Farmer’s Perceptions of Biochar and Its Adoption in
Agricultural Practice

Research note
Giacche Verdi, 2026

European Studies

Student name: Anna Giambona
Student number: 2204525
Submission date: 24/05/2026

Word count: 3467

Zuyd ZU
Hogeschool YD




Statement of integrity

I, Anna Giambona, hereby declare that | am familiar with the rules of Maastricht School of European
Studies, Zuyd concerning plagiarism and fraud. | am aware of the possible consequences if | hand in
work that is found to be not my own or otherwise in violation of these rules. | hereby state that | used
correct APA style referencing if | found my information elsewhere and that no information nor ideas
which are not my own were used in this work without referring to their source(s).

I, Anna Giambona, have utilized artificial intelligence (Al) tool(s) to assist in the completion of this
assignment. The Al tool(s), Chat GPT and Perplexity have been used for brainstorming, help me with
some ideas and improve my text.

The final work submitted is my own. | have thoroughly reviewed, edited, and refined any Al-generated
content to ensure it aligns with my thoughts and ideas. While Al served as a supportive tool, | take full
responsibility for the content, including any errors or inaccuracies.

The use of Al in this assignment is intended to enhance my/our learning experience. It is not meant to
circumvent the assignment requirements or engage in academic dishonesty. | understand that proper
use of Al can enrich my educational journey by providing new insights and efficiencies, but ultimately,
the work is a product of my own effort and understanding.

Date and place
24/05/2026 Bronte, Italy
Signature

Anna Giambona



Table of contents

Problem StatemENt... ..o e 4
BaACKEGIOUNG ... ettt et et e et e e et ea e enetansansnenteenseasnennsnsnsensnne 5
What IS DIOCRAIT? ...ttt e e e 5
Past and current SitUatioN .......c.oeuviiiniiiiiiiii e 5
Key DeNefitS AN ISSUEBS .uvuiniii ittt et ettt et e s e e eae e easeaeneeaneanan 6
gl o] gl=T g a=To MagloF: 101 (=T T 7
Why is DioChar @n OPPOITUNITY ... ee ettt e e e e e e e eae e eaeeeneaaneanas 7
L1 d o To o] (oY -V A PP PPN 9
INEFOAUCTION ..ttt et e et et et s e e e e e eaea e e sanens 9
JUSTIFICATION «.iatiiii et e e e e 9
OrganiSING TNE SUNVEY «.ueniiiii ittt et e e et et e e et ensaansataensaaensaasnsassasneenens 9
(D F= ] = [ oo =T o { [0} o 1 9
DATA ANALY SIS ceuiuiiiiiiiie ittt ettt e et e ettt e ettt e et e e e eaaneanas 11
[T V€= 14 o o 1< PP 11
Ethical considerationS.......ccuviuiiiiiiiiiiiiiiii 12
R =T =TT =T N 13



Problem statement

The island region of Sicily faces increasing climate-related stresses: drought, desertification, and
water scarcity, that threaten agricultural systems, especially smallholder farmers reliant on stable
soils and water. Addressing these challenges requires technological and environmental solutions plus
effective communication, education and stakeholder engagement to promote sustainable land
management. Local organisations therefore play a key role in raising awareness and supporting
community adaptation.

Giacche Verdiis a volunteer environmental association active across Italy, with a provincial group in
Bronte near Mount Etna. As a small non-profit association funded by EU initiatives (European Climate
Initiative, 2026), it runs local activities alighed with charity and solidarity goals and is recognised by the
Italian Ministry of the Environment (Law 349/86). The organization focuses on three main policies,
which are based on three main components: citizens science, communication engagement and
education. Citizens science refers to public involvement in scientific research, like data collection on
local environmental issues. Community engagement pertains to building local participation and
dialogue in the projects made by Giacche Verdi and the educational dimension includes school-based
activities and presentations for spreading awareness. The organization collaborates with key partners.
Its primary partner, Manfred Hermsen Stiftung, with offices in Bronte and Bremen, Germany, co-
manages every project. The current initiative, “Cutting Carbon: Promoting Biochar for Climate Change
Mitigation,” (Giacche Verdi, s.d.) involves partners from Croatia (Argonauta, 2026) and North
Macedonia (Ecologic, 2024) and promotes biochar as an opportunity for climate action.

Biochar is a carbon-rich product of pyrolysis of biomass (e.g., Sicily’s pistachio and citrus residues)
produced at 400-600°C, yielding stable carbon and useful gases (EurekAlert, 2026). It sequesters
carbon long-term and can reduce global emissions substantially (Lehmann, 2021). Benefits include
improved soil water retention (reducing irrigation needs), enhanced nutrient retention, greater drought
resistance and boosted microbial activity (Ferrante, 2024) (International Biochar Initiative, 2026).

| work in Giacche Verdi’s Environmental Education department, participating in environmental and
educational activities. The department raises awareness about climate change and sustainable land
management among youth. Under the Cutting Carbon project (funded by Manfred Hermsen
Foundation) (Manfred- Hermsen- Stiftung, 2024), educational activities inform schoolchildren about
carbon cycles, soil health and sustainable agriculture and community engagement includes outdoor
demonstrations like tree planting and soil-improvement trials.

Giacche Verdi aims to deliver seminars, workshops, training for farmers, municipalities and
volunteers; produce biochar and plant trees on farms and create urban green spaces. The project runs
from late 2025 to early 2028 (Giacche Verdi, s.d.) and includes school-based citizen science with terra
preta substrates, intending wider adoption on farms, policy integration and sustainability via carbon
credits and volunteer networks.

Although biochar’s environmental benefits are documented (Balasubramanian, 2025), little research
examines how these practices are communicated or adopted by Mediterranean smallholders. Many
farmers lack familiarity or training on biochar and alternatives to open burning. Public awareness of
soil-based climate solutions also remains limited (Perrone, 2025).



The Cutting Carbon project therefore promotes both biochar production and community education. It
trains farmers, involves municipalities and engages students through comparative citizen science
experiments. By involving schools, volunteers and farmers, the initiative seeks to broaden
understanding of sustainable soil management and encourage behavioural change.

Scientific evidence suggests biochar is promising, but success depends on stakeholder engagement,
knowledge transfer and participation (Chief Scientist’s Group report, 2025). Effective awareness
campaigns must define goals and audiences, deliver simple actionable messages, use local partners
and channels, monitor impact and remain scientifically and ethically sound (Sustainability Director,
2025). Biochar’s adoption faces several limitations, prompting this research question:

What are farmers’ perceptions of biochar in relation to its adoption in agricultural practices?
And sub questions:

1. What are the perceived benefits of biochar for farmers?

2. What challenges affect the adoption of biochar?

3. Whatrole can NGOs play in supporting farmers’ adoption of biochar?

Background

What is biochar?

Biochar is a carbon-rich material produced through pyrolysis of organic biomass under oxygen-limited
conditions, creating a porous and chemically stable product with important agronomic functions
(American Biochar Institute, 2026). Its origins can be traced to the fertile Terra Preta soils of the
Amazon basin, where the addition of carbonaceous material created highly productive soils. In
modern agriculture, biochar is made by heating biomass residues such as agricultural by-products or
forestry waste in the absence of oxygen, transforming the feedstock into stable carbon rather than
allowing it to decompose or burn completely (MIT Climate Portal, 2024).lts porous structure and large
surface area can improve soil properties, support nutrient retention and increase water-holding
capacity (MIT Climate Portal, 2024). For this reason, biochar is more than charcoal: it is a material
directly relevant to soil management and climate-oriented agriculture (ICHAR, 2021).

Past and current situation

Biochar has roots in ancient practices such as Amazonian terra preta, where Indigenous farmers
added small amounts of charcoal-like material to soil. In contrast, modern biochar production has
expanded rapidly: worldwide production increased from about 96,000 tonnes in 2021 to at least
350,000 tonnes per year by 2023-2024 (BioCycle, 2024). In Italy, production is still limited and is
estimated at around 1,000 tonnes per year (CREA, 2024). Although the material is suitable for
agricultural use and recognised by the Ministry of Agriculture, demand remains low because of high
costs and some production is left unsold (Criscuoli, 2023). This shows that the main challenge in Italy
is not the existence of the technology, but its adoption through incentives, training and supportive
policies (Criscuoli, 2023).



Key benefits and issues

Biochar offers several environmental and agronomic benefits, especially in relation to soil restoration,
water management and carbon sequestration (Cropnuts, 2026). Its stable carbon structure allows
carbon to remain stored in the soil for long periods, making biochar a potentially useful tool for climate
change mitigation and carbon removal strategies (Sanchez, 2025).

Biochar improves soil structure and fertility by enhancing aggregation and creating microhabitats for
beneficial microbes, making soils lighter and more permeable so roots penetrate more easily, water
drains better and erosion is reduced (International Biochar Initiative, 2026). Its highly porous,
multi-scale pore network acts like a sponge that retains water and dissolved nutrients (increasing
plant-available water by up to 28.5%) (Agrecalc, 2025), reduces nutrient leaching, and slowly releases
stored fertility to roots, which supports plant growth in degraded or drought-prone soils and improves
crop resilience to water stress. When incorporated into organic fertilizers (e.g., slurry, farmyard
manure) or used as a component of bedding, biochar increases nutrient retention and crop uptake.
Studies report up to a 40% (Agrecalc, 2025) rise in available nitrogen in amended manures while
reducing carbon and nitrogen losses, ammonia emissions and overall greenhouse gas emissions. This
can lower the need for mineral fertilisers and, when applied as biocovers over open slurry stores, also
reduce odour and capture nutrients. Taken together, these physical, chemical and biological effects,
together with better water and nutrient management, improved root development and healthier soil
biology, can increase plant productivity and yields by up to about 30% (Agrecalc, 2025) while
enhancing sustainability on farms facing soil degradation and water scarcity.

However, the adoption of biochar faces several barriers, accessibility and limitations. High costs for
production, transport and application, plus the need for investment in pyrolysis equipment and related
infrastructure, often put biochar out of reach for small farmers (Keerthi, 2024). Biochar is produced
from various feedstocks, and its properties can vary depending on the raw material used and the
pyrolysis process (Keerthi, 2024). This variability can make it challenging to assess the quality and
effectiveness of biochar across different applications. Limited awareness and reluctance to adopt
new practices among many farmers and agricultural stakeholders further slow uptake, so targeted
education and hands-on training are essential for wider integration (Keerthi, 2024). Finally, although
biochar production can be relatively low-impact, pyrolysis systems that depend on non-renewable
energy sources may cause environmental harm. Using sustainable energy is therefore important for
minimizing the overall footprint (Keerthi, 2024).



Implemented measures

In Italy, biochar is increasingly discussed within sustainable agriculture, circular economy, and
climate adaptation strategies, although its diffusion remains uneven across regions (ICHAR, 2021).
National initiatives have highlighted its role in converting agricultural biomass into a useful soil
amendment rather than waste (Rete Rurale, 2025). This is especially relevant in southern regions such
as Sicily, where agriculture is exposed to drought, irregular rainfall and soil stress linked to climate
change (lannitti, 2023). Sicily could benefit from biochar’s water retention and soil resilience, but
adoption still depends on local production systems, technical support and long-term field evidence
under Mediterranean conditions (Rete Rurale, 2025). In Italy, biochar should therefore be understood
not only as an agronomic matter but also as a territorial strategy for biomass reuse, soil protection and
climate adaptation (ICHAR, 2021).

Biochar has been recognised in ltaly since 2015 as a soilamendment and fertiliser, with updated
regulations requiring production through pyrolysis or gasification and strict contaminant limits. It has
also been authorised for organic farming since 2022 (CREA, 2024). However, the supply chain remains
small, with about 1,000 tonnes per year (CREA, 2024) due to high production costs and limited
demand. Adoption mainly occurs through pilot projects and territorial experiments. In Sicily, initiatives
such as Biochar Sicilia focus on local residues, circular economy, water savings and carbon
sequestration, while other regions such as Molise, Lazio and Emilia-Romagna promote local value
chains and applied research, although a coordinated national policy is still lacking (Pozzi, 2023).

In March, Giacche Verdi (Giacche Verdi, s.d.) hosted partners from the Cutting Carbon project,
including Ecologic (Ecologic, 2024) and Argonauta (Argonauta, 2026) for activities aimed at raising
awareness of biochar and wider environmental issues among farmers and students. The programme
combined demonstrations, workshops and a public conference, creating opportunities for knowledge
exchange and community engagement. It also included field demonstrations of biochar application
and a workshop on sustainable construction, while the final conference brought together
policymakers, experts, local authorities and community members. Italian-language outreach
materials helped make the activities accessible to a wider local audience.

Why is biochar an opportunity

Biochar initiatives are a promising opportunity for both environmental improvement and community
engagement. Through the “Cutting Carbon” project implemented by Giacche Verdi (Giacche Verdi,
s.d.) agricultural residues that are usually burned can instead be turned into biochar, supporting
circular economy practices and climate mitigation.

Beyond its environmental potential, the project aims to promote awareness and behavioural change
among local stakeholders. Training workshops for farmers introduce alternatives to open burning,
while school activities use citizen science to explore soil management and climate mitigation. By
involving municipalities, farmers, volunteers and students, the project builds broader understanding
of sustainable soil practices.

Understanding how awareness campaigns influence sustainable agricultural adoption requires
attention to behavioural change, knowledge transfer and innovation diffusion. The Theory of Planned
Behaviour explains behaviour through attitudes, subjective norms and perceived behavioural control,
which helps analyse why farmers may or may not intend to adopt biochar (Ajzen, 1991). Diffusion of
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Innovations highlights factors such as relative advantage, compatibility, complexity, observability and
suggests that peer learning and local leaders often shape adoption (Halton, 2026). Economic and
practical barriers such as costs, labour and risk also affect uptake and awareness campaigns tend to
work better when combined with incentives or clear benefits (Bradshaw, 2007).

This leads to the formulation of the research question:
What are farmers’ perceptions of biochar in relation to its adoption in agricultural practices?

And sub questions:

1. What are the perceived benefits of biochar for farmers?
2. What challenges affect the adoption of biochar?
3. Whatrole can NGOs play in supporting farmers’ adoption of biochar?



Methodology

Introduction

This research adopts a qualitative case study design to explore farmer’s perceptions of biochar and its
potential adoption in Sicily. The study focuses on the “Cutting Carbon: Promoting Biochar for Climate
Change Mitigation” project implemented by Manfred Hermsen Stiftung and partner organizations,
including Giacche Verdi, with farmers as the main beneficiaries. The survey examines farmer’s
perceptions of biochar, their current land management practices and the factors influencing their
willingness to adopt climate-friendly agricultural techniques.

Although surveys are often associated with quantitative research, they can also be used in qualitative
designs to collect self-reported perceptions, experiences and attitudes rather than statistical
generalizations. In this study, a qualitative survey within a case study framework will be used to gather
detailed insights from a small group of farmers involved or potentially involved in the biochar initiative.

Justification

A qualitative survey is appropriate because it allows the collection of comparable data from multiple
respondents while still leaving space for rich, open-ended answers. It is suitable when the goalis to
understand how a specific group interprets a phenomenon rather than to produce statistically
representative results. As (Creswell, 2014) notes, surveys can be used to describe opinions, attitudes,
and characteristics of a group even when the sample is small and the focus is on depth rather than
generalization.

The sample of approximately 10 farmers is based on practical and methodological considerations.
Access to farmers is mediated through Giacche Verdi and related networks and the time limits of a
research note and internship make a larger sample impractical. In qualitative research, small samples
are acceptable when the aim is to generate detailed, context-specific insights from participants with
similar backgrounds. This sample will provide enough variation to identify key themes, while
remaining manageable for close analysis of open-ended responses. However, the results cannot be
generalized to all farmers in Sicily.

Because of the small sample, results will be reported mainly through simple counts rather than
detailed descriptive statistics. For example, the analysis may note that “2 out of 10 farmers

mentioned X” or “5 out of 10 reported Y,” but these figures will not be treated as statistically robust.
The focus will remain on the meaning of responses, not their numerical distribution. This limitation will
be acknowledged in the discussion, where the findings will be presented as insights into the
perceptions of the participating farmers rather than as representative results.

Organising the survey

Respondents will be selected through contacts provided by Giacche Verdi, an organization with
extensive networks among farmers in the city and wider region. Relying on these networks is essential
to reach farmers who are already engaged in, or familiar with, agricultural initiatives related to
sustainability and climate adaptation. Given that the agricultural community often relies on
interpersonal and professional networks, a snowball sampling strategy will be used. Snowball
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sampling is a non-probability sampling (Nikolopoulou, 2023) technique in which initial participants
help recruit further participants from their own networks, making it particularly suitable for accessing
specific communities or hard-to-reach groups. Starting from the initial contacts provided by Giacche
Verdi and the supervisor’s personal network (including fellow farmers), participants will be asked to
share the survey with other farmers who meet the study criteria.

Snowball sampling is appropriate for this study because the goal is not statistical representativeness
but access to a relevant and engaged group of farmers who can provide insight into awareness,
perceptions and potential adoption of biochar. At the same time, this approach introduces important
limitations. The sample will likely be biased towards farmers connected to Giacche Verdi and similar
networks, potentially excluding those who are less engaged in organized initiatives or who differ in
socio-economic status, farm size or level of education. This can influence the range of perspectives
captured and must be acknowledged when interpreting the findings. The results will therefore be
framed as emergent from a networked group of farmers involved (directly or indirectly) with the biochar
project, rather than as representative of all farmers in Sicily.

The survey will be distributed via WhatsApp, chosen for its widespread use and practicality in the local
context. WhatsApp allows direct, fast delivery of the survey link and facilitates communication with
participants who may have limited access to email or formal online platforms. The survey will be
prepared in ltalian, to enable participants to express themselves comfortably and precisely in their
native language, especially when answering open-ended questions about technical and experiential
topics. The survey will begin with a brief introduction explaining who | am, the purpose of the study, the
voluntary nature of participation and how the data will be used. If participants do not respond, a
reminder message will be sent after a few days or up to a week, depending on initial response rates
and the time frame of data collection.

To support clearer analysis, respondents will be categorized according to basic socio-demographic
and farming characteristics, such as age group, type of farming (e.g. crops, livestock, mixed) and
whether they are already involved in sustainability or climate-related projects. These categories will be
derived from a small set of background questions included at the beginning of the survey. This
categorization does not aim at statistical comparison but helps contextualize responses, making it
possible to identify whether certain perceptions are more common among, for example, smaller
farmers or those already engaged in environmental initiatives.
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Data collection

The survey will mainly include open-ended questions, with a small number of closed-ended
questions, including two yes/no items. Open-ended questions will be used to explore farmer’s
perceptions of biochar, its benefits, its challenges and their experiences with previous innovations or
agricultural projects. This approach fits the qualitative orientation of the study because it allows
respondents to describe their views in their own words.

The two yes/no questions serve a more specific purpose. One asks whether participants had heard of
biochar before the project, which helps distinguish between farmers who learned about it through the
initiative and those who already knew it. This is useful for assessing the project’s communication and
outreach. The question also asks where respondents first heard about biochar, offering insight into
the main channels through which information circulates. Another yes/no question asks whether
respondents believe biochar can help address issues such as climate change or desertification,
followed by an open-ended explanation of their answer.

The survey structure is designed to balance consistency and flexibility. All participants will answer the
same core questions, which supports comparison across responses, while the open format allows for
richer and more detailed answers. The survey will also be kept concise to respect farmer’s time and to
suit the practical constraints of an online/mobile format.

Data analysis

All responses will be organised and analysed using Google Sheets, which is practical for a small
dataset of about 10 respondents. Because the study is qualitative and limited in size, advanced
statistical software is not necessary. Google Sheets will be used to store, organise and code open-
ended responses, while also allowing simple counts for closed-ended questions. Each respondent
will receive an anonymous identifier and the answers will be entered in a spreadsheet with questions
as columns and participants as rows.

The open-ended answers will be analysed using basic thematic analysis. First, the responses will be
read several times to identify recurring ideas, expressions and concerns. Next, descriptive codes will

» &«

be assigned to segments of text, such as “cost barriers,” “lack of information,” “soil improvement,”

“environmental benefits,” and “skepticism toward new technologies.” These codes will then be

»” <« 9 €«

grouped into broader themes such as “knowledge and awareness,” “perceived benefits,” “perceived
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barriers,” “trust in institutions,” and “conditions for adoption.” This process will be iterative, meaning

that codes and themes may be refined as analysis develops.

For the yes/no questions, simple descriptive counts will be used. The analysis may report, for
example, that “4 out of 10 farmers had heard of biochar before the project” or “7 out of 10 believe
biochar can address environmental problems,” without claiming statistical representativeness. These
counts will be interpreted alongside the thematic analysis, for instance by examining whether farmers
with prior knowledge express different concerns from those who learned about biochar through the
project. The background categories may also help identify whether certain themes appear more often
among specific subgroups, although the small sample limits firm conclusions.
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Limitations

This methodological approach has several limitations. First, snowball sampling and reliance on
Giacche Verdi’s networks mean that the sample is not random and may overrepresent farmers who
are more engaged, connected, or open to innovation than the wider farming population in Sicily. This
creates selection bias and limits generalisability. Second, the small sample of about 10 farmers
restricts the range of perspectives captured and makes it harder to identify less common views. Third,
the use of an online or mobile survey may exclude farmers who are less comfortable with digital tools
or who have limited access to smartphones or internet connections. For these reasons, the study will
be better suited to exploring perceptions than to testing hypotheses or establishing causal
relationships.

Ethical considerations

Ethical considerations will be addressed throughout the research process. All participants will be
informed about the study’s purpose and their participation will be completely voluntary. Informed
consent will be obtained before participation and privacy will be protected. Survey responses will be
anonymous and no personally identifiable information will be collected. The survey will be provided in
Italian to ensure clear understanding of the questions. Data will be stored securely and used only for
academic purposes.
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