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Like many Mediterranean areas, the Italian island of Sicily faces multiple
environmental pressures such as soil loss, fire hazards, and extreme
meteorological events, all of which negatively impact local food systems. In
response to these threats, a re-thinking of local agriculture and natural resource
management is increasingly needed. Agroecology is recognized as a robust
proposal for building more resilient food systems grounded in farmers’
knowledge and practices. However, agroecological farming experiences
struggle to operate and survive in Sicily due to unfavorable political-cultural,
environmental, and socio-economic conditions. Learning from small-scale
farmers about the ways they perceive, understand, and overcome structural
limits and environmental constraints is key for a transition to agroecology in the
study area. Understanding its potentials and limits is essential for planning and
identifying transformative actions. We approached the problem by adopting a
participatory action research methodology involving selected groups of farmers
in Western Sicily. We applied a co-creative approach and developed a systemic
analysis of the socio-ecological narratives to identify possible leverage points for
a transition to agroecology in the study area. We identified a local potential for
shifting the current systemofwater and fire hazardsmanagement to new systems
of participatory land stewardship. To be effective, these systems should support
agroecological farmers’ income by altering social practices related to food and
reducing the influence of dominant agribusiness actors. Our findings indicate that
implementing solutions based on the circulation of local ecological knowledge
within systems of participatory guarantees can favor the development of
solidarity economies and mutualistic relations between farmers, scientists, and
communities. Our work suggests that scientists’ facilitation and knowledge co-
creation might be of key importance in structuring local, more sustainable
food systems.
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1 Introduction

Transition to more sustainable food systems involves a systemic
change in their physical-environmental, socio-economic and
political-cultural dimensions. The systemic change needed to
achieve resilient and equitable food systems acknowledges the
complex interplay of various stakeholders, processes and
dynamics (Wezel et al., 2009; Schipanski et al., 2016; Singh et al.,
2016; Bergez et al., 2019; Lefèvre et al., 2020; García-Martín et al.,
2021; Lopez-Ridaura, 2022; Röös et al., 2022; Bezner Kerr et al.,
2023). In this transformative process, knowledge systems, especially
farmers’ local knowledge, are crucial (Altieri, 2002; Altieri and
Toledo, 2005; Cuéllar-Padilla and Calle-Collado, 2011; Guzmán
et al., 2013; Calvet-Mir et al., 2018; Ingram, 2018; Conway et al.,
2019; López-García et al., 2021; Luján Soto et al., 2021; Chen et al.,
2022). Integrating this local knowledge with grassroots participation
in scientific activity is essential for effectively evaluating and
navigating the multifaceted dimensions of food system transition
(Conway et al., 2019; López-García et al., 2021; Sachet et al., 2021;
Jones et al., 2022). Moreover, giving voice to traditionally excluded
groups by acknowledging their rich worldview and knowledge is an
integral part of the decolonization process science must undergo to
address global sustainability challenges effectively and equitably
(Berkes et al., 1994; Bradley and Herrera, 2016; Weiner, 2017;
Carlisle, 2022).

The Mediterranean region, including the island of Sicily in
Southern Italy, is facing significant challenges that are worsened
by ongoing climatic changes. These challenges include soil loss and
water scarcity (Donta et al., 2005; Giglioli and Swyngedouw, 2008;
Fantappiè et al., 2015). Sicily has been identified as a climate change
‘hotspot’ (Bordi et al., 2007; Giorgi and Lionello, 2008; Mariotti et al.,
2015; Forestieri et al., 2018; Tuel and Eltahir, 2020), with one of the
boundaries of Mediterranean land desertification situated in this
region (Zdruli, 2012; La Mela Veca et al., 2016; Pausas and Millán,
2019; Ali et al., 2022). Studies by Abd-Elmabod et al., 2020; Antonelli
et al., 2022 have highlighted these concerns at the regional level,
emphasizing the potential adverse effects on food systems
and society.

Sicily is a vulnerable area from both an environmental and
socio-economic point of view. Its geographical location also places it
at the center of human migration flows from the African continent
(Pirrone and Edizioni, 2007; Pirrone, 2015; Lo Cascio, 2022). The
region has undergone significant landscape changes due to
urbanization and industrialization of agriculture since the 1960s,
driven by national policies aimed at the economic development of
Southern Italy. This shift led to the predominance of agribusiness
systems, which replaced traditional farming practices and
knowledge in favor of industrialized systems designed for the
export of food commodities, both nationally and internationally
(De Filippis and Henke, 2014). The actual agricultural labor sector is
marked by the exploitation of seasonal migrant workers in rural
areas, highlighting structural social inequities at the core of the food
system organization (Pirrone and Edizioni, 2007; Pirrone, 2015; Lo
Cascio, 2022). Such situations contribute to increasing risks of
instability and formation of structural injustice within food
systems. Given this context, the need for systemic rethinking and
implementation of more equitable and sustainable food systems is
imperative. This is crucial to address the challenges and mitigate the

risks associated with the current trajectory of agricultural and food
systems in the Mediterranean region, particularly in Sicily.

In this scenario, agroecology has been advanced by networks of
farmers, scholars and social movements as a systemic approach that
aims at understanding and transforming food systems. Agroecology
concerns theoretical and applied scientific disciplines from natural
and social sciences, famers knowledge, community practices, and
political movements for human and land rights. It includes
leveraging local and traditional ecological knowledge to produce
quality food while creating stable incomes for producers and
simultaneously engaging in soils and habitats regeneration, also
tackling climate adaptation (Altieri, 2002; Francis et al., 2003; Altieri
and Toledo, 2005; Guzmán et al., 2013; Altieri et al., 2015;
Gliessman, 2016; van der Ploeg et al., 2019; Lefèvre et al., 2020;
Akakpo et al., 2021; López-García et al., 2021; Luján Soto et al., 2021;
Chen et al., 2022; Bezner Kerr et al., 2023; Dittmer et al., 2023).
Nevertheless, the implementation of this approach faces significant
challenges due to social, cultural, environmental, economic and
political constraints. Despite growing scientific and policy interest in
transitioning to more sustainable agriculture, there is a lack of effort
in modifying top-down methodological approaches to address the
vulnerability of excluded small-scale farmers and communities who
already practice agroecology, being the natural backbone of the
transition. This not only reflects the different positioning of
scientists in defining what agroecology is (Giraldo and Rosset,
2022; Rosset et al., 2022; Borras et al., 2023), but endangers risks
of maladaptation (Christian-Smith et al., 2015; Albizua et al., 2019;
Asare-Nuamah et al., 2021; Bezner Kerr, 2023), where approaches to
natural resource management and policy might be colonizing rather
than liberating. To facilitate a food system transition that aligns with
agroecological principles, new, decolonized, inclusive and effective
methodologies are needed to identify systemic leverage actions that
can drive transformative processes.

Since the 1990s, European Union (EU) common agricultural
policy (CAP) has sought to balance food production objectives with
greater consideration for rural development and sustainability
concerns. However, while there is an increasing demand for
sustainable, healthy food, which has created opportunities for less
intensive or alternative farming systems focused on local food
production (Goodman, 2003; Murdoch et al., 2017), the market-
driven reforms of the CAP have further encouraged intensification
and specialization of EU agriculture. This has brought about risks
associated with price volatility and power imbalances in agri-food
chains (Benegiamo et al., 2023). While CAP allocates funds
primarily to direct payments to farmers (72%) and rural
development (25%), it tends to disadvantage small farmers (Lo
Cascio, 2022). The EU’s agricultural policies disproportionately
affect small producers and territories with market inclusion
regulated by powerful actors by means of voluntary certifications
and jeopardized participation. Despite efforts to support income and
rural development, CAP still prioritizes powerful actors’ interests
over those of small-scale producers, undermining their autonomy
and decision-making power. Specifically, CAP’s 2023-2027 direct
payments are tied to technological shifts (Benegiamo et al., 2023),
which generally exceeds the capacities of small farmers and creates a
dependence on external technical expertise. These reliance
mechanisms further exclude local knowledge systems - which are
fundamental for transformative change in food systems - increasing
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the risk of local ecological knowledge loss, already exacerbated by
climate change (Hauser et al., 2021). CAP’s environmental
constraints are generally weak and insufficient to cope with the
actual environmental crisis (Cuadros-Casanova et al., 2023), failing
both to address environmental challenges holistically and to
adequately support a more sustainable agriculture.

There exists a knowledge gap concerning the actions needed to
effectively implement a transition to more sustainable, healthy and
resilient food systems, particularly in vulnerable areas such as
southern Mediterranean regions including Sicily. Specifically, it is
poorly understood which are the full range of potentials and limits
for an agroecological transition in Western Sicily and how they

FIGURE 1
Study area. (A) Geographical outlook of the study area and fieldwork locations. The white areas are the Provinces included in the study. (B) Land
cover patterns and burnt area distribution in Western Sicily. Yellow symbols indicate the municipalities in which the study has been conducted: (a) Borgo
Parrini; (b) Partinico; (c) Alcamo; (d) Camporeale; (e) Campobello di Mazara; (f) Cianciana; (g) Polizzi Generosa.
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influence each other preventing a real change in local food systems.
Filling these gaps is a pressing need motivated by the approval of the
Sicilian regional government of new agricultural regulations
concerning agroecology (L.R. 21/2021) dedicated to
implementation of the CAP 2023-2027 policy.

This study aimed at finding systemic leverage points to drive a
transition to agroecology in Western Sicily, adopting a bottom-up
approach. To achieve this, 1) we built a participatory knowledge co-
creation process engaging local experts and agroecological
practitioners; 2) we identified the range of potentials and limits
in implementing agroecology in the area according to local experts’
knowledge; 3) we examined the synergies and trade-offs relations
between these drivers to identify the key processes to develop for an
agroecological transition in the study area.

2 Materials and methods

2.1 Study area

Sicily is an island located in Southern Italy, at the center of the
Mediterranean Sea (Figure 1A). Its climatic conditions are
characterized by strong seasonality. The wet period occurs
from September-October to March-April, it is characterized by
a temperature climate in the whole island, except for mountain
areas characterized by a cold climate. In these periods, average
monthly precipitation ranges from 30 to 90 mm and average daily
temperatures ranges from 8°C to 20°C. The dry period occurs
from May to September characterized by an arid climate with
average monthly precipitation up to 15 mm and average daily
temperatures ranging from 20°C to 28°C. A reduction in
precipitation intensity is observed in rain gauges consistently
in the whole island with magnitudes of the order of 20 mm per
decade (Drago, 2006; Viola et al., 2014). Warming trends in
temperatures were observed with magnitudes of 0.3°C–0.5°C per
decade (Liuzzo et al., 2016). Besides urban areas, land use is
mainly devoted to agriculture and pastures with four protected
parks, covering 1832.73 km2 mainly in the coastal and mountain
areas of the North-Eastern part of the island, along with some
local reserves. According to the last report of ISTAT (National
Institute of Statistics), the number of farms in Sicily has been
decreasing in the last 10 years −35.2% (−68% at the national level
since 1982) with a decrease in land use −3.3% reflecting a
concentration process of agricultural entrepreneurship and
land ownership still underway.

Seasonal fire hazards in the dry seasons, generally from April to
September, are common in inhabited rural areas. Fires periodically
reach urban areas, too. The fire dynamics and hazards are specific to
the region due to its environmental, socio-cultural and political-
economical vulnerabilities. Based on data obtained from the EFFIS
dataset (European Forest Fire Information System), between
January and November 2023, wildfires in Sicily have consumed a
total area of 73,965 ha of land, which amounts to 2.87% of the
island’s total area. Fires spread in the central part of the island and
severely affected central and western Sicily (Figure 1B). Among these
burned surfaces, 46,049 ha affected natural land patches represented
by wild grasslands, woods, and other vegetated soils, while 16,035 ha
were on agricultural soils. If we consider the last 10 years period, the

year 2023 marks the highest point in the steadily increasing trend of
wildfires affecting agricultural lands. In 2023, the fires also affected
313 ha of artificial surfaces and 203 ha of other land cover classes,
even in urban and peri-urban areas, especially threatening the cities
of Palermo, Agrigento and Catania. This is noteworthy because the
extent of artificial areas affected by wildfires in Sicily had never
surpassed 236 ha, the maximum values of the last 10-year period,
occurring in 2020.

Western Sicily is a territory characterized by historical struggles
for land and water. Recent studies named the origin of grassroot
movements for climate justice in Italy in the farmers movement for
the construction of the Jato dam around Partinico between the 50s
and the 60s (Imperatore, 2023; Cagnoni, 1976; Barbera, 1964). In
Western Sicily, surface water storage and availability are limited to
dams constructed between the 1960s and 1980s by small rivers and
streams with seasonal water availability. In agribusiness areas,
groundwater extraction is the primary source of water supply, in
the coastal areas linked to a strong salinization of the aquifers
(Capaccioni et al., 2005; Tiwari et al., 2019; Mastrocicco and
Colombani, 2021). The estimates of the surface occupied by
freshwater result between 9,381 ha, 0.36% of the island’s area
(according to Corine Land Cover inventory), and 14,498 ha
(0.56% of the islands’ area, based on Sentinel 2 Land Use/Land
Cover). Typical agricultural landscapes in the studied area are shown
in Figure 2.

2.2 Participatory action research
methodology

We applied a co-creative approach with local farmers and
experts within the framework of participatory action research
(Utter et al., 2021; Frank et al., 2022). We aimed at building a
common platform based on active participation of local experts and
collective learning to create actionable knowledge grounded in the
reality of local environments and communities taking part in
the study.

The action-research initiative began with an independent
crowdfunding campaign aimed at integrating scientists with
Fuorimercato association, an Italian grassroots organization that
champions self-organized solidarity economies supporting land
workers both locally and nationally. Some of the authors actively
participate in Fuorimercato endeavors as scholar activists (Borras
et al., 2023). The study developed in different steps taking place
between February 2022 and August 2023. As shown in Figure 3,
these included:

• the engagement of a first group of selected participants
• the documentation of local ecological knowledge of experts
• the translation of documented knowledge with a final group of
selected participants

In each phase of the research, we applied a specific sampling
criteria and data collection method, producing outputs that were
used in the later steps. The data collected during the various stages
was organized to analyze socio-ecological narratives within three
systemic dimensions of sustainability and agroecology: physical-
environmental, socio-economic and political-cultural. We used
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qualitative inference methods including qualitative content analysis
(Elo and Kyngäs, 2008; Schreier, 2012) and synergies and trade-offs
analysis (Luukkanen et al., 2012; Schipper et al., 2022). Each
participant gave oral informed consent for data collection. The

Ethics and Data Management Plan Committee of the Ca Foscari
University of Venice approved the research protocol. The
information collected was transcribed to accurately reflect local
characteristics, ensuring the distinctive nuances were preserved.

FIGURE 2
Landscape views of the study area. (A–D) Typical dominant cultures (olive trees, grapes) and renewable energy harvesting configurations. (E)
Managed surface water reservoir. (F–H) View of rural areas with decreasing urbanization. Photo credits: Luigi Conte.

FIGURE 3
Process of knowledge co-creation within participatory action research. The figure describes the various steps of the study, the methods applied for
the group sampling, data collection, and the output corresponding to each step. The first phase deals with the engagement of local experts and was
carried out by selecting an initial group of participants to build a trusting relationship to develop the subsequent steps of the process (purposive sampling).
The second step is the documentation of local knowledge that was carried out by means of in depth semi-structured interviews of local expert
participants selected applying a snowball sampling strategy starting from the initial group of participants. At this stage, we identified key narratives of the
interviewees which are used to introduce the first focus group discussion. The final step of translation of the documented knowledge into actionable
knowledge has been carried out by means of two focus groups whose participants have been selected among the most active ones in the interviewees
(purposive sampling). The reflections emerging from the first focus group discussion led to a collective writing output (https://www.fuorimercato.com/
agroecologia-lavoro-migrante/420-la-garanzia-partecipata-come-strumento-di-convergenza-sintesi-dei-passaggi-chiave-della-ricerca-radicata-e-
collettiva-in-sicilia.html) which was used as a basis for a deeper collective analysis of the common patterns carried out in the second focus group. The
data collected during the different steps has been analyzed with qualitative methods in order to organize the findings into actionable knowledge.
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2.2.1 Data collection
The research activities began with purposive sampling to select

eight agroecological farmers and practitioners, focusing on those
managing less than 15 ha and employing a mix of sustainable
farming methods encompassing organic, regenerative, and
traditional techniques. These individuals were selected based on
their deep commitment to agroecological principles and their ability
to facilitate field access in Sicily and involvement of more experts.
Other selection criteria included active participation in local and
national food distribution networks based on solidarity economy
and small farmers’ cooperative associations. In April and May 2023,
extensive fieldwork was conducted in Western Sicily, following a
snowball sampling method. The second phase involved
documenting local experts’ knowledge through semi-structured
in-depth interviews complemented by field visits to agricultural
production sites. The final phase featured two focus groups with ten

participants selected from the interviews, all interested in developing
a participatory guarantee system (Cuellar-Padilla and Ganuza-
Fernandez, 2018; Kaufmann and Vogl, 2018; Loconto and
Hatanaka, 2018). The focus group discussions aimed to generate
reflections and transform recorded insights into actionable
knowledge (Frank et al., 2022). For a detailed description of
activities, tools employed, and outputs in each step of the study
we provide information in the Supplementary Material, specifically
in Supplementary Tables S1, S2, S4.

Table 1 summarizes the sample distributions. Each step of the
research involved a collaboration with local experts. The
homogeneity by age among these groups - respectively with
average age of 40.1 ± 4.3, 45.2 ± 10.1, 42.2 ± 5.6 years - ensured
the reliability and coherence of the approach. Participants were
similarly educated, all having completed high school, with most also
holding a university degree. During the interviews, we concluded

TABLE 1 Sample distributions by age, gender, expert activities, and education.

Engagement (n = 8) Interviews (n = 20) Focus groups (n = 10)

Age (years) min/max 35/46 35/73 35/51

average 40.1 45.2 42,2

standard deviation 4.3 10.1 5,6

Gender male 62.5% 75% 60%

female 37.5% 25% 40%

Activity small agroecological farmers* 100% (75% land owners) 75% (73% land owners) 100% (70% land owners)

olive oil producers 62,5% olive oil producers 40% olive oil producers 60%

wheat/pasta prod.s 25% wheat/pasta prod.s 20% wheat/pasta prod.s 20%

citrus fruits prod.s 25% citrus fruits prod.s 20% citrus fruits prod.s 40%

almonds prod.s 25% almonds prod.s 13% almonds prod.s 20%

wine producers 25% wine prod.s 13% wine producers 20%

horticultural products prod.s 25% horticultural products prod.s 27% horticultural products prod.s 20%

preserves/jams prod.s 12.5% preserves/jams prod.s 13% preserves/jams prod.s 30%

honey prod.s 7%

other fruits prod.s 7%

conventional farmers** 10% (100% land owners)

olive oil producers 50%

wine producers 50%

horticultural products producers 100%

non-farmer experts 15%

environmental activists 33%

professional agronomists 33%

public officers 33%

Education high school 100% 100% 100%

university 62.50% 75% 60%

* small agroecological farmers: manage less than 15 ha, practice agroecological methods (mix of organic, regenerative and traditional methods), self-manage local/national food products

distribution within solidarity economies and cooperative associations.

** conventional farmers: grow irrigated monocultures, use agrochemical inputs, sell food product to large retailers.
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data collection with a total number of 20 interviewees as we observed
sample saturation in the emerging narratives (Hennink and Kaiser,
2022). We carried out semi-structured in-depth interviews with
open-ended questions regarding the life stories of producers, the
access and use of primary resources such as water and land, the
existing economic and infrastructural barriers, and the observations
and perceptions of climate change (Supplementary Table S2). The
key narratives identified in the interviews provided the basis for the
focus group sessions. In the first focus group, researchers asked the
participants to reflect on their needs, practices, experiences and
principles in order to highlight the common patterns
(Supplementary Table S3). In the second one, researchers asked
the participants to discuss the common aspects that emerged
stimulating reflections on the factors that were strengths,
weaknesses, opportunities or threats according to them
(Supplementary Table S4).

In the first phase we involved local small agroecological
farmers with diversified productions. Among the producers,
62.5% produce olive oil, 25% wheat and pasta, 25% citrus
fruits, 25% almonds, 25% wine, 25% horticultural products,
and 12.5% preserves and jams. In the second phase, we
interviewed local small agroecological farmers (75%), local
conventional farmers (10%), and local non-farmer experts
(15%). Among the agroecological farmers, 40% produce olive
oil, 20% wheat and pasta, 20% citrus fruits, 13% almonds, 13%
wine, 27% horticultural products, 13% preserves and jams, 7%
honey, and 7% other fruit. Among the conventional farmers, 50%
produce olive oil, 50% wine, and 100% horticultural products.
Among the local non-farmer experts, we include environmental
activists (33%), agricultural extension agents (33%), and public
officers (33%). Conventional farmers and non-farmer experts
were involved as local experts to increase the background
information on the study area. In the focus group discussions,
we involved small agroecological farmers producing olive oil
(60%), wheat and pasta (20%), citrus fruits (40%), almonds
(20%), wine (20%), horticultural products (20%), and preserves
and jams (30%). For further details on the samples, we provide the
informant table in Supplementary Material S1.

2.2.2 Data analysis
We used qualitative content analysis (QCA) to find the

potentials and the limits for an agroecological transition in
Western Sicily. We found and selected pivotal socio-ecological
narratives from the interviews and focus groups, classifying them
into emic categories that reflect the unique perspectives and
culturally specific meanings of the participants. These narratives
were then systematically arranged using a hierarchical clustering
approach. Further, we categorized these narratives into two distinct
etic groups, standing for the potentials and the limits for an
agroecological transition in the study area. These narratives were
organized into key topics, refined from the original questionnaire
themes, and aligned with three systemic dimensions of sustainability
and agroecology.

On the basis of QCA, we performed a synergies and trade-offs
analysis (Luukkanen et al., 2012; Schipper et al., 2022) of the
documented socio-ecological narratives to show the possible
leverage points (Meadows, 2008; Fischer and Riechers, 2019;
Davelaar, 2021) for a transition to agroecology in Western Sicily.

To go beyond a static representation of local ecological knowledge,
we explored the reinforcing and balancing interactions among the
potentials and limits that were found. We constructed an interaction
matrix between the potentials and limits categories defining four
types of pairwise, directed interactions: synergy between potentials,
synergy between limits, trade-off between potential and limit, trade-
off between limit and potential. A synergy is defined between two
categories if they reinforce their effect. A trade-off is defined between
two categories if they balance their effect. In this matrix we defined
the space of the possible pairwise interactions for each topic. The
corresponding entries were labeled according to the type of
interaction at stake. We defined a simple scoring system to
identify the significant interactions at the topics hierarchical level.
For each pair of topics, an interaction was considered significant
when more than half of the possible entries corresponding to a
certain class of interaction were occupied.

3 Results

We identified key topics within three pivotal dimensions:
physical-environmental, socio-economic and political-cultural,
essential for understanding the agroecological transition in
Western Sicily. In Figure 4 we show the hierarchical clustering of
the socio-ecological narratives emerging from the interviews and
focus groups discussions. The classification provided the elements
for a systemic analysis of a transition to agroecology in the study
area. In Supplementary Material S1, we present an extensive line of
sight supporting the hierarchical tree classification with data of
documented socio-ecological narratives. Overall, we selected
36 socio-ecological narratives unevenly distributed within
12 topics. Among the total number of narratives, 42% were
classified as potentials (n = 15) and 58% as limits (n = 21) to
implement an agroecological transition in Western Sicily.

The physical-environmental dimension encompassed topics
such as climatic constraints, fire hazards, land use and
agricultural practices. This dimension contains 42% of topics
(n = 5) and 50% of narratives (n = 18). Among these narratives,
42% are classified as potentials (n = 7), while 58% as limits (n = 11).
Local ecological practices, particularly those adapted to Sicily’s dry
climate, such as the cultivation of rainfed native species, fire
prevention strategies, soil conservation techniques that minimize
agrochemical use, and the rejuvenation of abandoned agricultural
lands, were identified as potential drivers for agroecological
transition. According to the small farmers’ standpoint, challenges
in this dimension were primarily external, including the increase in
uncertainty and unpredictability of meteorological conditions, the
adverse impacts of climatic extremes on agriculture, the dependency
on external inputs like fertilizers and machinery, the environmental
costs associated with conventional farming, the loss of local
ecological knowledge due to a decline in traditional farming, and
the need for new knowledge to tackle increasingly complex issues.

Within the socio-economic dimension we identified essential
aspects related to the distribution of food products, the income of
small-scale farmers, and the overarching dynamics of the
agribusiness system. This dimension contains 25% of topics (n =
3) and 18% of narratives (n = 7). Among these narratives, 43% are
classified as potentials (n = 3), while 57% as limits (n = 4). A notable
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potential for facilitating the transition to agroecology in the region
was identified in the practices of small farmer networks and
cooperative associations. These groups, characterized by their
self-organization within solidarity economies, hinge on
fundamental relational values that support the livelihoods and
work of small-scale farmers. The inter-farmer relationships are
built upon addressing tangible concerns, including enhancing the
economic stability of small-scale farmers, improving working
conditions, elevating the quality of agricultural outputs, and
fostering environmental stewardship. However, the transition
towards agroecology in Western Sicily faces significant barriers
primarily due to the prevailing influence of agribusiness. The
narratives collected shed light on the adverse market dynamics,
where small-scale farmers find themselves in competition with large
economic actors, namely, agro-industrial actors and large-scale food
distribution platforms. These competition mechanisms often lead to
destructive outcomes for small farmers who recognized and
described the extractive nature of contemporary agribusiness
models. These were identified as responsible for substantial
ecological and social negative impacts - including human rights
violations - as these systems prioritize the generation of profit for
large corporations at the expense of local communities and
ecosystems.

In the political-cultural dimension topics included agricultural
policies, infrastructures, organization of agroecological networks,
and local food knowledge. This dimension contains 33% of topics
(n = 4) and 32% of narratives (n = 11). Among these narratives, 33%
are classified as potentials (n = 4), while 67% as limits (n = 7). Small
scale farmers highlighted the establishment of agroecological
networks, based on relational economies as crucial for a
transition towards a more sustainable food system in the study
area. The socio-ecological narratives encompassed reflections on the
relational values at the basis of systems of participatory guarantee,
contrasting them with conventional, standardized quality
certifications. Key aspects of these values included the collective
recognition of small farmers material conditions; fostering
mutualistic interactions within the community; collective land
stewardship; and enhancing agricultural product quality and
improving labour conditions. Moreover, interviewees highlighted
the intergenerational exchange of knowledge related to food and
agroecology as valuable tool for strengthening local food systems
and building new, meaningful alliances. However, we found
different limits for an agroecological transition in Western Sicily
in this dimension. In particular, the exclusion of small farmers voices
in societal and policy dialogues; inadequate local infrastructures;
inefficient management of natural resources; and strained relations

FIGURE 4
Hierarchical classification of socio-ecological narratives. The graph shows the categorization of recorded narratives into key topics referred to the
three systemic dimensions of sustainability and agroecology. The categorization is based on qualitative content analysis (QCA). Narratives are grouped in
two categories: potentials (blue) and limits (red) for an agroecological transition in Western Sicily.
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between small farmers and the agribusiness sector. Other limits
encompassed the difficulties in expanding solidarity economies, the
isolation of small farmers and the erosion of traditional food
knowledge. Field narratives highlighted ongoing issues such as
the intensification of droughts and fire hazards due to inadequate
local and regional management practices; the dominance of
agribusiness actors over food supply chains causing the
extinction of small-scale farmers; challenges in communicating
the true value of food produced by small farmers; and conflicts
between agroecological and conventional farming practices.

In Figure 6 we show a description of the interaction between the
topics playing a role in a transition to agroecology in the study area.
In this framework, the types of interaction between topics depended
on the synergies and trade-offs among documented socio-ecological
narratives. The potential within a topic element resulted in
reinforcing other potentials or in balancing certain limits. The
limits within a topic element resulted in reinforcing other limits
or balancing certain potentials. The possible leverage points for a
transition to a more sustainable food system in the study area were
identified with the topics which showed a clear monotonous pattern
of interaction with the others. This is reflected in the color code of
the matrix in Figure 6. In Supplementary Figure S2, we show the
extended matrix from which Figure 6 is derived.

3.1 Interactions in key socio-ecological
narratives

Practicing dryland agriculture, managing healthy soils, self-
organizing food product distribution, and building
agroecological networks were key elements for a transition to
a more sustainable food system in the study area. We found that
these topic elements consistently reinforced the potentials and
balanced the limits of other system elements in all the three
dimensions, as shown by the blue horizontal rows in Figure 6.
This matrix provided insight on the key patterns and dynamics.
Within the physical-environmental dimension, the documented
traditional dryland agricultural practices were adapted to the
local climate and potentially reduce the limits of conventional
agriculture dependent on high external water inputs as it is
typical for traditional olive, grapes and wheat cultivations in
the Sicilian dryland conditions. This was reported in interviews
for instance by P13 - “This is an area where we do not have
groundwater or even reservoirs with a hydrographic network on
our farms, therefore almost all of our farms are either dryland like
mine or they have an artificial farm reservoir” (see also Figure 5E)
- and P6 - “We use no irrigation for arable crops, vineyards and
olive groves”. Local agroecological farmers extensively reported
their experience on healthy soils in interviews and field visits, as
P8 said - “The missing element [in my farm] is the use of poisons, of
chemical substances”. As documented, agroecological field
practices favored soil conservation by developing better
conditions to reduce agrochemical inputs. This knowledge
showed to be tightly connected with agricultural practice, as
P13 explained - “If you manage the plants in a more balanced way,
possibly allowing it to undergo a little stress, it will synthesize more
defense substances and you will not need agrochemical solutions”.
Many examples of the effectiveness of agroecological practices in

increasing the soil quality are reported, as, for example, by P4 -
“With a minimum tillage (we do it once a year): by leaving grass
from autumn until late spring and then mowing, we noticed less
leaching and a more intact soil”. From a political and economic
perspective, the self-organization of food product distribution
was a potential for an agroecological transition to create the
infrastructure for a relational economy. At basis of this
structures, we documented mutualistic and cooperative values
based on material conditions as explained by P1 in an interview -
“We think that building an autonomous, independent supply
chain not only is feasible, but also a real practice against
exploitation”. We found that the role of economic stability for
farmers within the agribusiness mechanisms had been crucial for
many of the successful initiatives represented in the study, as
witnessed by P13 - “If you do not have any kind of commercial
organization, you are victim of disastrous business relationships in
which traders were always occasional”. In this context, building
agroecological networks showed potential to create reinforcing
feedback mechanisms by creating platforms for autonomous
food distributions and knowledge exchange. This pattern
emerged frequently during fieldwork, as for instance in the
words of P13–“The solution has to take place in the producer-
consumer dialogue, if agriculture can be carried out in a decent
way and is recognized and actively participated by those who then
consume its products and determine its strength, we have created a
truly autonomous, independent, self-determined sector".

On the other hand, we found that climatic constraints, local
resources management, fire hazards, agribusiness, and public
policies were obstacles for the diffusion of agroecological
practices in the study area. We found that these topics
consistently reinforced the limits or balanced the potentials of
other system elements in all the three dimensions, as shown by
the red horizontal rows in Figure 6. It was extensively reported that
the climatic constraints reinforced the limits in the physical-
environmental dimension by worsening water availability issues,
by favoring fire spreading, by limiting the potentials of soils
regeneration, and by enhancing the vulnerability of conventional
agricultural systems. These patterns in narratives were recurrent and
constitute a significant part of the local experiences, particularly
related to water availability, as P6 explained talking about the
climatic extreme conditions she faced - “In the last years we had
to use water for emergency irrigation, and it has never been like this,
we had to organize differently”. Extremes events influenced
conventional systems as P6 witnessed - “Scary water bombs
arrive, which together with wind, are the number one nightmare
for greenhouse growers. They can destroy all the productive
infrastructure.”, with dynamics which are less and less predictable
as P9 also said - “The unpredictability has increased. (.) There are
10–11 degrees of daily temperature changes. The seasons are
completely out of whack.”. The structural dependence of
conventional cropping systems from high water and
agrochemical inputs reduced the potentials of soil conservation
and inclusion of alternative solutions. These patterns were
evident in many narratives, for instance P10 said that - “Here
everybody applies chemical treatments, it is insane. When there
are fly attacks [on olive fruits] all farms start doing scheduled
[chemical] treatments”. The same for P8 who said that–"[Here]
Intensive production is characterized by the massive use of water,

Frontiers in Environmental Science frontiersin.org09

Conte et al. 10.3389/fenvs.2024.1347915

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1347915


by the waste of water”. Other narratives focused also on the global
scale, providing means to generalize the local dynamics, as P1 said -
“We know, industrial agriculture is among the most polluting factors
on the globe”. This dynamic is explained by P13 - “The idea of
agriculture in our territory is not changing at all. Everybody keeps
doing the same things as if nothing had happened.”, while P2 entered
the details of the unsustainability of the agro-industrial systems -
“Large olive monocultures require a lot of workforces to harvest them,
in a territory where agricultural work does not have those forces, those
needs attract seasonal farm laborers from Africa and therefore
exploitation. Maintaining low prices causes someone within the
supply chain not to be rewarded.".

4 Discussion

4.1 Potentials and limits for an
agroecological transition in Western Sicily

In this work we explored the potentials and limits of a transition
to agroecology in Western Sicily by building on local ecological
knowledge of local farmers and experts. Our results showed the
complexity of a food system transition spanning physical-
environmental, socio-economic, and political-cultural dimensions.
The integration of these dimensions provided a systemic framework
to analyze transition to agroecological from the grassroots level,
highlighting the interconnectedness of local ecological knowledge,
scientific knowledge, participative practices, social networks,
economic and environmental policy frameworks.

4.1.1 Physical - environmental dimension
From a physical-environmental perspective, our findings

highlighted a range of potentials for a transition to agroecology
in Western Sicily. We documented local cultivation practices
adapted to semi-arid climatic conditions, healthy soils
management, and traditional fire spreading prevention strategies.
These practices were based on the local knowledge of small farmers.
They do not only potentially mitigate the reliance of producers on
agrochemicals but may also contribute to the revival of abandoned
agricultural lands, potentially steering the area towards
agroecological practices. The effectiveness of field agroecological
practices in creating better environmental conditions is a robust and
general pattern found in many agroecological and environmental
studies (Altieri and Toledo, 2005; Wezel et al., 2014; Altieri et al.,
2015; Lujan Soto et al., 2021a; Chen et al., 2022; Dittimer et al.,
2023). However, external challenges such as the increased
unpredictability of climatic conditions, the mainstream
dependence of local agriculture on external inputs and the
erosion of traditional ecological knowledge pose significant
barriers to a transition to agroecology in the study area. For
instance, maladaptation of the agricultural sector, particularly in
semi-arid climatic zones, have been documented in several
industrial agriculture hotspots (Christian-Smith et al., 2015;
Albizua et al., 2019; Asare-Nuamah et al., 2021).

Several studies highlighted the impact of climate change on
agriculture in the Mediterranean region which pose significant risks
to farming systems (Abd-Elmabod et al., 2020; Ali et al., 2022;
Antonelli et al., 2022). However, only a few studies concentrated on
community level assessments by looking at the interactions between

FIGURE 5
Documented agroecological practices. (A) Traditional farmer protection strategy with wooded area surrounding citrus grove (B–D) Traditional
farmer fire defense strategy named “parafuoco” o “tagliafuoco” (firebreaks). (C) Fire defense strategy combined with maintenance of biodiversity
sanctuary, “canneto” (canes, on the right). (E) Self-managed, natural water storage. (F) Irrigated traditional citrus grove (G–I) Agroecological olive groves
showing healthy soils and high biodiversity (J–L) Transformed and commercialized products of the agroecological network. Photo credits:
Luigi Conte.

Frontiers in Environmental Science frontiersin.org10

Conte et al. 10.3389/fenvs.2024.1347915

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1347915


climatic constraints and other local food system elements (Conway
et al., 2019; Hauser et al., 2021). The increase in extreme climatic and
environmental conditions may exacerbate existing challenges in the
implementation of agroecological solutions, particularly for small
farmers which are structurally under unstable economic conditions.
Our emphasis on local and traditional ecological practices such as
dryland farming and land stewardship aligns with the broader
scientific findings that provided context-specific solutions and the
valorization of local knowledge systems (Cuellar-Padilla and Calle-
Collado, 2011; Loconto and Hatanaka, 2018; Lucas et al., 2019; Lujan
Soto et al., 2021b; Carlisle, 2022). Nevertheless, our findings showed
specific limits for the development of agroecological systems related
to the unique climatic and political-cultural context of Sicily.

4.1.2 Socio - economic dimension
The potentials for a transition to agroecology is notably

embedded in the collective actions of small farmers and

cooperative associations (Lucas et al., 2019; Rosset et al.,
2022). Within the context of Sicilian agroecological networks,
solidarity economies based on self-management of farmers’ labor
and sustainable food productions constitute a major
emancipatory potential. This key economic role of solidarity
economies and cooperative associations in the agroecological
transition echoes other studies all over the world (Guzman
et al., 2013; Kaufmann and Vogl, 2018; Van der Ploeg et al.,
2019). However, the socio-economic challenges faced by small
farmers in Western Sicily, such as competition with agribusiness
and market access, are common topics found in Europe and
worldwide (Van der Ploeg, 2008; Reardon et al., 2009). Studies
from different regions often point out the difficulties of
integrating smallholder farmers into sustainable value chains,
the role of agribusiness and adverse market dynamics represent
imposing obstacles (Gereffi et al., 2005; Corrado et al., 2018). The
competitive pressure from large agro-industrial entities and

FIGURE 6
Synergies and trade-offs analysis of topics. The figure shows the relations between topic elements derived from the synergies and trade-offs of
documented socio-ecological narratives (extended matrix in Supplementary Table S2). Light red and blue color codes are used to highlight respectively
the limits and the potentials for an agroecological transition in Western Sicily emerging from this study. The dark red and blue color codes are used to
highlight the topics which play a major role in limiting (red) or favoring (blue) the implementation of agroecology.
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distribution chains undermines small farming, highlighting a
need for systemic changes to support local and sustainable
agricultural practices (Lefèvre et al., 2020; Benegiamo et al.,
2023). From this perspective, the EU’s agricultural approach
has far-reaching implications for both territories and small-
scale producers. While income support for agricultural
producers has been a central focus since the establishment of
the CAP and the introduction of rural development concepts
marked a shift away from pure productivity motives, it still is true
that food producers are considered secondary actors - if not
negligible - within an agro-industrial system. Decision-making
power is still primarily on the side of actors owning the authority
and economic influence to impose food quality standards,
environmental targets, food prices and labor conditions.

4.1.3 Political - cultural dimension
The Western Sicilian context added a nuanced understanding

of how agroecological networks could work within the
constraints of agribusiness dynamics building relational
economies and mutualistic interactions. The emphasis on
relational economies and collective land stewardship marked a
pivotal potential to build participatory guarantee systems. Our
findings reinforce and align with previous research exploring the
path of participatory guarantee systems (Cuellar-Padilla and
Ganuza-Fernandez, 2018; Loconto and Hatanaka, 2018; Lopez-
Garcia et al., 2021). However, the exclusion of small farmers in
policy dialogues, the inadequate infrastructures, and the
dominance of agribusiness-centric models pose significant
challenges for the implementation of agroecological principles
in Western Sicily. Moreover, the loss of traditional ecological
knowledge could trigger baseline shift phenomena further
complicating the transition to agroecology.

The Western Sicilian case study further shed light on the
specific policy and cultural barriers faced by local communities,
contributing to a more holistic understanding of these issues.
Beside maladaptation related to agricultural intensification,
water management systems and the management of wildfires
and fire hazards appears to be a real threat for people and
agricultural productions, a risk which is connected to
corporate interests that go beyond local communities (Giglioli
and Swyngedouw, 2008).

4.2 Synergies and trade-offs

We determined a set of synergy and trade-off relations
between the socio-ecological narratives, identifying the major
vulnerabilities of the local food systems. From the analysis,
dryland agriculture and the agribusiness system constitute
overarching limitations for the development of agroecological
systems in the study area. The result aligns with the current
knowledge on the biophysical constraints operating on
agricultural systems and on the behavior of agro-industrial
food systems under external economic pressures and local
limited resources (Weis, 2010; Clapp et al., 2018; Houser and
Stuart, 2020). We reported that developing dryland
agroecosystems had multiple constraints due to the actual
conditions of climatic change in Sicily. As reported by expert

participants, decrease in precipitation and rise in temperature
already forced limitations in the adaptive role of traditional
farming systems. Although, dryland farming practices are a
potential for an agroecological transition in this area as they
reduce external inputs. With this respect, agribusiness
mechanisms have already pushed conventional agricultural
systems beyond their carrying capacity. Moreover, the
destructive competition between powerful economic actors
and the small farmers participants contributed to their
exclusion from the markets, from the social networks and
from the political discourse.

4.3 Leverage actions for a transition to
agroecology

In the context under study, imagining an agroecological
transition requires actions to adapt to dryland conditions
learning from small farmers’ knowledge (Altieri and Nicholls,
2017). These could happen by shifting towards native cultivations
under rainfed conditions and by increasing local autonomous water
storages. Native cultivations may provide concrete solutions if
accompanied by a shift to more respectful management practices
based on local ecological knowledge. More research and
experimentation of dryland agroecosystem dynamics and the role
of fire is required to provide support for an effective transition
expecting more extreme climatic conditions. This could be achieved
by applying participative methodologies for modeling and field
experimentation of agroecological solutions in semi-arid
conditions. In this process a decolonized and deconstructed
contribution of scientific knowledge will be required to avoid
maladaptation. Shifting from the actual management of water
resources and fire hazards to new systems of participative land
stewardship may provide overarching solutions that directly support
agroecological farmers embedded into agribusiness power structures
(McGreevy et al., 2022). This could be achieved by developing
mutualistic relations within systems of participatory guarantee
between farmers, researchers, and communities, but mostly by
reducing the influence of global value chains on local food
systems. Social practices related with food should include local
ecological knowledge systems to make a transition to agroecology
feasible. With this respect, designing specific educational programs
that directly involve farmers providing them income support, could
be an important action to implement. Policy targets must be set by
including local small farmers, associations, and social movements,
reducing the influence of powerful and dominant actors, such as
agribusiness corporations based on conventional agro-industrial
supply chains. The latter action would require upscale local
communities and agroecological farmer voices in the public
space. In this way, it would be possible to create the conditions
for the vital interaction of diverse types of knowledge, including local
and scientific knowledge.

5 Conclusion

Learning from local experts through the integration of
participatory action research and systemic analysis represents
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a novel and critically relevant approach for agroecology and
sustainability studies. Our approach can be applied as co-
creative methodology within participatory action research
initiatives that engages local and indigenous knowledge
systems. Analyzing the local dimensions of agroecological
transition through synergies and trade-off framework provides
general categories for understanding the levers needed to build
more sustainable food systems.

The systemic approach allowed us to shed light on the
complexity of the local food system dynamics and identify the
leverage points for transitioning to agroecology in the study area.
We have identified three systemic leverage points: changing local
resource management, moving away from agribusiness power
structures, and organizing participatory guarantee systems.
Transforming local water and fire hazard management into
participatory stewardship systems, based on local farmers and
community practices, is expected to boost agroecological
productions. Shifting from the extractive agribusiness model to
cooperative and participatory models is anticipated to foster the
development of local, more sustainable food systems. Furthermore,
organizing participatory guarantee systems might be an overarching
solution to unite the local communities around concrete actions that
recognize the pivotal role of people-environment relations in food
systems. These levers are interdependent and should be operated
simultaneously and in synergy.

The participatory action researchmethodology has proven effective
for understanding the complexity of transitioning to agroecology. It
holds transformative power as it facilitates the co-creation of knowledge
through the interaction between local ecological and scientific insights
within a systemic analysis framework. An equal, respectful, and clear
positioning of scientists has shown great potential to foster the
development of participatory guarantee systems. Farmers enhanced
their awareness and capacity to share the ecological and social values of
their experiences, while scientists have explored new ways to overcome
themistrust barriers traditionally associated with top-down approaches,
which often hinder the development of trust, commitment and
continuity. In this context, the scientist’s role as facilitator of
knowledge co-creation processes is essential to drive a shift towards
more sustainable food systems.

Future studies might focus on understanding the role of women
and migrants in the Sicilian agroecological systems. The systematic
involvement of conventional farmers might be interesting to acquire
additional knowledge on their positionings, nevertheless such
studies should aim at implementing concrete transition objectives
by designing specific targets based on local ecological knowledge and
agroecological principles. Developing a larger platform that involves
scientists and experts capable of integrating agroecological farmers
into evaluation, planning, experimentation, and implementation of
agroecological solutions is a natural progression of this work. In this
process, applying a participatory approach that merges disciplines
and combines qualitative and quantitative methods might be key to
developing successful initiatives.

Finding concrete agroecological solutions for transitioning to
more sustainable food systems requires communities to have
freedom to self-organize. This cannot be fully achieved in Sicily
unless agroecological farmers are recognized as fundamental
component of food systems. They already play a central role
in the economies they represent and the land stewardship they

practice. Without a change in the social practices related to food,
the existing local agroecological knowledge will pass away in the
time of a few generations. Therefore, taking concrete actions to
let this knowledge circulate and be alive are essential in for
sustainability and adaptation to climate change.
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