Origin (P.D.O.) status. 

Creation of a new product hazelnut beer – Developing a low-environmental-impact, short-supply-

chain product to enhance the commercial value of hazelnuts. 

Knowledge transfer: Learning from the hazelnut supply chain in Basilicata, which successfully 

integrated farm multifunctionality, agroforestry, and a sub-supply chain for egg production. 

 

Difficulties encountered and solutions adopted. 

The main challenges identified include the outdated condition of hazelnut orchards and steep slopes, 

which restrict mechanization. The limited integration between primary production and processing 

further hampers commercial valorization. Farm management is predominantly family-based, facing 

difficulties in generational transition. Additional critical issues include the lack of storage 

infrastructure and the need for technical training. 

 

Results and lessons learned 
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Of the five enterprises involved, only two have adopted the agroforestry system by introducing mobile 

poultry units for laying hens and deploying two prototypes of selective mass-trapping devices.  

Poultry farming within the hazelnut orchards aids in weed control, reducing the need for mechanical 

interventions while enhancing productive diversification. The traps improve the final product’s 

quality and optimize phytosanitary treatments for controlling Halyomorpha halys. 

 

Proposals for the future and possible collaborations 

Future prospects include strengthening the hazelnut supply chain, developing a micro-supply chain 

for egg-laying hens through optimized agroforestry techniques, and integrating new technological 

solutions for crop protection. Collaborations with research institutions, processing companies, and 

business networks are being explored to further enhance economic and environmental sustainability 

in the Nebrodi area. 
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Agricultural and forestry systems in Sicily were multifunctional systems that had to guarantee 

numerous natural products and resources. Even systems that were thought to be distinctly orchards 

had characteristics of agroforestry systems, as did systems that were thought to be strictly forestry. 

Since the middle of the last century, there has been a gradual simplification and a general 

abandonment of these systems, leading to the elimination of the intermediate systems that were 

typically agroforestry systems. The transformation of agricultural systems into intensive farming 

systems has led to the establishment of monocultures and often single-variety systems that have lost 

this multifunctionality over time. In recent decades, however, the need to manage these systems in an 

increasingly sustainable way has led to a reappraisal of techniques used in the past. What has 

happened in forestry and pastoral systems is different, being these characterised by the general 

abandonment of cultivation, resulting in a loss of functionality. For example, pastures that are 

overgrown by shrubs offer fewer fodder resources, or forests that are no longer managed can be much 

more exposed to the risk of large wildfires. These processes resulted in the loss of biodiversity and 

functionality of the original systems. Today, agroforestry systems are attributed a key role in the 

preservation of many ecosystem values (landscape conservation, biodiversity protection, soil 

protection, wood production, etc.) and are undergoing a strong revaluation and increasing attention. 

In this context, a bibliographic analysis was first carried out on agricultural and forestry systems 

attributable to agroforestry systems in Sicily for their description and classification. Second, 

considering data available from Corine Land Cover datasets, spanning from 1990 to 2018, we tried 

mailto:tommaso.lamantia@unipa.it
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to assess land cover changes using QGIS tools. These changes represent an important aspect to take 

into account to assess the recent dynamics in agroforestry systems in Sicily. Based on this analysis, 

the main research questions are: Is it possible to propose changes that increase the sustainability of 

Sicilian agroforestry systems? Is it possible to introduce elements proper to agroforestry systems into 

current agricultural and forestry systems? 

The historical analysis carried out has ascertained how numerous agroforestry systems were present 

in Sicily. Their widespread diffusion was also linked to the geomorphological characteristics of the 

island, which made it difficult to introduce innovations in the agricultural and forestry sectors. The 

typical Sicilian agroforestry systems were the agroforestry and agro-forestry-pastoral systems of 

traditional dry arboriculture (with carob, almond, olive, etc.), intermediate between true agricultural 

activities and extensive land use. Equally widespread were the agroforestry systems in natural and 

semi-natural formations (woods, maquis, garrigues) in which human activities, the use of forest 

products, and grazing were well established (silvopastoral systems). 

Although some of these areas are, in fact, still used according to techniques that could be defined as 

silvopastoral, their current unsustainability is evident, both due to the recurring use of fires and 

overgrazing. Moreover, their protection, although in most cases falling within protected areas, does 

not ensure their sustainable management. On the contrary, the dogmatic application of regulations, 

instead of promoting their real functionality, prevents their sustainable management. Therefore, 

management proposals are put forward that guarantee their real protection and higher sustainability, 

which appear indispensable for landscape conservation and environmental and biodiversity 

protection, but also to safeguard particular activities that are difficult to replace with other economic 

activities. At the same time, the possibility of introducing elements proper to agroforestry systems 

into current agricultural and forestry systems will be considered. 
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Laying hen livestock in free range and agroforestry system: economic sustainability and 

One Health 
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Context and conceptual framework  

Systemic health management and economic sustainability on a multifunctional farm. 

Located in the Tuscan hills, the Poggio ai Legni farm includes the breeding of laying hens, beef cattle 

and cereals. It has approximately 30 hectares of land, comprising arable land, 6 hectares of oak, holm 

oak and maple reforestation, and 400 olive trees. Crop rotation alternates fodder crops (alfalfa, clover 

and sulla) with cereals and organically grown legumes. Most of the vegetables produced are used for 

animal feed. Cropping focuses on soil regeneration through green manure, minimal tillage and 

fertilisation via internal resources where necessary.  

Laying hens livestock are managed in a closed cycle, incubating the fertilised eggs and rearing the 

chicks. The area, which covers about 1 ha, includes trees (holm oak, oak, maple), shrubs and stable 

grassland. This complex, multi-storey agro-silvo-pastoral system is managed through rotational 

grazing using 'Hen Tractors' (mobile henhouses on wheels), with each tractor housing 80 laying hens. 

Each Hen Tractor has an area for night shelter with perches and an area for laying with covered nests.  

The animals are fed with the farm's own feed, based on sorghum, triticale, soft wheat, white beans, 

barley, other cereals and legumes, and marble dust. The feed is used as a basic supplement to the 

pasture: depending on the seasonal availability of the pasture and its composition, the percentage 

composition of the various components is evaluated and modified.  

There are both hybrid and pure lines of the Livorno and Valdarno breeds, the latter being better 

adapted to pasture.  

 

Purpose and research questions  

This work presents a case study of laying hen production in an agro-silvopastoral system, highlighting 

aspects of the economy, work organisation and systemic health prevention strategies. Free-range 
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laying hens can contribute to socio-territorial and economic sustainability, as well as to the promotion 

of global health (One Health).   

 

Design, Methodology, and Approach  

The method is that of a single-case study with preliminary data collection referring to 2024. 

Quantitative data is collected constantly and updated every production cycle. Preliminary analysis of 

the data highlights health problems, such as parasitosis affecting the number of eggs laid, and enables 

the assessment of economic sustainability and the management of rotational grazing, changes in the 

feed ration and the increase/decrease in the number of animals. 

The tool makes it possible to correlate quantitative data on working hours with the farm's productivity. 

This enables a partial economic balance to be drawn up for the considered production cycle. This 

facilitates business organisation and decision-making, as well as helping to define a 'fair' price for 

producers, consumers and the territory. At the same time, it contributes to the evolution of farm 

biodiversity and soil regeneration.  

This approach therefore focuses on the economic and social sustainability of the farm, based on its 

environmental sustainability.  

 

Data Collection and Analysis 

Timely data collection enabled the fair price of the product to be defined and, at the same time, the 

health status of laying hens to be monitored throughout 2024 (no mortality due to health reasons, with 

only 10 animals predated).  

 

Results and Implications  

Free-range hens and free-range cattle contribute to a closed system in which the farm's resources are 

transformed to create a virtuous circle. Soil, animals and plants work together in a dynamic and self-

sustaining balance.  

In terms of health management, antibiotics were not necessary. The following integrated strategies 

were employed for parasite management: pasture rotation, facility hygiene and the addition of 

nutraceuticals to the animals' feed. The farm practises a systemic veterinary approach. Health is 

maintained through agroecological practices, such as keeping the number of animals in proportion to 

the farm's available land and resources, to limit the use of external resources; health monitoring; 

promoting soil fertility and biodiversity to stimulate microbiota resources; allowing the full 

expression of the animal's ethogram; and using resistant breeds. 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 131 a 270 

Ecological identity of farmers and their soil-related needs: the experience in the Into-
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Introduction 

The meaning of the term ‘agroecology’ varies in different contexts, but it assembles different 

perspectives emphasizing the need to involve scientists, policymakers, and practitioners in the 

decision-making process in agriculture and the entire food system. An important part of agroecology 

is a socio-economic dimension co-creating knowledge with stakeholders, building connections 

between producers, and consumers and reducing social injustice. 

Agroecology as an approach integrates ecological processes and provides resilience to agrosystems 

while minimizing soil degradation, water contamination, greenhouse gas emissions, and exhaustion 

of non-renewable resources and thus reducing possible future costs. Being part of sustainable 

management agroecological practices diversifies landscape and farming, implements biodiversity-

based solutions, and supports fertile soil and its structure by increasing soil organic matter to improve 
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soil biota and its related nutrient cycling and natural regulation of diseases. Some other practices are 

reducing tillage, eliminating chemical synthesized fertilizers and pesticides, instead adding organic 

amendments, intercropping, crop and pasture rotation, cover crops, silvopasture, integrated 

aquaculture, and conserving semi-natural habitats to increase the diversity of pollinators and natural 

enemies of pests to encourage natural control of pests, diseases and wee. While it is necessary to 

apply individual solutions and place-based knowledge for local issues, overall agroecology positively 

impacts the environment, economy, human health, and social aspects. 

In this context, it is essential collecting information from farmers on their soil-related needs and 

willingness to adopt sustainable agroecological practices. The study was carried out across six 

European Union countries (Czechia, Italy, Latvia, Lithuania, Poland, Spain) and Turkey involved in 

the Into-DIALOGUE project. 

 

Objectives 

The study was aimed to assess and understand the ecological identity of farmers in six European 

Union countries (Czechia, Italy, Latvia, Lithuania, Poland, Spain) and Turkey involved in the Into-

DIALOGUE project, focusing specifically on identifying their soil-related needs and evaluating their 

level of awareness regarding the adoption of agroecological practices. 

 

Methodology 

Information was collected from the farmers by means of a questionnaire that was designed to assess 

and characterize the agroecological identity of farmers from six European Union countries (Czechia, 

Italy, Latvia, Lithuania, Poland, Spain) and Turkey involved in the Into-DIALOGUE project, 

evaluating their awareness and understanding of agroecological practices, identifying barriers and 

facilitators to adoption, and assessing the impact of these practices on soil-related challenges. The 

questionnaire was developed based on a review of existing literature on agroecological practices, 

farming challenges, and farmer’s identity.  

The questionnaire consists of five sections designed to gather data: 

Section 1. Demographic Information 

Section 2. Ecological Identity 

Section 3. Awareness of Agroecological Practices 

Section 4. Barriers and Facilitators 

Section 5. Soil-Related Challenges 
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In each section, there was an option for farmers to share additional information. This open-ended 

section allowed participants to provide further insights, suggestions, or feedback, enabling them to 

express views or observations not addressed in the preceding questions. This format captured valuable 

qualitative data and ensured that relevant information outside the structured questions was included, 

thereby enhancing the depth of the questionnaire's findings. 

 

Data Collection and Analysis; Evidence 

The target population for the questionnaire included farmers from various agricultural regions within 

the participating countries. Representatives from each country were assigned the responsibility of 

disseminating and collecting 30 completed questionnaires. The questionnaire was administered 

online using the Google Forms platform and, in some cases, in person, with farmers contacted through 

agricultural associations, cooperatives, and extension services within each country. Participation in 

the questionnaire is voluntary, and all respondents were assured of the confidentiality of their data. 

Personal information, such as the farmer’s name, is optional, and responses were anonymized for 

analysis. 

All questionnaire responses were compiled into an Excel spreadsheet for subsequent analysis. To 

facilitate data interpretation, graphical representations were created to illustrate the results. In the 

study, data were presented in two formats: as absolute counts of responses and as percentages, both 

overall and disaggregated by country. Results were described based on the aggregate responses of all 

participants as well as by individual countries. However, due to variability in response data, the results 

may not fully represent each country as intended. Additional responses may be required to enhance 

the comparability and robustness of findings across countries.  

The results of the evaluation of agroecological practices and their effectiveness in addressing soil-

related challenges were interpreted with the support of a literature review. This analysis helped to 

contextualize the findings and provided a deeper understanding of how these practices can enhance 

soil health and sustainability in agricultural systems. 

 

Results and Implications 

The study, based on 151 respondents across seven countries, provided key insights. It highlighted a 

predominantly middle-aged, male-dominated workforce, emphasizing the need for succession 

planning and gender inclusion. Education levels were varied, with many farmers holding university 

degrees, indicating potential for innovation. Farm sizes trended larger in Czechia, Latvia, and Poland, 

while Turkey had more small and medium-sized farms. Land use patterns showed a focus on arable 
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farming, with Turkey favouring it and Italy prioritizing permanent crops. Most farms specialized in 

crop production rather than livestock. 

Sustainable agricultural practices were recognized, but adoption varied. While farmers were familiar 

with crop rotation and legume cultivation, less conventional methods like permaculture and 

agroforestry remained underutilized. Traditional techniques such as deep ploughing persisted, 

reflecting a need for stronger incentives to promote agroecological methods. Farmers relied on 

diverse information sources but lacked formal training in sustainable practices, pointing to an urgent 

need for targeted education and support. 

Challenges to adopting agroecological practices included financial constraints, lack of training, and 

scepticism about effectiveness. Farmers emphasized the need for financial incentives, policy support, 

market access, and affordable technology to facilitate sustainable transitions. Soil health emerged as 

a major concern, with organic farming, crop rotation, and nutrient management seen as crucial 

strategies. Addressing knowledge gaps and fostering holistic approaches can enhance sustainability, 

resilience, and food security. 
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Cultivating the Right to Seeds – Legal advances in the cultural propagation of farmers' 

seeds 
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CLIMAVORE X Jameel at RCA ‘Monoculture Meltdown’ works to create a legal framework that 

uses art, intellectual property law and the rights of nature to enable cultural institutions to create a 

provenance for drought-resistant and locally adapted heritage seeds, so that farmers can propagate 

and market them. At the same time, the project aims to create new legal horizons for preserving 

farmers' seeds for future generations. Through collaboration with the Museum of Civilisation in 

Rome, we support farmers in Puglia and Sicily in the circulation of seeds and promote agroecology.  
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General Framework 

Soil is a finite and non-renewable resource that underpins food production systems, provides vital 

ecosystem services and plays a pivotal role in the resilience of the landscape to the effects of climate 

change. However, soil degradation, driven by unsustainable agricultural practices, urbanization, and soil 

sealing, poses a severe threat to long-term food security and environmental sustainability. The Veneto 

region (Italy) exemplifies these challenges, since it is characterized by high urban density, fragmented 

agricultural landscapes, and intensive monoculture farming systems that deplete soil health. In particular, 

Padua is among the top five cities in Italy in terms of land consumed and in 2022 it was elected as one 

of the 100 European cities that will aspire to climate neutrality by 2030. For this reason, the city is 

already planning actions and policies to reduce emission through the drafting of the climate neutrality 

strategy. In the same year, the Green Plan was approved by the City Council, outlining an initial strategy 

aimed at enhancing local agriculture whose main objective is to foster the adoption of practices for the 

sustainable management of the agro-ecosystem. Climate neutrality cannot exist without considering 

agriculture, and there cannot be agriculture without farmers. Recognizing the pivotal role of farmers in 

addressing soil degradation, the Municipality of Padua has initiated the "Suoli Agricoli Urbani 

Rigenerati, SAUR” project to catalyze an agroecological transition towards regenerative agriculture 

practices within its urban and peri-urban areas. 

 

The SAUR Project 

The SAUR project (June 2024 - June 2025) is a pilot study case funded under the Open Call for Pilot 

Proposals launched by the Horizon Europe Healthy Municipal Soils (HuMUS) project. It is led by the 

Municipality of Padua and has as partners the university spin-off GeoAtamai Srl SB and the NGO 
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Deafal. It represents a pioneering effort to transform agricultural practices within the Municipality of 

Padua by adopting the principles of Organic and Regenerative Agriculture (ORA). This approach 

acknowledges the limitations of top-down interventions and emphasizes the active involvement of 

farmers to understand their concerns and co-create solutions. The project aims to trigger a process of 

agroecological transformation through the entire civil society involvement, by supporting the local 

farming sector's transition towards soil regeneration practices, connecting consumers with sustainable 

producers at local scale, involving academia to leverage soil knowledge, and raising awareness among 

local decision-makers. The project's innovative approach lies in its participatory nature, bringing 

together stakeholders from the quadruple helix model: the municipality, academia, businesses, and civil 

society. By fostering collaboration and co-creation among these actors, the project seeks to develop 

mutual trust and a shared vision as well as a Territorial Management Agreement (TMA) that outlines a 

roadmap for long-term municipal soil stewardship. 

 

Methodology 

The initial phase of the SAUR project focuses on conducting a comprehensive state-of-the-art analysis 

to delineate the current agricultural landscape and soil health challenges within the Municipality of 

Padua. This analysis involves the systematic collection and integration of statistical data, spatial 

information, and stakeholder perspectives to create a holistic understanding of the local agricultural 

sector. 

The methodology encompasses the following key steps: 

1. Stakeholders mapping, identifying and categorizing the relevant stakeholders within the 

quadruple helix model, including farmers, consumer groups, academic institutions, and 

policymakers. 

2. Data collection, gathering statistical data from official sources, such as the municipal Green 

Plan, agricultural censuses (ISTAT, Italian National Statistics Institute), soil characteristic 

information (ARPAV, the Regional Environmental Protection Agency of Veneto) and land 

use surveys (AVEPA, Venetian Agency for Payments), to quantify the extent and 

characteristics of agricultural activities within the municipality. 

3. Spatial analysis, utilizing Geographic Information Systems (GIS) and remote sensing 

techniques to analyze land use patterns and identify agricultural areas 

4. Stakeholder engagement, conducting interviews, focus group discussions, and participatory 

workshops with identified stakeholders to capture their perspectives, concerns, and insights 

regarding soil health challenges and potential solutions. 
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Expected Results 

The state-of-the-art analysis phase of the ongoing SAUR project is expected to yield comprehensive 

results that will inform the subsequent stages of the project. These results will include: 

1. A detailed spatial database and interactive maps depicting the distribution of agricultural areas 

and land use patterns within the Municipality of Padua. This will be possible through the 

creation of a WebGIS, based on open-source software, available for everyone and completely 

free. 

2. A quantitative assessment of the extent and characteristics of the local agricultural sector, 

including farm sizes, crop types, production methods, among others. 

3. A qualitative understanding of stakeholder perspectives, concerns, and priorities regarding 

soil health challenges and the adoption of regenerative agriculture practices. 

4. Identification of key barriers and enablers for the agroecological transition within the local 

context, informing the co-creation of tailored solutions and strategies. 

 

Conclusions 

The SAUR project represents a pioneering effort to promote urban soil regeneration through a 

participatory agroecological transition approach. By systematically analyzing the current state of the 

agricultural sector and engaging stakeholders from the quadruple helix model, the project aims to co-

create a shared vision and actionable strategies for sustainable soil management. The state-of-the-art 

analysis phase lays the foundation for this process, providing a comprehensive understanding of the local 

context and stakeholder perspectives. As the project progresses, the findings from this initial phase will 

inform the development of both structured participatory processes and Territorial Management 

Agreement (TMA). The TMA, for the first time in the Veneto region, will serve as a new framework for 

the adoption of regenerative agriculture practices within the Municipality of Padua.  
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Contest description; conceptual framework 

The topic analyses the consequences of climate change, with a special focus on the field of the next 

generations. 

During the last decades, we are assisting to “chronic environmental emergencies” that afflicted the places 

where we live and, in general, every part of the Earth. 

Consequently, there has been an increase in the “duty of care” of States, which are tasked with adopting 

specific measures to prevent and reduce the damages resulting from human activities affecting the 

climate and the environment. 

These measures must necessarily be long-term oriented, to protect even the next generations, who will 

suffer the most severe consequences of climate change. 

The International law places particular emphasis on the issue of “intergenerational equity”, which 

expresses the idea that “present generations are the guarantors of humanity, charged with preserving 

decent living conditions and transmitting them to future generations”. 

As the Brundtland Commission said: “humanity has the ability to make development sustainable to 

ensure that it meets the needs of the present without compromising the ability of future generations to 

meet their own needs”.  

For these reasons, the actual laws are fixing the importance of the interests of the next generations, which 

entails more restricted rules to guarantee them the freedom to determine over the most important aspects 

of their lives. 

Under this side, the Italian Constitution was recently conformed to the European regulation about the 

protection of the new generation. For the first time until the introduction of the Italian Constitution 

(1948), the first part of the main principles was changed to introduce directly the protection of the 

environment and animals. 

In the article 9, the legislator provides that “the Republic (…) protects the environment, biodiversity and 

ecosystems, also in the interests of future generations”. Also, article 41 has been modified, mentioning 

the protection of the environment as a guide for the legislation and for the private enterprise. 
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The aim of this paper is to fix the best compromise over two opposite interests: on the one hand, the 

economy's interest in reacting to the increase in prices caused by war, shortages of energy resources, 

etc.; on the other, the Planet's interest in preserving the possibility of a future for next generations. 

The recent EU legislation has the aim of bringing together these opposing needs: ensuring economic 

growth with the implementation of technology and the ecological transition. 

The New Green European Deal, the Next Generation EU, the European Climate Pact and the Nature 

restoration regulation are the most important instruments used by the European Institutions to bring the 

environment to the top of the European Agenda. 

As the relator of the Nature restoration regulation declared: “Today is a great day for Europe, as we 

move from protecting and conserving nature to restoring it. The new law will also help us meet many of 

our international environmental commitments. Furthermore, it will restore degraded ecosystems without 

compromising the agricultural sector, leaving Member States with great flexibility. I would like to thank 

the researchers for providing us with scientific evidence and for their commitment to fighting climate 

denial. And I would also like to thank the young people for reminding us that we have neither planet B 

nor a plan B." 

Purpose, research questions: As agroecology demonstrates, nature and ecosystems are seriously 

compromised by human activities that exploit the planet's natural resources. The aim of this research is 

to analyse legislation that, instead, seeks to change course, protecting the environment, people, and 

human economic activities, which must be geared toward environmental protection.  

Therefore, agroecology represents a contemporary challenge. 

 

Design; methodology; approach 

Analyse the evolution of international agreements on environmental matters; the effectiveness of the 

measures adopted at a European level and the national profiles of environmental protection. 

Data collection and analysis; evidence: Collect main doctrinal and jurisprudential contributions 

(especially the so called “climate change litigation” cases), both in domestic, international and European 

law, conducting bibliographic research on the topic, aimed at collecting fundamental literature on the 

topic. 

 

Results and implications 

Demonstrate how European legislation - in particular the Nature Restoration Law - and international 

environmental law can meet the challenge of protecting the environment and fighting climate change 

without underestimating agricultural and food needs. 
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The current climate crisis seriously affects the Mediterranean farming systems. More severe drought and 

heatwave periods directly influence crop yields and yield stability by reducing water availability for 

crops and increasing soil degradation. Preserving soil fertility and restoring water resources are 

becoming crucial. Innovation strategies and farming system re-organizational options should be 

identified crossing the scientific, technical and experiential knowledge of stakeholders, taking into 

consideration the contexts, including mechanical availability, ecological feasibility and market 

opportunities. Socio-technical competences should thus be capitalized, stimulating local networks for 

sharing knowledge and practices.  

In 2023, the Cooperation Measure 16.1 of the 2014-2020 Rural Development Programmes (RDPs) 

funded in Sicily the Agroecological Regenerative and Organic Operational Group (SIC.A.RI.B. OG) to 

expand the sustainability frontier, pooling together approaches and experiences of organic farming, 

agroecology and regenerative agriculture in the typical Mediterranean arable and permanent cropping 

systems agriculture, such as durum wheat and almond groves. Based on this highly ecological approach 

to biological interactions and synergies, the SIC.A.RI.B. OG aims at improving soil quality and health 

by adopting agroecological approaches through regenerative strategies that promote water storage, 

biodiversity, biological activity, and nutrients concentration (Giller et al., 2021). This is achieved by 

increasing soil coverage and the functionality of crops and spontaneous flora to improve the soil nutrients 

status and reduce biotic adversities, within the agroecosystem. 
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The SIC.A.RI.B. also intended to strengthen practitioners’ skills and stimulate a socio-technical dialogue 

between regional producers, by implementing the operational convergence between practices and 

approaches, adopting the agroecological and regenerative principles already tested elsewhere. In this 

respect, the adoption of interactive dynamics borrowed from living lab approaches and the definition of 

self-monitoring protocols are projected towards a reformulation of the AKIS interventions for the 

organic sector to enhance farmers knowledge and skills in assessing the performance of the regenerative 

agroecological model (Toffolini et al., 2023). In SIC.A.RI.B. the model has been adopted by 

implementing innovative soil management practices compared with traditional ones, used as control, 

and monitoring their performance. Tested in two pilot project farms representative of the regional 

production realities, the practices were adapted in other OG’s farms to investigate their scalability 

potential in organic conditions. This first phase was carried out through a preliminary cartographic 

analysis and field inspections, subsequently defining the machinery park and their use for the execution 

of the operations envisaged in the innovative system. With reference to the agroecological management 

of arable crops, specific attention was paid to the introduction of the intercropping of chickpea (Cicer 

arietinum L. - var. Pascià) and common wheat (Triticum aestivum L. - var. Maiorca) with the aim of 

improving productivity per unit of surface area, enhancing functional biodiversity and spontaneous flora 

control, reducing mechanical interventions and contributing to carbon sequestration. 

Periodic monitoring at specific cultivation times was conducted by the involved researchers and 

advisors. On this basis, monitoring protocols were prepared for the assessment of the soil and 

spontaneous flora quality, consisting in the application of simple, intuitive and replicable methods for 

the collection of information useful for describing the context, the state of 'health' of a cultivation system 

and the effect of the adopted agricultural practices. Such protocols were designed to allow the farmers 

to carry out self-assessments, avoiding the need to rely and depend on sector specialists. Particular 

attention was paid to the evaluation of the floristic diversity as an important factor of a management 

system analysis: a greater richness of species, associated with a homogeneous distribution of individuals 

among the species, indicates a reduced risk of selection of a competitive and hardly manageable weed 

flora, in addition to the ability to provide ecosystem services such as support for the nutrient cycle or the 

attraction of useful organisms. 

The results of the floristic sampling showed a different development of spontaneous plants depending 

on the crop, with greatest occurrence associated with pure chickpeas and lowest with pure wheat, as 

wheat establishing itself more quickly than chickpeas. At the same time, the density of chickpeas is 

higher in the mix than in purity, indicating how the greater competitiveness of wheat, contributing to 

reducing the number of spontaneous plants, provides a competitive advantage to chickpeas from the 



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 143 a 270 

early stages of development, with a support effect between the two species grown in intercropping. 

Monitoring the spontaneous community can provide useful information about the provision of 

ecosystem services (e.g., nitrogen fixation or support for pollinators) and/or disservices, by cross-

analysing innovative systems compared to business as usual. The self-monitoring protocol designed for 

the project applies to flora and soil assessments (paralleled to soil sampling to set the scene for further 

comparisons) and does not require scientific training, allowing farmers to compare the results over time 

and evaluate the response to the implementation of the practices.  

As anticipated, the results obtained were influenced by the weather trend. Nevertheless, the productions 

met expectations, demonstrating greater resilience and productivity of the intercrop compared to the pure 

stand, especially regarding the leguminous crop, with greater total production per unit surface. In one 

farm the sowing technique favoured the development of soft wheat more than chickpea while in another, 

where the cultivation operations were particularly carried out trying to minimize soil disturbance, the 

good residual fertility of the previously uncultivated soil favoured the result of the wheat. Another aspect 

that emerged is the greater control of the spontaneous flora by the intercrop compared to the pure 

chickpea stand.  

In addition to the development of regenerative and agroecological practices, the project has solicited the 

interest of operators in relation to the adoptability of such solutions through actor-participatory 

dynamics, inspired by Living Lab processes. By increasing the socialization of know-how and 

community interaction, the gathering opportunities also offered the opportunity to evaluate how the 

implementation of practices encouraged by the Common Agricultural Policy (CAP), such as eco-

schemes, is applicable in the Sicilian context, even in its accentuated dimension of climate hotspot. 
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The on-going protein transition in agrifood systems offers an opportunity to boost the role of pulses in 

farming and nutrition. This is particularly promising in agroecology, given the functions that grain 

legumes are having in crop diversification at temporal (rotations) or spatial (intercropping) level, as well 

as in dietary diversification, notably in plant-based diets. This scenario presents prospects for minor 

leguminous crops (e.g., cowpea, grass pea or lupins) to gain more consideration by farmers and 

consumers and to build on this momentum. 

The EU-funded Divinfood research project aims to develop food chains valuing neglected and 

underutilised crops (NUCs), minor cereals and pulses in particular, both to help reverse the decline in 

cultivated biodiversity and to meet consumers demand for healthy foods. In this context, to dynamize 

key stakeholders, such as farmers, processors, consumers and local authorities, a living lab – a territorial 

network fostering participatory research (Hagy et al, 2017) - was promoted in Tuscany (Central Italy) to 

identify value chain options for white lupin.  

White lupin has a protein content comparable to soybean and a nutraceutical potential in relation to non-

communicable diseases such as diabetes, cholesterolemia and hypertension. However, its adoption is 

hindered by a high alkaloid content (Annichiarico et al, 2014) and its inclusion on the allergen list, which 

discourage food companies from investing in the crop. 

Spurred by lupin-devotee farmers, its cultivation in the living lab territory revolves around heritage 

varieties and ‘modern’ cultivars having low-alkaloid content. Both variety types show a remarkable 

agroecological performance, also in terms of ecosystem services, which is being co-evaluated by farmers 

and researchers. Moreover, in lower Tuscany the crop contributes to the identity of the local Food 

Community, which is supporting the farmers in their efforts to enhance both performance and reputation 

of lupin.  



 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

 
Pag. 145 a 270 

In a co-innovation setting, the living lab is exploring conditions for a firmer crop establishment in the 

local farming systems as well as investigating options for a more appealing and remunerative processing 

and selling of lupin foods. Moreover, the ‘Comunità del Cibo della Maremma’ (as per the Italian law 

that links territories to their cultivated biodiversity, providing incentives for its dynamic conservation 

and promotion) role is analysed to assess its contribution to preserve local biodiversity and promote 

agroecological approaches. 

The Divinfood lupin living lab is composed by an array of actors, being them (organic and 

agroecological) farmers, researchers, rural development brokers and food processors interested in the 

virtuous crop agroecological and nutritional features. They bring in scientific competence and hands-on 

experience on traditional lupin value chains, including a clear understanding of barriers to development. 

Hampered by both time- and water- consuming debittering procedures and food industry reluctance to 

engage with a raw material listed as allergen, the marketing of lupins in fact represents a kye bottleneck 

and a significant enlightenment of its neglected status. Innovative processing routes are being 

investigated and tested by both researchers and local practitioners to ensure a better credit among healthy 

foods. Similarly, novel narratives and food design ideas are being explored to engage with potentially 

interested social targets – notably, youngsters - and to gain a visibility on the plant-based market. 

Furthermore, being the lupino dolce di Maremma local landrace registered as a variety of regional 

interest and conveying part of the agri-food identity of the local community, the socio-cultural worth of 

lupins is promoted in local initiatives both as a cultivated biodiversity resource and as a territory one-

health hero. 

Data about the crop performance have been collected in the living lab and its actors contributed to the 

co-identification of relevant ecosystem services related to the lupin cultivation as well as to the 

documentation of lupin-based recipes and food products that may trigger culinary and market interest. 

Overall, lupin cultivation showed a productive and agroecological potential. The Maremma variety 

yielded 2.8 t/ha – in the range of the average yield in Central-North Italy - and no lodging was observed 

despite sparse sowing; the broadcast seeded lupin variety Arsenio also produced a good yield. No 

particular diseases or pests emerge and they are not recorded as concerns; it is resilient vis-à-vis wild 

animals (e.g., ungulates) who desist from grazing the plant due to its bitter taste; it delivers relevant 

ecosystem services such as nitrogen fixation and pollination; it shows a notable tolerance to abiotic 

stresses (Lucas et al, 2015).  

However, the alkaloid content of the traditional landrace proved to be very high (more than 30.000 ppm 

with a threshold for safe human consumption set at 200 ppm), so debittering is necessary. To address 

this key challenge a debittering manual and a practice abstract were delivered to inform and train 
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practitioners. As regards farming techniques, with particular attention to harvesting, given the actually 

limited cultivated areas and the unavailability of dedicated machinery to lupin, appropriate technological 

development is necessary to reduce harvest losses or seeds damage that may hinder quality processing. 

Significantly, the sharing of both challenges and innovative solutions contributes to the strengthening of 

a community of practitioners who poll together know-how and efforts to identify common avenues for 

processing and marketing, ultimately contributing to the territorial promotion.  

As successful value chains are proving challenging to materialise, the living lab is exploring innovative 

options. While the community is considering the development of lupin pasta and bakery products by 

incorporating varying percentages of lupin flour into wheat flour or durum wheat semolina, the actual 

experimenting of creamy products (e.g. lupin-based hummus or mayonnaise) or baked foods is paralleled 

by visionary food design through creative techniques, such as emergent scenario design and agile 

prototyping, in order to envision possible applications. Overall, these efforts converge in exploring the 

significant marketing potential for lupin, not least for its better nutraceutical reputation than soybean, 

and the current vegan, sustainable, regional and high-protein trends. 

The actors’ engagement and animation through the living lab approach present the opportunity to display 

a set of concrete options to advance the adoption of neglected foods and gain interest by consumers and 

the food industry. Moreover, the organic sector offers promising pathways for minor crops, such as 

lupins, in a framework of healthy diets. Piloting out-of-the-box ideas as well as innovative recipes and 

semi-industrial processes may lead to a more widespread adoption of NUCs and, in particular, pulses, 

fostering their accrued agroecological role. 
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Introduction 

The Pollino National Park, the largest protected area in Italy, represents a complex socio-ecological 

landscape where Mediterranean agro-ecosystems coexist with high-mountain forests and traditional 

agricultural practices. Over recent decades, this territory has undergone profound transformations 

associated with rural depopulation, abandonment of farmland, and climate-induced stressors such as 

drought and hydrological irregularities. Communities like San Lorenzo Bellizzi are emblematic of these 

dynamics, with aging populations, declining agricultural labor, and the progressive degradation of 

formerly productive olive groves and mixed-use plots 

 

Discovering Pollino: Esperienze 

Against this backdrop, successional agroforestry has emerged as a promising strategy to regenerate soils, 

enhance biodiversity, and restore ecological functions while supporting local economies. Grounded in 

agroecology and the principles of natural succession, this approach aims to align food production with 

the ecological rhythms of Mediterranean mountain environments. Synthropic agroforestry, in particular, 

prioritizes the re-establishment of stratified vegetation layers, continuous biomass cycling, and 

ecological self-organization, thereby increasing resilience to climatic variability and reducing 

dependency on external inputs [1–3]. 

 

Purpose and Research Questions 

This contribution documents and analyses the ongoing “Discovering Pollino” agroforestry initiative, led 

by local farmers, volunteers, and partner organizations. The project seeks to counteract land 

abandonment, regenerate neglected olive groves, and develop diversified agroforestry systems capable 

of providing ecological, social, and economic benefits. 

The study addresses the following questions: 

mailto:dome.vito@gmail.com
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1. How can successional agroforestry be operationalized in Mediterranean mountain landscapes 

characterized by abandonment and difficult terrain? 

2. What ecological and social outcomes emerge from the early stages of agroforestry restoration? 

3. What governance and community-based strategies support long-term landscape regeneration? 

 

Experience, practices and strategies adopted 

The activities of the project started almost in 2010, has been supported by local volunteers and farmers 

and the with the organization since 2019 of international volunteering working camps. The work for the 

recovery of the yards, mostly olive trees, has started in 2019 with the elimination of weeds and the 

reduction of shrubs that have grown spontaneously over the years, removing stones and everything 

necessary to prepare the recovery of the plant, from pruning to fertilization to the subsequent thinning. 

The preliminary activities to start with actual agroforestation has started with the study of the already 

present species and the GPS mapping of the standing healthy trees rendered in a map 

(http://bit.ly/3HXZvW7). 

 

Figure 1. Datamap of the mapping of the field 

 

Understanding the local agro-biodiversity has been useful to design possible consociations and gilds, as 

units of the successional synthropic food forest to growth.  

After such preliminary study some plants has been put on place, planting in successional strata, with 

pioneer species (nitrogen fixers, shrubs) paving the way for productive trees (olives, walnuts, almonds, 

chestnuts) and understory crops. The activity of pruning has started seasonally since 2020 following the 

12 principles of permaculture: all the biomass produced in the yard has been tried to left on the ground, 

accumulation points has been created at the borders, and natural elements like stone and death branches 

has been used also as structural elements for the facilities of the fields (stairs, path, dry walls, stands) 

and for mulching. 

 

Data Collection, Analysis, and Evidence 

http://bit.ly/3HXZvW7
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Data were collected through field observations, GPS inventories, participatory work sessions, and 

photographic documentation. Ecological indicators included vegetation recovery, soil structure 

improvements, plant survival rates, and biomass cycling patterns. Social indicators included volunteer 

engagement, community participation, and local perceptions of land stewardship. 

Preliminary evidence reveals measurable improvements in soil cover and moisture retention, increased 

presence of pioneer vegetation supporting successional dynamics, and enhanced structural diversity 

within restored plots. Community engagement data highlight growing participation from youth and 

international volunteers, contributing to renewed interest in rural heritage and land care. 

 

Results and Implications 

The experience represented a small example of how abandon and depopulation effects could be fronted 

and reversed. The activities has raised interest and attachment in the volunteers, especially young people 

engaged as well in the community that become more and more participative in being engaged into the 

project. The initiative also demonstrated the possibility of coexistence of agricultural practices and 

natural conservation that is so important in Pollino Park that several times faces conflicts between 

farmers and Park Authorities. The main difficulties encountered have resulted in finding the yard in a 

very abandoned state and sometimes very hard to clean and render practicable.  Due to the impervious 

conditions the yards sometimes are very hard to access and moreover the soil is very stony. Another 

great difficulty encountered has been the frequent maintenance and planning of activities: sometimes the 

lack of workforce and seasonal unavailability of personnel created the conditions to reprise works in 

worst stages rather than the ones has been ended. 

 

Conclusions and Future Perspectives 

The “Discovering Pollino” experience highlights how agroforestry can serve as a catalyst for ecological 

restoration and community revitalization within protected Mediterranean landscapes. Future 

developments aim to extend restoration to additional abandoned plots, support ecosystem maturation, 

and incorporate digital tools and automation to address labour constraints. Partnerships with networks 

such as NGIN, “The Farm of Francesco,” SoulFood Forest Farm, and Regen are expected to enhance 

capacity building and knowledge exchange, reinforcing the long-term sustainability of the initiative. 

This work contributes to broader debates on agroecology, climate adaptation, and rural regeneration, 

offering a grounded model of community-based ecological transition. 
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Conceptual framework 

Silvopastoral systems - integrating trees, forage and livestock - are a form of agroforestry known for 

their resilience under adverse climatic conditions (Lecegui et al., 2024) and for improving soil fertility 

through nutrient cycling and erosion control (Jose et al., 2019). By fostering interactions among 

agricultural, forestry and livestock components, they support rural economies and enhance both the 

ecological and aesthetic value of landscapes (Goracci & Camilli, 2024). Historically, these systems have 

been especially important in Mediterranean agriculture, particularly, in marginal areas. 

Visual arts, especially painting, offer a valuable lens for examining historical land use. Artistic 

representations of silvopastoral landscapes not only capture the visual and cultural dimensions of 

traditional agrarian life, but also serve as interdisciplinary sources. They enable the application of 

knowledge from animal husbandry, zootechnics and botany to better understand the agricultural and 

ecological practices embedded in historical landscape management. 

 

Purpose and approach 

This study examines Jakob Philipp Hackert’s Temple Ruins in Sicily (1778), focusing on its depiction 

of Mediterranean silvopastoral life in the 18th century. Rather than emphasizing artistic style, the 

analysis highlights natural and agricultural elements to illuminate traditional rural practices. During his 

1777–1778 journey through Sicily, Hackert portrayed classical ruins within active farming landscapes, 

revealing the coexistence of history and agriculture. The painting - likely depicting the Temple of Juno 

in Agrigento - illustrates the multifunctionality of Mediterranean landscapes, where ancient monuments 

remained embedded in everyday rural life and local identity. 

 

Observations 

Figure 1 highlights several key findings.  
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Figure 1. Jakob Philipp Hackert, "Temple Ruins in Sicily" 1778. The State Hermitage Museum, St. 

Petersburg. Image available at Wikimedia Commons. 

hthttps://upload.wikimedia.org/wikipedia/commons/f/fa/Jacob_Philipp_Hackert_006.jpg 

 

Season - The scene likely depicts sunset in spring or early summer, suggested by warm light, lush 

vegetation and long shadows, a critical period in Mediterranean livestock management, when pasture 

and water remain abundant before the dry season. 

Livestock breeds - The cattle and goats resemble early forms of Sicilian breeds typical of the 18th 

century, such as Modicana or Cinisara cattle (A) and Girgentana or Maltese goats (B). Breed distinctions 

were less defined at the time due to limited selective breeding. Their large horns reflect extensive grazing 

in wooded environments, requiring maneuverability and defense. A “Cane di Mannara” shepherd dog 

(C) guarding the herd further signals a traditional pastoral system reliant on guardian dogs. 

Water resources - Streams and watering sites are essential in Mediterranean climates with prolonged dry 

periods. Such water points are critical for animal health, productivity and system resilience during 

drought-prone seasons. 

Tree cover and microclimate - Trees offer shade and cooling that reduce heat stress in livestock, 

particularly in summer. They also aid soil conservation, biodiversity and provide supplementary fodder 

such as acorns and leaves. 
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Human activities - The scene reflects traditional rural life and the integration of domestic production 

within silvopastoral systems. A man on horseback (L) manages the herd, suggesting practices like 

transhumance or rotational grazing. A woman spinning wool (M) hints at self-sufficiency and links 

livestock keeping to textile production. 

Trees - Species identification is uncertain, though one plausible candidate is the date palm Phoenix 

dactylifera L. (E), based on its tall trunk and crown of pinnate fronds. The tree on the hillside (F) could 

be a carob tree (Ceratonia silique) and the one on the left side (H) could belong to the genus Quercus, 

though the lack, in both plants, of botanical detail makes the recognition highly tentative. 

Shrub and ground vegetation - Only species with distinctive forms can be identified with reasonable 

caution: prickly pear (Opuntia ficus-indica) (D), agave (Agave cf. americana) (G), and acanthus 

(Acanthus mollis subsp. mollis) (I). These spiny species, typically avoided by livestock, suggest possible 

overgrazing in this part of the landscape.  

 

Final thoughts 

“Temple Ruins in Sicily” can serve as a visual record of 18th-century Sicilian silvopastoralism. Through 

its depiction of livestock, water sources, shade trees and rural labour, the painting illustrates key 

principles of integrated land use. While direct examination of the original artwork and interdisciplinary 

input would further strengthen the analysis, the painting nonetheless provides valuable insights into the 

history of local animal breeds and vegetation, particularly, the early introduction and spread of exotic 

species such as agave, opuntia and palm. Beyond its historical value, the scene also helps shed light on 

past forms of tree-livestock integration, offering useful perspectives for contemporary discussions on 

landscape management in Mediterranean agroecosystems. 
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Agriculture, while being essential for the global food chain and employment, is currently dominated by 

intensive practices that generate significant hidden costs in terms of environmental, social, and economic 

impacts. The “Green Revolution,” with its emphasis on maximizing yields through the massive use of 

external inputs such as agrochemicals, water, and energy, has produced short-term benefits in terms of 

productivity but has compromised the long-term sustainability of agricultural systems. 

Industrial agriculture has led to a number of problems such as environmental degradation, resource 

depletion, public health issues, socioeconomic challenges, and reduced resilience. In the face of these 

challenges, there is a need to identify and promote agricultural systems capable of reducing negative 

externalities and ensuring the sustainable production of high-quality food. In this context, small-scale 

mountain agriculture provides inspiring agronomic approaches, thanks to its focus on resource 

conservation, sustainability, and the use of traditional agricultural knowledge. This type of agriculture 

plays a key role in sustaining mountain communities by providing food and income, as well as 

contributing to biodiversity conservation and the sustainable management of natural resources.  

This study assesses the positive impact of small-scale organic agricultural systems in mountain areas, 

focusing on mountain products, particularly coffee, cocoa, and arable crops. The main goal is to highlight 

the hidden benefits of small-scale agriculture, a model often overlooked in favour of industrial 

agriculture. The study aims to demonstrate that small-scale mountain agriculture can make a significant 

contribution to environmental, social, and economic sustainability. 

The report focuses on producer organizations in the target countries of the Business Incubator and 

Accelerator for Mountains and Islands, a program managed by the Mountain Partnership Secretariat of 
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FAO. The program operates in several countries, including the Dominican Republic, Ethiopia, 

Guatemala, Kyrgyzstan, Nepal, Peru, the Philippines, and Uganda. 23 producer organizations from 8 

countries have been selected for analysis. The selection focused on producers involved in the production 

of coffee, cocoa, and arable crops, particularly potatoes, Andean grains (quinoa, corn, rye), and wheat. 

To assess the impact of these agricultural systems, the report uses a three-level methodological approach. 

• Semi-quantitative analysis: conducted using an assessment system based on indicators derived 

from the SAFA (Sustainability Assessment of Food and Agriculture Systems) and OASIS 

(Original Agroecological Survey and Indicator System) frameworks. This system evaluates 

sustainability across six macro-areas: agroecology, environment, economy, social, 

governance, resilience. 

• ARMOSA model: a quantitative tool developed to assess the performance of different 

agricultural systems by quantifying the environmental impacts of farming practices. 

ARMOSA simulates carbon balance in the soil, erosion, leaching, N2O and NH3 emissions. 

• Economic assessment: translates the results of the quantitative analysis into monetary values 

to quantify the hidden benefits of small-scale agriculture from an economic perspective. 

Main findings: 

• Key environmental findings show that small-scale mountain farming performs well, 

particularly in cocoa and coffee systems, which benefit from agroecological practices like 

agroforestry and polyculture. These practices contribute to improve soil organic carbon 

(SOC), reduce soil erosion, and effectively manage nitrate leaching. Coffee and cocoa systems 

also demonstrate lower emissions of nitrous oxide (N₂O) compared to intensive farming 

practices, though nitrogen management in coffee systems remains a challenge. 

• From a social perspective, small-scale mountain farming demonstrates strong performance, 

especially in cocoa systems, which excel in community engagement, governance, and 

inclusivity. Coffee and arable systems also perform well but exhibit lower scores in 

participation in solidarity economy initiatives. Overall, small-scale mountain farming enables 

the creation of strong and vibrant communities involved in the production and 

commercialization of products and knowledge sharing of traditional and agroecological 

practices. 

• Economically, small-scale farming offers potential for cost reduction and resilience building 

in farming systems, particularly through lower environmental costs, effective risk 

management and strong community support. Coffee and cocoa systems show significant 

reductions in environmental costs, while arable systems face higher costs, especially related 
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to soil erosion. Despite challenges in product processing and market diversification, small-

scale mountain farmers are generally less dependent on external inputs, enhancing their 

economic resilience. 

In conclusion, the report emphasizes the crucial role of small-scale mountain agriculture in promoting 

environmental, social, and economic sustainability. The study demonstrates that these systems can 

provide a range of hidden benefits including improved environmental performance of agricultural 

systems, food security, biodiversity conservation, climate change mitigation, job creation for vulnerable 

individuals, and cost reduction. 
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Mediterranean agro-silvopastoral systems are increasingly recognized as a key resource for livestock 

feeding and welfare, for producing healthy and certified products, as well as for providing ecosystem 

services and a mosaic of landscapes. Unsustainable food supply chains can lead to increasing climate 

change impacts, depletion of natural resources and other critical effects on environmental media 

(Crippa, M., 2021). The intake of fresh herbage results in the presence of milk molecules that can 

have positive effects on human health, such as certain vitamins, phenolic compounds, and 

polyunsaturated fatty acids (Cabiddu et al., 2022). Driven by growing interest in production methods 

and environmental issues, consumers favor dairy and meat products from pasture-based diets, 

recognizing the enhanced organoleptic, health, and sensory qualities resulting from herbage 

consumption (Gutierrez-Peña et al., 2021). However, competitiveness and the intensification of 

production processes should be supported by improving the quality of the products offered and their 

added value. However, the competitive advantages of traditional, low-environmental-impact farming 

are counterbalanced by a lack of innovation, high production costs, poor traceability, and medium-

low quality, which are the key factors negatively impacting the economy of our agro-silvopastoral 

systems. Some of these challenges can be addressed through management models that also emphasize 

health and environmental sustainability. The composition of dairy fat is strongly influenced by the 

ruminant’s diet. Linoleic acid and α-linolenic acid are the main fatty acids that are mostly modified 

by anaerobic bacteria in the rumen via a biohydrogenation process aimed at producing saturated fatty 
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acids. In particular, the intake of fresh forages can increase the concentration of polyunsaturated fatty 

acids ω-3 and ω-6 and conjugated linoleic acid in milk and cheese, compared with diets based on dry 

forage or concentrates (Nudda et al., 2014). Indeed, the high diversity of Mediterranean flora and the 

legume-based swards provided by improved pastures, represent a valuable source of components 

characterized by high nutritional value, such as phenolic compounds, fatty acids and vitamins that 

have been shown to exert antioxidant activities against several pathologies induced by oxidative stress 

(Re et al., 2019). Aiming to address these needs, the Sardinia Region's PROCASU and PEROLACRU 

Projects, both funded under the PSR (Rural Development Program 2014-2020 submeasures 16.2 and 

16.1) and directed by the CNR ISPAAM of Sassari.  

The goal of the project was to develop new dairy products from a controlled and certified production 

chain, specifically focusing on producing traceable, locally sourced pecorino cheese tied to its 

production area.  

The activity included the introduction of innovative forage systems in various sheep farms of two 

dairies in Northern Sardinia (Mores and Pattada – SS), with the establishment of improved pastures 

based on selected pasture legumes, rich in biodiversity. 

To assess the impact of herbage-based feeding on the quality and traceability of Sardinian sheep milk, 

used in typical cheese production, the project explored the relationship between grazing, herbage 

quality, and the milk and processed products. Phenolic compounds and antioxidant capacity were 

evaluated in herbaceous samples. Total phenolics were measured using the Folin-Ciocalteu reagent 

(Re et al., 2019). Antioxidant capacity was evaluated by ABTS ((2,2’- azinobis (3-

ethylbenzothiazoline-6-sulphonic acid) diammonium salt)) assay (Re et al., 2019); the results were 

expressed in terms of Trolox equivalent antioxidant capacity (TEAC), as (mmol TEAC 100 g−1 DW). 

Analyses of individual phenolic compounds in plant species were carried out using an Agilent 1260 

series HPLC instruments.  

The bulk milk samples from different farms were analysed through physico-chemical analysis for the 

macro-composition, immune-electrophoretic and mass spectrometry techniques. The milk soluble 

fraction at pH 4.6 was analysed using an LTQ Orbitrap and Orbitrap Exploris 120 for the metabolomic 

analysis. The lipid fraction was analysed by GC-FID.  

Forage samples showed values of total phenolics ranged from 45.4 to 61.4 g GAE kg-1 DM and the 

antioxidant capacity varied from 5.30 to 6.35 mmol TEAC 100 g−1 DM. The differences depended on 

the specific pasture composition. Neochlorogenic, chlorogenic acids and quercetin glycosides were 

present across different farms. Forages rich in antioxidants could represent a more appealing option 

to farmers, as they offer a natural and economic option, while also possessing environmental benefits. 
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Over the year, milk fatty acid composition showed a qualitative improvement. The milk protein 

quality profile provided a detailed overview of the chemical and protein variations in response to the 

animals' diet. The analysis of metabolic compounds revealed that the forage-based diet significantly 

influenced milk’s chemical composition, leading to changes in fat, protein, and other bioactive 

components. Casein fraction analysis confirmed ovine casein integrity and revealed genetic variants, 

including a 'silent' variant detected by mass spectrometry, which may serve as markers for specific 

breeds or regions, providing a detailed view of the milk's molecular composition. The stability and 

integrity of the casein fractions across all samples further emphasize the high quality of the milk, as 

degradation or breakdown of these proteins would indicate poorer quality or unfavorable conditions 

during milk processing. These findings offer valuable insights into the potential nutritional and 

functional properties of milk produced by sheep fed with a targeted diet. 
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Moringa oleifera Lam. (miracle plant, MO) is a fast-growing and drought-resistant medicinal tree, 

native to India and cultivated in semi-arid and arid regions worldwide. It belongs to the Moringaceae 

family and has gained attention for its medicinal properties based on local folk knowledge 

(Alegbeleye, 2018; Matic et al., 2018). Several studies have explored nutritional composition and 

bioactive compounds in different parts of the plant such as root, bark, leaf, flower, pod, and seeds 

(Dalei et al., 2016). Leaf contains high amounts of crude protein, vitamins, minerals, and fatty acids. 

MO can provide several times more protein than yogurt, calcium than milk, vitamin C than oranges, 

vitamin A than carrots, iron than spinach, and potassium than bananas (Gopalakrishnan, 2016). 

Moreover, MO seed oil is rich in unsaturated fatty acids (UFAs), with oleic acid comprising up to 

70%, making it an excellent functional edible oil raw material (Wang et al., 2025). It has been reported 

that MO, as fodder tree, is well suited to the drained sandy or loamy soil with a slightly acidic to 

slightly alkaline pH and a rainfall of 250–3000 mm (Thumber et al., 2010). A valuable and interesting 

feature of MO is to produce and retain evergreen leaves during the Mediterranean dry season. 

Agroforestry represents a valid agroecological approach for adapting to climate change and 

contributing to mitigation through carbon sequestration, improving food security and income 

opportunities and providing ecosystem services (Quandt et al., 2023). Climate change may affect 

forage quality in different ways. It is expected that the ongoing climate changes in the Mediterranean 

basin will make arid regions drier and temperate regions wetter, which is likely to have a different 

impact on the distribution of vegetation (Sun et al. 2022).  
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Browse forages and multipurpose trees are widely used in Southern Europe and Eastern 

Mediterranean region, to alleviate feed shortages and supply vital nutrients for growth and 

reproduction for ruminants during long and dry periods from late spring to autumn (Sulas et al., 2016).  

In the framework of the Moringa4 Future Food project (M4FF) funded by the Sardinia Region (Rural 

Development Program 2014-2020, sub-measure 16.1) and coordinated by the CNR ISPAAM of 

Sassari, this study aimed at evaluating the potential of MO as tree component of a Mediterranean 

agroforestry system intercropped with forage legumes. With the aim of increasing the green forage 

sources across seasons, the specific objective of our research was to investigate the chemical 

composition and bioactive compounds in different plant organs of MO. 

The research started in autumn 2024 in a field experiment located in a private farm in North Sardinia, 

on calcareous-sandy-clay-loam soils with pH 8, poorly endowed in N and P (0.50 g/kg and 0.64 ppm 

N and P2O5 respectively), and 1.4% OM.  

Bromatological analysis 

Biomass subsamples were harvested and oven-dried at 65° C until constant weight after separation 

into leaves (i.e. leaflets with petioles) and related young branches (thereinafter branches). Dried sub-

samples were ground to 1 mm screen to be analyzed for quality traits. Total N was determined by 

using Kjeldahl method (AOAC method 991.20) and crude protein (CP) was calculated by multiplying 

the N content by 6.25. Neutral, acid detergent fiber and lignin (NDF, ADF and ADL) were determined 

according to Van Soest et al. (1991) and ether extract (EE) using Soxhlet extraction (AOAC method 

942.05). Ashes (ASH) were determined by a 3 h long dry oxidation at 550 °C in a muffle furnace 

(ISO 5984). Moreover, total digestible nutrients (TDN), digestible dry matter (DDM), dry matter 

intake (DMI), relative feed value (RFV) and net energy for lactation (NEi) were estimated based on 

the following equations (Lithourgidis et al. 2006): TDN = (-1.291 × ADF) + 101.35. DMI = 120 ⁄ 

%NDF dry matter basis. DDM = 88.9 - (0.779 × %ADF, dry matter basis). RFV = %DDM × %DMI 

× 0.775. NEl = (1.044 - (0.0119 × %ADF) × 2.205 

Bioactive Compounds 

After harvesting, fresh biomass samples were kept on ice and stored at −20 °C, until lyophilization. 

Methanolic extracts were analyzed for total phenolics (TotP) and total flavonoids (TotF). TotP of 

extracts were determined using the Folin–Ciocâlteau reagent, according to Re et al. (2019). Results 

were expressed as grams of gallic acid equivalent kg−1 dry matter (g GAE kg−1 DM). TotF were 
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quantified by colorimetric assay using the AlCl3 method (Re et al., 2019) and were expressed as 

grams of catechin equivalent kg−1 dry matter (g CE kg−1 DM).  

Results 

CP concentration was 20% in leaves and 8.0% in branches. In leaves, the percentages of NDF, ADF 

and ADL were 38.9, 22.5 and 9.5%, respectively, whereas in branches they were 54.2, 38.1 and 6.9%. 

Ash varied from 4.98 to 2.50 and EE from 9.46 to 6.96% in leaves and branches, respectively. The 

levels of TDN, DDM, DMI, RFV, and NEi also differed between leaves and branches. Leaves reached 

a RFV value of 175.9, which is indicative of a prime forage (Horrocks and Vallentine,999). 

Interestingly, the leaves exhibited levels of TotP and TotF of 120 g GAE kg⁻¹ DM and 20 g CE kg⁻¹ 

DM, respectively, which were similar or higher compared to the leguminous species sulla and 

subterranean clover (Molinu et al., 2024). 

Conclusion 

Our results evidenced that MO can supply valuable green fodder, which represents a high quality and 

complementary resource in critical feeding periods for the extensive Mediterranean farming systems. 

Concurrently, other higher-valued products from MO biomass can be developed for nutraceutical and 

pharmaceutical sectors. Finally, an agroforestry approach is recommended for MO when introduced 

into Mediterranean farming systems. 
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Context Description and Conceptual Framework 

The Montado is one of Europe’s oldest agroforestry systems, combining livestock, perennial tree 

cover, and herbaceous understory in a multifunctional landscape. Despite its ecological and cultural 

significance, the Montado faces growing pressures from climate change, overgrazing, and soil 

degradation, which contribute to declining regeneration and increased early mortality of Quercus 

suber. This study examines Monte Silveira, a 700-hectare regenerative farm in Portugal with 500 

hectares of Montado, to explore agroecological strategies that enhance system resilience. Drawing 

from frameworks in agroecology, regenerative agriculture, and climate-smart land management, the 

study evaluates how adaptive grazing and soil restoration practices can mitigate climate impacts 

through improved soil fertility, increased carbon sequestration, and reduced dependence on external 

inputs. 
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Purpose and Research Questions 

The study aims to identify effective management strategies to reduce early mortality in Quercus suber 

seedlings within a climate-stressed Montado environment. The research addresses the following 

questions: 

1. Which agroecological practices most effectively improve cork oak survival and regeneration? 

2. How do regenerative grazing and soil amendments influence soil fertility, moisture retention, 

and carbon sequestration? 

3. What role can multi-species grazing play in enhancing biodiversity and reducing ecological 

pressures on young trees? 

Design, Methodology and Approach 

A case study approach was employed to analyse the ongoing management strategies implemented at 

Monte Silveira. The study integrates field observations, soil analysis, and documentation of 

regenerative livestock and agroforestry practices. Management interventions include rotational multi-

species grazing, targeted pruning, adaptive soil management, and reforestation with nursery-grown 

seedlings. The analysis adopts a systems perspective, evaluating ecological interactions between 

trees, soil, livestock, and climate stressors. 

Data Collection and Analysis; Evidence 

Field data were collected from soil samples taken across two Montado zones: Montado Sul (9 

samples) and Montado Norte (11 samples). Samples were assessed for nutrient content, organic 

matter, and indicators of hydrological function, and correlated with observed seedling mortality 

patterns. Additional evidence was gathered through monitoring livestock behaviour, grazing cycles, 

shrub pressure, and microclimatic conditions. Reforestation efforts initiated in October 2024—

planting cork oak seedlings across 66 hectares—provided early performance data under contrasting 

management regimes. Qualitative observations from farm managers supplemented quantitative 

measurements, contributing to a holistic understanding of system dynamics. 

Results and Implications 

Preliminary results show higher seedling survival in areas enriched with organic matter and improved 

moisture retention, demonstrating the positive effects of soil restoration. Rotational multi-species 

grazing—using pigs for natural tilling, sheep for pasture control, and goats for shrub management—

has enhanced vegetation diversity and reduced soil compaction. Soil analyses indicate increasing 
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microbial activity and nutrient cycling under regenerative management. Key challenges include 

drought-related mortality, low organic matter, and browsing pressure; these were mitigated through 

drought-resilient genotypes, nurse plants, composting practices, reduced tillage, strategic manure 

application, adjusted grazing schedules, and physical tree protection. The findings reinforce the 

importance of integrated ecological management in supporting Montado regeneration and highlight 

the potential for increased carbon sequestration through long-term adoption of regenerative 

techniques. 

The implications extend beyond the case study: adaptive reforestation, genetic research on climate-

resilient Q. suber traits, and collaborative learning between Mediterranean agroecological networks 

could accelerate transitions toward climate-robust Montado systems. Policy support for 

agroecological practices is identified as a crucial enabling factor. 
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Marsilea is a young and dynamic group of agronomists specialized in agroecology. Our mission is to 

support farms, entrepreneurs, food supply chains and other stakeholders in their agroecological 

transition, guiding them towards more sustainable and regenerative production models, while 

maintaining farms at the centre of the process. The name Marsilea is inspired by Marsilea quadrifolia, 

a semi-aquatic plant that thrives only in healthy and uncontaminated environments. This plant 

symbolizes our commitment to promoting the health of agricultural ecosystems through innovative, 

science-based approaches. 

We firmly believe that, with proper agroecosystem management, agriculture can play a key role in 

creating value for the community and the territory from an environmental, social, and economic 

perspective. By promoting an agroecological approach to farming, we demonstrate that agriculture can 

be both productive and regenerative, offering ecosystem services that benefit society and the economy. 

Marsilea as an Innovation Broker 

Marsilea plays a crucial role as an innovation broker, facilitating the transition to sustainable agriculture 

by connecting farmers, researchers, policymakers, and industry stakeholders. We act as a bridge between 

scientific knowledge and practical application, ensuring that cutting-edge agroecological innovations 

reach the field effectively. By fostering collaboration, sharing best practices, and integrating digital tools, 

we create an ecosystem where sustainable solutions can thrive and scale. 

Core Activities and Expertise 

Marsilea operates across multiple sectors within sustainable agriculture, offering specialized services, 

including: 

• Development and management of agrifood supply chains: We provide planning, technical 

assistance, farming system (re)design, network-building, product traceability, product 
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valorisation in the market, and certification services to enhance the sustainability and 

efficiency of agricultural value chains. 

• Sustainability assessment and agro-environmental performance evaluation: We develop 

tailored key performance indicators (KPIs) and monitoring plans to measure the sustainability 

of agricultural operations. 

• Integrated technical assistance: We conduct agro-environmental and economic farm analyses, 

regenerative farm planning and management, and provide support in obtaining certifications 

and financial instruments. 

• Agroecosystem planning and redesign: We facilitate the creation of multifunctional 

landscapes that enhance biodiversity, provide ecosystem services, and are adapted to local 

environmental conditions. 

• Innovation and digitalization in agriculture: Marsilea promotes precision farming, carbon 

farming, and advanced monitoring systems to quantify and reduce the environmental impact 

of agricultural activities. 

• Network-building and territorial valorization: We foster knowledge and resource sharing 

among farmers, institutions, and stakeholders to strengthen regional food systems. 

• Knowledge-sharing: We engage in research, organize training sessions for farmers and 

consultants, and collaborate with universities and institutions to advance agroecological 

knowledge. 

 

Our Network and Experimental Approach 

Marsilea collaborates with a network of approximately 200 farms across Italy, mainly organic and 

located in central and northern regions, but also extending to the south. Our farms vary in size, from less 

than 1 hectare to over 300 hectares, and are mostly characterized by the production of arable crops, 

including cereals such as wheat, rice, barley, maize, oats, rye, sorghum, millet, and buckwheat, as well 

as legumes, oilseeds, fodder, and forage crops such as alfalfa, clover, and grasses. Furthermore, some of 

our farms produce fruit (apples, pears, plums, apricots, cherries, etc.) or horticultural crops (winter and 

summer vegetables). Finally, some of our farms have vineyards or olive orchards. 

Through our daily work, we collect extensive data from trials conducted on farms, enabling us to 

generate valuable insights into the effectiveness of agroecological practices. We experiment with 

numerous techniques related to carbon farming and (mainly organic) regenerative agriculture, including 

intercropping trials, cover cropping, minimum or no tillage, organic fertilization, crop residue 

management, agroforestry systems, the creation and monitoring of ecological corridors, wetlands, and 
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other infrastructure aimed at providing ecological services. This data-driven approach strengthens our 

capacity to provide evidence-based recommendations and actively contribute to scientific and policy 

discussions on sustainable agriculture. 

 

A Holistic Vision for Agriculture 

Marsilea is committed to leading farms, communities, and territories towards an agroecological 

transition. We redefine the role of agronomists beyond technical expertise, positioning ourselves as key 

facilitators of systemic change. By promoting agricultural models that protect the environment, 

strengthen the social fabric, and enhance the landscape, Marsilea works to build resilient food systems 

that generate tangible benefits for society. 

Our approach goes beyond food production, focusing on the broader role of agriculture as a pillar of 

environmental, economic, and social sustainability. By fostering innovation and collaboration, we drive 

the transformation of agricultural practices, ensuring that sustainability and profitability go hand in hand. 

Marsilea is ready to share its experiences with different regenerative farming practices and vision at an 

international level, contributing to the global dialogue on sustainable agriculture and agroecology. We 

look forward to engaging with all interested stakeholders to exchange knowledge, foster collaborations, 

and collectively shape the future of agriculture. 
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Compositional landscape heterogeneity affects pollen collection and development of 

Apis mellifera colonies in Mediterranean agro-sylvo-pastoral systems 
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Context  

The reduction in the abundance and diversity of flowering plant species, mainly due to landscape 

alteration and consequent habitat loss, negatively affects honey bee populations and is the main driver 

of their decline. To safeguard pollination service and food security, we need to know how landscape 

characteristics affect the availability of pollen sources and consequently colony performance across 

seasons. Aimes We therefore here explore how seasonality, percentage of semi-natural habitat cover and 

compositional landscape heterogeneity affect the abundance, richness, diversity and composition of 

pollen collected by honey bees and the development of their colonies in a Mediterranean area where 

agrosylvo-pastoral systems are widely spread. Methods For the purpose of our study, pollen samples 

were collected over a year from colonies of Apis mellifera placed in four sampling sites selected across 

a gradient of landscape heterogeneity and where semi-natural habitats were predominant at various 

levels within an agro-sylvo-pastoral zone. Simultaneously, the extension of the sealed brood of the same 

colonies was periodically evaluated. Results We found that the amount of pollen collected by honey bees 

was positively correlated with the percentage of semi-natural habitat cover and that increasing habitat 

diversity at the landscape level had a significant positive effect on the richness and diversity of pollen 

collected by honey bees. In addition, season significantly affected the amount, diversity and composition 

of pollen collected by honey bees. Furthermore, bee colony growth was positively correlated with 

richness, diversity and amount of pollen collected by honey bees. Conclusion Our study highlights the 

importance of an abundant and diverse pollen diet for honey bee colony development, which in agro-

sylvo-pastoral systems seems to be ensured by a heterogeneous landscape dominated by different types 

of seminatural habitats. 
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Poplar growth and productivity in a wide alley-cropping system and the effects on yield 

of annual intercrops at the end of the first poplar growth cycle 
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Context 

Silvoarable agroforestry systems have the potential to combat the negative effects of climate change 

while also enhancing productivity per unit land. Poplar is currently one of the most interesting tree 

species for silvorable systems (Piotto et al., 2024; Paris et al., 2019), it having the largest potential 

cultivation area across Europe and Italy (FAO, 2016). The fast growth rate, as well as the high demand 

for its wood by numerous industries, support the ever-growing interest for poplar trees in silvoarable 

systems. However, little information is currently available on the impact of the alley design on the 

growth and productivity of this species as compared to high-population plantations, and knowledge 

on the effect on yield of arable intercrops also remains limited. To overcome this lack of knowledge, 

in 2018 Veneto Agricoltura Agency implemented an agroforestry experimental trial with poplars at 

the “Sasse Rami” pilot farm in Ceregnano (Rovigo, NE Italy, 1 m a.s.l.), where the effects of tree-

crop interactions on both components, as well as on the microclimatic and soil parameters, have been 

investigated for 7 years, until poplar harvesting in February 2025. 
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Research questions 

The objectives of the study were to: (i) assess leaf phenology, tree growth dynamics and water 

relations of poplars in large-spaced agroforestry as compared to a poplar specialized plantation; (ii) 

study the impact of the large-spaced alley design on the productivity and technological properties of 

poplar wood after harvesting; and (iii) quantify yield and quality response of annual intercrops at 

different distances from the tree row. The insights gained at the end of the first poplar growth cycle 

over a 7-year investigation will be presented at the AEMED 2025. Here, a focus on the effects on tree 

growth, microclimate and intercrops yield during the 5th and 6th growing seasons is reported. 

Methodology 

The study was carried out during 2022 and 2023 in the poplar agroforestry trial located at the “Sasse 

Rami” pilot farm, where the soil is characterized as alluvial with clay loam texture (sand 22%; silt 

47%, clay 31%) and with a pH of 8.0. In February 2018, 14 poplar clones (Populus × canadensis 

Moench) of the HES (High Environmental Sustainability) type were planted both in a specialized 

poplar plantation with 6×6 m design (277 trees ha-1) and in a nearby alley-cropping system with N-S 

oriented tree rows 40-m apart with 6 m between trees along the row and trees placed along 150-m 

long agricultural drainage ditches (35 trees ha-1; Figure 1). Trees were intercropped with soybean in 

2022 and with wheat and maize in 2022-2023. Diameter at breast height (DBH) and tree height were 

monitored at the end of each growing season, respectively with a tree caliper (as the average of two 

orthogonal measurements) and a Suunto clinometer (PM-5/360 PC). Here, the results of three poplar 

clones varying in terms of leaf phenology, i.e. Aleramo (early sprouting), Moncalvo (medium-late) 

and Tucano (late) are reported. Microclimate parameters were measured in the silvoarable system 

with sensors installed along transects orthogonal to tree rows both at east (E) and west (W) sides, at 

different distances from poplars, i.e. +6m, +12m and in middle of the inter-row (20 m; C).  

The photosynthetic active radiation (PAR; SQ-202X-SS, Apogee Instruments, Inc., USA) and soil 

water content (SWC; CS650, Campbell Scientific Inc., USA) were determined at all distances and 

sides from the trees, while air temperature (ATMOS14; METER Group, Inc., USA) for soybean only 

in 2022. Measurements occurred from the 25th of September to the end of August 2022 in soybean, 

from the 6th of April to the 7th of June 2023 in wheat, and from the 20th of July to the 23rd of August 

2023 in maize. At maturity, samples of the three crops were collected in a 1m-2 area for each position 

where sensors were placed, and at +3m from the tree row both at east (E) and west (W) sides, to 

determine crop yield and quality. 
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Figure 1. 5-year old silvoarable system with 40 m apart poplar rows intercropped with common wheat and 

maize. 

 

Results 

At the end of the 6th growing season, tree height was comparable in the specialized plantation and in 

the agroforestry system (19.2 vs. 19.5 m). Poplar DBH was significantly higher in the alley-cropping 

design, i.e. +30% in the clones Aleramo and Moncalvo (32.1 and 32.8 cm, respectively) and +45% 

in Tucano (36.5 cm), with negligible ovalization effects under agroforestry conditions (<1.5% of 

DBH difference between the two orthogonal measurements). At +6m, PAR was on average 14%, 6% 

and 28% lower vs. C in summer 2022 (soybean), spring 2023 (wheat), and summer 2023 (maize), 

respectively; at +12m, PAR reductions vs. C were lower, i.e., -6%, and -2% in summer 2022 and 

spring 2023, respectively (Figure 2). In the drought summer 2022, soil water content (SWC) was 

significantly higher at +12m and +6m vs. C (32% and 28% vs. 25% v/v; p ≤ 0.001), while in spring 

2023 SWC was significantly higher at +12m but lower at +6m vs. C (40% vs. 42%, and 37% vs. 42%; 

p ≤ 0.001). In summer 2023, when poplars were intercropped with maize, SWC was significantly 

lower at+6m vs. C (23% vs. 29%; p ≤ 0.001). Air temperature was lower at +6m vs. C during the 

central hours of the day (from 7:00 AM to 4:00 PM), especially in the hottest days of summer (down 

to -2.88 °C), particularly at the west of poplars in the morning and at the east in the afternoon (Figure 

2). On the contrary, air temperature was slightly higher at+6m vs. C during the night time, i.e., from 
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7:00 PM to 8:00 AM, especially in the early morning, with the largest differences during the hottest 

days of summer (up to +1.78 °C).  

In 2022, soybean grain yield was slightly lower at +6m and +12m vs. C, and significantly lower at 

+3m, especially at west of the poplar rows (-64%; p ≤ 0.01). Similarly, in 2023 maize grain yield was 

significantly lower at +6 m (-32% vs. C, p ≤ 0.05) and at +3 m (-51% vs. C, p ≤ 0.01). Contrarily, 

winter wheat in 2023 slightly improved the grain yield in the neighbouring of tree rows, with the 

major increments at +6m and +12m in the east side (i.e., afternoon shading: +11% vs. C, p ≤ 0.05). 

 

 

Figure 2. Grain yield of the four different intercrops grown at +3m, +6m, +12m, both at east and west sides, 
and C (middle of the inter-row) positions in 2022 and 2023. Numbers and letters above histograms indicate 
different percentage variations and significant difference between treatments, respectively (Tukey test, p ≤ 
0.05). Capital letters indicate differences in terms of side, while lowercase letters differences in terms of 
distances. 

 

Conclusions 

Poplar cultivated in low population density can be successfully integrated into alley-cropping 

systems, showing faster radial stem growth and volume increment, which may attract farmers to 

introduce this fast-growing species in the agricultural fields. The protection role of trees was 

+12m +6m +3m +3m +6m +12m +12m +6m +3m +3m +6m +12m 

+12m +6m +3m +3m +6m +12m 
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maximized during the hottest and driest periods, like in summer 2022, when the buffering effects on 

high air temperatures and the reduction of soil evapotranspiration were most evident, although 

insufficient to compensate the negative impact of shading on soybean and maize productivity. On the 

contrary, winter wheat can be successfully integrated in low-density silvoarable systems, taking 

advantage of the microclimatic modifications limited to the last part of the growing cycle. In the near 

future, screening programs aiming at identifying crop varieties suitable to agroforestry, especially 

within light-demanding summer crops, will contribute to further enhance the sustainability of 

agroforestry silvoarable systems. 
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Non-formal education of and by farmers and other food sector actors be described as co-production of 

knowledge through interaction between different knowledge systems (Rosset et al. 2019: 898). Most 

prominent is the peasant-to-peasant approach, where learning occurs through dialogue and sensory, 

practical experience fostering adaptation to specific farm contexts or new method development 

(European Coordination Via Campesina 2023: 23; Martínez-Torres/Rosset 2014: 993). Farmers are 

regarded as active participants, not passive recipients (European Coordination Via Campesina 2023: 23–

24). 

This approach is rooted in popular education, assuming everyone's ability to think and act strategically 

about their living circumstances. Dialogue in the form of a diálogo de saberes (La Via Campesina 2013: 

70; McCune et al. 2014: 32-33) and discovery are the basis of the learning process. Alongside generating, 

exchanging, and spreading agroecological knowledge, informal education provides space for mutual 

emotional support, discussion, and self-organization in networks (European Coordination Via 

Campesina 2023: 28; van den Berg et al. 2022; Anderson et al. 2025).  

Dialogue and knowledge exchange between different agroecological stakeholders require participatory 

methods. Two context-adaptable methods will be described. They were developed for the AEMED25 

field visits program and partially applied during the farm visit to Azzalora Bio in Castrofilippo which is 

one of the pilot farms implementing the Sicilian agroecology law Legge Regionale n. 21/2021. The 

development of the concept can be described as co-production based on a real-life situation. Martina 

Maurer, agronomist and head of Azzalora Bio, had requested the PhD students Giorgia Guidice and 

Linda Koch to design a workshop on knowledge exchange for the farm visit. The workshop was 

developed collectively with the help of online meetings and shared documents. The target group included 

congress participants - mainly researchers, farmers, and other Mediterranean agroecology stakeholders. 

The farm is part of the Agroecological Biodistrict Valle dei Templi in Agrigento province, a rural area 

characterized by traditional agriculture that covers 13 municipalities. Apart from Agrigento itself, the 
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region is classified as “rural area D with development problems” (CAP Strategic Plan, 2023) (Maurer et 

al. 2024). 

Around 60 people participated in the farm visit, of whom 30-40 took part in the workshop. Due to time 

constraints, only the first part of the workshop (Imaginary Line) could be carried out. The statement 

“Academia is not interested in farmers’ real problems” sparked a heated discussion about the differing 

perceptions between farmers and scientists. Arguments included the mutual sense of a lack of dialogue 

between the two groups, internal conflicts within both the farming and academic communities, differing 

priorities, and the need for universities to focus more on agroecological and organic farming in Sicily or 

other under-researched contexts. Social sciences were suggested to explore the relationship between 

farmers and seasonal workers, as well as the challenge posed by the shortage of labour. 

Overall, participants gave positive feedback and expressed interest in applying the methods in their own 

contexts. 

 

Participatory Method 1: Imaginary Line 

Time: min. 10 minutes 

Objective: To elicit opinions, perceptions, or levels of agreement with a given statement in a visual and 

physical way, promoting active listening and awareness of diverse perspectives 

Strengths: 

a) Stimulates self-reflection and self-assessment 

b) Helps visualize the group’s diversity without requiring immediate verbalization 

c) Encourages non-judgmental comparison of perspectives 

d) Can reveal hidden tensions or emerging viewpoints 

Materials Needed: Long string or rope 

How it works: 

• The facilitator proposes a statement, for example: 

• "Digital technologies improve the quality of my agricultural work." 

• The group is invited to position themselves physically along an imaginary line in the space: 

One end represents "Strongly Agree", the other end represents "Strongly Disagree". 

Intermediate positions reflect varying degrees of agreement or uncertainty. NOTE: Leave 

space for those who “don’t know” or “don’t relate to either end.” 

• The facilitator initiates dialogue: 

o “Would anyone like to share why they’re standing there?” 

o “Does anyone with a different position want to explain their view?” 
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o “Did anything you heard make you want to change your position?”  

(Optional): Invite people to move if they change their mind after listening. 

Statements (examples): 

• Modern agriculture lost the contact with nature. 

• To be innovative means respecting the past. 

• Farmers lack knowledge on agroecological practices. 

• Without community knowledge sharing is impossible. 

 

Participatory Method 2: Agricultural Theatre (based on the Theatre of the Oppressed by Augusto 

Boal) 

Time: min. 30 minutes 

Objective: 

To foster creative dialogue between researchers and farmers through participatory theatre, exploring 

tensions between modern technologies and traditional knowledge in agriculture. The activity aims to 

surface different visions, conflicts, and assumptions - not to force solutions but to stimulate empathy and 

reflection. 

Strengths: 

a) Promotes empathy: stepping into unfamiliar roles helps understand others’ experiences 

b) Challenges mutual stereotypes between the scientific and farming communities 

c) Strengthens bonds between participants, encouraging trust and active listening 

d) Allows exploration of real dilemmas without pressure to resolve them 

e) Stimulates imagination: promotes experiential learning that combines emotion, body, speech, and 

interaction. 

Materials Needed: 

• Printed “plots” 

• Paper and pens 

Other facilitator roles: 

Assign participatory roles for those who prefer not to act directly: 

• “SUMMARIZER” – takes notes and summarizes what happened in each scene 

• “TIMEKEEPER” – keeps track of time with a timer 

• “SILENCE GUARDIAN” – uses a gesture to invite silence or lower volume when the space 

no longer supports constructive discussion 

• “PAPARAZZI” – with permission, takes photos of participants with their own device 
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How it works: 

• Introduction & framing: Brief presentation of the activity and its purpose. 

• Explanation of an "agricultural dilemma" (e.g. precision farming vs. manual techniques, 

biotech seeds vs. local varieties). 

• Invite participants to maintain an open, non-judgmental attitude. 

• Participants (farmers and researchers) self-organize or are assigned to mixed groups. 

• Each group receives a “plot”: a realistic conflict between technology and tradition in 

agriculture. 

• Role distribution: Each person chooses or is assigned a role different from their real-life 

profile. Examples: A researcher plays a small organic farmer skeptical of science; a farmer 

plays a pro-technology advisor. 

Roles can be guided by short character cards including objectives, beliefs, and fears. 

• Scene preparation: Groups have 15 minutes to discuss the dilemma and create a short theatre 

scene (2–3 min), where characters share their opinions, emotions, and interests.  

NOTE: Finding a solution is not required — the focus is on exploring the conflict. 

• Performance: Each group presents their scene to the others. 

 

Conclusion 

Debriefing after the theatre session: audience members can take notes or share impressions after each 

performance (using a “forum theatre” or circle format). 

Questions to guide discussion: 

• What did you discover by playing a role different from your own? 

• What surprised you about the conflicts presented? 

• What emotions came up? 

Plot example: Farmer-Saved Seeds vs. Certified Seeds  

Situation: In an agricultural cooperative, some farmers are asking to use and exchange their own, 

unregistered farmer-saved seeds. Others are pushing for the use of certified seeds to ensure quality and 

traceability. 

Characters: 

• Lucia (the Seed Custodian Farmer) 

She grows heirloom varieties of vegetables and grains. She believes that seeds are a common heritage 

and must remain in the hands of farmers. 

• Andrea (the Cooperative’s Quality Manager) 
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He wants to standardize production. He believes that certified seeds guarantee safety, legality, and 

market access. 

• Fatima (the Geneticist Researcher) 

She works with germplasm banks. She’s seeking a compromise between tradition and science, but 

struggles to be heard by either side. 
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Valentina Formica1, Mercedes Verdeguer2, Natalia Torres-Pagán2, Daniela Rodriguez2, Daniela 

Romano1, Paolo Guarnaccia1 

 

1Department of Agriculture, Food, and Environment, University of Catania, Via Santa Sofia 100, 95123 

Catania, Italy; valentina.formica@phd.unict.it, dromano@unict.it ,paolo.guarnaccia@unict.it.  
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Introduction 

The Mediterranean Basin, recognized as one of Vavilov’s Centers of Diversity, is crucial in 

biodiversity conservation. This region hosts numerous plant species that have adapted to its 

distinctive climatic and edaphic conditions. Within this rich biodiversity, several botanical families, 

including Abietaceae, Apiaceae, Asteraceae, Cupressaceae, Lamiaceae, Lauraceae, Myrtaceae, and 

Rutaceae, are well known for their capacity to synthesize bioactive compounds with antiseptic, 

antibacterial, analgesic, or anticancer properties, classifying them as medicinal plants. Additionally, 

certain species within the Lauraceae and Lamiaceae families are considered aromatic due to their 

ability to produce essential oils that impact specific fragrances. These species are referred to as 

Medicinal and Aromatic Plants (MAPs), as they synthesize bioactive compounds in response to 

specific environmental contexts (Yeshi et al., 2022). The main active constituents include phenolic 

compounds, terpenes, and alkaloids. Moreover, it is possible to obtain the entire complex of bioactive 

compounds, known as “plant extract.” Plant extract and bioactive compounds are extracted using 

several technologies, such as maceration with several solvents, percolation, Soxhlet extraction, steam 

distillation, and ultrasound and microwave-assisted extraction.  

 

Plant extracts for weeds control 

In recent decades, plant extracts have gained increasing attention in agriculture due to their bioactive 

properties, positioning them as viable alternatives to synthetic chemicals in crop protection, soil 

fertility management, and plant growth promotion. Plant-derived bioherbicides are emerging as eco-

friendly solutions for weed control. These formulations contain either isolated allelochemicals or 
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complex mixtures of plant extracts with allelopathic activity capable of inhibiting weed germination 

and growth. The chemical diversity of allelochemicals allows for identifying lead molecules with 

herbicidal potential (Benchaa et al., 2018). One notable example of allelopathy is Ailanthus altissima 

(Mill.), commonly known as the Tree of Heaven, whose extracts from various plant organs contain 

terpenoids, steroids, flavonoids, phenolic derivatives, and quassinoids with documented herbicidal 

activity (Demasi et al., 2019). 

Other potent allelochemicals include thymol and carvacrol, terpenoid compounds extracted from the 

essential oil of Thymus capitatum (L.) Cav., which have exhibited strong phytotoxic effects on seed 

germination and seedling growth of various weed species (Verdeguer et al., 2020). Similarly, 

excellent results have been observed with the essential oil, hydrolates, and aqueous extracts of Salvia 

rosmarinus Spenn., which are extracted from leaves and flowers.  

Rosemary extracts are primarily composed of 1,8-cineole, α-pinene, and camphor and have shown 

significant herbicidal potential against multiple weed species (Hasan et al., 2021).  

 

MAPs extracts as plant growth promoters 

Beyond its herbicide potential, rosemary essential oils resulted an interesting biostimulant. 

Biostimulants are natural or synthetic substances that enhance plant growth; they include compounds 

such as humic substances, microbial inoculants, and plant-derived extracts, which can positively 

influence physiological and biochemical processes in crops. Specifically, rosemary essential oils 

applied in tomato seedlings improved nutrient uptake and fruit quality. Its application enhanced plant 

growth, increased stomatal conductance, and higher chlorophyll content, suggesting an improvement 

in photosynthetic efficiency (Souri and Bakhtiarizade, 2019). Rosemary is not the only MAPs that 

has been tested as a biostimulant. Cypress (Cupressus spp.) extract has also been tested to be an 

excellent product for enhancing photosynthetic efficiency by increasing chlorophyll content in 

zucchini leaves under salt stress, ultimately improving crop yield. Some plant extracts exhibit 

fertilizing properties by enhancing nutrient availability and stimulating soil microbial activity (Han 

et al., 2024). Organic compounds derived from MAPs, including algae and legume extracts, have 

been shown to improve nutrient uptake and soil fertility.  

Plant extracts for crop protection 

Further, plant extracts also serve as a valuable resource for plant disease protection. Many bioactive 

compounds in MAPs, such as terpenes, phenolic acids, and alkaloids, exhibit strong antifungal and 
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antibacterial properties. These compounds have been increasingly explored as natural alternatives for 

integrated pest management, reinforcing the ecological benefits of plant-based solutions in 

sustainable agriculture. For instance, garlic (Allium sativum L.) extract is widely known for its 

antimicrobial effects, particularly against fungal pathogens like Botrytis spp. and Fusarium spp. 

Garlic extracts resulted effective against the grape mold due to allicin and diallyl trisulfide inhibiting 

the conidia germination of Botrytis cinerea. Similarly, nettle (Urtica dioica L.) extract has 

strengthened plant defense mechanisms, enhancing resistance against fungal diseases and insect 

pests. Essential oils from citrus species, especially Citrus x aurantium var. amara have shown strong 

antifungal and antibacterial activity, inhibiting the growth of Erwinia amylovora and Xanthomonas 

vesicatoria.  

Conclusion 

The world of plant extracts is vast, with numerous aspects to explore, particularly the specific 

bioactive molecules responsible for their effects on crops, weeds, and pathogens. Understanding these 

compounds and their mechanisms of action remains a key research priority. However, the existing 

evidence suggests that plant extracts hold great promise in reducing environmental impact while 

supporting the core objectives of agroecology. 
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African farmers face complex agronomic, environmental, and social challenges, and agroecology is 

increasingly advocated as a possible solution to these constraints (Dagunga et al., 2023; Goetz et al., 

2024). The viability of agroecological practices (AEPs) has been questioned (Andreiu et al., 2025) and 

because AEPs are highly context-dependent, practices that work well in one region may not translate 

directly to another due to variations in climate, soil conditions, farming systems, and farmer preferences 

and their adoption is therefore strongly shaped by local biophysical, socioeconomic, and cultural 

conditions (Manono et al., 2025).  

The H2020 SustInAfrica project aims to strengthen sustainable and resilient farming systems in West 

and North Africa by empowering smallholder farmers, SMEs, governmental agencies, and non-

governmental organizations across Ghana, Burkina Faso, Niger, Egypt, and Tunisia. A replicability 

assessment was conducted to evaluate the feasibility of implementing AEPs—specifically cover 

cropping, intercropping, and composting—by agricultural communities in Tunisia and Egypt to check 

whether practices proven effective elsewhere can be successfully adopted, adapted, and scaled within 

the project’s target agroecological zones (AEZs).  

Assessing replicability requires understanding contextual factors, scalability, customization needs, 

stakeholder dynamics, and anticipated impacts. It encompasses two interconnected components (Fig. 1): 

transferability and scalability. Replicated practices are expected to contribute to sustainable farming 

systems, therefore this study adopts the definition of sustainability proposed by Lopez-Ridaura et al. 

(2005), who describes sustainable systems as those generating environmental, social, and economic co-

benefits. 
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Figure 1. Replicability analysis framework within the business model canvas of innovations. 

 

The replicability analysis aligns with sustainability assessment approaches therefore the study employs 

the FAO Integrated Food Energy Systems (IFES) Analytical Framework (Bogdanski, 2014), which 

supports the identification of qualitative and quantitative indicators related to innovation characteristics, 

local capacities, institutional conditions, and potential adoption barriers (Fig. 2). To operationalize this 

framework, a mixed-methods approach was applied, integrating farmer interviews (n = 120), qualitative 

contextual analysis, SWOT assessments, and multicriteria statistical analysis to identify similarities and 

constraints across AEZs. A comprehensive set of 91 indicators related to sustainability, gender, nutrition, 

economic feasibility, and enabling capacities was used to evaluate transferability and scalability. A set 

of parameters was developed to: (a) characterize the inherent attributes of each AEP as an innovation; 

(b) assess their contributions to gender, nutrition, and farm-level sustainability (environmental, social, 

and economic); (c) identify and analyse barriers to replicability, drawing also on insights from 

demonstration sites; and (d) examine local capacities for adoption and upscaling, as well as the roles of 

stakeholders and institutions that may facilitate replication. These parameters represent key determinants 

of adoption across regions and serve as indicators for identifying constraints or conditions influencing 

AEP uptake. 
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Figure 2. The general framework for replicability analysis and the implementation of the six conceptual 

steps. 

 

The 120 farmer interviews (61 in Tunisia and 59 in Egypt) enabled a detailed contextual analysis of the 

AEZs of Sousse, Beja, and Monastir in Tunisia, and Beheira and Al-Sharqia in Egypt. Each AEP was 

assessed using SWOT analysis, and practice-specific indicators were contextualized to identify factors 

that may limit adoption or diffusion. These findings informed hypotheses for targeted actions or 

alternative solutions. A multicriteria statistical analysis using Canoco 5 subsequently identified 

similarities and differences across AEZs, leading to the formulation of several actions to overcome 

barriers to adoption.  

The analysis reveals a pronounced divergence between Tunisia and Egypt, with direct implications for 

AEP replicability. In Tunisia, adoption potential is driven by structural-capacity factors such as farm 

scale, mechanization, and reliance on hired labor, but constrained by limited technical support (≈40% of 

farmers report insufficient advisory services), insufficient weather information (about 35%), weak 

collective organization (around one-third), and gaps in digital infrastructure, particularly in Monastir, 

which records the lowest digital access levels among the three AEZs. In Egypt, adoption potential is 

shaped by digital-institutional enablers, including strong ICT access (around 70% of farmers use mobile 

phones or digital tools for agricultural information), extension training (over 60% participated in training 

activities in the last year), and functional market information systems, which facilitate the diffusion of 

technology-supported AEPs. These contrasting conditions require differentiated strategies: Tunisia must 
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prioritize capacity building, advisory services, and digital readiness, while Egypt benefits more from 

input optimization, enhanced extension engagement, and tailored digital tools. 

Across both countries, key actions include awareness-building, financial support, technical training, and 

market development—measures essential for reducing risks, enhancing technical capacity, and 

establishing a supportive environment for adopting cover crops, intercropping, and composting. A 

consistent theme emerging from the analysis is the need for context-specific interventions. In Tunisia, 

this involves leveraging higher education levels (≈45% of surveyed farmers have completed at least 

secondary education) and available land in regions such as Sousse and Beja, while addressing 

information and institutional gaps. In Egypt, effective adoption depends on tailoring interventions to the 

distinct socioeconomic and environmental conditions of Beheira and Al-Sharqia. Composting illustrates 

this clearly: feasibility scores indicate that community-based cooperatives and integration with waste-

recycling systems are 30–40% more suitable in Beheira, whereas small-scale decentralized composting 

supported by strong technical assistance and cooperative structures is about 25% more suitable in Al-

Sharqia. Overall, the findings demonstrate that AEP replicability is feasible but requires context-specific 

pathways that align with each region’s structural, institutional, and socio-ecological conditions. 
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Descrizione del contesto e quadro concettuale 

A growing body of literature highlights the potential of agroecological practices in optimizing ecosystem 

services at various scales—landscape, farm, and field. Within this context, underutilized crops (UCs) 

play a crucial role in enhancing biodiversity, soil health, and climate resilience. However, their 

contributions to ecosystem services (ESs) remain insufficiently quantified. To address this gap, we 

developed a framework for assessing ESs delivered by UCs at the crop and farm levels. This framework 

is part of the European Horizon 2020 project RADIANT (Realising Dynamic Value Chains for 

Underutilised Crops) and is designed to evaluate the environmental and societal roles of UCs, 

particularly within agroecological farming systems. 

 

Scope and research questions 

This research aims to: 

1. Develop a structured framework to capture the ecosystem services provided by underutilized 

crops, focusing on the assessment of agroecological practices at both the field and farm levels. 

2. Test the framework in five case studies that represent different crops and geographical areas. 

The guiding research questions include: 

● How do different agroecological practices influence the ecosystem services delivered by 

underutilized crops? 

● What indicators effectively quantify the impact of UCs on ecosystem functions and resilience? 

● How can participatory approaches involving farmers and stakeholders enhance the evaluation 

of ESs? 
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Design 

The Ecosystem Services Assessment Framework was developed through a literature review and refined 

through participatory workshops with key stakeholders, including researchers, farmers, consumers, 

processors, and policymakers. The framework adopts an indicator-based approach, integrating seventeen 

agroecological practice indicators derived from the OASIS methodology (Peeters et al., 2021). These 

indicators were selected to align with the Common International Classification of Ecosystem Services, 

ensuring a comprehensive evaluation of ecosystem services. 

The methodological approach included: 

● Two participatory workshops: 

○ Athens (June 2022) at the Creator Workshop 

○ Orkney (July 2022) at the Creator Workshop 

● Stakeholder feedback was used to refine and improve the framework for practical applications 

in diverse agroecosystems. 

● The self-assessment capability of the framework was developed to enable farmers to evaluate 

the ESs generated on their farms. 

 

Data collection and analysis  

The framework was implemented from July 2022 to assess ecosystem services provided by legumes in 

specific case studies, which were selected as case studies across different pedoclimatic regions. The data 

collection process involved: On-site assessments in four Aurora Farms, Online assessments in two 

additional Aurora Farms, Interviews with 15 farmers/managers to gather qualitative and quantitative 

insights. 

The ES assessment focused on fourteen ecosystem services classified under CICES, covering aspects 

such as: Provisioning services (e.g., soil fertility, food production), Regulating services (e.g., carbon 

sequestration, water retention, biodiversity conservation) 

 

Findings and implications 

Preliminary results indicate that the presence of UCs contributes significantly to soil health, pollinator 

diversity, and climate resilience, reinforcing their role in nature-inclusive farming systems. 

Agroecological practices supporting UCs enhance multiple ecosystem services, particularly in soil 

regeneration, pest regulation, and biodiversity maintenance. Farmers using the self-assessment 

framework reported improved awareness of their farm’s ecological performance, indicating the 
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framework’s potential as a decision-support tool. The participatory approach ensured relevance and 

usability, making the framework adaptable across different farming contexts. 

Implications: 

● For farmers: The framework offers a practical tool for integrating ES assessments into farm 

management. 

● For policymakers: The findings highlight the need for policy incentives supporting UCs and 

agroecological transitions. 

● For researchers: The framework provides a replicable methodology for evaluating ESs in 

sustainable food systems. 
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Context description 

Underutilised crops are neglected but valuable species, landrace, variety or cultivar that has limited 

current use in a given geographic, social, and economic context and that holds great promise to diversify 

agricultural systems, create resilient agroecosystems, diversify diets, and create economically viable 

dynamic value chains2. 

 

Research questions 

The purpose of this research is to assess the introduction of UC in the cropping systems to increase the 

yield quantity and quality as well as soil fertility, weeds management and agrobiodiversity. 

 

Methodology 

The trials were set up in 2 organic farms in Piedmont Region (Italy) in a three-year period: 2002/23, 

2023/24 and 2024/25. The experimental designs included replication and randomization.  

1. Intercropping local varieties wheat mixture with clover (2022/23) 

The experimental design included the comparison of six theses: 1) wheat mixture “Solibam” (Mix1); 2) 

Mix1 intercropped with white clover; 3) Mix1 intercropped with red clover; 4) wheat mixture 

“Inallettabile” (Mix2); 5) Mix2 intercropped with WC; 6) Mix2 intercropped with RC. The plot's surface 

was 600 m2 (5m x 120m). 

2. Different strategies to increase soil fertility (2022/23 and 2024/25) 

 
2 From https://www.radiantproject.eu/, adapted from FAO -https://www.fao.org/newsroom/detail/Promoting-neglected-

and-underutilized-crop-species/en 
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The experimental design included in 2022/23 four theses: 1) intercropping of barley with crimson clover 

in autumn sowing for 3 repetitions; 2) intercropping of barley with crimson clover in spring sowing for 

3 repetitions; 3) barley after manure for 1 repetition; 4) barley sole crop without treatment for 2 

repetitions. The nine strips of 15mx300m were distributed in an incomplete randomised block design. 

In 2024/25 we repeated the trials with theses 1), 2) and 4) in 3 repetitions each. The nine strips of 

5mx150m were distributed in a randomised block design.  

 

Intercropping of barley with pea (2023/24 and 2024/25) 

The experimental design in 2023/24 includes four theses in 2 repetitions each: 1) pea at seed rate 220 

kg/ha; 2) intercropping barley at 50% of the full dose and peas at 60% of the full dose; 3) intercropping 

of barley at 50% of the full dose and pea at 80% of the full dose; 4) barley at seed rate 160 kg/ha. Eight 

strips of 6mx300m were distributed in a randomised block design. In 2024/25 we repeated the trials with 

the same 4 theses but in 3 repetitions each for a total of twelve strips of 7,5mx40m distributed in a 

randomised block design.  

 

Data collection and analysis  

In all trials, periodic surveys for data collection were carried out on soil and crops using the following 

methodologies: 

- Qualitative assessment of 19 soil parameters with spade test performed at three different 

periods with 3 repetitions in each plot.  

- Ground cover of crops and weeds with Braun-Blanquet method in periodic observations 

performed in three repetitions per plot using a 25x25 cm square launch (Raunkiaer) on crops 

and weeds. 

- Number, biomass and Shannon diversity Index of weeds species using a 25x25 cm square 

with 3 repetitions for each plot in 2 periods. 

- Yield of crops at harvest period performed in three repetitions per plot using a 25x25 cm 

square and assessing the total weight at 14% humidity.  

ANOVA statistical analysis has been carried out with SPSS software (version 29). 

 

Results and implications 

1. Intercropping local varieties wheat mixture with clover (2022/23) 

Due to very severe drought and lack of rain in winter 2022 and spring 2023 the clover did not develop 

properly. However, we gathered the data on weed biodiversity, soil quality and the grain yield from 3 
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plots samples in each strip. The yield results are in line with the one of local varieties, although 

differences among the thesis were not statically significant. Soil fertility parameters did not show a 

statistically significant difference while in weed biodiversity Mix2 and white clover showed the best 

results. 

2. Different strategies to increase soil fertility (2022/23 and 2024/25) 

In 2022-2023 we gathered the data on weed biodiversity, soil quality and the grain yield from 3 plots 

samples in each strip. The barley yield resulted satisfactory with a general mean of 0,43 t/ha although 

differences among the thesis were not statically significant.  

Soil fertility parameters with spade test showed statistically significant difference in favour of barley 

with autumn clover and in sole crop. Specifically, earthworms, porosity, crop-vigour appearance and 

plant root were better in these treatments. Weed biodiversity didn’t show statistical differences among 

treatments. However, as for soil parameters, the use of manure resulted in lower coverage of the barley 

crops. 

In 2024/25 soil fertility parameters with spade test didn’t show statically significant difference in the 3 

barley treatments (with autumn and spring clover and in sole crop) resulting in a quite medium-low 

quality.  

In 2024/25 weed biodiversity was statistically higher in the 2 barley intercropped with autumn and spring 

clover and lower when in sole crop, as expected. 

3. Intercropping of barley with pea (2023/24 and 2024/25) 

In 2023/24 the yield (t/ha) of crops was quite low due to bad climatic conditions. However, it was higher 

in both intercropping trials compared to sole crops resulting in LER (Land Equivalent Ratio) >1 but not 

significantly different among the mixtures.  

Soil fertility assessed with spade test did not show statistically significant difference, except for plant 

vigour and plant roots in 2023/24 and smell, compaction, soil aggregate, porosity and crusting in 

2024/25.  

Weeds biomass was significantly higher in sole barley as well as for the number of individuals (not 

significant). Shannon Index of weeds (Raukiaer method) resulted higher in barley and pea as sole crops 

and lower in intercropping fields. Shannon Index of crop coverage resulted lower in sole pea fields.  
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Introduction 

Soil carbon sequestration is a critical strategy for climate change mitigation and an essential 

component of sustainable land management. Historically, intensive agricultural practices such as 

deep plowing, monoculture cropping, and excessive use of synthetic fertilizers have led to severe soil 

degradation, resulting in the loss of nearly 50–70% of soil organic carbon (Todirica et al., 2024). This 

has had a cascading effect on soil fertility, water retention capacity, and microbial biodiversity 

(Todirica et al., 2024). In contrast, regenerative agricultural practices restore soil organic matter by 

enhancing below-ground biodiversity and increasing carbon inputs into the soil. Soil microbes, 

mainly fungi and bacteria, stabilize soil carbon and facilitate nutrient cycling. By incorporating 

principles of agroecology, regenerative farming can improve ecosystem resilience, reduce 

dependency on chemical inputs, and enhance carbon sequestration rates. 

Methodology 

This Systematic Literature Review (SLR) was conducted in accordance with the PRISMA 2020 

guidelines (Preferred Reporting Items for Systematic Reviews and Meta-Analyses), which ensure 

transparency and replicability in the processes of literature screening and data synthesis. 

This review aimed to collect and analyze scientific contributions addressing the role of soil carbon 

sequestration in tackling climate change, with a particular focus on regenerative agriculture practices 

and their alignment with agroecological goals. 

mailto:valentina.formica@phd.unict.it
mailto:silvia.zingale@phd.unict.it
mailto:giuseppe.indovino@phd.unict.it
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The literature search was conducted using two major bibliographic databases: Scopus and Web of 

Science, both of which were selected for their comprehensive coverage of high-impact scientific 

publications. 

The search strategy was based on a carefully constructed query tailored to the review's objectives. A 

temporal filter was applied from 2000 to 2025 to ensure the inclusion of the most relevant and up-to-

date studies.  

The search string used was as follows: 

TITLE-ABS-KEY (("regenerative agriculture" OR "resilience agriculture" OR "agroforestry") AND 

("biodiversity" OR "soil carbon sequestration" OR "climate change mitigation" OR "climate change" 

OR "emission") AND ("agroecology")) AND (LIMIT-TO (DOCTYPE, "ar")) AND (LIMIT-TO 

(LANGUAGE, "English")) 

The selection process was conducted systematically, following PRISMA guidelines (Page et al., 

2021), with predefined inclusion and exclusion criteria applied to assess the eligibility of each study. 

A total of 317 records were initially identified through database searches, with 128 from Scopus and 

189 from Web of Science. After removing 78 duplicate records, a total of 239 unique articles were 

retained for the screening phase. 

All 239 records were screened based on titles and abstracts to ensure alignment with the inclusion 

criteria. Since no additional records were excluded at this stage, all were assessed for full-text 

eligibility. No reports were missing or unretrievable, ensuring a complete assessment of the identified 

literature. 

During the eligibility phase, 161 articles were excluded for the following reasons: 

• 53 articles were not focused on regenerative agriculture or agroecological practices and, for 

this reason, were considered out of scope. 

• 89 articles did not report data on soil carbon sequestration, which represented a core 

requirement for inclusion. 

• 19 review articles were excluded. 

Following this screening and eligibility process, 73 articles were included in the Results and 

Discussion section. The entire selection process is illustrated in the PRISMA diagram (Figure 1). 
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Figure 1. Identification, screening, and selection process of studies included in the SLR. 

 

Results and Implications 

 

Figure 2. Keyword co-occurrence network based on the selected literature (VOSviewer analysis). 
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A bibliometric analysis was conducted using VOSviewer (Version 1.6.20) to support the meta-

analysis and map thematic relationships across the 73 selected articles. Bibliographic data (title, 

abstract, keywords) were exported in RIS format, and a co-occurrence analysis with a minimum term 

frequency of 3 was used to identify the most recurrent terms and their thematic connections (Figure 

2). 

The network revealed four clusters: 

• The yellow cluster highlights agroecology, regenerative agriculture, organic farming, 

intercropping, and resilience. 

• The blue cluster, centered on biodiversity, conservation, and agroforestry. 

• The green cluster links agriculture, ecosystem services, carbon, greenhouse gases, and soil 

quality. 

• The orange cluster connects climate change, sustainability, livestock, and food security.  

Together, these clusters illustrate the main research themes surrounding regenerative agriculture and 

soil carbon sequestration. 

Regenerative agriculture practices 

More than 80% of the studies included in the review highlight regenerative agriculture as a promising 

response to the multiple pressures generated by climate change, such as biodiversity loss, poverty, 

food insecurity, and rising greenhouse gas emissions. The concept has a long development history: 

as first defined by Rodale in 1983, regenerative agriculture is not limited to improving crop 

productivity but aims to rebuild the biological foundations of soil and landscape health. This approach 

promotes ecological and economic stability, reduces environmental externalities, and lowers 

dependence on non-renewable inputs while fostering broad participation in agricultural processes. 

Recent literature shows a substantial increase in scientific interest, especially from 2018 onward and 

particularly in countries characterized by intensive agricultural systems, including the United States, 

the United Kingdom, and Australia. This trend reflects a wider shift in research priorities toward land-

use models that emphasize soil health, biodiversity conservation, and climate resilience. 

Within the agroecological framework, regenerative agriculture is implemented through a set of 

interconnected practices such as crop rotation and diversification, cover cropping, reduced tillage, 

application of organic amendments, integration of livestock, and enhancement of habitats for 

pollinators and natural enemies. These practices collectively support key ecological functions, soil 
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fertility, biodiversity enhancement, water retention, and natural pest regulation, while contributing to 

long-term soil carbon sequestration. Across the reviewed studies, these practices consistently emerge 

as effective strategies for strengthening the resilience and sustainability of agricultural systems in the 

face of climate change. 

The role of permaculture and agroforestry 

Permaculture shares core principles with both agroecological and regenerative approaches, 

particularly through the emphasis on closed nutrient cycles, reduced external inputs, and the 

restoration of ecological functions. This connection is evident in Williamson et al. (2024), who 

compared two permaculture systems with conventional arable management. Their findings showed 

clear improvements in soil microbial abundance and diversity, higher nutrient availability, and 

notable increases in soil carbon stocks under permaculture. 

Other studies support this evidence, indicating that commercial permaculture systems can achieve 

yields comparable to organic or conventional farming while also enhancing soil carbon levels and 

reducing environmental impacts (Reiff et al., 2025). 

Further data from Williamson et al. (2024) highlight the strong carbon sequestration potential of 

permaculture: soil carbon content was up to four times higher than in conventional fields (7.44% and 

9.33% vs. 1.81%). This was attributed to the combined use of organic amendments, diversified 

rotations, cover crops, and no-dig practices, which increased carbon inputs and minimized soil 

disturbance. Although microbial respiration was higher due to greater microbial biomass, the ratio of 

CO₂ emissions to total soil carbon remained lower than in conventional soils, suggesting more stable 

carbon accumulation and a positive carbon sequestration balance.  
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Organic farming systems in the Mediterranean area are often stockless. The stockless management 

eventually results in a scarcity of soil organic matter, which in turn is thought to be the main hurdle 

in coupling soil quality with crop nutrition. Therefore, it seems necessary to investigate fertilization 

solutions that can reconnect crops and animal production, thus allowing the local unfolding of nutrient 

element cycles.  

This study, conducted as part of the ECOCAFFE' project, aims to perform a comprehensive soil 

quality assessment using a systemic approach. It incorporates a broad set of indicators encompassing 

chemical, physical, and biological soil properties to evaluate the effects of different organic 

amendments, including pelleted manure, fresh manure, and biodynamic compost. The research is 

carried out at the Montepaldi Long-Term Experiment (MoLTE) in Tuscany, Italy. Soil quality was 

evaluated through the following indicators: i) chemical (Olsen P, Kjeldahl N and, OM); ii) physical 

(penetrometry, aggregate stability); iii) biological (earthworm abundance and QBS-ar index). 

Throughout this three-years study (2020-2023), the tested soil amendments have not influenced the 

tested indicators, probably due to the relatively short timeframe of the experiment. 

The primary effects were linked to crop rotation, specifically the transition from a cereal crop 

(Triticum aestivum L.) to a perennial leguminous species (Medicago sativa L.). 

Among the soil quality indicators assessed, our findings suggest that biological indicators, such as 

earthworm abundance and the QBS-ar index, are the most informative and valuable for monitoring 

in the MoLTE experiment. These indicators demonstrated high sensitivity to soil management 

practices, highlighting how diversified crop rotation can enhance soil quality. 
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Context description, Purpose and Research questions 

Cover crops offer a multitude of agroecological benefits that align with the principles of sustainable 

farming. By integrating species such as legumes, clovers, and vetches, farmers can enhance soil health 

through nitrogen fixation, organic matter accumulation, and improved microbial activity. Furthermore, 

cover crops act as a living mulch, suppressing weeds through competition for light, water, and nutrients, 

thereby minimizing the need for herbicides and promoting a more balanced agroecosystem. Therefore, 

cover cropping practices may drive farmers’ transition towards more resilient and environmentally 

friendly farming systems, aligning with global goals for sustainable agriculture and climate change 

mitigation. In this view, this study aimed to promote the adoption of specific cover crops at the farm 

level to improve citrus productivity and quality while enhancing soil fertility and fostering ecosystem 

biodiversity. The main objectives of the present research, conducted within the task 2.1.2 

“Agroecological strategies promoting agroecosystem functional biodiversity” of National Research 

Centre for Agricultural Technologies (Agritech) Project-Spoke 2 (CUP: E63C22000960006), were to 

assess the effectiveness of cover crops in limiting weed growth, reducing the need for external chemical 

inputs.  

 

Methodology, data collection and analysis 

The experimental trials were conducted at an organic farm sited in the Plain of Catania, one of the main 

citrus production areas in Sicily (Southern Italy). The experiment was carried out on lemon (Citrus limon 

L. Burm. f.), cv. Femminello Siracusano 2kr. Three treatments were arranged in a randomized block 

design with three replications, by comparing: Trifolium subterraneum (TS) cv. Seaton Park, a T. 
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subterraneum and Festuca arundinacea mixture (TS+FA), and conventional management (CM) as a 

control. Each treatment covered approximately 200 m², with plots of 14×5 m and a 2 m spacing between 

treatments. Cover crops were manually sown in mid-December 2023 at a depth of 2-3 cm. For the TS 

treatment a seeding density of 2,000 viable seeds per m² was adopted, while for the TS+FA treatment 

1,400 TS seeds and 1,600 FA seeds per m² were used. Weed and cover crops monitoring consisted of 

the measurement of aboveground biomass twice (in March and May 2024), selecting four quadrants of 

0.50 m x 0.50 m per plot and replicate. In the laboratory, the biomass of the cover crops (for TS and 

TS+FA treatments) and weeds (TS, TS+FA and CM treatments) was separated from weed species, dried 

at 55 °C in a forced-ventilation oven, and weighed to determine dry biomass. The percentage of soil 

coverage was estimated with the Braun-Blanquet scale. The data on the aboveground biomass of the 

studied cover crops and weeds were statistically analyzed (CoStat® version 6.003, CoHort Software, 

Monterey, CA, USA).  

 

Results and implications 

In March, the TS treatment obtained a higher value of aboveground dry biomass than the TS+FA ones, 

while an opposite trend was observed in May (Fig. 1). Concerning soil cover percentage, no differences 

between TS and TS+FA treatments were observed (data not shown). Both cover crops showed strong 

weed suppression capacity compared to the control (CM) (Tables 1 and 2). In particular, the TS+FA 

significantly reduced the diversity of weed flora compared to the control. In the first sampling period 

there was a strong dominance of Oxalis pes-caprae L. (Table 1), while in the second period a greater 

diversity emerged, though still limited compared to the control (Table 2). The treatment with TS+FA 

showed the most pronounced suppressive effect, with an almost monospecific flora in March. Overall, 

the cover crops reduced the presence and diversity of weed species, highlighting their potential for 

managing spontaneous flora. The adoption of legumes and grasses as cover crops can support the 

sustainable production of lemon to control weeds under organic crop management. Future studies should 

further explore the long-term effects of cover cropping on both crop yield and quality, and on a broader 

set of ecological services. 
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Table 1. Botanical family, life cycle, biological groups (BG), relative density (RD) and relative frequency (RF) 

of weed population recorded in March. 

Note: T: therophytes; H: hemicryptophytes; G: geophytes; TS: cover cropping with Trifolium subterraneum; TS+FA: cover 

cropping with T. subterraneum and Festuca arundinacea; CM: conventional weed control. 

 

Table 2. Botanical family, life cycle, biological groups (BG), relative density (RD) and relative frequency (RF) 

of weed population recorded in May. 

Note: T: therophytes; H: hemicryptophytes; G: geophytes; TS: cover cropping with Trifolium subterraneum; TS+FA: cover 

cropping with T. subterraneum and Festuca arundinacea; CM: conventional weed control. 

 

Weed species Botanical family Life cycle BG 
TS TS+FA CM 

RD (%) RF (%) RD (%) RF (%) RD (%) RF (%) 

Atriplex patula L. subsp. patula Chenopodiaceae Annual T 0 0 0 0 1.4 0 

Beta vulgaris L. Amaranthaceae Annual T 0 0 0 0 0.4 9.1 

Oxalis pes-caprae L. Oxalidaceae Annual G 65.5 50 100 100 82.5 36.0 

Poa trivialis L. Poaceae Perennial H 0 0 0 0 12.2 36.0 

Rumex pulcher L. Polygonaceae Perennial H 0 0 0 0 0.42 9.1 

Senecio vulgaris L. Asteraceae Annual T 0 0 0 0 2.9 0 

Sonchus oleraceus L. Asteraceae Biennial T 34.5 50 0 0 0.4 9.1 

Weed species Botanical family Life cycle BG 
TS TS+FA CM 

RD (%) RF (%) RD (%) RF (%) RD (%) RF (%) 

Anagallis arvensis L. Primulaceae Annual T 0 0 0 0 6.7 15 

Atriplex patula L. subsp. patula Chenopodiaceae Annual T 0 0 0 0 27.3 15 

Beta vulgaris L. Amaranthaceae Annual T 37.5 33.3 0 0 0 0 

Borago officinalis L. Boraginaceae Annual T 0 0 0 0 2.2 5 

Catapodium rigidum (L.) C.E. Hubb Poaceae Annual T 0 0 0 0 9.2 5 

Chenopodium vulvaria L. Chenopodiacee Annual T 0 0 0 0 4 5 

Convolvulus arvensis L. Convolvulaceae Perennial G 56.2 53.1 0 0 6.5 5 

Erigeron canadensis L. Asteraceae Annual T 0 0 33.3 33.0 20.3 15 

Malva sylvestris L. Malvaceae Perennial H 0 0 33.3 33.0 1.0 5 

Poa trivialis L. Poaceae Perennial H 0 0 0 0 1.3 5 

Rumex pulcher L. Polygonaceae Perennial H 0 0 0 0 0 0 

Setaria sp. Poaceae Annual T 0 0 0 0 0 0 

Solanum nigrum L. Asteraceae Biennial T 0 0 0 0 0 0 

Sonchus oleraceus L. Asteraceae Biennial T 6.2 16.6 33.3 33.0 7.9 20 
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Figure 1. Cover crop aboveground dry biomass recorded in March and May 2024 on lemon field-

experimental trials. Values with different letters and within the same sampling period were significantly 

different at p<0.05 (LSD test). TS: cover cropping with Trifolium subterraneum; TS+FA: cover cropping 

with T. subterraneum and Festuca arundinacea; CM: conventional weed control. DW: dry weight. 
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Context description, Purpose and Research questions 

Sustainable agriculture in Europe is at a crossroads facing increasing challenges, particularly due to the 

heavy reliance on herbicides for weed control. In Mediterranean agroecosystems, where drought 

conditions already stressed crops, finding alternative weed management strategies is more crucial than 

ever. Agroecological solutions, such as cover crops, offer a promising way forward, helping to maintain 

soil fertility, naturally suppress weeds, and reduce the need for synthetic chemical inputs. The Horizon 

project “Agroecology for Weeds (GOOD)” (Grant Agreement n. 101083589) is dedicated to developing 

sustainable weed control methods tailored to different agricultural contexts across Europe. This study 

contributed to that effort by exploring the potential of cover crops in bergamot groves under both organic 

and conventional farming systems in Southern Italy. More specifically, this research examined how 

different species of cover crops may influence weed control, by elucidating their impact on weed 

diversity and biomass production. 

 

Methodology, data collection and analysis 

Field trials were set up in two bergamot orchards located in Calabria (Southern Italy), either managed 

under organic or conventional crop management. In each orchard the experiment was designed using a 

randomized block design with three replicates, by comparing three cover crop treatments (Vicia faba L. 

minor, Trifolium alexandrinum L., and a Vicia villosa Roth/Avena sativa L. mixture) with mechanical 
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weed control and an untreated control. In the conventional orchard, two treatments with Spotilight Plus® 

herbicide (applied at the recommended dose vs. half the recommended dose) were also compared. The 

cover crops were manually sown in early December after soil preparation. In March, weed and cover 

crops monitoring consisted of the measurement of aboveground biomass, selecting four quadrants of 

0.50 x 0.50 m per plot and replicate. In the laboratory, the biomass of the cover crops and weeds was 

separated from weed species, dried at 55 °C in a forced-ventilation oven, and weighed to determine dry 

biomass. The data were statistically analysed using the software CoStat® (Monterey, CA, USA).  

 

Results and implications 

The results highlighted the potential of cover crops as a practical and effective weed management tool 

in Mediterranean bergamot orchards. Among the cover crop species tested, the V. villosa/A. sativa 

mixture was the most effective at suppressing weeds, reducing the presence of species like Oxalis pes-

caprae L. (Tables 1 and 2). The V. villosa/A. sativa mixture and V. faba L. minor had higher values of 

aboveground dry biomass (data not shown), reinforcing their ability to control weeds. In the organic 

orchards, the predominant weed species were O. pes-caprae L., Avena fatua L. and Fumaria officinalis 

L., with a generally higher density rate compared to the conventional orchard. In the latter, in addition 

to O. pes-caprae L., other species such as Veronica cymbalaria Bodard, Sonchus oleraceus L. and 

Stellaria media (L.) Vill. were present, with their abundance varying depending on the treatment. The 

studied cover cropping treatments had different impacts on weed species composition, but none of them 

was able to completely eradicate O. pes-caprae (Tables 1 and 2), as well as the mechanical weed control 

and herbicide applications were insufficient to eliminate the most resistant weeds. This study confirmed 

that cover crops can serve as a growing alternative to herbicide-based and mechanical weed control in 

Mediterranean bergamot orchards. However, the present findings highlighted the complexity of weed 

control management, especially under organic farming management, and the need for integrated 

strategies to control the most resistant species, particularly O. pes-caprae L. Future research should focus 

on the long-term impact of cover crops, particularly in extreme weather scenarios.  
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Table 1. Botanical family, life cycle, biological groups (BG), relative density (RD) and relative frequency (RF) of weed species as affected by the studied weed control 

treatments under organic cropping management. 

Note: T: therophytes; H: hemicryptophytes; G: geophytes. 

 

 

 

 

 

 

 

 

Weed species Botanical family Life cycle BG  T. alexandrinum V. faba L. minor V. villosa/A. sativa 

mixture 

Untreated control Mechanical control 

Avena fatua L. Poaceae Annual T RD (%) 

27.6 25.1 0 21.8 39.0 

    RF (%) 23.1 21.4 0 27.3 20.0 

Chenopodium vulvaria L. Amaranthaceae Annual T RD (%) 0 0 0 1.6 5.9 

    RF (%) 0 0 0 9.1 13.3 

Fumaria officinalis L. Papaveraceae Annual T RD (%) 6.6 3.5 16.4 5.3 1.5 

    RF (%) 23.1 21.4 33.3 9.1 13.3 

Malva sylvestris L. Malvaceae Perennial H RD (%) 1.2 0 0 0 0 

    RF (%) 15.4 0 0 0 0 

Mercurialis annua L. Euphorbiaceae Annual T RD (%) 0 2.2 0 0.2 0 

    RF (%) 0 7.1 0 9.1 0 

Oxalis pes-caprae L. Oxalidaceae Annual G RD (%) 62.2 60.3 77.6 63.8 47.0 

    RF (%) 23.1 21.4 33.3 27.3 20.0 

Sonchus oleraceus L. Asteraceae Biennial H RD (%) 2.4 1.1 1.2 0.4 1.7 

    RF (%) 15.4 7.1 22.2 9.1 20.0 
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Table 2. Botanical family, life cycle, biological groups (BG), relative density (RD) and relative frequency (RF) of weed species as affected by the studied weed control 

treatments under conventional cropping management. 

Weed species Botanical family Life cycle BG  T. alexandrinum V. faba L. minor V. villosa/A. sativa 

mixture 

Untreated control Mechanical control Herbicide full dose Herbicide half dose 

Brassica fruticulosa Cirillo subsp. fruticulosa Brassicaceae Perennial H RD (%)a 0 0 0 0.3 4.2 0 5.7 

    RF (%)b 0 0 0 7.1 14.3 0 14.3 

Chenopodium vulvaria L. Amaranthaceae Annual T RD (%) 0.4 0 0 0 0 0 0 

    RF (%) 9.1 0 0 0 0 0 0 

Conium maculatum L. subsp. maculatum Apiaceae Biennial H RD (%) 0 0 0 0 2.2 0 0 

    RF (%) 0 0 0 0 7.1 0 0 

Cynodon dactylon (L.) Pers. Poaceae Perennial H RD (%) 0 0 0 11.7 0 10.2 0 

    RF (%) 0 0 0 14.3 0 7.1 0 

Erigeron sumatrensis Retz. Asteraceae Annual T RD (%) 0 5.1 0 5.6 3.4 1.4 3.1 

    RF (%) 0 11.1 0 7.1 14.3 7.1 7.1 

Foeniculum sp. Apiaceae Biennial H RD (%) 0 0 0 0.9 0 0 0 

    RF (%) 0 0 0 7.1 0 0 0 

Fumaria officinalis L. Papaveraceae Annual T RD (%) 7.8 0 0 0 0 0.5 0.9 

    RF (%) 9.1 0 0 0 0 7.1 7.1 

Geranium rotundifolium L. Geraniaceae Annual T RD (%) 0 1.7 0 0 0 0 0 

    RF (%) 0 11.1 0 0 0 0 0 

Lupinus angustifolius L. Fabaceae Annual T RD (%) 0 0 0 0 0.4 0 0 

    RF (%) 0 0 0 0 7.1 0 0 

Mercurialis annua L. Euphorbiaceae Annual T RD (%) 0 0 0 0.3 2.2 0 0 

    RF (%) 0 0 0 7.1 7.1 0 0 

Oxalis pes-caprae L. Oxalidaceae Annual G RD (%) 46.7 73.8 80.2 54.8 51.0 58.5 19.3 

    RF (%) 27.3 33.3 42.9 21.4 21.4 21.4 14.3 

Papaver rhoeas L. subsp. rhoeas Papaveraceae Annual T RD (%) 0 0 0 0.4 0 0 0 
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Note: T: therophytes; H: hemicryptophytes; G: geophytes. 

    RF (%) 0 0 0 7.1 0 0 0 

Raphanus raphanistrum L. Brassicaceae Annual T RD (%) 0 0 0 0 0 0.1 0 

    RF (%) 0 0 0 0 0 7.1 0 

Silene gallica L. Caryophyllaceae Perennial H RD (%) 0 0 0 0 20.6 0 0 

    RF (%) 0 0 0 0 7.1 0 0 

Solanum nigrum L. Asteraceae Biennial T RD (%) 2.0 3.8 0 0.3 0 0 0 

    RF (%) 9.1 11.1 0 7.1 0 0 0 

Sonchus asper (L.) Hill Asteraceae Biennial H RD (%) 1.3 3.8 0 0 0 1.4 0 

    RF (%) 9.1 11.1 0 0 0 7.1 0 

Sonchus oleraceus L. Asteraceae Biennial H RD (%) 16.8 0 11.7 9.5 16.1 2.9 8.8 

    RF (%) 18.2 0 28.6 7.1 21.4 14.3 21.4 

Stellaria media (L.) Vill. Caryophyllaceae Biennial H RD (%) 7.8 3.3 8.0 15.9 0 12.3 35.7 

    RF (%) 9.1 11.1 28.6 7.1 0 14.3 14.3 

Urtica dioica L. Urticaceae Perennial H RD (%) 0 0 0 0.3 0 0 1.2 

    RF (%) 0 0 0 7.1 0 0 7.1 

Veronica cymbalaria Bodard Plantaginaceae Annual T RD (%) 17.1 8.3 0 0 0 1.6 25.2 

    RF (%) 9.1 11.1 0 0 0 14.3 14.3 
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Figure 1. Effect of the crop management system on the aboveground biomass of cover crops and weeds in 

Mediterranean bergamot orchards. 
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Conceptual Framework 

Evidence shows that uniformity exposes food systems to vulnerability. Various strategies have been 

developed to design agricultural fields that break the uniformity of monocultures by cultivating several 

crops in the same field simultaneously, to diversify agrosystems. Specifically, the integration of trees and 

non-trees, agroforestry, has been attracting increasing interest in recent years. However, in the 

Mediterranean climate, forestry may not evolve as a commercially viable business, and indeed, Israel does 

not have a legacy of commercial forestry. Therefore, the primary manifestation of agroforestry in the 

Mediterranean climate is the intercropping of crops within the gaps between fruit-tree rows. The main 

objective of our research team is to establish links between dimensions of diversity and agroecosystem 

functioning. We focus on field design through the intercropping of fruit trees and field crops as a key 

dimension of agricultural diversification.  

 

Research Questions and Objectives 

Overall, we aim to explore how agricultural diversification through the intercropping of fruit trees and field 

crops can support the sustainable intensification of food systems. We are developing a holistic assessment 

of agrosystems, considering both their productivity and their capacity to sustain self-reliance on ecosystem 

services. We hypothesize that a key mechanism for climate mitigation in dryland agroforestry lies in the 

mailto:shelef@volcani.agri.gov.il
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effects of tree-herbaceous crop interactions on microclimatic conditions, which emerge from the 

components and interactions within the system. In these alley-cropping systems, we monitor the dynamics 

of abiotic conditions to facilitate long-term ecological research (LTER) in agroecosystems. To ensure that 

long-term studies are relevant to farmers, we incorporate guidance from domestic extension services, rely 

on established crops and standard practices, and conduct experiments within commercial agricultural fields 

in collaboration with local farmers. 

 

Design; Methodology; Approach 

To face the challenge of the long timeframe to establish tree-integrated agrosystems, we established 

different research strategies. 1) Isolating the shade impact on intercropped vegetation by artificial shading; 

2) Alley cropping in mature orchards; 3) Alley cropping in a newly established research system designed 

for research; 4) Evaluation of sheep grazing to terminate cover crops (CC) in pomegranate orchard; 5) Fast-

growing willow trees as a riparian buffer. 

 

Data Collection and Analysis 

The following briefly references our preliminary results in the aforementioned research systems. 1) Shade 

isolation - our study showed interesting impacts of shade on herbaceous crop performance and yield 

quality; 2) Alley cropping in mature orchards. Initial results from an Olive-Clover alley cropping system 

and a setup of Citrus-Cereals alley cropping. 3) Recently established Olive-Field-Crop system provided 

initial results of the long-term monitoring we are implying in the field, showing that trees fascilitated field 

crop performance. 4) Preliminary results show, that introducing sheep grazing to terminate CC in a 

pomegranate orchard suggested advantages of multiple component intercropping without adverse effects 

on the pomegranate yield; 5) Fast-growing willow trees as a riparian buffer – first results show that 

integrating perennials into a flooded area is possible. We are examining if the willow trees can mitigate 

floods and provide agricultural benefits in a flooded area. 
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Introduction 

The increase in the population of ungulates (wild boars and fallow deer) in agricultural and forested areas 

is becoming an increasingly significant issue, both environmentally and economically. The absence of 

natural predators and the species' adaptive abilities have led to an uncontrolled spread, with negative 

impacts on natural ecosystems, agricultural production and infrastructure, as well as riverbanks, streams, 

hydraulic-agrarian systems, and man-made structures. The damage caused by wild boars to high-value 

crops results in costs that can be unsustainable for farm budgets. The impacts occur through trampling of 

plants, soil rooting, and direct consumption of seeds, fruits, and vegetables. 

 

Study Objective and Limitations 

This study aims to provide an initial quantification of the economic and financial damage caused by 

ungulates (wild boars and, to a lesser extent, fallow deer) to productive activities - mainly agricultural 

companies - within the Madonie Regional Park in Sicily. Often, in protected areas, strong conflicts (trade-

offs) arise between productive goals (agriculture and livestock farming) and the conservation of natural and 

environmental resources. However, this study does not address the economic and environmental impacts 

of the uncontrolled presence of ungulates on the natural resources within Madonie Park. This type of 

analysis would require a more in-depth and multidisciplinary study. A potential development of this study 

is the evaluation of costs for the community, including both park residents and non-residents. 

The compensation process, regulated by the Madonie Park Authority, begins with a claim submitted by the 

affected party and concludes with a quantitative and economic assessment of the damage by a Park 

Authority official. However, the requirement to submit detailed documentation, undergo technical 

assessments, and wait 180 days for compensation payment can discourage applicants, leading many to forgo 

the claims process. Additionally, the reimbursement cap - set at 60% of the total damage - may not be 

sufficient to cover the full costs incurred. 
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Data collection and Methods 

To achieve our research objective, we collected all compensation claims submitted to the Madonie Park 

Authority from 1998 to 2020. It is important to note that detailed digitalized data is only available from 

2010 onwards. Consequently, for the period 1998–2009, only total compensation amounts were available. 

However, for the years 2010–2020, we were able to collect all compensation requests, each identified by a 

unique ID and protocol number. All relevant data for analysis was extracted and stored in a database, 

including the date of claim submission, the individual or legal entity submitting the request, and the location 

of the damage (municipality, district, and cadastral plots). The dataset also includes descriptions of damaged 

assets. The total number of claims was 521, of which 28 were rejected. Therefore, the final dataset consists 

of 493 observations. 

 

Results 

Figure 1 illustrates the number of claims per year. The highest number of claims was recorded between 

2010 and 2011, peaking at 104. From 2012 onwards, a downward trend is observed, reaching the lowest 

values in 2015 and 2020, with 25 and 28 claims, respectively. 

 

Figure 1. Number of applications for compensation per year (2010-2020). Source: our elaborations on data 

provided by the Park Authority. 

 

The municipality with the highest number of claims is Polizzi Generosa, followed by Collesano, Petralia 

Sottana, and Castellana Sicula (Table 1). 
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Municipalities Incidence of compensation claims (%) 

Caltvuturo 0.18% 

Castellana Sicula 13.03% 

Castelbuono 3.67% 

Cefalù 2.94% 

Collesano 17.98% 

Geraci Siculo 6.79% 

Gratteri 3.12% 

Isnello 2.39% 

Petralia Soprana 4.77% 

Petralia Sottana 14.86% 

Polizzi Generosa 27.34% 

Pollina 0.55% 

San Mauro Castelverde 0.55% 

Scillato 1.83% 

Total 100.00% 

 

Table 1. Incidence of compensation claims per Municipalities (2010-2020).  

Source: our elaborations on data provided by the Park Authority. 

 

Further analyses focused on the types of reported damages. In most cases, for each company, damage 

affected multiple types of assets. High-value crops and structures (e.g., fences, dry-stone walls, irrigation 

systems, terraces) are the most frequently reported, accounting for approximately 80% of the total declared 

damages (Figure 2). 

 

Figure 2. Types of damaged assets and relative frequency.  

Source: our elaborations on data provided by the Park Authority. 
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Regarding affected companies, the analysis revealed that 95 out of 265 businesses (35.85%) suffered 

damages at least twice over the decade (Figure 3). A small number of companies submitted more than eight 

claims. 

It is pointed out that when ungulates cause significant damage, time is needed for recovery, and some 

farmers may opt not to restore their damaged areas to avoid further financial losses. 

The presence of companies with a high number of claims may indicate vulnerabilities related to geographic 

location, crop type, or the lack of effective mitigation measures. 

 

Figure 34. Number of claims per company over the period 2010-2020. Source: our elaborations on data 

provided by the Park Authority. 

 

As illustrated in Figure 4, in the early years (1998-2002), the compensation amounts were relatively low, 

below €20,000 per year. However, from 2003 onwards, a substantial increase is observed, with particularly 

high peaks between 2005 and 2012, when compensation payments exceeded €100,000 annually. From 

2013, a decline in compensation payments is noted, reaching a minimum of €38,671.42 in 2014. 

The total estimated damage for the entire period amounts to €1,712,755.30. 
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Figure 4. Trend of assessed damages and related amounts of compensation paid by Park Authority to the 

affected companies. Source: our elaborations on data provided by the Park Authority 

 

Conclusions 

Our analysis highlights how the uncontrolled proliferation of ungulates within Madonie Park has caused 

significant economic damage to agricultural local companies. A decline in compensation requests may be 

due to a reduction in the wild boar population or decreased willingness among farmers to file claims due to 

bureaucratic hurdles, long processing times, and inadequate compensation rates. 

To address this issue, it is crucial to integrate wild boar population control strategies, as stated by the 

Regional Emergency Plan for the Management and Eradication of African Swine Fever (2022–2026), with 

more timely and fair compensation measures. 

In order to guarantee biodiversity conservation and the sustainability of local economic activities, an 

integrated and sustainable approach is recommended to mitigate the impact of wild boars and fallow deer. 
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Quercus ilex L., a resilient evergreen oak species, is influenced by complex interactions between drought 

stress and insect herbivory, both of which play a crucial role in its ecological dynamics and overall health. 

To investigate factors affecting herbivory, two experiments were conducted in mixed plantations with 

varying species richness levels at ecologically distinct sites: the ORPHEE site in Bordeaux, France 

(Temperate biome), and the IDENT-MACOMER site in Sardinia, Italy (Mediterranean biome). This 

experimental approach reflects agroecological principles by examining species interactions in diverse tree 

communities under contrasting climatic conditions. The study assessed the effects of neighboring tree 

species, species richness (SR), and irrigation treatments. It was hypothesized that herbivory would be 

highest when Q. ilex trees were surrounded by conspecifics and decrease with increasing species richness 

and functional diversity. Additionally, higher herbivory was expected in irrigated plots due to potentially 

reduced defense mechanisms. The potential influence of pine trees as neighboring species was also 

examined, as they may provide concealment for Q. ilex from herbivores. 

The results indicated that neither species richness nor irrigation significantly influenced herbivory. 

However, herbivory levels varied significantly between sites, with consistently lower herbivory at 

ORPHEE, regardless of species richness. No significant effect of irrigation was detected at either site. 

Furthermore, the presence of pine trees significantly increased herbivory, suggesting an interaction between 

pines and herbivorous insects. These findings highlight the complex interplay between local site conditions, 

species diversity, and herbivory, underscoring the importance of considering these factors in agroforestry 

and forest conservation strategies. 
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Understanding these dynamics is crucial for the sustainable management of mixed forests, particularly in 

the context of climate change, which is expected to alter species interactions, drought frequency, and 

herbivory patterns. 
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Context and conceptual framework 

In agroecological transition processes, the training needs of the various actors involved are characterised 

by systematic and complex elements. The eighth principle of agroecology relates to the co-creation of 

knowledge: “promote the co-creation and horizontal sharing of knowledge, including local and scientific 

innovations, especially through exchange between farmers”. In alignment with this principle, the present 

study focused on the production context of cattle breeding (meat and dairy), where a training deficit in the 

theoretical foundations and methodologies for implementing agroecological practices in-the-field was 

identified. To support this process of professional growth, Veneto Agricoltura (Veneto Agency for 

Innovation in the Primary Sector), an instrumental body of the Veneto Region, has implemented an 

integrated project consisting of training courses and a multimedia manual series entitled “Agroecological 

Practices in Cattle Breeding”. 

 

Purpose and research questions 

The objective of the project was to devise a multimedia publication that would be accessible to professionals 

from a variety of disciplines, including agronomists, foresters, naturalists, breeders and farmers. The 

publication was designed to offer both a theoretical foundation and practical methodologies for the 

implementation of agroecology in the field of cattle breeding. Its development followed the methods of 

participatory research-action. 

 

Design, Methodology, and Approach 

mailto:stefano_barbieri@outlook.com
mailto:lorenzo.furlan@venetoagricoltura.org
mailto:alessandra.liviero@venetoagricoltura.org
mailto:info@francescapisseri.it
http://www.allevareinagroecologia.com/
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The series consists of 6 printed volumes, dozens of online factsheets, and 9 videos. The project took place 

between 2020 and 2024 in the framework of intervention 2.3.1 “Training of Consultants” under the Rural 

Development Programme for the Veneto Region 2014-2020. The idea was to give continuity to frontal 

training activity by developing the contents and thus offering replicability and dissemination of the 

experience gained. The publication presents a set of tools that can be applied in different ways and with 

different measures, depending on the production, environmental and territorial context; these tools can also 

be used in organic farms, extensive systems and intensive systems in order to implement an agroecological 

transition. Implementation in-the-field is not standardised, with each farm being able to find different 

solutions. Emphasis has been placed on bibliographical research, and the series contains more than 500 

bibliographical references. The treatment of topics reflects the systemic view of agroecology, which 

emphasises the relationships between parts of the farm and the land, and the synergistic interactions 

between the components of the agroecosystem.  

The series, like its training activity, is primarily directed towards agricultural, zootechnical and veterinary 

consultants who provide guidance to companies wishing to make an agroecological transition. However, 

the series is also relevant for all AKIS (Agriculture Knowledge and Innovation System) stakeholders, 

including researchers, public operators, farmers, breeders, and so forth. Consequently, it was imperative to 

employ language that was comprehensible to individuals with diverse skillsets, or alternatively, to furnish 

the necessary tools to standardise knowledge and facilitate the exchange of experiences.  The training and 

publishing project involved 38 authors from various disciplines and areas of expertise, including 

agronomists, veterinarians, zootechnicians, researchers, university lecturers, consulting professionals, 

livestock breeders, climate experts, veterinary bacteriologists, clinicians, parasitologists, animal nutrition 

experts, agronomists with expertise in fodder crops, soil tillage,  who worked with a transdisciplinary 

approach, creating new content and producing homogeneous and coordinated materials.  

The approach is systemic, linking different disciplines, e.g. animal health and soil health, forest design and 

animal feeding plans. The manuals were written using participatory action research methods such as 

collaborative writing and focus groups. The authors, through mediation by a scientific coordinator 

(Francesca Pisseri), shared the objectives and modalities of the project by building the relational dynamic 

based on trust, transparency and good communication, thus promoting the co-creation of knowledge. 

Efforts were made to use understandable terms in different subject areas, and a glossary was created for 

some technical terms. An important contribution was made by the group of farmers in the “Sustainable 

Grazing Project”, promoted by Veneto Agricoltura, where some agroecological practices were adopted by 

agro-zootechnical entrepreneurs and compared.  
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Editorial coordination (by Stefano Barbieri) has enabled the production of a 6-volume series of manuals in 

a user-friendly typographical format. The textual component has been enriched with case studies, examples 

and thematic boxes. The iconography (e.g. photos, diagrams, figures), most of it original, is designed to 

facilitate the recall of reference contexts and memorisation. To enhance the learning process, a set of 

questions is posed at the conclusion of each chapter, encouraging readers to reflect on the content and relate 

it to their own professional experiences. In cases where in-depth study was necessary, fact sheets were 

developed and made available online. The communicative capacity of the project is strengthened by the 

incorporation of cinematographic language, supplemented by nine videos. The videos include tutorials, that 

explain the application of certain techniques in-the-field, and short documentaries that present significant 

farm experiences. The protagonists of the videos are mainly farmers, as farmer-to-farmer sharing is 

fundamental to the agroecological approach. 

 

Data Collection and Analysis and Results and Implications 

A diverse range of topics is covered in the 7 courses, 6 volumes and 9 videos, and topics have been dealt 

with from both a theoretical and an applied point of view, linking scientific rationale to practice. Topics 

include agroecological practices that can mitigate the negative impact of livestock production on climate 

change emissions, or promote adaptation to climate change, the systematic promotion of animal health. 

They also address the rational management of grazing systems, creation of a grazing chain, and organisation 

of agroforestry systems. The publication explains how to manage the main fodder species and how to 

construct a feed ration based on quality forages. The links between soil health and livestock management 

are explored and it is shown how knowledge of ethology can provide solutions for respectful and safe 

animal management. The manuals also pay special attention to the methods of planning and implementing 

agroecology on different farms and in different areas. 

The training phase comprised 7 courses from June 2020 to January 2023, totalling 97 hours, delivered in a 

combination of online, classroom and field-based settings, with over 100 trainees participating. The 

satisfaction questionnaires received commendable ratings. The 6 volumes are available in letterpress format 

upon request, free of charge, from Veneto Agricoltura (info@venetoagricoltura.org) and in .pdf format on 

website https://www.allevareinagroecologia.com/category/manuali-agroecologia/ from which the attached 

Fact Sheets can also be downloaded.  

The 9 videos can be viewed on Veneto Agricoltura’s YouTube channel 

(https://www.youtube.com/playlist?list=PL6OhujJ_UTsWstgbe9D7rZarVKcV0MotH) and have so far 

clocked up a total of around 13,000 views. 

 

https://www.allevareinagroecologia.com/category/manuali-agroecologia/
https://www.youtube.com/playlist?list=PL6OhujJ_UTsWstgbe9D7rZarVKcV0MotH
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Introduction and aim of the study 

Agroforestry (AF) systems are gaining pace as good examples of sustainable cropping systems with also a 

role in climate change mitigation/adaptation. This is mainly because of their huge C sequestration potential 

and the diversification of the agroecosystem implying high resilience in respect to stressful conditions.  

The Long-Term Experiment (LTE) 'Arnino' object of this study, aims to assess the sustainability and 

resilience of mixed and AF systems compared to conventional arable and forestry-specialized systems, as 

well as their potential applicability to real farm conditions. The research focuses on the synergies and trade-

offs involved in transitioning from simplified (arable) to agroforestry systems. However, predicting the 

long-term performance of various AF options is challenging through field experiments due to the lengthy 

growth period of trees. The aim of this work is to conduct a long-term assessment through the establishment 

of virtual experiments to evaluate the potential for climate change mitigation and adaptation in AF systems. 

 

Methodology 

The LTE, which started in 2018, is located at the Centre for Agro-Environmental Research “Enrico Avanzi” 

of the University of Pisa, San Piero a Grado (Pisa) (43.667205 N, 10.313160 E). The complete layout of 

the experiment includes two alley cropping systems, Silvo-Arable (SA) and Agro-Silvo-Pastoral (ASP), 

compared with their respective controls, i.e., Arable (AR) and Mixed (MX) systems. In the SA and ASP 

systems, 17 clones of poplar (Populus spp.) have been planted along the row every 10 meters, on one side 

of each field, 2 meters away from drainage ditches, corresponding to a density of 30 trees ha⁻¹. The space 

between tree rows and ditches is managed as semi-permanent buffer strips to support functional biodiversity 
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and limit nutrient leaching. The forestry control field is a pure stand of poplar. In this study, we focused on 

the comparison between AR and SA, which includes the following crop sequence: durum wheat (Triticum 

turgidum subsp. durum Desf.), sorghum (Sorghum bicolor L. Moench), and faba bean (Vicia faba var. 

minor Beck), as well as the best poplar clone chosen based on data collected since the beginning of the trial. 

AR and SA were modeled using Hi-sAFe, a three-dimensional (3D), process-based, biophysical model that 

integrates tree–crop interactions in AF systems, simulating the agronomic operations and inputs typically 

adopted under real trial conditions. Considering that a poplar cutting cycle in Central Italy lasts 

approximately 12 years, crop grain yield and tree growth (diameter at breast height and height) were 

predicted under three different climate scenarios: (i) a baseline, based on recent historical data from the 

period 1993-2004, and two Representative Concentration Pathways (RCP), (ii) RCP4.5 (intermediate level 

of greenhouse gas emissions) and (iii) RCP8.5 (high level of greenhouse gas emissions), both referred to 

the period 2079-2090. Historical (1950-2005) and future (2006-2100) weather data were simulated (based 

on data collected onsite) using the RACMO model and bias-corrected using quantile delta mapping (QDM). 

 

Results 

The cumulative yield over a rotation cycle, AR_baseline consistently resulted in a higher yield compared 

to the other AR scenarios and, overall, to SA. In general, crop yield decreased more significantly in AR 

than in SA as the weather scenarios worsened, especially under RCP8.5. However, AR generally 

outperformed SA when comparing corresponding scenarios (i.e., AR_baseline vs SA_baseline, etc.). 

RCP8.5 showed the worst performance in both systems, but considering individual crops, durum wheat 

demonstrated the best stability over time in each system and weather condition. Similarly, sorghum showed 

good performance in both AR and SA, but in AR, a noticeable instability was observed under RCP8.5, with 

very low yields in the second and fourth rotation cycles (3.68 and 3.40 t ha⁻¹, respectively). Faba bean was 

the most sensitive to climate change and SA conditions, showing a significant decline under RCP8.5, 

particularly in the last two rotation cycles, with yields declining to less than1 t ha⁻¹ (0.54 and 0.73 t ha⁻¹ 

respectively). 

Simulated data generally showed very slow growth at the Arnino site, reflecting the real data (which are 

not shown). Both DBH and height exhibited similar growth patterns, with differences starting to emerge in 

the third year, reflecting the influence of the different weather scenarios. From the third year onward, the 

RCP4.5 scenario showed a higher growth rate of trees compared to both the baseline and RCP8.5 scenarios 

across all growth conditions tested. The baseline scenario produced similar results to RCP8.5 until the 

seventh year of growth, after which it showed a higher growth rate, resulting in an overall intermediate 

performance between those of RCP4.5 and RCP8.5 by the end of the growth period. At the end of the 
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growth period, simulated dbh and height were 10.41 cm and 9.71 m for RCP4.5, 9.23 cm and 8.83 m for 

the baseline and 8.57 cm and 8.35 m for RCP8.5. 

 

Conclusions 

Simulations with the Hi-sAFe model show that SA had a comparable yield to AR. Although there was a 

slight reduction in grain yield, the impact of climate change on the crop was buffered in AF, especially in 

the RCP4.5 scenario for all crops, and in the RCP8.5 scenario as well, but only for wheat and sorghum. 

Regarding tree growth, a moderate increase in temperature appears to be beneficial in the central Italian 

pedoclimatic context, leading to optimal performance (though tree growth remains generally slow for 

poplar at the Arnino site). Finally, based on our results, we can hypothesize that AF would be more effective 

in mitigating the negative impacts of climate change on crops in situations where high temperatures would 

otherwise be damaging. The mitigation of crop microclimates and the increased stability of crop yields 

highlight the potential of AF as a mitigation and adaptation strategy in the face of climate change in the 

near future. 
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Introduction 

Sustainable agriculture requires effective coordination of public and private sector programs to achieve 

environmental and economic resilience. The creation of a Program Management Office (PMO) is a 

critical step in aligning development projects, budgets, and resources with regenerative agricultural 

practices. The PMO will provide administrative and technical support, while ensuring stakeholder 

collaboration for effective program implementation. 

Main Objectives 

• Establish a PMO with development professionals in the green sector. 

• Align public and private sector initiatives with sustainable agriculture goals. 

• Provide mentorship and technical assistance to farmers and agribusinesses. 

• Develop budget guidelines for the transition of farm land towards agroecology and catalytic 

investments, such as, food-hubs, waste recycling centres. 

Materials and Methods 

The PMO will follow a strategic approach: 

• Staffing: Resource the PMO with skilled development professionals to support stakeholders. 

• Governance Support: Provide technical, administrative and secretarial assistance to align plans, 

budgets, projects and organizing of meetings and recordings 
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• Mentorship: Offer agricultural mentorship through specialists in regenerative farming and local 

economies. 

• Study Area: Sicily, focusing on the transition towards agroecology.  

• Methods: Stakeholder engagement, program alignment, and continuous monitoring. 

• Provide support to Education for Sustainable Development component through best practice case 

studies for knowledge transfer. 

• Provide support to the Monitoring and Evaluation component through identification of project 

performance indicators during the project development cycle. 

Results and Discussion 

Key milestones for PMO establishment include: 

• Successful program alignment between public and private sector stakeholders. 

• Improved collaboration across different sectors in regenerative agriculture. 

• Increased support for agriculture-based mentorship across the region. 

• Value and risk management throughout the project cycle from bioregional planning alignment to 

project close out. 

• Transfer knowledge of PMO functions to stakeholder groups so as to create capacity for self-

management. 

 
Figure 1. Establish a Programme Management Office 

Visuals: Include flowcharts showing the PMO's role in aligning agriculture projects, with emphasis on 

project feasibility, design, implementation, and evaluation 
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Conclusions 

The PMO will be integral to achieving a sustainable food system in Sicily. By leveraging public sector 

engagement and aligning agricultural projects with sustainable practices, this initiative will promote 

biodiversity, resilience, and socio-economic equity. 

Future Directions: 

• Expand sustainable agricultural initiatives with increased stakeholder involvement. 

• Improve resource allocation through the strategic use of PMO's role in project monitoring. 
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Agricultural systems have been often characterized as a segregated landscape dominated by 

agricultural crops and some remnants of native vegetation. However, agroforestry systems can be 

actually characterized as highly complex systems with multiple and intricate ecological networks. The 

red fox, the focus of the ongoing study, plays an important role in maintaining the ecological balance 

of Mediterranean agroforestry systems. The research, based on a literature review of the fox's diet and 

unpublished field data, aims to analyze how fox diet varies in relation to the availability of food 

resources in different agroforestry habitats and how such variations may affect seed dispersal, control 

of small vertebrate populations and ecological interconnection between landscape mosaics. The 

research combines a review of existing literature with unpublished data collected in the field in order 

to identify the main feeding patterns and their correlation with seasonal and structural changes in 

dependence on the habitats where foxes forage. Field data were collected by collecting red fox feces 

along linear transects in the agroforestry systems of the Ficuzza natural reserve forest and near the 

town of Lercara Friddi. Preliminary results, based on the analysis of 42 literature sources and field 

data collected up to the time of writing, indicate that the red fox exhibits notable dietary plasticity, 

with distinct patterns linked to specific habitat types. 

These findings suggest composition of the fox's diet varies according to habitat characteristics. A more 

comprehensive analysis is expected to provide robust evidence supporting the initial hypothesis: the 

red fox, through its dietary adaptability, plays a significant ecological role in promoting habitat 

connectivity in Mediterranean agroforestry systems, ultimately contributing to biodiversity 

conservation and the maintenance of associated ecosystem services. 
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Introduction 

Mulching is a widespread agricultural practice in sustainable cropping systems due to its several benefits, 

such as weed control and improved water use efficiency. Plastic films are commonly used because of 

their high performance and low price. However, their use raises severe concerns about soil 

contamination. On this basis, the use of biodegradable mulches can be an alternative to conventional 

plastics, offering an effective solution to current environmental challenges. Therefore, in this study, the 

effects of biodegradable mulching films were investigated on two varieties of lettuce. With this in mind, 

the purpose was to evaluate the mulching ability to reduce weed incidence and improve morphological, 

productive, and qualitative performance of lettuce crop. 

Materials and Methods 

The experiment was carried out in open field conditions on a farm located in Milazzo (Messina 

38°11'16.52"N, 15°14'51.00"E, 28 m a.s.l.) during the winter 2024/25. The soil was classified as sandy, 

with an average organic matter content of 1.39%. Two cultivars of lettuce (Lactuca sativa L.) cv. 

Romana and cv. Canasta were transplanted at the two true-leaf stage on 8 November 2024 in a 

completely randomized experimental design with three replications.  

The treatments consisted of the following soil covers: two types of cardboard, light (176 g m-2) (LC) and 

heavy (450 g m-2) (HC), a biodegradable plastic film (18 μm) (BPF), compared with a bare soil with 

weed hand removal (WR). 

The dimensions of each experimental unit were 1.0 × 2.8 m with the plants spaced at 0.5 × 0.4 m. Before 

planting, soil was ploughed and hoed. Dripping tapes with flow emitters of 4 L h-1, spaced 0.20 m on the 

tape, were laid longitudinally on the field spaced 50 cm apart. Each drip tape irrigated one lettuce row. 

The soil was covered with mulch after installation of the irrigation system. A 10 mm water blade was 

applied in all treatments after plant setting and one week after transplanting. Subsequently, no further 

irrigation was applied due to the favourable rainfall regime. 
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The manual weeding was performed at 20 and 41 days after transplanting (DAT) only in the treatment 

without cover with weed removal (WR). Weed population density was determined in a 0.5 × 0.5 m (0.25 

m2) square sample according to the Braun-Blanquet scale over the season. The main phenological stages 

of leaf vegetables were detected on a decimal scale following the BBCH system. A stage was considered 

accomplished when 50% of plants reached the specific stage. Six lettuce plants were harvested at ground 

level when typical commercial size, form, and firmness of heads were reached. At the end of the 

experiment, at the stage of commercial maturity, the lettuces were harvested and the fresh and dry 

biomass of the leaves, height, leaf number and area, diameter at the crown diameter, and CIELAB colour 

parameters were determined. 

The obtained data were subjected to a two-way analysis of variance (ANOVA), and means were 

compared using Tukey's test (p ≤ 0.05) to identify significant differences. 

Results 

Weed incidence was reduced by 91, 80, and 64% in the HC, BPF, and LC treatments, respectively, 

compared to the WR. Mulches effectively suppressed weed development by creating a barrier between 

the soil and the environment, preventing the weed’s photosynthesis while maintaining favourable 

conditions for lettuce growth.  

The analysis of variance showed a positive effect (p < 0.05) of mulching materials on total biomass of 

the lettuce plants. The highest value was observed in the ‘Romana’ LC treatment, by 62% increase, 

followed by BPF with a 46% increase. In ‘Canasta’, the highest values were observed in BPF (+45%) 

and HC (+30%). The superior performance in term of total yield can be ascribed to the effective 

suppression of weeds and the improvement of the soil biological health, which in turn enhanced water 

and nutrient availability to lettuce plants. Moreover, the BPF and LC treatments reduced the percentage 

of dry biomass in both cultivars, highlighting a higher water content in the leaves. 

On the other hand, the plant height was not influenced by different mulching materials in both cultivars. 

Compared to the control, crown diameter increased in all treatments only for cv. Romana, with the 

highest value recorded in LC treatment (+40%). 

The leaf area was higher in the LC treatment by 22% and in the HC by 12% for cv. Romana whereas for 

cv. Canasta, the LC treatment resulted in a 44% increase compared to the control. 

CIELAB parameters were not affected by mulching in either cultivar. 

Conclusions 
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The present study provides preliminary information on the use of biodegradable mulching films in 

lettuce cultivation in the Mediterranean area. The significant reduction in weed incidence across all 

mulching treatments highlights the effectiveness of mulches in minimizing weed competition and 

enhancing lettuce growth. Light cardboard was effective, but too weak to last for an entire cropping 

season. Interestingly, the mulching treatments positively affected both head weight and diameter. 

Limiting weed pressure, mulching materials contribute to reduce chemical weed control, improved 

resource availability, including water and nutrients, which can further enhance crop yield and quality. 

Based on the initial results of this experiment, all mulching treatments showed a potential to provide 

better economic returns by increasing lettuce yield through weed suppression and improved soil 

biological functioning. In conclusion, simple treatments applied to lettuce can improve weed control, 

crop yield, and crop sustainability. 
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Background. Climate change poses a significant challenge to modern agriculture and, many European 

countries, are already facing the risk of widespread and irreversible damage. The main climate change 

indicators are the increasing temperatures, the high carbon dioxide concentrations in the atmosphere, 

and a marked reduction in rainfall and uneven distribution, leading to frequent and high-water deficits. 

In addition, the frequency of extreme weather events such as hail and floods are likely to increase. One 

of the agricultural sectors most vulnerable to climate change is the wine industry, which requires high 

fruit production and quality standards. Since viticulture is strongly affected by climate, it plays a major 

role in wine quality, which is overall determined by soil management, vine growth, graft combination, 

training system, bud load, physiology, winter and summer pruning, yield and berry composition.  

As consequences of these changes, it is widely recognised a reduction of soil health caused by a fertility 

and retention water capacity decrease, affecting grapevine vegetative/reproductive behaviour. Moreover, 

all phenological stages occur earlier, meaning that the grape ripening is accelerated and the ideal sugars 

to acids ratio, during warmer seasons, may not align with the grape ripeness in terms of colour, flavour, 

and aroma, with a consequent decoupling of the ripening processes involved. Also, a faster depletion of 

organic acids in the juice occurs, as well as a more rapid increase of pH values which, consequently, 

triggers high microbiological instability of the must during pre-fermentation. The described scenario 

impacts the quality of the grapes themselves and the management of winemaking. Furthermore, the 

demands of the modern market, according to the so called “drink-light phenomenon” ask to reconsider 

the current production model. The aim of this report was to provide a description of some agroecological 

practices of adaptation to climate change studied and validated over time by the scientific community. 

Some of these have recently been adopted by our research teams on an experimental basis in the 

Mediterranean context of eastern Sicily, with the aim of improving the sustainability of the wine 
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production chain, through experiences of germplasm valorisation, canopy management, use of protective 

products and soil management through the use of cover crops. 

State of the art. Considering the described scenario, technical changes are required in the modern 

viticulture and several agroecological practices have been evaluated as robust adaptative strategies 

applied at different stages of the production chain. Among the long-medium term ones, the preliminary 

technical choices about the design phase of the new vineyards planting are probably the first measures 

to reconsider. Nowadays, the choice of rootstock and clones should be addressed towards those showing 

medium to high vigour, to inducing an increase in vine production, and a much higher resistance to 

abiotic stress. The ancient germplasm was investigated and valorised as source of well adapted 

genotypes suitable for their areas of origin. For these, the site selection as well, is crucial not only to 

satisfy the variety thermal requirements, but also to rationalize the use of natural resources, mainly water; 

therefore, the exploitation of the areas at different altitudes or different expositions is suggested. A series 

of considerations on the choice of a growing system was also considered. In fact, is widely recognised 

that the ideal bunch microclimate is represented for both black and white grapes by regime of prevalent 

diffused light, reason why the use of free canopy trellis training systems, “sprawl type”, may be much 

more recommended to get this result in comparison to the common vertically shoot positioned (VSP) 

ones.  

Among the strategies of adaptation in a short-medium term, soil management, particularly cover crops, 

is a promising solution to promote ecosystem services for vineyards, including biodiversity, weed 

control, carbon sequestration, improved soil water status, and erosion prevention. Field trials have shown 

that besides the selection of cover crop mixtures, alternative cover crop termination strategies, consisting 

of folding with a roller-crimper, are able to provide a combination of mulching and green manuring 

effects. The rolled termination was effective in reducing weeds, limiting herbicide use, preserving soil 

water content, and increasing components of grapevine yield.  

The induction of mechanisms of nutritional competition among “sink” organs is a strategy to restore or 

even delay over-accelerated and/or unbalanced ripening. It can be easily achieved by a calibrated 

increase of vine yield through a larger number of nodes retained at winter pruning, because the higher 

bud load can reduce the leaf area to fruit ratio with a consequent reduction in fruit ripening. Similarly, 

the stimulation of vegetative growth through late irrigation or late shoot trimming at the fruit ripening 

phase, are other natural levers that allow to achieve the same goal. Other strategies with a short-medium 

term approach were adopted to delay the ripening process through the induction of calibrated 

photosynthetic stresses. Experiences of early shoot trimming recently performed in eastern Sicily, have 
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shown a significant change in canopy architecture, more efficient in covering clusters from sun burns. 

Moreover, the early source limitation induced at the berries groat-sized with trimming was functional to 

reduce excessive accumulation of sugars. 

Also, post- veràison leaf removal, one of the most interesting canopy management practices due to its 

simplicity and suitability to mechanisation, is under study. The remotion of the most photosynthetically 

active leaves at veràison, located at that time of the season in the medium-high portion of the canopy, 

slows down the ripening process. Other adaptation strategies termed "flexible" are those that make use 

of covering products. Field trials on the use of kaolin and zeolite conducted in the dry conditions of 

eastern Sicily showed a cooling effect on plants, preventing photoinhibition and sunburn phenomena. 

Conclusion. The possibility of mitigating undesired effects of climate change is based on the 

adjustments of agronomical techniques over the whole production chain. Moreover, new market needs 

and consumer taste, call towards wines with a moderate alcohol content without compromising the 

phenolic and aromatic profile. The biggest challenge that awaits us in the near future is to enhance the 

knowledge about the mechanisms of adaptation to the changing climatic conditions that we find in the 

different viticultural areas, in a vision of agroecological sustainability. 
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Agroecology-based climate information services: a theoretical framework 

 

Valerio Margiotta – Researcher at CESIE ETS, Palermo, Sicily.  

Keywords: agroecology, climate information services, climate change adaptation. 

Climate change poses significant challenges to Mediterranean agroecosystems, intensifying the 

ecological and socio-economic issues caused by decades of industrial and extractive agriculture. Recent 

extreme climate events have led to declining productivity, making climate adaptation an urgent priority.  

Climate Information Services (CIS) have emerged as a promising adaptation strategy. CIS are 

customised, user-centred information services providing climate data to help users adapt to extreme 

climate events (JPI Climate, 2011; WMO, 2014). Their efficiency lies in the level of suitedness to users’ 

needs and requirements (Soares et al. 2018). However, their user-centred design often reinforces 

unsustainable industrial farming practices, such as agricultural intensification and specialisation. These 

practices perpetuate ecological degradation and socio-economic inequities, ultimately undermining the 

long-term effectiveness of adaptation strategies.  

To fully realise their potential, CIS must support practices that prioritise genuine adaptation. We propose 

integrating CIS with agroecology, a systemic approach to adaptation that addresses both socio-economic 

and ecological dimensions. 

Agroecology was born from the struggle of South and Central American farmers united in social 

movements. It emerged in direct opposition to industrial agriculture, positioning itself as the ecological 

science of agroecosystems (Gliessman 2014). By reintroducing ecological processes into agriculture, 

agroecology increases productivity with low inputs and empowers farmers by strengthening their 

knowledge of local ecosystems (Altieri, 2002). Rooted in democracy and self-determination, 

agroecology offers a systemic approach to climate change adaptation, as it addresses socio-economic 

and environmental challenges in a transformative way, aiming towards social and climate justice (Bezner 

Kerr et al., 2023). 

Creating agroecology-based climate information services would serve a vast array of interests. First, it 

could contribute to building the resilience of agroecological farmers in contexts of shifting climatic 

conditions. Second, it could help farmers transition to agroecology or support the scaling up of 

established agroecological farmers through the delivery of agrometeorological services. Third, looking 

at the bigger picture, it appears logical that adaptation strategies should support holistic systems that 
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truly aim to adapt to climate change rather than fuelling unsustainable ways of farming with the result 

of encouraging their reproduction.  

This paper introduces a novel theoretical framework for agroecology-based climate information services. 

In Part 1, we provide a rationale for agroecology as a practice. This serves as the knowledge base into 

which CIS should be integrated. To sum up, agroecology as a practice: 

• is highly adapted to the context; 

• seeks a balance between the need for food and natural regeneration processes; 

• views sustainability as maintaining biological regulations and ecosystem interactions; 

• considers nature as an actor to which humans must adapt; 

• acknowledges that nature cannot be entirely controlled; 

• encourages farmers to control their resources independently from external inputs, relying on 

knowledge of their ecosystems; 

• views system management and farmers’ decision-making as one, single process in which 

farmers’ actions emanate from four ways of acting: 

1. locally embedded; 

2. intertwining multiple time and spatial scales and buffers; 

3. flexibility and adaptiveness in management; 

4. critical and reflexive engagement in action towards learning. 

Based on this rationale and integrating broader CIS and transdisciplinary agroecology literature, we 

elaborate our service framework into seven key principles. Agroecology-based CIS should: 

1. Be tailored to local climate data. 

2. Inform the holistic ecological context. 

3. Bring practical agroecological guidance. 

4. Deliver accessible technology. 

5. Integrate localised traditional ecological knowledge. 

6. Collaborate with the farmers through Participatory Action Research (PAR) and co-creation. 

7. Implement continuous adaptation. 

Adaptation to climate change is imperative to render Mediterranean agroecosystems resilient and 

productive in the long term. If transformed into a market tool allowing unsustainable farming approaches 

to proliferate and contribute to the bigger problem, adaptation services will lose all their meaning. 
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Rooting adaptation services into adaptation systems like agroecology is the first step to tackling the 

climate crisis in a lucid, honest way - not for the sake of profit, but for the sake of climate and social 

justice. 
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Context description; conceptual framework: 

Daily decisions on reducing greenhouse gas emissions, adaptation to climate change while sustaining 

agricultural productivity and biodiversity require nowadays proficiency in Climate Smart Agriculture 

(CSA), an approach that helps guide actions to transform agri-food systems towards green and climate 

resilient practices. In the European Union context, this approach can be declined in a variety of 

practices ranging from agroecology to precision agriculture, from water and soil management to 

agroforestry implemented to a greater or lesser degree with respect to geographical contexts (climate, 

soil type, water scarcity or abundance) and socio-economic contexts (presence or absence of strong 

traditional farming practices, use or non-use of new technologies dictated by individual resistance 

and/or legislative pressures). This research has been conducted in the context of the EU project 

“EVECSA: European Vocational Excellence for Climate Smart Agriculture”. The EVECSA project 

sets out to enable current and future employees in the European agricultural sector to take climate smart 

action. 22 partners collaborate to establish Centers of Vocational Excellence (CoVE) in six countries 

(Italy, Spain, The Netherlands, Finland, Denmark and Poland). Ten agro-VET providers, six 

enterprises and sector representative organizations, four universities and two knowledge partners are 

currently involved. The countries selected represent European regions differing in terms of geography 

and climatic conditions and include organizations active in different VET-systems and agricultural 

systems. Thereby this highly diverse transnational partnership brings a European dimension to 

vocational excellence within the agricultural sector and enables upward convergence. 

The project's greatest innovative potential lies in the idea of closing gaps between stakeholders who are 

involved in a transition to climate smart farming, but who are separate today. The project will bring 

agro-VET institutions together with relevant stakeholders to better co-create knowledge, explore 
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opportunities and build capacity for climate smart farming at local, regional, and international level. 

Purpose; Research questions: 

The objective of the research is to identify the needs and map the resources within the agri-food skills 

ecosystem at regional and transnational level as a basis for tackling current and future challenges 

related to skills supply for a transition to Climate Smart Agriculture. 

In other words, the purpose of the research is to reveal the needs, gaps and challenges of a range of 

stakeholders in the field of Climate Smart Agriculture in order to bridge the gaps in the current 

educational systems. The four groups targeted by the Survey are: Agro-VET institutions, Farmers and 

Agro-Companies, Universities and Research Centres and Policy Makers. Reaching different targets 

and a proactive engagement with local stakeholders – ranging from educational experts and researchers 

in CSA to workers in the agricultural sector – was a core aspect in defining the scope of the survey and 

the research questions. Indeed, key stakeholders’ perspectives have been considered central in our 

research as a point of departure to define climate smart action, in order to jointly implement changes 

not only at the farm level but also at an educational and training level, creating common knowledge on 

sustainable agro-practices. 

The macro questions we want to address are: What is the current state of Climate Smart Agriculture in 

the different countries taken into consideration? 

- What are the main CSA practices and trends implemented and the related relevant skills? 

- And, what are common future directions of sustainable agriculture? 

Design; methodology; approach 

The methodology employed includes both qualitative and quantitative research approaches to ensure 

comprehensive and well-structured analysis. In each country, data collection was carried out through 

two main channels: more than 60 semi-structured expert interviews and 90 online surveys targeting 

key partnerships and relevant stakeholders. The research process lasted a period of six months, during 

which significant efforts were dedicated to mapping relevant stakeholders and identifying potential 

participants to be actively involved in the study. 

The questionnaire phase was structured to focus on three macro areas: the respondent's view on the 

concept of Climate Smart Agriculture, his or her experience in the field and network of contacts at the 

regional level with other organizations, companies or institutions working on CSA. The interview 

phase was conducted in each country taking into consideration local experts with in-depth knowledge 

on CSA using a semi-structured methodology. 
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Data collection and analysis; evidence 

In each region, the data collected from the analysis were used to produce national reports defining the 

priorities, objectives and challenges related to a specific territory and specific socio-economic 

condition. The results were then analysed to highlight the common trends, the major differences, the 

challenges of the agricultural education systems and the main issues on which the various actors will 

have to focus their efforts in the near future. 

Among the main findings emerging from the analysis, the agro-VET sector is transforming in the 

totality of countries driven by innovation, collaboration, and the pursuit of sustainability. 

Key actors, including companies, research institutions, and policymakers, are already making strides 

toward addressing critical common challenges. Common trends in CSA (i.e. practices that are already 

in use but need to be advanced and/or on which targeted educational paths need to be created) have 

been identified and can be categorised as follows: practices in agroecology and regenerative 

agriculture, water and soil management, renewable energies, technology and precision agriculture. 

Green transformation must proceed along two lines: adoption of new technologies to support practices 

and implementation of already sustainable traditional practices. Despite progress, several persistent 

gaps hinder the sector's full potential. These include limited funding, insufficient training programs, 

and cultural resistance to new practices. 

To move forward effectively, it is essential to strengthen collaboration between public and private 

stakeholders, expand access to education and training, and align local initiatives with international 

frameworks (and conversely). 
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Cover Crops to Improve Agroecological Services in a Mediterranean Organic Vineyard 
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Introduction 

Cover crops are a potential response to current challenges in viticulture as they can mitigate the 

impacts of climate change, reduce chemical inputs, and improve soil health. Therefore, the aim of 

this study was to evaluate the effectiveness of a sustainable soil management approach in a 

Mediterranean organic vineyard to investigate its effects on provisioning, regulating and supporting 

ecosystem services. Specifically, the research focuses on the use of different cover crops and 

alternative sustainable termination strategies. 

Materials and Methods 

The field trial was performed from 2023 to 2024 in a 14-year-old organic Vitis vinifera L. vineyard 

farm located in Rodì Milici (Messina province, Italy, lat. 38°06' N; long. 15°08' E, 100 m a.s.l), i.e., 

cultivated with the red berried Nero D’Avola cultivar grafted onto 1103 Paulsen rootstock. The 

experimental factors investigated were type of cover crops (spontaneous and artificial) and type of 

termination (green manure and rolling/crimping), compared with a tilled soil [control (C)] according 

to a randomized block design three times replicated. The inter-row cover species were: i) native 

vegetation (NV); ii) a mixture of grass species [Hordeum vulgare L., Avena sativa L. and x 

Triticosecale (GM)]; iii) a mixture of legume species [Vicia faba L. var minor, Hedysarum 

coronarium L. and Trifolium alexandrinum L. (LM)]; iv) a mixture of both legume and grass species 

(LGM). 

The soil, with a clay texture, was minimum tilled by a dish-harrowing in autumn at 20 cm depth. The 

cover crops were mechanically sown according to the rate suggested by the Pennsylvania State 

University guidelines for mixtures (White et al., 2015). In May, when the mixtures reached the 

flowering stage, each treatment was managed as follows: i) mowed and then incorporated 

underground; ii) folded with a roller-crimper thus obtaining a mulching effect. 
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Soil cover percentage was determined according to Braun-Blanquet scale over the season. Cover 

crop biomass yield was assessed before its termination in 0.25 m2 representative quadrats in each 

treatment and replication. Similarly, weed biomass was determined at two different monitoring 

times, before and after cover crop termination date (May and October 2024, respectively). Soil 

water status was measured by sampling to a depth of 20 cm in three different periods after 

termination [July (T1), September (T2) and October 2024 (T3)]. The grapevine yield and its 

components [bunch numbers per vine and bunch weight (g)] were recorded at harvest (September 

2024). 

Data from different measurements were subjected to analysis of variance (ANOVA) to determine 

significant differences among the experimental factors (cover crops and terminations) and their 

possible interactions on weed control, cover crop biomass, and grapevine productivity. Soil water 

content was analysed by the repeated measures ANOVA. Post-hoc comparisons among different 

treatments were achieved by HSD Tukey’s test at p ≤ 0.05. 

Results 

All grass and legume species showed a good soil cover, with the highest average percentage 

observed in the grass and legume mixture (79%) and the lowest in legume mixture (39%). The 

former showed also the highest dry matter yield (5.77 Mg ha-1), followed by grass or legume 

mixtures (4.60 and 4.49 Mg ha-1, respectively). 

Significant effects of cover crops were found on weed biomass in May, but not in October. All 

mixtures were effective in reducing weed pressure in May relative to native vegetation, without 

significant differences among them. In October, a significant reduction in weed biomass was 

observed between termination methods compared to tilled soil. Weed biomass was significantly 

lower in crimped cover crops (0.16 Mg ha-1), than green manure (0.23Mg ha-1), with tilled soil 

showing the worst results (0.81 Mg ha-1). 

The soil water status, measured at three different monitoring times (T1, T2, T3), was significantly 

influenced by cover crops and termination method. Indeed, all mixtures exhibited highest soil 

moisture (14.04%) than native vegetation (12.08%). Likewise, the crimped method was the most 

effective in maintaining a higher level of soil water content compared to green manure and tillage 

soil (14.27%, 12.84%, 9.15%, respectively). 

The grapevine yield and bunches number were significantly affected by cover crops. Legume 

mixture recorded higher yield values (2.38 kg vine-1) and number of bunches (13) than the other 
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treatments. Furthermore, the termination method significantly influenced bunch weight, with a 

significant weight increase in rolled (221 g) compared to green manure (185 g), and tilled soil (127 

g). 

Conclusions 

The present study provides preliminary information about sustainable grapevine management by 

cover cropping in organic Mediterranean vineyards. Cover crop termination strategies proved to 

be strategic for the provision of ecosystem services. Overall, the roller termination method showed 

the best performance in reducing weeds, preserving soil water status and increasing components 

of grapevine yield, thus providing both provisioning and regulating ecosystem services. 

Increasing biodiversity in the cover crop (i.e., grass and legume mixtures) showed the best 

performances in controlling weeds in the grape alley and providing mulched biomass. 

Additional investigations are currently under study in a second growing season, to determine 

further regulating (i.e., water regulation, erosion control), supporting (i.e., nutrient cycling, soil 

fertility), and provisioning (grape yield and quality) ecosystem services that cover crops and the 

termination strategy can provide to the vineyard. 
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Agroforestry is a key approach within agroecology and is widely recognized in scientific literature as 

a highly sustainable agricultural practice that aligns seamlessly with agroecological principles. Based 

on the scientific definition, agroforestry systems (AS) are diverse systems in which the cultivation of 

multipurpose trees or shrubs is combined with herbaceous plants and/or livestock breeding. AS are 

acknowledged as multifunctional land-use systems with significant, yet largely untapped, potential 

for climate change mitigation and adaptation. Indeed, despite their well-documented benefits for 

Ecosystem Services, as well as their aesthetic, traditional, and cultural value, AS remain largely 

marginal within mainstream agricultural policy frameworks. 

Recent European policies, while recognizing the environmental benefits of certain practices such as 

agroforestry, and proposing its incentivization, do not always succeed in being implemented through 

support regulations, risking goal displacement. Despite being promoted by the Green New Deal, the 

Farm to Fork Strategy, the Biodiversity Strategy, the Italian National Forestry Strategy, AS are 

explicitly supported by the Common Agricultural Policy (CAP) only through forestry-related 

measures, which have had very limited success. Then, while the CAP recognizes the importance of 

AS for aforementioned benefits, support schemes for them are partial or not always adequately and 

effectively designed. 

The Italian CAP Strategic Plan (CSP) 2023-2027 supports AS as follows:  
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1. directly and explicitly, within Rural Development (RD) Interventions, through forestry 

Interventions that support the establishment and maintenance of AS, on agricultural land, but 

only with trees of forestry interest, hereafter referred to as ‘new AS’; 

2. indirectly, within eco-schemes (I Pillar) and Agro-Climatic-Environmental measures or other RD 

Interventions (II Pillar), both on agricultural and forestry land uses, with forestry trees/shrubs or 

fruit trees (e.g. grazed forest or orchards integrated with livestock and/or forage production), 

hereafter referred to as ‘traditional AS’. 

The main research questions guiding this study on AS are as follows:  

i. How is the programming of the current Italian CSP progressing in explicitly supporting the new 

AS, what are the projections for their development, and what is the trend compared to the 

previous two programming periods?  

ii. What are the other supports in the current CSP for the traditional AS, including eco-schemes, 

Agro-Climatic-Environmental Measures, and other RD Interventions?  

iii. What revised or additional policy mechanisms could support and sustain traditional AS, both by 

facilitating their potential new establishment and protecting pre-existing ones?  

To answer these questions, a combination of different analytical approaches is applied. Firstly, 

regarding the current CSP, the data from the Managing Authority at the regional level on the 

activation of new AS interventions (SRD05.3 and SRA28.3) and the allocated financial commitments 

have just been collected and are being studied. To assess the adoption capacity of AS over time and 

the trend, the analysis will be completed by comparing the financial data of Measures 222 and 8.2 

from the two previous PAC programming periods. Secondly, a detailed analysis of the commitments 

referring to traditional AS not explicitly mentioned in the current CSP interventions (Pillar I and II) 

is being carried out. Data on all the Italian CSP Interventions and the five eco-schemes are currently 

being organized into a matrix defining different classes of correlation with different types of AS. 

Lastly, a policy analysis of the legislative framework of EU CAP regulations, Italian CSP and those 

of other relevant Member States is being carried out, namely Spain, which has the highest percentage 

of AS in the EU, and France, which has implemented more policies on AS than any other country a 

policy analysis of the legislative framework of EU CAP regulations, the Italian CSP, and those of 

other relevant Member States is being carried out.  

The collected data is currently being analyzed, and others will follow as soon as they become 

available. Regarding the new AS, preliminary study shows that the Interventions did not achieve a 
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good adoption by Regional Authorities: 6 for SRD05.3 (Apulia, Piedmont, Sicily, Tuscany, Umbria, 

Veneto) and 5 on SRA28.3 (Apulia, Piedmont, Tuscany, Umbria, Veneto). The previous Measure 

222 was also adopted by only five regions, as was Measure 8.2. Furthermore, during the 2014-22 

programming period, implementation amounted to less than €1,4 million (13% of the allocated 

resources), while in Europe it was under €10 million.  

The analysis of commitments concerning traditional AS of the entire current CSP (Pillar I and II), to 

identify indirect support for every type of AS, will be complete by April 2025. Considering the 

broader scientific definition of AS, actionable recommendations will be provided for a more complete 

representation of all types of AS in the next Italian CSP. Indeed, by designing more suitable support 

schemes, opportunities to improve AS adoption will become clearer and better address European 

environmental politics of the Mediterranean context.  

The legislative framework of CAP regulations and various national CSPs shows different approaches 

to AS definitions and concepts. In particular, EU CAP Regulations 1698/2005, 1305/2013, and 

2115/2021 provide different definitions of AS in the languages of some relevant Member States, 

especially regarding the type of trees (whether exclusively of forestry interest or not), leading to 

different interpretations in their CSPs. Moreover, Spain and France have sought to address the CAP 

gaps on AS by other specific political interventions. Therefore, in Italy, in addition to the limitations 

of AS support in the CSP, a dedicated national agroforestry policy is lacking within the framework 

of national agricultural policies. 

To unlock the full potential of agroforestry as a viable climate change mitigation strategy and a 

sustainable agricultural practice, this study highlights the urgent need for more explicit and targeted 

policy support for Italian AS, as well as the identification of additional legislative or policy 

instruments. Better structured policies on AS, based on the many ecosystem services they provide, 

can also ensure the long-term viability and management of all type of AS. This applies not only to 

CAP policies but also to other policies addressing to AS. 

Finally, strengthening institutional agreements and intersectoral cooperation could enhance the 

recognition and support of family farmers, small-scale landowners, and peasant producers, who are 

vital for the sustainable management of natural resources. 
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Almond production was associated in literature, until one decade ago, with agricultural areas’ 

abandonment. In this context almond [Prunus dulcis (Mill.) Webb] in the mediterranean inland areas 

was considered as characterizing of traditional landscape, at risk of disappearing (Frattaroli et al., 

2014). However, more recently the attention on almonds has increased for several reasons: 

consumption, production, innovative food processing and circular economy opportunities (Ollani et 

al., 2024).  

Italy is also specialized in nuts processing in general, specifically of almonds. Multiple food products 

use almonds as key ingredients, such as desserts, pastries and baked products. In addition to that, 

almonds are consumed as snacks as they are recommended as an improver of diet quality (Tey et al, 

2011).  

The almond consumption has increased in Italy of 23% between 2019 and 2020 (Tarangioli et al., 

2023), so there is a potential national market that is not satisfied by internal almond production. Such 

economic data attracts new investors in the sector of almond production, which could have an impact 

on the local production especially in most suitable areas, such as Sicily. 

The 60% of almond production in Italy is in Sicily, (53,890 ha) and since 2020 a new increase of 

surfaces has been observed (Tarangioli et al., 2023). Several innovative initiatives are emerging; they 

are working to improve almond production and create new intensive and super-intensive almond 
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orchards with market-oriented varieties. The density of trees, the use of varieties with high yields, the 

mechanization and the use of irrigation are key factors in such systems, with some success examples 

in the USA and in Spain.  

Traditional almond production in Sicily is based on cultivars that facilitate the adoption of techniques 

based on the principles of agroecology (Ollani et al., 2024). However, following the FAO definition 

of Agroecology (FAO, 2018), it is a farming and food system approach to restructure the entire 

system, from the soil to the organization of human societies (Buratti-Donham, 2023).  

This study aims to investigate how different organizational models of almond food systems can be 

associated with production, processing and consumption practices to follow agroecology principles. 

Different organizational models have been explored by the authors in order to understand how the 

innovative almond production is integrated with the traditional one and to what extent they are 

overlapping on similar markets.  

1. Which organizational models of almond food systems are currently present in Italy, with a 

specific focus on Sicily? 

2. How does the organization of food systems influence the governance of resources, actors and 

communities?  

3. How do different organizational models reflect the agroecological principles? 

The analysis of the state of the art of the almond sector in Sicily was based on the identification of 

existing formal networks of actors in the almond sector. Different sources have been used with this 

purpose: official list of geographic denominations (PDO and PGI), official list of food districts, data 

on network contracts, existing operational groups, private collective labels such as Slow Food, data 

on producers’ organizations (PO). The stakeholder’s analysis developed from those sources was 

shared with experts on the almond sectors in order to identify the most relevant experiences to visit. 

In January 2025 field research was organized in the south of Sicily in order to conduct semi-structured 

interviews with representatives of different food systems based on almond production.  The analysis 

of data from field research allowed us to describe different organizational models and compare them 

using the agroecological principles as reference.  

From the analysis of results it emerged that different organizational models exist, the two main 

typologies are related to: (i) valorization of traditional almond production and identification of niche 

markets and (ii) creation of innovative almond orchards, based on commercial varieties and aiming 

at the global market with high yield levels.  
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Processing and development of innovative products and use of by-products from almond production 

play a key role in the first type of models which have the aim of increasing the added value of almond 

production, keeping it in the community. In these models, network governance (Provan and Kenis. 

2008), based on existing policy instruments such as network contracts, food districts, geographic 

denomination could have a key role in promoting more diffuse organizational models of food systems. 

The second typology is based on a vertical integration strategy of the industry (Gereffi et al., 2005, 

Gereffi et al., 2021) where decision making is concentrated in one large company which owns the 

other actors.  

However, reality is more complex and each case has some elements from one typology and some 

others from the other. The generalization of models and the combination of human solutions with 

agronomic practices allows us to identify in which conditions different models are aligned to 

agroecology principles.  

An agroecological food system is one that not only focuses on food security, but also on the social, 

cultural and environmental realities needed to protect landscapes and future generations (UN 2021). 

To design policies for the nuts sector in Italy it is important to identify not only market trends but also 

organizational models of the food systems that could create added value for local communities, using 

an agroecological approach.  
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Context description and conceptual framework  

In the EU and Türkiye, the integration of agroecological principles into the broader discussion on 

agricultural soil health is widely recognised as a key strategy for promoting long-term sustainable 

agriculture. However, scaling up agroecology at a territorial level through robust soil health policies 

remains challenging due to conceptual complexities and practical constraints.  

The scientific literature suggests a reciprocal relationship between agroecology and policy. 

Agroecology is increasingly recognised as a holistic approach which enhances sustainability, 

diversification, and resilience of agricultural and food systems. By fostering integrated, cross-sectoral 

policies and engaging multiple stakeholders, agroecological transitions can address multiple policy 

objectives simultaneously. Policies – whether explicitly agroecological or not – can encourage 

farmers to adopt agroecological practices by mitigating the negative impacts of conventional farming, 

conserving natural resources, and enhancing ecosystem services. In the EU, agroecology can also be 

supported by rural community-oriented policies inspired by the “three sovereignties” paradigm (food, 

energy, and technological sovereignty).  
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Within this complex policy environment, researchers involved in the Horizon 2020 project Into-

DIALOGUE (Into-DIALOGUE – More than a Dialogue: Integrating Soil-Based Principles in 

Agroecological Systems) have explored, inter alia, how policy instruments recently designed and 

implemented in the EU and Türkiye are influencing farmers’ decisions to change agricultural 

management practices towards healthy agricultural soils.  

Scope and research questions  

From a scientific perspective, analysing and reinterpreting current legislation and policies on soil 

management in response to land use challenges, including mitigation and restoration of soil 

degradation, through the lens of agroecological principles, has proven to be particularly challenging 

due to theoretical, methodological and practical constraints. The work presented here synthesises the 

knowledge gained in this endeavour. The study was guided by the following research questions:  

• Does the EU have the competence to intervene in soil health policy?  

• To what extent are agroecological principles integrated into existing soil health policies in the 

EU and Türkiye?  

• What are the main policy gaps and inconsistencies that hinder the effectiveness of soil health 

policies?  

• How can these shortcomings be overcome from a stakeholder perspective?  

 

Research Design  

Grounded in the Theory of Public Administration, the study conceptualises policy formulation and 

implementation at three levels: Enactment (macro level), consisting of overarching policies and 

regulations set by policy makers; Enforcement (meso level), which includes operational rules, 

monitoring systems, and compliance mechanisms; Responsiveness (micro level) which includes 

adaptation by local actors, including farmers and rural communities.  

Policies were grouped into five categories according to their scope: (i) incentivising the adoption of 

sustainable practices, (ii) enabling participatory processes, (iii) regulating environmental and 

landscape protection, (iv) co-creating and sharing innovation and knowledge, and (v) triggering new 

market opportunities.  

The analysis was performed through a combination of desk analysis based on literature, official 

documents and data from heterogeneous sources, descriptive statistics and quali-quantitative analysis. 

A participatory design methodology (PDM) was used to gain a deeper understanding of existing soil-

related challenges and policy solutions in the following study regions: Sicily region (Italy), Vidzeme 

region (Latvia), Valencia province (Spain), western Lithuania, western Czech Republic, and Şanlıurfa 

province, in Southeast Anatolia (Türkiye).  

The observation phase began with a farmer survey (first step), targeting individuals who were 

particularly sensitive to the predominant soil challenges in their respective regions. This was followed 
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by in-depth interviews, focus groups, or workshops in order to stimulate discussion and mutual 

learning among farmers, agronomists, researchers and soil scientists.  

Key Findings and implications  

Stakeholders involved in the study perceive policy as essential in shaping farming systems, as policy 

is nothing more than the instrument by which society legitimises actions to address challenges. EU 

soil protection policy is governed by Article 191 of the Treaty on the Functioning of the European 

Union (TFEU). However, there is no overarching legal framework which explicitly prioritises soil 

health, resulting in fragmented and sometimes conflicting objectives across policy areas. The analysis 

of the similarities and discrepancies of 45 policy instruments designed and implemented at different 

levels of governance highlights the following five main negative findings:  

• Lack of coherence and coordination between soil-related policies.  

• Limited integration of agroecological principles into existing policy instruments.  

• Inadequate enforcement mechanisms and weak compliance measures.  

• The dominance of top-down, technocratic policy design, which limits bottom-up 

agroecological approaches.  

Land use regulations are a very important issue addressed by most of the stakeholders participating 

in the study in the different study regions. Albeit in different ways, land use rules influence the 

distribution of the agricultural land across farm typologies and different uses. For instance, we have 

collected some evidence on the lack of adequate rules to prevent land grabbing in the western Czech 

Republic and to facilitate access to land for young and new farmers in Spain.  

Environmental and agricultural regulations need to be integrated into a coherent and balanced land 

use policy framework, but their effectiveness depends on different factors of enactment and 

enforcement. For instance, the lack of environmental regulation contributes to facilitating the 

overexploitation of agricultural soils in Türkiye, while severe environmental restrictions not 

supported by adequate financial measures are behind the risk of land abandonment in Latvia.  

Large farms with a predominance of non-family labour, on the one hand, and small farms with a low 

share of family income from agriculture, on the other, represent the endogenous factors which mostly 

negatively influence farmers’ willingness to face the existing soil-health challenges. At the territorial 

level, the high specialisation of farming systems influences the dependence on external inputs by 

exacerbating the difficulties in managing soil fertility due to the absence of livestock and the loss of 

synergies and cooperation. Better targeted policies that leverage these factors could provide the 

conditions to ensure radical and prompt adaptation to existing agroecological challenges.  

While the results of this study cannot be generalised, they offer valuable insights for future research 

on policy instruments that, in line with the three sovereignties paradigm, could enhance equitable 

access to key resources (land, water, seeds, energy, technologies, etc.) for family and smallholder 

farming.  
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Understanding endogenous institutional change triggered by social and environmental 

challenges: the case of Biodistricts in Italy 

Francesco Galioto (CREA PB, francesco.galioto@crea.gov.it), Oriana Gava (CREA PB, 

oriana.gava@crea.gov.it), Ileana Iocola (CREA PB, ileana.iocola@crea.gov.it), Alberto Sturla (CREA PB, 

alberto.sturla@crea.gov.it), Laura Viganò (CREA PB, laura.vigano@crea.gov.it), Alessandra Vaccaro (CREA 

PB, alessandra.vaccaro@crea.gov.it), Giovanni Dara Guccione (CREA PB, 

giovanni.daraguccione@crea.gov.it) 

Keywords: Biodistricts, Institutional analysis, Game theory, Case study 

 

Introduction 

International agreements on climate and the environment have not produced the desired results (de 

Zeeuw, 2015; Xu, 2021). Global agriculture plays a non-negligible role in this game, generating 25 

per cent of the carbon dioxide emitted into the atmosphere, causing 50 per cent of freshwater pollution 

and 62 per cent of soil degradation (FAO, 2022).  

The responsibility for this failure lies in the gap between the declarations and intentions of the very 

governments that promoted these agreements, including the European Union. In fact, the gap between 

the (sustainable) production and (unsustainable) trade policies of the EU has favoured, on the one 

hand, the unregulated development of intensive agriculture in the periphery of the world (developing 

countries) and, on the other hand, the progressive abandonment of marginal agricultural land in the 

centre (developed countries), with serious negative impacts on biodiversity, the environment and the 

socio-economic vitality of territories (Wesseler, 2022; Galioto & Musotti, 2023). 

However, the active engagement of civil society at the local level can help to mitigate the influence 

strong economic interests on politics, especially when these interests conflicts with the well-being of 

the community. Indeed, it is at the local level that it is possible to affect land-use policies that regulate 

the relationship between cities and rural areas, influencing the proximity between consumer and 

producer; it is at the local level that it is possible to affect land-use policies that regulate access to 

land, favouring family farming over capitalist farming, ownership over leasing (van der Ploeg, 2021). 

Essentially, community engagement can contribute to shape top-down policies in a way that can 

unhinge the premises of good living conditions, including sustainable agriculture (Kohei, 2023). 
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In other words, the direction of intervention is defined at the local level, for or against the welfare of 

the community. This is where social movements play a decisive role, because they are the ones who 

are able to influence local policies and, through them, oppose powerful interests and make possible a 

different management of the territory where they live, including agriculture. This would make it 

possible to think about sustainable agriculture on a large scale, not just in elite niches. 

Some scholar revealed that a change of pace is possible (e.g., Marsden, 2025), indeed it is already 

happening in many European contexts, even if it is territorially limited, even if it is still unable to 

influence the distortions of the economic system just mentioned. And this change of pace can be seen 

in the attempt to promote communication, cooperation and exchange with a view to participatory 

governance of the territory. But how this can happen? 

To answer this question, the study investigates whether and how particular forms of territorial 

governance developed in Italy over the past decade contribute facing contingent territorial challenges.  

In particular, the work illustrates the role played by the biodistrict in different socio-economic 

contexts, describing how they can influence changes in the rules of territorial management and favour 

the realisation of development initiatives that would otherwise be difficult to achieve. 

Methodology and theoretical framework 

The theory of institutional change is the formal theoretical framework within which the research is 

conducted (Greif & Laitin, 2004). The choice of this theoretical framework is considered particularly 

suitable because it allows us to understand the mechanisms capable of influencing a potential 

institutional change, understood as a change in the rules that influence and legitimise the behaviour 

of those involved in land protection: administrators, managers and civil society. A change that may 

be triggered by endogenous processes, exogenous factors, or a combination of the two (we refer the 

formalisation of this issue in a later development of the work). 

The theoretical framework inspired a survey addressed to the representatives of three biodistricts: (i) 

Via Amerina e delle Forre (Lazio); (ii) Val di Vara (Liguria); (iii) Grecanico (Calabria). A 

comparative approach was, then, used for case study analysis to generate implications and 

recommendations with broader relevance and theoretical implications. 

Results and discussion 

This section illustrates the role played by the cases studies in influencing the governance of the 

territory in which they operate. For the Val di Vara biodistrict, the mechanisms activated to effectively 
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counteract the progressive depopulation of the area in which it operates are analysed, promoting 

synergies between farmers and between sectors. For the biodistrict of Via Amerina e delle Forre, the 

mechanisms activated to effectively counteract the pollution phenomena caused by excessive 

productive specialisation are analysed, leading the municipalities to modify some important land 

management rules. Finally, for the Grecanico biodistrict, the mechanisms activated to combat forest 

fires, often of an arsonist nature, are analysed, promoting synergies with civil society and 

municipalities. 

Based on institutional change theory, several implications can be formulated from the observed self-

adaptation processes. In particular, we show how certain elements of discomfort, the result of 

unsustainable land management, are capable of triggering forms of cooperation both directly, by 

promoting agreements, deals and collaborations, and indirectly, by affecting the rules of the system, 

changing the balance of power relationships between different stakeholders and resolving potential 

conflicts. Theoretical reflection goes so far as to show that community unease is not enough to trigger 

processes of change in the absence of participatory governance models.  

Conclusions 

We have shown some examples to illustrate how the Organic District acts on agro-territorial systems, 

from promoting agreements to influencing the rules of the game, i.e. management plans. We have 

shown that the organic district is an alliance of actors interested in the protection of the environmental 

and cultural heritage of an area, capable of triggering mechanisms of participatory democracy and 

raising the awareness of the civic society. Mechanisms that can go so far as to challenge strong 

interests, interests that oppose to the commons and therefore not easy to deal with. This has been done 

in the light of the endogenous theory of institutional change, which provides new theoretical insights 

that help to better understand the way in which local communities respond to emerging territorial 

challenges. 
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STUDY VISIT 1 - Organic Farm Airone. Agroecological transition on abandoned soils in 

the productive area of the Valley of the Temples. Tree crops, aromatic plants, and 

vegetables in organic short supply chain for Agrigento 

 

Emanuele Gionfriddoac, Martina Maurerbc 

 

aAirone S.R.L. società agricola, Agrigento, Italy, gionfriddo@generaliagrigento.it 

bCoordinamento Agroecologia Sicilia, Agrigento, Italy, martinamaurer@azzalorabio.it 

cBiodistretto Agroecologico Valle dei Templi, Agrigento, Italy, martinamaurer@azzalorabio.it 

 

Airone Srl was founded in 2017 on abandoned farmland in the San Gregorio Bennici area, within the 

productive area of the Valley of the Temples in Agrigento. Due to prolonged neglect and recurring 

wildfires that destroyed parts of the Mediterranean scrubland and traditional crops such as almond and 

olive groves, only about twenty olive trees and a few pines remained across the 20-hectare area, which 

had also become heavily littered. Driven by the vision of entrepreneur Emanuele Gionfriddo and his 

daughters Federica and Veronica to create a lasting cultural and environmental legacy for Agrigento, the 

transformation and regeneration process of the degraded rural landscape at risk of erosion started.  

Several projects were launched focusing on environmental, cultural, and sustainable restoration of the 

landscape and the farm. Efforts began with resetting altered environmental characteristics and 

safeguarding natural and historical elements that had survived: natural ecosystems like the Akragas 

riverbed and its banks, ancient water springs (likely old hypogea), wetlands with reeds and seasonal 

ponds, low vegetation on slopes and clearings, and Mediterranean scrubland. The site also includes 

historical remnants such as a Roman kiln, the remains of a 19th-century farmhouse, and a World War II 

bunker. 

The first project established was a Nature Park designed to represent the rich Mediterranean biodiversity. 

It aims to create and restore biotopes together with natural and riparian habitats. A special focus has 

been placed on nesting sites and refuge zones for wildlife, enhancing food availability with berry-bearing 

plants and ancient fruit varieties such as sorb tree, azarole, and quince tree. To combat soil erosion, the 

farm implemented contour-aligned buffer strips and non-productive vegetation bands. Thanks to 

reforestation and renaturalization efforts, the now publicly accessible park boasts a remarkable 

biodiversity heritage, including numerous ornamental, forestry, and agricultural species, along with 

nature trails, scenic overlooks, and birdwatching stations. 

mailto:gionfriddo@generaliagrigento.it
mailto:martinamaurer@azzalorabio.it
mailto:martinamaurer@azzalorabio.it
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In a second phase, agricultural activities were integrated through the planting of native species — olive, 

almond, vineyard, prickly pear, pomegranate, persimmon, pistachio, fig, citrus fruits, peach, apricot, and 

pear — alongside forest species like carob and aromatic plants such as oregano and bay laurel across 

roughly 13 hectares. Today, the farm counts 23,000 trees, 20,000 ornamental plants, and 10,000 annuals, 

totaling over 50,000 specimens. In 2022, the farm began the process for organic certification. After 

joining the Agroecological Biodistrict Valle dei Templi in 2024, the farm integrated agroecological 

approaches into its existing sustainability efforts, aiming to enhance soil and water management 

practices and to participate in a network alongside other agroecological pilot farms. Today the farm is 

engaged in an organic short supply chain project for Agrigento, an environmental education program for 

youth and schools, and an inclusive initiative involving autistic students. 

During the field visit, participants will discover part of the Nature Park, exploring various ecological 

zones and both plant and animal biodiversity. After experiencing the "Via degli Aromi" (Aromatic Trail) 

— a project selected for Agrigento Italian Capital of Culture 2025 — visitors can observe erosion control 

interventions, shaded areas created with living plant structures, and stunning viewpoints overlooking the 

Valley of the Temples.  

As witnesses to the transformation of a once-abandoned area into a complex agroecosystem, participants 

will engage in discussions on the challenges faced during the farm's management and transition. 

After a coffee break, the group will move to the agricultural section of the farm for a workshop on key 

agroecological practices: intercropping of pulse crops (grass pea, broad beans, lentils) in almond 

orchards, natural cover cropping and weed management in vegetable and aromatic crops - with a focus 

on licorice, a heat-loving native species widespread in the valley and difficult to manage. Participants 

will be encouraged to contribute ideas for the ongoing transition, such as new intercropping strategies 

for vegetable crops. The visit will conclude with a rural lunch under the wood canopy.  

Airone relates especially to the following themes: 

• Theme 1 – Biodiversity and resilient agricultural systems 

• Theme 2 – Agroecology and climate change mitigation  

• Theme 3 – Sustainable food systems and social justice 
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STUDY VISIT 2 - Organic Farm Fattoria Vassallo. Nut tree cultivation and the 

VALMEDALM project: Improving resilience and increasing farmers' income through 

integrated intercropping strategies 

 

Ignazio Vassalloac, Martina Maurerbc 

 

aFattoria Vassallo, Licata, Italy, fattoriavassallo@alice.it 

bCoordinamento Agroecologia Sicilia, Agrigento, Italy, martinamaurer@azzalorabio.it 

cBiodistretto Agroecologico Valle dei Templi, Agrigento, Italy, martinamaurer@azzalorabio.it 

 

Fattoria Vassallo is a family-run farm managed by Salvatore Vassallo, a 40-year-old professional farmer, 

and his father Ignazio, an agronomist. This multifunctional farm has been practicing organic agriculture 

for over 25 years. It was the first Educational Farm in Sicily to be officially accredited by the Region, 

and it also operates as an agritourism. The farm covers approximately 30 contiguous hectares atop a hill 

300 meters above sea level and cultivates vineyards, olive trees, various nut trees (including pecans), 

pomegranates, and arable crops. 

The farm’s main goal is total sustainability and a significant reduction of external inputs. It is equipped 

with a 20 kW photovoltaic system that ensures near energy self-sufficiency, especially for irrigation. 

The farm also employs groundwater recharge techniques by channeling runoff water through 

underground infiltration holes, and collects rainwater into cisterns. All crops are irrigated with drip 

systems monitored by tensiometers and mini water meters. Biodiversity conservation is a central focus 

and is expressed in the cultivation of local varieties — such as ‘Grillo’ and ‘Nero d’Avola’ grapes, 

‘Biancolilla’ and ‘Nocellara del Belice’ olives, ‘Tuono’ almonds, ‘Bianca’ pistachios, and other heritage 

fruits — and in the raising of native livestock species like the Girgentana goat, the Sicilian hen, and the 

Sicilian honeybee. 

Upon arrival, visitors will explore the central courtyard or baglio, which includes a dining hall with 

wood-fired ovens, guest accommodations, a classroom, and a processing lab for nuts. The tour will 

showcase the photovoltaic system and the farm animals, including bees for orchard pollination. Field 

visits will follow, with stops at the insect-friendly ecological oasis and demonstrations of the farm's 

water management infrastructure. 

In the vineyards, pistachio orchards, pecan groves, and pomegranate fields, the focus will be on 

techniques such as minimum tillage and dryland farming; plant protection through powders, traps, and 

organic pesticides; and soil fertility management — especially green manure, mulching of all pruning 

mailto:fattoriavassallo@alice.it
mailto:martinamaurer@azzalorabio.it
mailto:martinamaurer@azzalorabio.it
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residues, and fostering a rich micro- and meso-fauna. The farm produces high-quality mature compost 

by mixing grape pomace with poultry manure. As a model case, the farm will present its experience with 

a small ladybug species that lives in symbiosis with pecan trees, effectively controlling aphids attacking 

pomegranate plants. The tour will also address the challenge of controlling the pest Megastigmus 

pistaciae in organic pistachio groves. 

In the second part of the visit, the PRIMA-funded “VALMEDALM” project will be introduced. This 

project focuses on integrated intercropping strategies in almond orchards, particularly using various 

species for winter cover cropping. Fattoria Vassallo is one of six demonstration sites across five 

Mediterranean countries assessing the impact of intercropping on pest control, weed management, and 

soil microbial composition.  

The aim of intercropping is to increase biodiversity, reduce pest and disease pressure, improve soil 

fertility and nitrogen fixation, maximize land use, optimize resource efficiency, and limit erosion and 

nutrient leaching.  

By refining agroecological practices, the project supports farmers in adapting to climate change while 

enhancing the resilience and profitability of farming systems. 

After a rural lunch featuring products from the farm, participants will have the opportunity to further 

explore and discuss the topics covered during the visit. 

 

Fattoria Vassallo is particularly relevant to the following themes: 

• Theme 1 – Biodiversity and resilient agricultural systems 

• Theme 2 – Agroecology and climate change mitigation  

• Theme 3 – Sustainable food systems and social justice 

• Theme 4 – Technological innovation and agroecological practices 
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STUDY VISIT 3 - Organic Farm Azzalora Bio. Regenerative techniques in organic table 

grape production. Promoting farmers’ ecological knowledge, the biodistrict model and 

pilot farms for the agroecological transition 

 

Martina Maurerabc 

 

a Azienda agricola Azzalora Bio, Castrofilippo, Italy, martinamaurer@azzalorabio.it 

b Coordinamento Agroecologia Sicilia, Agrigento, Italy, martinamaurer@azzalorabio.it 

c Biodistretto Agroecologico Valle dei Templi, Agrigento, Italy, martinamaurer@azzalorabio.it 

 

Azzalora Bio is a family-run organic farm located near the rural village of Castrofilippo, about 25 km 

from Agrigento. The area is known for its high-quality fruit and table grape production, thanks to the 

fresh, calcareous soils and hilly landscape. The farm is managed by professional farmer and agronomist 

Martina Maurer, together with her husband Aldo Ciccarelli. Certified organic since 1999, the farm is a 

founding member of the Valle dei Templi Agroecological Biodistrict, established in 2024, and recently 

joined the Canicattì IGP Table Grape Consortium. 

In addition to several table grape varieties, the farm produces olive oil and grows cherries, local fruits, 

and vegetables for household consumption. This year, it also began cultivating the Sicilian conservation 

grain Perciasacchi. In the past, Azzalora Bio launched the first organic fruit and vegetable home delivery 

service in the province—an innovative short supply chain project that the Biodistrict aims to reactivate 

through a local producers’ network. 

The 8-hectare irrigated farm, supported by two wells, has long been committed to improving soil fertility 

and agroecological practices. It also pursues vertical diversification, such as closing the value chain on 

high-quality organic grapes, which are sold directly to customers across Europe and to small shops in 

Agrigento. The farm is currently undergoing renovations to activate rural tourism, environmental 

education services, and a teaching garden. Since 2011, it has operated a 6 kW photovoltaic system on 

the farmhouse roof. This year, the system is being expanded with an additional 6 kW and a storage 

battery on the agricultural warehouse, which is also equipped with two cold storage units—steps toward 

energy self-sufficiency. 

The farm visit offers insights into organic table grape cultivation, a grapevine collection plot featuring 

native Sicilian varieties, and an experimental field with different cherry cultivars. In the vegetable 

garden, visitors can observe examples of local agrobiodiversity such as the paglina onion of 
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Castrofilippo, the Corleonese tomato, and a red local chickpea. Seeds of these varieties are preserved 

and propagated by local farmers. 

The farm is also home to dry-stone walls, stone piles, and bramble- and hawthorn-covered embankments 

that serve as shelters for beneficial insects, pollinators, birds, and other wildlife. Two new native-species 

hedgerows were planted this year, and particular care is taken to ensure flowering plants are present 

year-round. 

Walking under the organic table grape pergola, participants will explore soil management techniques 

during a regenerative workshop: green manures and cover cropping, mulching of pruning residues, 

vermicompost and compost tea trials, minimum tillage, varietal diversification, copper reduction 

strategies through early vineyard covering, the use of potassium bicarbonate, mating disruption systems, 

and beneficial insect release. Discussions will also include farmers’ ecological knowledge, 

ethnopedology, and the transfer of agroecological practices within the community.  

After a coffee break—and, if the season permits, cherry picking “from farm to stomach”—attention will 

turn to the social, cultural, and educational dimensions of biodistricts as examples of farmer-led 

participation and cooperation with local actors. Together with representatives of other biodistricts, a 

workshop will explore the role of biodistricts in empowering women in agriculture, building local 

markets, encouraging collective purchasing, and facilitating the exchange of seeds and knowledge. The 

potential of biodistricts to enhance the rural territory and to educate and inform the public will also be 

examined. Finally, the workshop will outline how the biodistrict model and pilot farms can lead the 

agroecological transition. 

A rural lunch prepared by young collaborators on the farm will provide an opportunity to enjoy 

traditional meals and exchange experiences among participants. After lunch, a brief visit to the village 

of Castrofilippo is planned. 

 

Azzalora Bio is particularly aligned with the following themes: 

• Theme 1 – Biodiversity and resilient agricultural systems 

• Theme 2 – Agroecology and climate change mitigation  

• Theme 3 – Sustainable food systems and social justice 
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STUDY VISIT 4 - Organic Farm Carbonìa. Mixed intercropping and technological 

innovation on a multifunctional farm. Revitalizing the rural territory through 

agroforestry, agritourism, and extra virgin olive oil production 

 

Eugenia Ginoac, Martina Maurerbc 

aAzienda agricola Carbonìa, Aragona, Italy, info@oliocarbonia.it 

bCoordinamento Agroecologia Sicilia, Agrigento, Italy, martinamaurer@azzalorabio.it 

cBiodistretto Agroecologico Valle dei Templi, Agrigento, Italy, martinamaurer@azzalorabio.it 

 

Carbonìa farm is located between the town of Aragona and the village of Santa Elisabetta, in a landscape 

notable for its distinctive gypsum soils and crystal outcrops. The 88-hectare estate has belonged to the 

same family for four generations and has been managed by women for the past two. It is certified organic 

since 1996 and today it is run by the owner and professional farmer Eugenia Gino. She cultivates olives 

for oil, almonds, cereals in rotation with legumes (including biennials), a small orchard and a vegetable 

garden for household use including the Slow Food Presidium buttiglieddru tomato. A livestock 

enclosure built with traditional dry-stone walls made from gypsum stones — some in dovetail pattern 

— reflects the farm’s pastoral history. A significant portion of the farm is made up of natural pastureland 

with exposed rock, which has helped preserve the native spontaneous biodiversity of the area, both flora 

and fauna. 

As stewards of a marginal area suffering from rural abandonment, caused largely by the low profitability 

of farming in this dry and challenging landscape, our goal is the territorial revitalization. The 

agroecological transition, embraced years ago, is expressed through continuous efforts: protecting 

natural ecosystems, combating erosion and wildfires, establishing firebreak strips, harvesting rainwater, 

applying sub-irrigation techniques, maintaining soil fertility, and launching an agroforestry project. We 

invest in multifunctionality — including the olive oil value chain, renewable energy production, crop 

diversification (e.g., a wild asparagus plantation), and most recently, agritourism. 

The farm visit will begin in the valley area cultivated with wheat and a mixed cropping field featuring 

Villalba lentils, a Slow Food Presidium. While progressively reducing mechanical tillage, we still face 

resistance to change among some workers. One key tool for managing weeds in arable fields is the tine 

harrow, which has proven especially effective. During the demonstration of the mixed intercropping 

experiment with wheat and chickpeas—developed in collaboration with the Valle dei Templi 

Agroecological Biodistrict—we will explore both the technical and cultural challenges of introducing 

new agronomic practices, and examine the expected benefits of polyculture compared to monoculture. 

mailto:info@oliocarbonia.it
mailto:martinamaurer@azzalorabio.it
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The tour will continue through the olive groves, where participants will learn about typical cultivars of 

the area and innovative olive harvesting using a shaker with an umbrella, which can be used even on 

early-ripening fruit. Soil management practices include shredding of pruning residues, natural or 

legume-based cover cropping, and the application of mature manure enriched with mycorrhizae. A sub-

irrigation system is fed by a newly built reservoir that collects rain and surface water, supplemented by 

rainwater harvested from roofs and stored in underground cisterns. 

After a coffee break under an ancient black poplar tree, the visit will move to the new agroforestry 

plantation. Tree and shrub species are arranged in a quincunx pattern, combining native productive 

species—like olive trees and ancient fruit varieties—with support plants such as carob. To combat 

erosion, hedgerows of native species have been planted along contour lines, selected for their productive 

potential, ecological corridor function, and nitrogen-fixing properties. In the coming year, herbaceous 

species will be added to the system. 

In recent years, the farm has invested in upgrading its photovoltaic system and restoring a historic rural 

building from the mid-1800s to host agritourism activities. This development adds value and vitality to 

the farm, offering visitors a chance to experience a dynamic and productive agricultural setting—not a 

static museum. 

Carbonìa’s organic extra virgin olive oil has received multiple awards and carries full certification. Since 

2016, it has also complied with the Sicilia IGP standard. The oil is sold through short supply chains, 

addressing increasingly discerning consumers who seek high-quality products. 

The long journey toward agroecological transition demands the acquisition of new knowledge and the 

creation of networks for shared learning. Attention to the well-being of the workforce is a cornerstone 

of the farm’s participatory approach, even in defining business goals. This shift requires dedicated 

training to support the cultural change among staff.  

A traditional lunch served on the farm will provide a relaxed setting to deepen the discussion on these 

topics. 

 

Carbonìa is particularly relevant to the following themes: 

• Theme 1 – Biodiversity and resilient agricultural systems 

• Theme 2 – Agroecology and climate change mitigation  

• Theme 3 – Sustainable food systems and social justice 

• Theme 4 - Technological innovation, agroecological practices and agroforestry 
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STUDY VISIT 5 - Organic Farm Lo Pilato and Kolymbethra Garden. Il Bosco di Mandorli: 

Agroecological restoration and management of traditional almond orchards. 

Agricultural and natural biodiversity in the agroecological landscape of the 

Kolymbethra Garden 

 

Giuseppe Lo Pilatoac, Martina Maurerbc 

 

aAzienda agricola Lo Pilato, Agrigento, Italy, peppelopilato@gmail.com 

bCoordinamento Agroecologia Sicilia, Agrigento, Italy, martinamaurer@azzalorabio.it 

cBiodistretto Agroecologico Valle dei Templi, Agrigento, Italy, martinamaurer@azzalorabio.it 

 

The organic farm of agronomist Giuseppe Lo Pilato was established in 2005 and spans three publicly 

owned areas within the Valley of the Temples Park in Agrigento. The cultivated area, consisting of olive 

and almond groves, covers approximately 19 hectares. At the time of acquisition, the orchards were 

entirely unproductive due to a prolonged period of abandonment. After around ten years of dedicated 

effort, the olive grove was restored to productivity. However, the almond grove—composed of senescent 

and sparse trees—remained unproductive and economically unsustainable. 

The restoration project for this extensive area of traditional almond orchards, poetically described by 

Luigi Pirandello as a “Forest of Almond Trees,” aims to preserve its historical and landscape value, as 

well as its rich agricultural biodiversity. The orchard still hosts numerous ancient Sicilian almond 

varieties that have largely vanished from the regional production area but are maintained here in situ as 

a cultural legacy. 

During the visit, we will observe 100 newly planted bitter almond saplings that are to be grafted with 

grafts from the historical trees, which are nearing the end of their life cycle. This initiative is both a 

symbolic gesture and a prelude to a broader restoration project for the entire cultivated area. A 

“Multidisciplinary Agroecological Planning Group” has been established under the Valle dei Templi 

Agroecological Biodistrict to study the agro-environmental characteristics of this ancient farming 

landscape. This interdisciplinary group is tasked with designing a comprehensive restoration plan 

aligned with Sicily’s Regional Law 21/2021 on agroecology, biodiversity protection, and the 

preservation of local agricultural products.  

Ultimately, a management plan for the agroecological cultivation of the Bosco di Mandorli in San Nicola 

district will be developed, addressing both productive and environmental aspects through an ecologically 

sustainable approach. The main goal of this initiative is to provide cultural, scientific, and professional 

mailto:peppelopilato@gmail.com
mailto:martinamaurer@azzalorabio.it
mailto:martinamaurer@azzalorabio.it


 

 

1st International Congress of Mediterranean Agroecology: 9-12 June 2025. Agrigento (Sicily) 

 

Pag. 269 a 270 
 

contributions based on new ideas and practices that support a radical transformation toward ecological 

transition in agriculture and the wider economy. 

Following a short break, participants will walk to the Kolymbethra Garden, an authentic archaeological 

and landscape treasure located between the Temple of the Dioscuri and the Temple of Vulcan. The 

origins of the Kolymbethra date back to the Greek colonization of Sicily around 500 BCE. According to 

the historian Diodorus Siculus, the tyrant Theron commissioned the architect Feace to build a hydraulic 

system to supply water to the city of Akragas. Part of this system ended in a large reservoir known as 

the Kolymbethra.  

The ancient hypogea (underground aqueducts) that once fed this pool still provide clear water used today 

to irrigate the garden, which is rich in ancient citrus varieties, fruits, and centuries-old olive trees. 

Today, the five-hectare garden represents the agricultural and natural landscape of the Valley of the 

Temples. It includes patches of untouched Mediterranean scrubland and a stream flanked by poplars, 

willows, and tamarisks.  

On the terraced slopes, framed by towering calcarenite cliffs, lies an ancient citrus grove that is cultivated 

using traditional Arab techniques: “A little valley that, for its astonishing fertility, resembles the Garden 

of Eden or a corner of the Promised Land.” (Abbot of Saint Non, 1778). 

During a period of neglect, the Kolymbethra landscape risked disappearing entirely. In 1996, agronomist 

Giuseppe Lo Pilato proposed its rescue and, along with Professor Giuseppe Barbera, involved the Italian 

Environmental Fund (FAI). The garden was entrusted to the FAI in 1999, and after a landscape 

restoration project, it was reopened to the public in 2001. The initial restoration focused on preserving 

the historical memory of local agricultural traditions, establishing the garden as a cultural landscape. 

With the return of fruit production, it evolved into a productive landscape and was successfully converted 

to organic farming. Over time, the observation of this ancient system revealed that many agroecological 

principles and practices are inherently present - evidence of a timeless, ancestral wisdom that continues 

to inform innovative approaches to agroecological landscapes today. 

After the visit, a traditional lunch will be offered in the garden.  

 

Il Bosco di Mandorli and Kolymbethra Garden are especially connected to the following themes: 

• Theme 1 – Biodiversity and resilient agricultural systems 

• Theme 2 – Agroecology and climate change mitigation 
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