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Abstract : Only agricultural and food systems with reduced use of external inputs can meet
the challenges of sustainability. Agrobiodiversity is key to this, being the basis for improving
agricultural production through smart utilisation of the functionalities that agroecosystems
offer. Improving food systems where consumers play an active role in driving produce demand
and offer is also crucial. Alternative, agrobiodiversity based agricultural models are more likely
to be supported by open, horizontal and dynamic Agricultural Knowledge and Innovation
Systems in which research, education, extension, support systems and farmers, citizens and
consumers, are gathered in networks. Just like the tiny yet sturdy little plant it takes the name
from, the Horizon 2020 CAPSELLA project (www.capsella.eu) will deepen the roots of
sustainability in agri-food systems by harnessing scientific and local knowledge, people’s
energy, motivation and innovation skills around the theme of agrobiodiversity by making use
of novel, improved and demand-driven ICT solutions. CAPSELLA will focus on two
complementary domains (agrobiodiversity and the food supply chain) through participatory
bottom-up data collection and top-down data integration to develop solutions. The project will
build from scratch open data repositories concerning regional agrobiodiversity, and build upon
and enhance existing data sets on the agrobiodiversity and food domains. Based on these,
the project will develop a number of community-driven data powered ICT solutions, which will
be tested by the communities engaged in the project and will result in a number of pilots
running around three multidisciplinary, community-driven use cases: the field, seeds and food
scenarios.
Keywords: ICT solution, innovation, participatory approach, functional agrobiodiversity, food
supply chain, Agricultural Knowledge and Innovation System
CAPSELLA and the EU institutional framework
With over 77% of the European territory classified as rural (47% farmland and 30% forest) and
around 12 million full-time farmers, agriculture is a vibrant and important sector of the EU
economy and welfare. Agriculture and agri-food account for 6% of the EU's GDP, comprising
15 million businesses and 46 million jobs.
In this light, the European Union has always put a high priority on its rural development
policies, considered key drivers of social and economic development and wealth. The main
tool by which Member States implement their policies for agricultural development is the well
known Rural Development Plan (RDP), one of the two pillars of the Common Agricultural
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Policy (CAP). Through the CAP, Europe is increasingly recognising the value of farming for
the conservation of agricultural biodiversity and the provision of ecological services in
farmland, including some of paramount global importance, like the mitigation of climate
change.
EU farmers are facing multiple challenges to meet increasing demands from consumers and
the civil society. Besides their traditional role of food, feed and fibre producers, farmers are
nowadays requested to provide other ecosystem services, such as the production of
renewable energy, the conservation of biodiversity and the environment, landscape and rural
cultural heritage, and the mitigation of climate change. Basically, there is an undeniable
increasing awareness that all these demands can be met by the conservation and wise use of
agricultural biodiversity or ‘agrobiodiversity’.
To meet the present goals of EU agricultural and agri-food systems and to foster knowledge
on the importance of agrobiodiversity among EU stakeholders and actors, the use of novel
ICT solutions is key. Targeted and tailor-made ICT-based solutions can promote innovative,
knowledge-intensive farming systems and methods based on the optimisation of local natural
resources and on reduced use of external inputs. On top of this, ICT can greatly contribute to
bridging the digital divide between urban and rural areas, thus creating a more inclusive
society for the benefit of all actors involved.
In the light of the aforementioned concepts, under the Horizon 2020 programme, the
CAPSELLA (Collective Awareness PlatformS for Environmentally-sound Land management
based on data technoLogies and Agrobiodiversity) project was funded and took its first steps
on 1 January 2016.
CAPSELLA’s ambitious goals are: to raise awareness about existing ICT solutions and the
benefits of their adoption; improve the understanding and collection of farmers’ and networks’
needs and requirements in order to develop and deliver tailor made ICT novel solutions; and
to foster understanding and, hopefully, sharing of open data among farmers. This will lead to
the building of a sustainable technical prototyping platform, a meeting environment for
innovation that democratises access to big data, cloud computing, open data, open software
and pilots.
How CAPSELLA will support and facilitate transition to agrobiodiversity
CAPSELLA is grounded on the scientific vision that diversification (whether in agriculture, land
management, food retail or business models), supported by smart, open and distributed ICT
tools, can have a significant impact on environmental and socio-economic sustainability.
There are two ways by which this can occur. First, ICT can be used as a communication
platform for information, experience and best practice sharing1. For example, agricultural
biodiversity can make substantial use of novel ICT solutions that harness the power ICTs are
offering, while keeping a clear local and bottom-up approach that serves the needs of
networks, communities and small producers. The creation of open, bottom-up ICT tools, which
are tailor made to the farmers’ and communities’ needs and requirements that will be collected,
and dedicated to biodiversity for food and agriculture, would result in collaborative virtual work
spaces in which innovative, diversity-based strategies of resources management, production,

1This

is already happening with the widespread use of Twitter, especially in Anglophone farming communities
(http://www.farmingfutures.org.uk/resources/how-use-twitter and
http://www.theguardian.com/environment/blog/2014/jan/12/felfie-farmers-social-media).
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distribution and consumption can overcome their current case-by-case success status and
concretely contribute to the construction of a sustainable decentralised agricultural model.
This leads to the second way ICT can be used, i.e. directly, by using data to better manage
the various steps along the food system. This includes, for example: the reduction of external
inputs to industrial agriculture using the approaches of Precision Agriculture/Farming; the use
of various data driven technologies based on local sensors, remote sensors, meteorological
data, water consumption and reduction etc., to better manage crops; the use of local social
networks to reduce food waste; and the use of smartphone apps to track and better inform
consumers about the history or background of individual foods, etc. This can be seen as a
continuum of various applications of ICT ranging from those purely industrially focused to
those most socially/environmentally focused.
Methodology
CAPSELLA will focus on two complementary domains: agrobiodiversity and the food supply
chain, in order to address the challenges of sustainability. The driving force of the project is its
bottom-up approach, which aims at ensuring that the needs and requirements of involved
communities, networks and clusters such as ESAPODA in Italy, Aegilops and Ars Natura in
Greece, Arc2020 in the UK and others, are suitably and effectively addressed. Communities
will first lead the decisions on what type of tools and pilots are going to be developed and will
then evaluate and validate them.
At the centre of the work are three community-driven use cases/scenarios that will be
addressed following an iterative approach:
1. Field scenario, addressing ecological intensification and functional agrobiodiversity in
cropping systems;
2. Seeds scenario, addressing on-farm genetic diversity conservation and management,
seed networks and informal seed systems;
3. Food scenario, addressing the food chain by bringing more transparency into the
processes related to the production, distribution and consumption of quality food.
These use cases are transdisciplinary and will result in a number of bottom-up generated pilots
with concrete value for the networks and communities involved. All these activities will be
supported and linked together by a data integration and analytics platform that will enable a
series of key functionalities for the user communities. These will include among others: (a)
data capture via smartphones (e.g. recording of crop choices, growing patterns, and other
relevant biodiversity data points); (b) unstructured data/update sharing with selected
community members; and (c) wiki-like facilities to provide space for construction of narratives
about food varieties (biodiversity) or food qualities. A further set of functionalities will be
developed in collaboration with our target users as a response to their custom needs. The
platform will integrate seamlessly with web-based and smartphone based delivery formats.
Finally, because CAPSELLA has a strong focus on innovation and the creation of concrete
results, and hence societal impact, several activities able to turn ideas into applications and
businesses have already been implemented. The requirements collection and solution
development will rely on innovative tools such as ‘hackathons’ able to generate, in a collective
way, bottom-up solutions. In the last 12 months of the project CAPSELLA will incorporate an
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even stronger “lab to market” approach, offering concrete incubation support and opportunities
to ICT solutions developed within the project (Figure 1).

Communities
Networks

• Needs
• Requirements
• Open Data
• Collective
Knowledge

Use Cases
Pilots

• Tools
• Apps
• Services
• Data Challenges
• Hackathons

Incubation

• Appathons
• Start-ups
• Sustainability

Agri-food Innovation <-> Agro-biodiversity <-> Awareness Raising

Figure 1. Flow chart of CAPSELLA’s activities.
CAPSELLA’s ambition
CAPSELLA advocates and strongly believes and supports the idea that a focus on
diversification, either in agriculture, land management, food retail or business models,
supported by smart ICT tools, will have a significant impact on sustainability. Agricultural
biodiversity requires novel ICT solutions that harness the power that data driven solutions are
offering, while keeping a clear local and bottom-up approach that serves the needs of
networks, communities and small producers. The ambition of CAPSELLA is to establish
agrobiodiversity as the key element to foster long-term sustainability in the EU agriculture and
food sectors (and the EU environment) through long-lasting collaboration between farmers,
farmers’ organisations, agricultural extension services, citizens, scientists, entrepreneurs,
public servants and policy makers - generated from bottom-up participatory action boosted
by targeted, on-demand novel ICT tools and solutions.
ICT tools have played an active role in agriculture since the 1960s and have been applied
within the food and agricultural industries for improving efficiency and productivity in
established food systems. It has been recognised that ICT holds the key to the successful
coordination and implementation of a more sustainable agri-food system (Schiefer, 2004). The
use of ICT could result in secure sustainable food systems, through the application of
innovative digital technologies that take into account the interactions within and between food
and agriculture systems, and with broader industrial systems. ICT could play a pivotal role in
improving communication between different parts of the supply chain2, as well as through the
use of data driven technologies and other innovative digital technologies to improve the
efficiencies of the overall food system – from sustainable production through to reduction of
waste in supply chains and on the consumer’s table (Kaloxylos, 2013). Since agriculture and
food chains are complex decision spaces, multidisciplinary research and user orientation are
essential for a successful progress in ICT (Kuhlmann & Brodersen, 2001).
Agricultural production is required to increase while reducing its impact on the environment.
This challenge is most effectively addressed through ‘ecological intensification’ (e.g. Tittonell,
2014), according to which agricultural production is based on an optimised management of
agrobiodiversity and ecological processes, therefore creating a highly knowledge-intensive
production system (Doré et al., 2011). Equally importantly, we need to ensure a fairer
2

cf. http://www.smartagrifood.eu
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distribution of food, which calls for investments in family farming, value chains and markets
that enhance food security at all levels. The high level of complexity and unpredictability of the
context of agricultural production and food chains (Gianpietro, 2003) brings us to the centrality
of the concepts of ‘adaptive management’ and ‘co-management’, i.e. “a continuous problemsolving process, rather than a fixed state, involving extensive deliberation, negotiation and
joint learning within problem-solving networks” (Armitage et al., 2009; Carlsson & Berkes,
2005).
Open data are key to the achievement of these goals. There is an enormous amount of
knowledge available from a lot of different sources: the practices of indigenous communities;
new technologies developed by research institutions; tacit knowledge; knowledge transferred
between generations; policy implementation; and the use of products by consumers. Access
to these data can help us understand all aspects of food production (soil conditions, land use,
the dynamics of the value chain) and to identify gaps in data. It has been claimed that open
data sharing/hybrid solutions, including crowdsourcing, can create comprehensive, accurate
and cost-efficient knowledge bases to support food security (See et al., 2015).
CAPSELLA’s impact
Innovation
Multi- or transdisciplinary teams are an essential driver for innovation. This is ensured in the
CAPSELLA project through the active involvement and the continuous interaction of several
communities and networks working in agriculture, agrobiodiversity, agri-food data innovation,
food quality, ICT, ‘hackathons’, startups and incubation/business support. Their continuous
interaction during the project duration will ensure:
● Innovative research impact through the integration and sharing of the best scientific
and practical knowledge regarding agrobiodiversity, its applications across the food chain
(in informal seed systems, agroecological field management and food quality), and its
contribution to sustainability;
● The expression and prioritisation of the innovation issues that communities and
networks consider most important regarding (i) agrobiodiversity knowledge, (ii) ICT tools
that could foster knowledge sharing, strengthen interactions between various actors within
and between communities and channel their message to a wider audience (farmers and
their organisations, scientists, agricultural extension services, NGOs, EU, national and
regional policy makers, etc.) in a European context, hence demonstrating the capability to
reach a critical mass and to transpose the proposed approach to other application areas
related to sustainability.
The expected impact above will be further enhanced through the CAPSELLA events, which
will allow the project to link with other networks and communities, and also through the
opportunity provided by the developed pilots, also tested by other communities.
The core networks represented in CAPSELLA, as well as the extended network of interactions
and events between the actors, will ensure the effective involvement of citizens and relevant
(and new) actors as well as the establishment of durable interdisciplinary collaborations in
concrete application areas related to sustainability.
Having by design a community-driven approach (engagement of communities and networks
in building up scenarios and testing the pilots) and a bottom-up methodology for collecting

1644

requirements and working on solutions (‘hackathons’, ‘appathons’, collective online platforms),
CAPSELLA will be able to propose new bottom-up, open and distributed approaches
exploiting network effects.
Last but not least, an important asset of the CAPSELLA partners and collaborators is their
willingness to participate in open data innovation activities. In fact, several of them are heavily
interested in new models of participatory innovation based on open software, open data and
open hardware, already having experience in the field. The building of open data catalogues
from scratch, based on the networks’ and communities’ data, and the cloud based platform
that will support the development and use of Internet of Things (IoT) applications in the fields,
will contribute a great deal to further exploitation of participatory innovation models.
Scientific advancement
CAPSELLA will significantly contribute to opening up the potential of: (a) agrobiodiversity at
all levels (genetic, species, habitat and management); and (b) related open data to improve
sustainability in the agri-food system. The best knowledge and success stories available from
science and practice will be collected from within and outside the expertise of networks and
communities, digested in the participatory activities set forth in the scenarios, classified and
made available for use by the widest possible range of actors in the European arena through
improved ICT solutions and enhanced data open data sets. The ultimate aim of these will be
the evidence based understanding of the techno-social issues related to key aspects of the
networked society. Results will encompass:
● Bottom-up identification of knowledge gaps and their prioritisation in further research
activities at national and EU level, with special emphasis on multidisciplinary issues;
● Archiving of the best solutions using agrobiodiversity at field, farm and landscape
scale, clearly showing their effects on the provision of (agro)ecosystem services and their
relevance to the sustainability of agri-food systems;
● Awareness raising of citizens on key issues related to the relationships between
agrobiodiversity, food quality and (agro)environmental sustainability.
As such, CAPSELLA may have a significant impact in shaping ongoing and future EU
agricultural and research policies, and in contributing to all policy and research planning
initiatives, as well as further promoting the discussion of sustainability and agriculture.
All the above will be further enhanced by the open data policy adopted for developing and
enhancing all CAPSELLA datasets, and the open access policy to all material and
publications, including data collected in field trials organised by the pilots, allowing for due
consideration of data privacy and ethics.
Society
CAPSELLA will foster the awareness of agrobiodiversity and its importance for
(agri)environmental sustainability through bottom-up participatory action supported by
targeted, on-demand, novel ICT tools and solutions. Through participatory work in scenarios
and pilot trials, CAPSELLA will demonstrate how collaborative approaches using the Internet
can offer solutions to societal and sustainability challenges, specifically by making use of the
commons, collective problem solving, knowledge sharing, social exchange and communitywide participation at local and global scale. The CAPSELLA data platform is another example
of the collaborative approach and knowledge sharing within the project, as it will integrate data
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from different communities and networks, and include already available registries like CIARDRING. It will also offer them enhanced support through the use of standards, thus enabling a
larger degree of knowledge/data sharing and community participation.
Collective awareness on the importance of agrobiodiversity for sustainability generated in
CAPSELLA through the use cases and pilots, and the numerous events and online activities,
will ensure scalability, re-usability of results and general applicability of proposed solutions at
local or regional level, through the engagement of multiple actors, including regional, national,
EU and international networks and policy makers.
Bottom-up priorities and solutions emerging from CAPSELLA will be further voiced to policy
bodies in order to support active citizen participation in decision making and collective
governance. Incubation activities will lead to the co-creation of new business ideas and
opportunities in agriculture and other domains, also the production of new business and
economic models, thus ensuring their long-term viability.
CAPSELLA will increase cooperation among citizens, researchers, public authorities, private
companies, non-profit, non-governmental and any other civil society organisations around
agrobiodiversity and sustainability issues. Improved ICT solutions designed in the scenarios
and tested in the pilots and validated by the CAPSELLA communities and networks will foster
the development of new sustainable and collaborative consumption patterns and new
lifestyles, the creation of innovative products and services, and information delivery.
We are aware of the challenges that they will face throughout the 30 months of the CAPSELLA
lifespan. Nevertheless, we do believe that there is momentum in the EU to take up these
challenges and to contribute to shaping a biodiversity-based agriculture through new avenues
given by co-constructed novel ICT solutions.
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Abstract: Precision agriculture (PA) is an important part of sustainable intensification, where
information and communications technology (ICT) and other technologies are necessary but
not sufficient for sustainable farming systems. Many agricultural decision support systems
(AgriDSS) have been developed to support farmers to manage an increased amount of
gathered data. However, the traditional approach to AgriDSS development is based on the
knowledge transfer perspective, which has resulted in technology being considered as an
isolated phenomenon and thus not adapted to farmers’ actual needs or their decision making
in practice. The aim of this study was to improve understanding of farmers’ use of AgriDSS.
The theoretical framework of distributed cognition (DCog) was used as a lens when
investigating and analysing farmers' use of a software tool developed for calculation of variable
rate application (VRA) files for nitrogen (N) fertilisation from satellite images called CropSAT.
In a case study, the unit of analysis was broadened to the whole socio-technical system of
farmer’s decision-making, including other people and different kinds of tools and artefacts.
The results reveal that CropSAT functions as a tool to support decision making and promotes
social learning through the use of enhanced professional vision.
Keywords: Precision agriculture, sustainable intensification, distributed cognition, agricultural
decision support system, CropSAT, social learning
Introduction
Precision agriculture (PA) is a keystone in a sustainable intensification trajectory where
information and communications technology (ICT) and other technologies are necessary for
the sustainability of large-scale farming systems (Aubert et al., 2012). By definition,
sustainable intensification has to harness the complexity of a wider range of agro-ecological
and socio-technological processes and PA is an important piece of the larger picture. PA can
be viewed as a management concept based on observing, measuring and responding to
within-field variations in both temporal and spatial components. Several kinds of PA
technology provide possibilities for crop farmers to recognise and handle variations to a much
finer degree than before, and represent a paradigm shift in farming practices due to a change
from considering the field as homogeneous to considering it as a heterogeneous entity (Aubert
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et al., 2012). Better adaptation of field measures to crop requirements decreases sub-optimal
treatments, which in turn increases profitability due to higher efficiency in usage of inputs,
better crop quality and a decrease in negative environmental impact.
It is widely acknowledged that farming is a complex, dynamic system, involving products and
impacts that are difficult to measure, let alone predict and control (Woodward et al., 2008). At
the very core of the agricultural transition towards sustainability is the individual decision
maker (Matthews et al., 2008; Van Meensel et al., 2012). It should be stressed that it is the
individual farmer who makes the strategic, tactical and operative decisions which bridge theory
and practice, balancing the desirable with the feasible. It has been argued that various kinds
of ICT systems can be a major contributor to the transition towards sustainability in agriculture
(Aubert et al., 2012). However, in many of the available agricultural decision support systems
(AgriDSS), a certain kind of ICT system developed to support farmers’ decision making is for
various reasons seldom used to its full potential (e.g. Aubert et al., 2012; Matthews, 2008;
Thorburn et al., 2011). Briefly stated, the traditional and normative approach to AgriDSS
development is based on the knowledge transfer perspective, which has resulted in many
AgriDSS not being adapted to farmers’ needs. In particular, Röling (1988) claims that the
traditional view lacks a systemic perspective and fails to place the technology in the context
where farmers will use it. As a result, available technology can be considered an isolated
phenomenon and is therefore often not adopted and situated in farmers’ praxis (Röling, 1988).
Based on Röling’s (1988) remarks, this study sought to acknowledge the link between
environmental sustainability and ICT by addressing sustainability through design – how ICT
systems in general, and AgriDSS in particular, can be used to promote and cultivate more
sustainable behaviours (Hanks et al., 2008; Lindblom et al., 2014). This assumes that PA
technologies are instrumental in supporting information-intense decision-making processes
that are valuable for agro-ecological systems and for the diversity of farming systems. The
overall aim of the study was to improve understanding of farmers’ use of AgriDSS. The
theoretical framework of distributed cognition (DCog) (Hutchins, 1995) was used as a lens
when investigating and analysing farmers’ use in practice of a software tool called CropSAT,
developed for calculation of variable rate application (VRA) files for nitrogen (N) fertilisation
from satellite images. In a case study, the unit of analysis was then broadened to involve the
whole socio-technical system of farmers’ decision making, including other people and different
kinds of tools and artefacts. CropSAT has received much interest from many farmers and it
may become an important tool in farmers’ adoption of VRA techniques. This study examined
how CropSAT functions as a tool to support decision-making processes and promote social
learning, which in the long run may create more sustainable farming practices.
Background
Decision-making in agriculture
Farm management and farmers’ decision making are usually analysed using theoretical
frameworks from economic science (Gray et al., 2009). As a result, the focus is often on the
decision event and not on the decision-making process (Öhlmér et al., 1998; Gray et al., 2009;
Lindblom & Lundström, 2014). Decision making is a cognitive ability and traditional normative
views on cognition in the area of cognitive science have similarities to the normative
perspectives on decision making applied in economics, by viewing cognition as the result of
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internal, individual processes (e.g. Pylyshyn, 1984). However, studies of farmers’ decision
making in their complex practice have revealed that this kind of description is inconvenient,
because it fails to explain decision making in a complex, dynamic and ill-defined context (Gray
et al., 2009; Lindblom et al., 2013; Lindblom & Lundström, 2014). Instead, it is important to
increase understanding of how farmers actually make decisions, considering their complex
socio-technical context, using descriptive theories such as naturalistic decision making (NDM)
(Lindblom et al., 2013).
NDM theories emerge from different theoretical and methodological approaches based on
decision making ‘in the wild’, in which studies are performed in situations where humans make
decisions in dynamic and complex domains (Klein, 2008). The individual´s experiences and
knowledge are taken into account and time pressure and high uncertainty are also included
(Orasanu & Connolly, 1995). Although NDM focuses on decision making by experts ‘in the
wild’, the unit of analysis is still only the individual, while contextual factors such as technology
and other actors are excluded. According to Lindblom et al. (2013), NDM is an appropriate
approach to investigate farmers´ decision making. However, it lacks a systemic perspective
within the complex socio-technical system, and therefore the unit of analysis needs to be
broadened from the individual to include the social and material context. For this purpose, the
theoretical framework of DCog can be a convenient way forward (Lindblom et al., 2013;
Lindblom & Lundström, 2014).
DCog: Broadening the unit of analysis
The theoretical framework of DCog was introduced by Hutchins (1995) in response to more
individual models and theories of human cognition. From a DCog perspective, human
cognition is fundamentally distributed in the socio-technical environment that humans inhabit.
DCog takes a systemic perspective and discards the idea that the human mind and its
environment can be separated (see Lindblom, 2015 for further details). Hence, DCog views
cognition as distributed in a complex socio-technical environment and cognition, including
decision-making and learning processes, is viewed as the creation, transformation and
propagation of representational states within a socio-technical system (Hutchins, 1995). An
important aspect of the systemic view is that cognition is seen as a culturally situated activity
that should be studied where it naturally occurs, i.e. ‘in the wild’. The DCog framework differs
from other cognitive approaches in its commitment to two theoretical principles (Hollan et al.,
2000). The first principle concerns the boundaries of the unit of analysis for cognition, which
is defined by the functional relationship between the different entities of the cognitive system.
The second principle concerns the range of processes considered to be cognitive in nature.
In the DCog view, cognitive processes are seen as coordination and interaction between
internal processes, as well as manipulation of external objects and the propagation of
representations across the system’s entities.
When these principles are applied to the observation of human activity in situ, three kinds of
distributed cognitive processes become observable (Hollan et al., 2000): (1) Across the
members of a group; (2) between human internal mechanisms (e.g. decision making, memory,
attention) and external structures (e.g. material artefacts, ICT systems, social environment);
and (3) distributed over time. Different kinds of representations are central to the unit of
analysis in DCog. Hollan et al. (2000) argue that representations should not only be seen as
tokens that refer to something other than themselves, but also as being manipulated by
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humans as physical properties. Hence, humans shift from attending to the representation to
attending to the thing being represented. An example used in Hutchins (1995) is the
navigational chart, which is used for offloading cognitive efforts (e.g. memory, decision
making) to the environment and for presenting information that has been accumulated over
time. An important insight in this example is the relationship between the external structure
(the chart as a representation) and the internal structure (the biological computation). Hence,
by studying the external material and social structures, properties about the internal, mental
structures are revealed and become observable. In other words, by studying cognition with
this larger scope in mind, it is clear that the functional cognitive system has cognitive properties
that cannot be limited to the cognitive abilities of the individual.
Decision support systems (DSS): failure and success factors in AgriDSS
A DSS is an ICT system that supports either a single decision maker or a group of decision
makers in making more effective decisions when dealing with unstructured or semi-structured
problems. The DSS supports one or more activities in a decision-making process in order to
complement and ‘support’ decision makers rather than to replace them. Furthermore, a DSS
can either support the decision maker in an ongoing decision situation, or it can prepare the
decision maker to perform better in the future through decision training (Alenljung, 2008). By
using a DSS, individual productivity, decision quality and problem solving can be improved
and interpersonal communication and learning can be facilitated. In addition, using a DSS can
improve decision-making skills and increase organisational control (Alenljung, 2008).
The main efforts made to bridge the gap within the current agricultural knowledge and
innovation system (AKIS) include implementing new advisory concepts, re-organising
advisory services and developing AgriDSS. Many AgriDSS have been developed, but not used
to any wider extent, mainly as a result of the normative way of development based on the
perspective of knowledge transfer, where knowledge is produced by research and end users
are looked upon as passive receivers (e.g. McCown, 2002; Matthews, 2008; Thorburn et al.,
2011; Aubert et al., 2012). Accordingly, there is a need for functional and usable AgriDSS that
promote sustainable farming practices by providing proper and credible representations of
complex situations that clarify and support farmers’ decision making without losing the
complexity at hand. An AgriDSS must therefore match farmers’ naturalistic decision making
and challenge their learning without replacing their ‘gut feeling’ (Hochman & Carberry, 2011).
In addition, it has to support farmers’ experimentation with options rather than present optimal
solutions, because when farmers are handling messy, real-world problems they tend to satisfy
current needs rather than optimising performance. Many researchers point out that an
AgriDSS is a useful tool for the ongoing transfer of scientific knowledge and ‘best practices’,
claiming that the single unifying predictor of success or failure is the extent to which users are
involved and participate in the design and development processes of the AgriDSS (e.g.
Woodward et al., 2008; Jakku & Thorburn, 2010; Hochman & Carberry, 2011; Van Meensel
et al., 2012). Another important aspect of participation approaches is social learning among
stakeholders involved in the development and use processes (e.g. Jakku & Thorburn, 2010;
Hochman & Carberry, 2011).
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Method and performance
The case study
During spring 2015, a workplace study was performed (Luff et al., 2000). The study adopted
a qualitative approach, using ethnographical data collection techniques, and the collected data
were triangulated from participant observation, video-recordings and semi-structured
interviews. The study was conducted with four purposively sampled farmers in western
Sweden. The selected farmers had previous experience of using ICT-based crop production
software (CPS) and demonstrated an interest in PA technology.
Setting the scene
During 2013-2014, a new AgriDSS for N fertilisation, CropSAT (www.cropsat.se), was
developed by the Precision Agriculture Sweden (POS) network (www.precisionsskolan.se/).
CropSAT uses satellite images for calculation of vegetation index (VI) (Qi et al., 1994) and
VRA files for N fertilisation in cereals. During 2015, a high-fidelity prototype of CropSAT was
made available on the internet for use, free of charge, thanks to funding by the Swedish Board
of Agriculture. To support farmers in their N fertilisation strategy, a minimum of three satellite
images were published during the period April-June 2015. The recommended strategy for
fertilising wheat is to apply N two or three times during spring (Albertsson et al., 2015).
To calculate a VRA file in CropSAT, the user visits its website and selects a field and a satellite
image. As a result, the VI is calculated and shown in Google Maps. To receive a VRA file, the
user must decide the level of N fertilisation within five VI classes, which are estimated
automatically from the satellite data (Figure 1a) and used to calculate VRA files for N for the
field. The VRA information is transferred to the tractor and spreader via a USB stick.

1a

1b

Figure 1. a) Vegetation index is displayed on Google Maps, where the user should enter
five levels of N fertilisation compared with the coloured scale. b) VRA file ready to be
entered into the fertiliser spreader via a USB memory stick.

To set the N levels for each VI class, the user is recommended to go out into the field and
verify the N status with a so-called Spadmeter (https://www.konicaminolta.eu/en/measuringinstruments/products/colour-measurement/chlorophyll-meter/spad502plus/introduction.html), or to simply estimate the need for additional N, based on
observation of the canopy and prior experience. When new satellite images were published
during spring 2015, the farmers studied the crop development on the actual farm using
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CropSAT. On some occasions, a VRA file was calculated and later used for variable
fertilisation, and sometimes the images were used to get an overview of the status, or used in
the decision-making processes regarding fertilisation with a Yara N-Sensor (YNS)
(http://www.yara.se/crop-nutrition/Tools-and-Services/n-sensor/).
Findings: CropSAT used ‘in the wild’
Swedish farmers fertilise winter wheat one to three times during spring in order to optimise
yield and protein content. They have a fertilisation plan for each field, and in this study all
farmers used an ICT-based CPS for creating these plans. In the fertilisation plan, an average
amount of N per field is specified, but can be adjusted due to a wide range of factors during
the season. Farmers can use CropSAT or some kind of tractor-based N sensor to apply a
variable rate of fertiliser, using the planned average amount of N as a basis. The units of
analysis in these decision-making processes include a wide range of artefacts, e.g. CropSAT
(images on VI and VRA files used in computers, mobile phones and iPads), CPS (tables and
field maps in computers, mobile phones and iPads), paper-based field maps, calculator (in
mobile phone), Spadmeter and notepads (Figure 2).

Figure 2. Unit of analysis of the DCog system, where cognitive processes are
distributed: (1) across the members of a group, (2) between human internal
mechanisms (e.g. decision-making, perception, memory) and external structures
(material artefacts, ICT systems and social environment), and (3) over time.

The images created in CropSAT are visual digital representations that display crop biomass
complexity in a way that is difficult to achieve by walking or driving in the field. Below,
descriptions and analyses of some selected brief episodes that illustrate decision-making
processes within the distributed cognitive system are presented. In the first episode, CropSAT
is being used as a decision support tool for calculation of VRA files. In the second, CropSAT
is being used as a coordination mechanism in the decision-making process for crop
production.
CropSAT as a decision support tool for creation of VRA files
It is widely recognised that farmers know that crop yield varies within fields. When looking at
the satellite images in CropSAT, farmers with long experience of their own fields easily
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recognise and explain much of the visualised variation in crop biomass. In this particular
episode, an experienced farmer in his 50s using CropSAT for the first time took a closer look
at one of his fields of winter wheat. He had 15 years of experience of using VRA files and
YNS. He compared and contrasted his acquired knowledge of the characteristics of the
particular field with the satellite image displayed in CropSAT. He then said: “Well, this [field] is
a bit poorer, you could say ... it’s farther away from the old farmhouse, so over time it almost
certainly got less manure, and besides the soil is lighter up here. So it looks like I expected...
I could have drawn [the map] myself”.
It should be noted that the bird’s eye view of the variation in crop biomass is difficult to observe
while merely walking in the field. Consequently, fertilising correctly with regard to variations in
the field is impossible without support from technology. The CropSAT image provides another
kind of representation format that visualises the within-field variation with more clarity than
could be achieved with the human vision system alone. As such, the image reveals details
and differences that the professional vision (Goodwin, 1994) of an experienced farmer cannot
“see” clearly due to biological characteristics of the human colour vision system. Professional
vision is a socially organised way of seeing and understanding events that are of interest in
the domain and to the social group (Goodwin, 1994). The major challenge is that the farmer
has to act upon this variability by setting the five levels of N fertilisation in relation to the
variation in crop biomass.

Figure 3. Telephone support to set N levels in CropSAT. The farmer pointed at the
image while speaking to his advisor.
In the next episode, a younger, university-educated farmer with shorter farming experience
had some difficulties in grasping how to use the CropSAT images. He had recently invested
in PA technology in his farming business and he was a skilled user of various ICT systems. In
the particular episode described here, he was re-planning the amount of N fertilisation in a
particular field with winter wheat. He had previously set the average level to a standardised
amount together with his advisor in the CPS. It is obvious that deciding on the five levels of N
in practice was not an easy task for him and therefore he needed some assistance from his
advisor. He phoned his advisor and the conversation went as follows: “Hi ... we're sitting here
with the files for variable rate application and vegetation index and I'm wondering about what
doses to use, or how much I should vary it ... for wheat ... yes the main dose for wheat is given
as 80 kg N per hectare and then ... yes, you get a beautifully coloured map, but the question
is how much variation you need to use”.
During the discussion, the farmer repeatedly pointed to different aspects on the screen, e.g.
N levels, the VI scale or different parts of the field (Figure 3). He and the advisor had a long
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and intense discussion concerning how to set the five levels of N. CropSAT challenged his
common work practice, i.e. fertilising with the same amount throughout the whole field or using
the YNS. When his work practice altered, he was hesitant about deciding the levels and sought
support from his advisor. In this episode, the satellite image ceased being a representation of
the field and became the field itself. The information provided by the image was shared
between farmer and advisor and functioned as a coordination mechanism in their
conversation. After the call, the farmer decided the fertilisation levels on three additional fields
and calculated VRA files to be used on the same day. It should be emphasised that the
guidance received from the advisor supported the farmer in deciding the N levels for the other
fields, but he was still not confident concerning his way of reasoning about the fertilisation
strategy.
CropSAT as a coordination mechanism in the decision-making process for crop
production
In these two episodes, an experienced farmer in his 50s was initially discussing fertilisation
with his advisor. The first episode started after they had been walking in the fields and were
sitting in the farm canteen to discuss the current situation and the decisions to be made. They
used CropSAT to get an overview of the fields and compare the satellite images displayed
with their first-hand experiences of the fields. As shown in the first episode above, they had
some difficulties in interpreting the satellite images, which resulted in intense discussions
(Figure 4).

4a

4b

Figure 4 a) Discussions about within-field variation in crop biomass due to soil
compaction at the first meeting; b) Different tools and artefacts used in the distributed
cognitive system.
In the next episode, the task was to decide how to fertilise seven fields of winter wheat. Instead
of using CropSAT to calculate VRA files, the intention was to use the YNS to spread N. The
motivation for this way of working was that YNS provides a more detailed picture of the
biomass variation and consequently the amount of N can be distributed more precisely. During
this meeting, all tools and artefacts displayed in Figure 4b were available and the satellite
image taken three weeks earlier was used for comparing how much N had been utilised by
the crop. Before the meeting, the advisor had used a Spadmeter in the fields to measure the
need for additional N fertilisation based on the canopy greenness. These measurements were
used as a point of reference in the ensuing discussion.
The role of the advisor is of major importance when introducing new technology in advisory
services. In this particular case, the advisor acted as a role model in his ways of using the
available tools and artefacts, advocating a ‘willing and able’ approach that influenced the
farmer. However, the different digital representations of the fields in various ICT systems
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offered additional, but artificial, perspectives on the fields that differed significantly from firsthand experiences when walking in the fields. The key question was how to correctly utilise
and combine the different representations and the acquired tacit knowledge, in order to
develop a more sustainable farming practice.
The available digital representations from CropSAT initiated new kinds of discussions about
the fields and current farming practices that were not possible previously due to the lack of
detailed representations of with-in field variation in biomass at the time of fertilisation planning.
The only option available previously to obtain an overview of the field was to walk through it
or to measure with-in field variation in biomass with some kind of field sensor (but without
fertilising). However, the enhanced detail in the digital representations, that was available with
less effort than using a field sensor, triggered and facilitated comparisons between different
factors, e.g. VRA files for phosphorus fertilisation and the satellite image. For example, the
farmer and advisor discussed how variation in soil characteristics and phosphorus values
could explain the with-in field variation in biomass. The farmer said: “We used that variable
rate application file last year there. We fertilised according to P content with it. I am so
fascinated by this, it’s completely insane”. On the one hand, the new digital representations
provided more detailed information than before, which in turn provided additional support for
making decisions regarding fertilisation. On the other hand, the additional information may
result in a more complex decision-making process, since the farmer lacks prior experience of
how to interpret and use the added information, i.e. the digital representations have to be
interpreted, compared and situated in the farmer’s decision-making context, resulting in an
ongoing social learning process involving both practitioner and advisor. In other words, the
perspective of professional vision is intensified through the so-called process of tool-mediated
seeing (Goodwin & Goodwin, 1996). Tool-mediated seeing is characterised as seeing aspects
relevant for a task only through the use of tools and artefacts, i.e. the satellite images in
CropSAT. In this particular situation, this was done through interpreting the digital
representations of the within-field variations in biomass.
Let us now return to the decision on how to decide the average amount of N and then calibrate
the YNS to fertilise winter wheat for the last time in the spring. CropSAT offers the possibility
of comparing and discussing the development of the crop and its N uptake in relation to earlier
fertilisation. In order to accomplish these tasks, the farmer and advisor first compared the
earlier satellite image with the current image, discussing intensively how to interpret the
images and then explaining what has happened in the field (Figure 5). They agreed that the
crop had developed satisfactorily and that the winter wheat fields were looking good.

Figure 5. The farmer explaining differences in biomass variation between two different
images, an older image on the left side and the present image on the right.
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Based on the planned amount of N in the CPS, the measurements from the Spadmeter, earlier
Based on the planned amount of N in the CPS, the measurements from the Spadmeter, earlier
first-hand experiences and the satellite images (both older and present), the farmer and
first-hand experiences and the satellite images (both older and present), the farmer and
advisor decided the average amount of N for each field. In order to calibrate the YNS, the
advisor decided the average amount of N for each field. In order to calibrate the YNS, the
advisor pointed at the screen displaying the satellite image and then showing where to drive
advisor pointed at the screen displaying the satellite image and then showing where to drive
the tractor to cover the variation in crop biomass (Figure 6). Calibrating the YNS is not an easy
the tractor to cover the variation in crop biomass (Figure 6). Calibrating the YNS is not an easy
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may generate more sustainable farming practices through the use of an enhanced
professional vision. It is evident that an AgriDSS such as CropSAT provides important
information that could be used as a basis for learning about farmers’ crop fields as a part of a
larger learning system. The advisor has a central role in promoting the usage of different ICT
systems to support and foster social learning processes about how to fertilise farmers’ fields,
which is a governing principle in the direction that we envision for sustainable farming.
The interest shown by both farmers and advisors indicates that CropSAT is an AgriDSS that
shows potential to fit within PA. However, new technology needs novel social and
organisational arrangements, such as rules, perceptions, agreements, identities and social
relationships to function properly (Leeuwis & Aarts, 2011). Thus, advisory services have a
central role to fulfil, to situate the ICT systems in the context of their usage, where they provide
opportunities to be used to a wider extent than just for the calculation of VRA files. Thus,
technology should not be considered an isolated phenomenon in PA, as pointed out by Röling
(1998). There are also possibilities for the use of CropSAT leading to change in current farming
practices from their goal orientation to a learning orientation, which in itself has been a much
discussed theme within advisory work. Although some farmers are reluctant to use ICT, and
instead ‘rely heavily on intuitive judgment underpinned by experience’ (McCown, 2002), this
study showed that more detailed representations of their fields provide added value. We
therefore introduced the term enhanced professional vision to characterise the combination of
professional vision and tool-mediated seeing.
The implication of this study is that CropSAT should be considered part of a wider AKIS, where
different kinds of ICT systems, tools, artefacts and social learning processes constitute
additional parts of the system. CropSAT provides a ‘hardware’ that still needs further
improvement of the ‘software’, but the immature ‘orgware’ requires additional development
and discussion. Once this has been achieved, we envision that CropSAT could be an
important component in the trajectory of sustainable intensification in agriculture and enhance
the professional vision of farmers.
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Abstract: Agriculture must be both sustainable and economically viable. Sustainable
agriculture requires new knowledge and expertise. However, knowledge management is not
sufficient in current sustainable agriculture. To overcome this, we have made the assumption
that the knowledge management practices used in industry can be transferred to agriculture.
In this paper, we propose to apply to agriculture, the methodological tools developed by the
French knowledge management group. These tools are based on theoretical approaches for
the transformation of explicit and tacit knowledge within an organisation. These tools are
generic and suitable for any knowledge. We have tested the tool CFK for knowledge criticality
in order to identify the knowledge to make explicit within a farm. This knowledge is critical
because it is valuable, rare, complex and difficult to formalise. It must therefore be managed.
We have determined the criticality of knowledge in a farm for organic agriculture field crops,
in prairies and on various flora grain legumes. In the French research project TATABOX,
related to the agro-ecological transition study in an area between Tarn and Aveyron in France,
we have also experimented with another methodological tool (TRACO) for characterising the
most appropriate knowledge transfer tools to use between an agricultural cooperative and
farmers. Among 16 knowledge transfer methods proposed, TRACO allows highlighting of
supervised self-education but also traditional teaching courses, communities of practice and
workshops. Our conclusion is that the proposed knowledge management tools seem relevant
to manage knowledge in agriculture, but they still require training and adaptation to the
agricultural field.
Keywords: Agro-ecology, knowledge management tool
Introduction
Agriculture must become more environmentally sustainable while being economically viable.
Taking better account of ecosystems, this type of agriculture called agro-ecology is the inverse
of an intensive agriculture. The production and acquisition of knowledge by farmers is one of
the strategic conditions to develop this sustainable (but productive) farming. Currently,
knowledge for productivity improvement is available, but knowledge that meets requirements
for environment, territory and economic viability must be developed. Therefore, agro-ecology
requires new knowledge and expertise. The diversity of the stakeholders and the difficulty of
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performing experiments because of the long duration of the production cycles constitute
obstacles to knowledge capitalisation. Thus, current knowledge management is not sufficient
in agro-ecology (Meynard, 2012; Guichard et al., 2015). To remedy this problem, we make the
assumption that knowledge management methods applied in the industrial world can be
transposed to agriculture (Soulignac, et al., 2012). This paper focuses on the methodological
tools developed by the French knowledge management group (“Le club de gestion des
connaissances" - http://www.club-gc.asso.fr/accueil_gc). These tools are based on the
transformation of explicit and tacit knowledge within organisations (Nonaka & Toyama, 2003;
Ermine, 2008). They are generic and usually suitable for any type of organisation. In this
paper, we present the use of two of these tools in real cases in agriculture. The first tool is
used to identify the "critical" knowledge on which organisations should focus. The second tool
allows the organisations to better define the knowledge transfer to be implemented.

Knowledge management
The creation of explicit knowledge in an organisation is a complex task. The knowledge
management process involves a first step to identify the most important knowledge (called
critical knowledge). The second step is the definition of an action plan to reduce risks related
to a poor control of knowledge. There are two main action types. The first type of action plan
is skills management. Knowledge is transferred by people, via learning processes or through
recruitment. The second type of action is indirect. It requires a phase in which explicit
knowledge is written, before a step of knowledge appropriation. Since the early 2000s, the
French knowledge management group has developed a methodology for knowledge
management. At each step of this methodology, the group proposes the use of a software
tool, as indicated in Figure 1. Each of these tools uses the results of surveys conducted among
stakeholders in the studied areas. It is not always necessary to use all the tools. For example,
an organisation can choose to successively use the following tools:




The tool called CKF for evaluating the criticality of knowledge;
The decision support system TRACO to identify the most relevant knowledge transfer
methods;
The RPC guide for writing knowledge, if indirect knowledge transfer is an appropriate
solution.

All these tools have been extensively used in industry in France, by private companies or
public institutions. Their interest was proven in industrial and service activities. These tools
are generic, as they are suitable for any of these areas, but a question arises about the
usability of these tools for knowledge management in agro-ecology; this latter area having
certain particular characteristics. For example, agro-ecology implies an anticipation strategy
to manage pests. In this context, a crop rotation over a long period, more than five years, can
be considered and implemented in order to limit the occurrence of plant diseases or weeds.
Local characteristics are very important, in particular the soil and climatic conditions make the
production of knowledge to design a rotation taking into account different issues (pests,
production, etc.) complex. Efficient solutions to be implemented locally are often the result of
a combination of both empirical and scientific knowledge. The challenge is to determine if
these tools also provide a solution for complex cases in which different types of knowledge
must be combined, according to their origins (e.g., operational and scientific knowledge).
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We experimented with the use of the methodology described in Figure 1 in several projects in
organic farming or agro-ecology. In this paper, we report the feedback on the experience of
using two knowledge management tools described above i.e. the tool for critical knowledge
CKF and the decision support tool TRACO for knowledge transfer.

Figure 1. Methodology for knowledge management (by the French knowledge
management group – “club de gestion des connaissances” - http://www.clubgc.asso.fr)
Use of knowledge management tools in agriculture
CKF – a tool for knowledge criticality
CKF enables the identification of critical knowledge (Club de gestion des connaissances,
2004). Factors having an impact on this criticality are the knowledge usefulness, its rarity, its
complexity and the difficulty of implementation. We tested CKF in multiple environments
including the Melibio project led by the Organic Agriculture Centre for Massif Central in France.
This research and development project aims at enhancing the diversity of species, forage
varieties and farming practices in organic farming in order to secure the food systems of
ruminants in Massif Central in France. This project involves researchers, agricultural advisors,
experts and teachers. In this paper, we illustrate the use of CKF on an example of research
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result analysis highlights the priority areas, but also those in which cognitive investment is not
needed. Thus, subjects such as fertilisation or disease treatment will not be studied in Melibio
because these technical processes are well controlled. Subjects related to plant dynamics
such as varied plant prairie diversity and sustainability are preferred. Detailed analysis of the
results facilitates the creation of an action plan. The rating of the four factors (usefulness,
rarity, complexity, implementation difficulty) is analysed, but also the differences between the
opinions of researchers and agricultural advisors:




Each CKF rating of factors refer to an action plan:
o When the usefulness factor rating is low, even if the overall score is high, the
question about the relevance of the field study is raised. Consequently, the pest
control is not taken into account.
o When a domain is rare, i.e. only little knowledge is associated with it, then a
scientific research work or an empirical knowledge collection is started, as was
the case with plant dynamics.
o When a domain is complex but its implementation is relatively well controlled,
a wiki web server is a possible solution to explain and disseminate knowledge.
o When the difficulty factor has a high rating, a pilot plot is used to identify good
practices over a long period and for their dissemination through farmer
meetings.
The level of knowledge in a domain between agricultural advisors and researchers is
sometimes different. Consequently, the ratings can be different. In our analysis of
ratings, we distinguish agricultural advisors and researchers. For a researcher,
information is rare when there is a limited number of scientific publications about the
topic. For an agricultural advisor, information is rare when it cannot be found in
practical cases. This point can explain some differences in ratings. In that case, the
knowledge transfer is possible. For instance, concerning the carbon footprint issue,
courses can be created to transfer knowledge related to carbon footprint. Knowledge
transfer can also be produced by technical actions. In this case technical skills can be
transferred to researchers ; as is the case for example for the methods used in practice
for varied plant prairie harvesting and storage.

TRACO – a decision support tool for knowledge transfer
The methodical tool TRACO allows choosing of the best approaches. TRACO offers 16
knowledge transfer methods (Club de gestion des connaissances, 2009), classified into four
types:





“Classroom” training courses where the trainer and the trainees are physically in the
same room.
Methods mixing practical and theoretical knowledge such as block-release training.
Knowledge transfer media such as knowledge server software dedicated to knowledge
dissemination.
Knowledge networks in which people can share and enrich their practices (such as
communities of practices).
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28 criteria are used to choose an appropriate transfer method. These criteria are divided into
four main types:





The deadlines / urgency of knowledge transfer and the contextual information.
The nature of knowledge.
The source, i.e. the holders of the knowledge.
The target, i.e. the receivers of this knowledge.

For each of the 16 transfer methods proposed by TRACO, each 28 criteria is evaluated
according to a colour code:





The "red" colour is used when the method is not recommended.
"Yellow" if the method is partially adequate.
"Green" when the method is adequate.
The “White” colour means that the criterion has no influence on the method analysis.

We take an example of the analysis of the classroom training course method for the factor of
knowledge integration difficulty for one person. As shown in Figure 2, a classroom training
course is appropriate when knowledge can easily be integrated in the practices.
We have 28 criteria to be applied to each of the 16 knowledge transfer systems. Consequently,
we study 448 results to determine the most appropriate actions. Of course, the systems that
have the greatest number of "green" colours will be preferred for the studied organisation. In
the French project called TATABOX (funded by the Research National Agency - ANR) on the
agro-ecological transition, we experimented with TRACO to determine the most appropriate
knowledge transfer tools to use between an agricultural cooperative called Qualisol and its
farmers. Qualisol is a pioneer cooperative in agro-ecology in the Southwest of France. The
development of grain legumes (beans, lentils, chickpeas, etc.) completely complies with the
objectives of Qualisol and this agro-ecological transition project. In addition to their nutritional
qualities, grain legumes have also very good agronomic properties. Their cultivation provides
nitrogen to the soil. The decrease in the use of fertilisers reduces both health and
environmental impacts of nitrogen inputs (Projets ANR LEGITIMES ET TATABOX, Ecole
d'ingénieurs de PURPAN et al., 2015; Soulignac et al., 2015). Magrini et al. (2014) show that
the development of grain legumes implies technological problems. The solutions are the
definition of actions of knowledge capitalisation and dissemination conducted by research,
teaching and advisory organisations. To transfer knowledge on grain legumes, the Qualisol
cooperative needs to use the most appropriate tools. Purpan engineering school students
(France) conducted a survey of the Qualisol chief agronomist. The result is shown in Figure
3. Over the 16 transfer methods, TRACO allows us to highlight independent learning, but also
“classroom” training courses, knowledge networks and workshops.
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Figure 2. One example of a ranking proposed for the criterion ‘knowledge usability for
one person’ and for the method ‘classroom training course’
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Figure 3. Results produced by the application of TRACO to the Qualisol environment
related to grain legumes (Projets ANR LEGITIMES ET TATABOX, Ecole d'ingénieurs de
PURPAN et al., 2015)

Our knowledge in the agricultural environment allows us to go further in the analysis of the
approaches to develop. One of the methods proposed by TRACO is the use of knowledge
networks. Their goal is to promote learning. This aspect has been described by (Wenger,
1998). It is highly developed in agriculture within the Local Professional Groups (LPGs) (Darré,
1999). LPGs allow the grouping together of farmers who are geographically close and who
have the same cultural practices. These groups can produce practical knowledge during
meetings. The soil and climate variability justifies the creation of LPGs; in agro-ecology,
knowledge in crop management is particularly appropriate for a given soil and climate context.
The construction of local knowledge is very important. In agro-ecology, soil and climate are
two very important parameters. Only LPGs can correctly build local knowledge. The joint use
of farmers’ meetings and “classroom” training courses is relevant, as highlighted by the
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TRACO method. LPGs have tacit knowledge based on their own experience. There are two
additional advantages related to the use of “classroom” training courses for LPGs. First,
feedback about the same crops can be exchanged between LPGs located in different small
agricultural areas ; common knowledge can be capitalised. Second, during classroom training,
the animator can provide important scientific knowledge. This exchange can result in the
writing of technical reports produced by both empirical and scientific knowledge. Each report
constitutes a common base of knowledge that can be adapted by LPGs depending on local
soil and climatic conditions.

Discussion
The study of the application in agriculture of these two tools, CKF and TRACO, allows us to
define a new method for crop management:







For a given crop, the CKF tool highlights the lack in knowledge about crop
management.
A collection of empirical knowledge from the best practitioners produces first technical
report drafts.
The “classroom” training course combines these empirical knowledge sources in order
to produce more generic reports about crop management.
Exchanges between LGP members (and with the animator) can provide technical
solutions to various unsolved problems identified by CKF.
Finally, in case of persistent lack of knowledge, more information can be provided by
researchers.
If no solution can be provided by researchers, a new research action plan must be
started.

This new method must be validated in use cases.
Conclusion
Conceptual approaches - particularly the CKF method - have demonstrated that these tools
can be used to integrate the spatial and temporal dimensions of agricultural production. The
implementation criteria show that these tools can be used for explicit knowledge - those that
people can write - and for tacit knowledge that must be transmitted by learning. These two
types of knowledge are both important in agriculture. If knowledge management tools (such
as the tools proposed by the French knowledge management) seem to be relevant to manage
knowledge in agriculture, users need time to learn to use these tools. For some people, the
use of these tools may seem a tedious and time-consuming task. To correctly analyse the
survey results, it is very important to take into account the different professional categories
and also the soil, climate and economic context.
In France, farming advice service is mainly provided by agricultural cooperatives and agribusiness stakeholders. They provide technical recommendations (e.g. technical reports) to
their members. These reports are based on the results produced by agricultural knowledge
management system, but their writing is based on a top-down approach, from research results
to farmers. Thanks to the tools proposed by the French knowledge management, we have
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developed an alternative approach. Our method involves all the stakeholder types in the
agriculture (Nagel, 1979), from farmers to researchers. This approach is based on the middleup-down knowledge management proposed in Nonaka (1994). This organisational method
improves the communication between the "hierarchy" and the professional stakeholders. It
facilitates the creation of tacit knowledge and their external communication, whereas the
“hierarchy” tends to combine knowledge and learning.
In our opinion, methods such as proposed in this paper, are important for a sustainable
agriculture that must take into account environmental impacts. Research institutes have an
important role in knowledge creation. Farmers and Local Professional Groups produce tacit
knowledge. The challenge is to adapt this model to middle-up-down management, a model
that seems relevant to agricultural knowledge management. Agricultural cooperatives could
help to structure the operational knowledge in this new paradigm of agro-ecology.
This paper presents some results produced in the TATABOX project, funded by the “Agence
National de la Recherche” (AGROBIOSPHERE 2013). Its contents do not represent any
official position of the National Research Agency and is fully the responsibility of the authors.
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Dissemination and implementation of agricultural innovations using video on
mobile phones in Mali
Sousa, F., Nicolay, G. and Home, R.
FiBL – Research Institute of Organic Agriculture, Switzerland
Abstract: A challenge for researchers and other developers of new technologies in agriculture
is to find ways of communicating their results and recommendations. This challenge is
particularly acute in regions in which farmers have limited access to education and where
illiteracy is widespread, such as in the rural areas of Mali. One approach that shows potential,
yet remains largely unused by extension services, is the dissemination of educational video
on mobile phones with video and Bluetooth technology, which are widespread in the region.
This article aims to explore the potential of video on mobile phones as a tool for farmer-tofarmer exchange and agricultural extension in Western Africa. Three videos showing
agricultural innovations were shown and shared with 200 farmers in twelve villages in Mali.
The villages were revisited 10 months later and farmers were asked about their experiences
with the videos that had been shared and their previous knowledge of the innovations shown
in them. It was found that participating farmers had shared the videos on their phones with an
average of 5.9 other farmers, and had shown the videos to an average of 9.9 other farmers.
Of the farmers who had watched one of the videos (N=148), 60.1% had adopted at least one
of the videos’ innovations. Mobile phone videos could be accessed by people who have
previously received limited access to information sources, such as younger women, and video
based information was found to be understandable for illiterate farmers. These results allow
the conclusion that using video based information transfer can enhance information transfer
and thereby expand its outreach. The use of video on mobile phones is a novel approach to
farmer-to-farmer exchange and has tremendous potential for enhancing dissemination
programs or specific research and development projects to enable more resilient, inclusive
and democratic systems.
Key words: Information and communication technology, mobile phone, video, agriculture
development, rural extension, farmer-to-farmer exchange, Africa

Introduction
Developers of agricultural innovations typically find that adoption of their new technologies
tends to be quite low (Aguilar-Gallegosa et al, 2015), although Kiptot et al. (2007) found that
the process of adoption of new technologies is highly dynamic and variable. The technology
acceptance model (TAM) (Davis, 1989) suggests that new technologies will be adopted if they
are perceived to be both useful and usable. The TAM was formulated to explain technology
adoption across a broad range of innovation types, but it has not yet been investigated whether
the model is applicable to the adoption of agricultural innovations: in other words whether
agricultural innovations can be considered to be new technologies. Researchers in the field of
agriculture must be in tune with the needs and demands of farmers, and convince them of
tangible benefits, if they wish to see their research findings widely adopted (Kiptot et al., 2007).
The implication of this is that there are two steps in the process of encouraging adoption of
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innovations. Firstly the innovations themselves must be perceived to be useful and usable in
the intended context. Secondly, their use and usability must be communicated in a way that
is understandable in the specific context so that it is able to convince the farmers of the
benefits.
The aims of this contribution are to identify the conditions that enable adoption of agricultural
innovations and to investigate whether the TAM can be applied to encourage adoption of
innovations. Given that application of the TAM is context specific, we address these aims in
the context of rural Mali in western Africa. We first examine existing literature to find a contextappropriate means of information transfer. Once an appropriate means of information transfer
are identified, we determine whether innovations are actually implemented after they have
been communicated. The logic follows the argument that, if innovations have been
implemented, both the first condition: that the farmers perceived them to be useful and usable;
and the second condition: that the farmers have learned of the innovations, must both have
been met. In other words, implementation of innovations, in this case, provides experimental
support for the TAM in predicting adoption of rural innovation.
Appropriate means of information transfer
Aguilar-Gallegosa et al. (2015) point out that diversified, and tailor-made, extension strategies
should be designed for the conditions of specific target groups. Radio and television
programmes, which have usually been approached from the top-down and organised by
structured extension services, have historically formed the bulk of information and
communication technology (ICT) for agricultural extension in Mali (Bentley et al., 2014).
However, social networks play an important role in the creation, as well as in the adoption, of
innovation in agricultural contexts, with farm managers learning in informal processes within
networks of colleagues and advisers (Gielen et al., 2003). This suggests that information
transfer between peers, in this case between farmers, may be an effective approach to
knowledge creation and/or dissemination. Furthermore, subsistence farmers in Mali may face
special challenges in the organisation, storage, and communication of the created knowledge,
which suggests the value of user operated ICT systems to support the farmers.
Methods for transferring information to farmers have been the focus of research for some time,
but methods have to be suitable for the target groups (Aguilar-Gallegosa et al., 2015), which
suggests that methods can’t just be copied from other places without consideration of context.
Ramkumar (2007) implemented a farmer-usable touch screen information kiosk in a veterinary
institution, which helped cattle owners to treat their animals at an early stage of a disease.
Farmers in the UK were found to be informed by a relatively stable network of other
communities of practice (or networks of practice), which Oreszczyn et al. (2010) called a ‘web
of influencers on practice’. However these techniques may not be suitable in environments
such as rural Mali, which have neither a developed web of influencers nor an institution that
could host an information kiosk. Sulaiman et al. (2012) argue that acknowledgement and
integration of intermediaries, and their capacities for innovation, could enhance the potential
of ICTs by ensuring that the information is provided in ways that enable communities to make
use of it. Effective use of ICT must be appropriate to rural realities, which, in much of rural
Africa, is within the context of widespread illiteracy and sometimes limited, or even nonexistent, extension services (Aker, 2011; Cole & Nilesh, 2012; Gurumurthy, 2006; Zossou et
al., 2010).

1673

A number of projects using ICT have taken place in different rural areas around the globe to
enable top down communication of content. Digital Green in India produces videos and
provides public screenings in villages to transfer information and enable exchange on best
agricultural practices that can boost farm productivity and improve nutrition (Ghandi, 2007).
The African Cashew Initiative provided an ICT-based pricing and weighing system that can be
used by farmers during the marketing season, with farmers being updated directly via their
mobile phones (Kachelriess-Mathess et al., 2013). The Lifelong Learning for Farmers
programme in Uganda provides an interactive SMS service with relevant agricultural
information for farmers (SIANI, 2012). Mobile phones have been successfully used in Niger to
communicate prices of agricultural products directly to farmers (Aker, 2008). The iCow
initiative in Kenya is a centralised cattle management system which has adopted the use of
text messages and video (Kahumbu, 2012).
Videos on mobile phones have been effectively used to spread information on cowpea
hermetic storage practices and other agricultural innovations (Baributsa et al., 2010). Cai and
Abbott (2013) demonstrated that agricultural extension strategies can be complemented by
the use of video in farmer training and that it can help overcome the gender barriers in
information access. A successful application of ICT was achieved by Van Mele et al. (2010),
who found that open-air video presentations facilitated unsupervised learning; unleashed local
creativity and experimentation; and built confidence, trust, and group cohesion among rural
people, including the poor, youth, and women. Although the use of video appears to be a
promising means of information transfer, Sulaiman et al. (2012) argued that ICT based
initiatives will be enhanced if they are embedded in a pragmatic world of communication and
innovation process, which could be achieved when the power of distribution and
intermediation of ICT content lies with farmers. One way of placing control of content and
distribution in the hands of farmers is to use ICT systems that farmers already own. Bentley
et al., (2014) cite farmers and local extension workers in Mali as having noted the promising
potential of video on mobile phone and Bluetooth technology but that these technologies
remain essentially unused in agricultural extension in Mali.
In recent years, third generation mobile phones (3rd MP), with video and Bluetooth capability,
have become an important tool for communication in rural Africa (Asenso-Okyere &
Mekonnen, 2012; Simba, 2014; Mwombe et al., 2013). Rural Africa has experienced a
particularly high uptake of information and communication technology (ICT) in the last 3 to 4
years (Jere & Erastus, 2015). Lawal-Adebowale (2012) argues that mobile-phones are the
most widely used ICT device in Western African rural areas, with 62.9% of farmers in rural
Nigeria owning such a device. Sousa et al. (under revision) found that 92.5% of their sample
of 400 farmers in Mali had a family member who owned a Bluetooth capable phone and all
knew someone who possessed one, so had at least indirect access to 3rd MP technology.
Furthermore, Sousa et al. (under revision) found that Malians watch videos on mobile phones;
mostly in groups and very frequently in the public places of the village. These findings
underline the potential of video use in 3rd MP as a component of an agricultural extension
strategy.
While this review of relevant literature was able to identify the potential of 3rd MP as a means
of information transfer in Mali and Burkina Faso, there is little reported evidence of a
connection between information transfer and the implementation of innovation. Primary data
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is needed to determine whether the conditions for adoption of innovations have been met and
whether the TAM provides a useful framework for understanding the conditions.
Methods
Several videos were produced in 2013 as part of Syprobio’s project dissemination strategy.
Syprobio (Systèmes de Production Biologiques) (Nicolay, 2013)1 was a EuropeAid funded
project running from 2011 to 2015 that aimed at promoting farmer lead innovation in an organic
farming context in Burkina Faso, Mali, and Benin. These videos were produced in a format
that was easily comprehensible to farmers to portray different innovations that had been tested
in Mali and neighbouring Burkina Faso. Three of these videos were selected after pilot
interviews had identified topics that were of interest to farmers in the Bla area of Mali. One
video described the production and use of a bio-pesticide using Neem and hot pepper. A
second video compared three different ways of applying compost: uniformly, in rows, and in
pockets. A third video showed different crop associations. The three videos were shown and
shared with 200 farmers using Bluetooth technology, at no cost to the farmers, in
September/October 2013. None of the 200 farmers were informed that there would be a
second round of interviews after the initial contact. The same team returned to the area in
July/August 2014, and were able to find and interview 95 of the 200 farmers with whom the
videos had been shared ten months earlier. This sample was supplemented by a further 84
farmers with whom the video had not been shared in the initial introduction of the videos. The
final sample size was 179 farmers.
The theoretical framework used in this analysis is the technology acceptance model (TAM)
(Davis, 1989), with the extension applied by Sousa et al. (under revision) to include control
beliefs. The extended TAM suggests that new technologies will be adopted if they are
perceived to be useful, perceived to be usable, and that the technology is available. Given the
widespread availability of 3rd MP, and the access to people with the technical skills to use
them, this suggests that the videos will be shared if they are perceived to be useful. A second
level, in this case, is whether technologies portrayed in videos will be adopted, and the same
theoretical framework can be applied. The theory suggests that if the innovations are
perceived to be useful and are perceived to be easy to use, they will be adopted. These
theoretical considerations are expressed in practical terms as whether people have
implemented the innovations contained in the videos.
Results and Discussion
How 3rdMP videos were shared and how they spread
From the farmers who received the videos in their mobile phone in September and October of
2013 (N=95), 73 shared the video via Bluetooth with other farmers (76.8%) and 22 did not
(23.2%). The main reasons stated by those who did not share the video were: “lost the video
before able to share” (9, N=22); “other people already had the video” (5, N=22); “other people
saw it, but didn’t ask for it” (7, N=22); and “no knowledge of Bluetooth” (1, N=22).
Those who did share the video via Bluetooth (N=73), shared it with a total of 431 farmers, to
give an average share rate of 5.9 people per farmer. This rate is similar to that found by
1

www.syprobio.net
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Baributsa et al. (2010) in a study of farmers in Niger and their sharing of a cowpea storage
video. It is impossible to track how many shares happened in second degree but if we assume
a slightly lower share rate of 5 shares per farmer, the number of second-degree video users
would rise to 2155. If we go further and assume a third degree share with the same rate, the
number would be 10775, from the initial 73 farmers (Figure 1). These are however projections
and it is impossible to know the real number of farmers who have the video on their 3rd MP.
Population density and mobile phone penetration are probably the factors that will most
influence the real numbers.

Figure 1. Video shares via Bluetooth: observed values (black) and estimated (grey).
Video transfer via Bluetooth is not the only way of describing the information flow, since videos
are also visually shared with those who do not own a 3rdMP. Farmers who received the video
showed it to 9.9 other people on average, which is a higher number than the average share
rate of video via Bluetooth. This result has implications for the real number of people who had
access to the information. From the sample with whom the videos were not shared in 2013
(N=84), 53 (63.1%) had been shown the videos by other farmers. Our data supports the notion
that the Bluetooth and visual sharing of videos by farmers can scale-up information in a selfpropagative way; not only within villages but also to people outside them.
The videos spread to other villages and towns according to the movements of farmers who
initially received the video, as well as through contacts with visiting farmers from other places.
The 73 farmers who received the videos said they transferred them via Bluetooth to farmers
from 34 new villages. This brings the total of villages in which the videos were present from
12 to 46 in 10 months. On average, each farmer (N=73) transferred the video to farmers from
1.99 villages, with a minimum of 1 and a maximum of 6. Most of the new villages to which the
videos were spread were located within 50 km of the centre of the study area (Figure 2).
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Figure 2. In red, the villages where the videos were initially shared in 2013; in green,
the villages where videos had been transferred via Bluetooth after 10 months.
The video transfer flowed more frequently to neighbouring villages, where contact with friends
and family is more regular and likely. However, internal temporary migrations and other types
of travel (family visits, ceremonies, trainings etc.), mean that some transfers occurred outside
the 50 km range. Video presence was recorded in Kolokani (in the region of Bamako, 250 km
northeast); Bledioni (in the region of Sikasso, 120 km south); Markala (in the region of Segou,
90 km north); and Tominian (in the area of San, 145 km east). It is impossible to know the full
extent to which the videos were shared in Mali. Some farmers with whom the videos had been
shared in 2013 were not present in their villages at the time of the last fieldwork. Furthermore,
we don’t know the extent to which second and third degree transfers took place.
Rate of video innovation adoption
A further means of evaluating the reach and usefulness of the videos was to assess whether
the videos had enabled innovations to be implemented. Farmers were considered to have
adopted an innovation (enabled by the videos) if it was specifically stated that it was the first
time they had applied the technique and that the video was the information source. An
exception is the case of crop associations, which is an old practice that has fallen out of use.
Farmers were considered to have adopted this innovation (enabled by the videos) when they
stated having been explicitly motivated by the video to apply this technique.
Of the farmers who had watched the videos (N=148), 89 (60.1%) had applied at least one of
the videos’ innovations; 46 (31.1%) had not applied any of the innovations; and 13 (8.8%) of
the farmers either didn’t know or didn’t answer. The innovation with the highest implementation
rate was the ‘compost application technique’, which was implemented by 74 of the 89 (83.1%)
farmers. Despite the video referring to cotton, many farmers applied this technique to other
crops, such as maize, sorghum, millet, okra and watermelon. The higher rate of
implementation seems to be related mainly to the perception by farmers that compost is a
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scarce resource and must be maximised to improve productivity. For the farmers who adopted
the innovation, it was important to see the results in the video and to hear the testimonies of
farmers talking about their results. Many applied the compost in pockets or in lines, as was
suggested in the video. The farmers reported that their main limitation was the availability of
workers. All of the farmers who had implemented the innovation had previously applied
compost in a uniform way in their fields before watching the video.
The ‘crop associations’ innovation was applied by 14 (15.7%) farmers. The most commonly
used varieties were maize, sorghum and cowpeas, which were the crops shown in the video.
Some farmers included sesame and cotton in the mix. Two farmers applied both compost
application techniques and crop associations. The third video provided information about a
biopesticide using Cassia nigricans and hot pepper, which had been tested in Burkina Faso.
This innovation was hardly applied since Cassia nigricans is not used in the area, and the
most widely used biopesticide is based on neem seeds. The implementation rate of the three
videos is summarised in Table 1.

Table 1. Summary table describing innovation implementation rates
Innovation
N
%
Observations
Farmers applied compost in pocket or
Compost application
74 83.1 in line instead of uniform as they used
techniques
to.
Farmers restarted mixing crops or did it
Crop associations
14 15.7 for the first time with the mix suggested
in the video.
Biopesticide (Cassia+pepper)
1
1.1
Cassia is unknown in the area.
Total
89 100
Conclusions
As demonstrated by Sousa et al. (under revision), farmers in the rural areas of Mali have
generalised access to third generation mobile phones (3rdMP), as well as the skills to use it,
and to perceive its potential use as an agricultural information tool to be beneficial to them.
The technology acceptance model (Davis, 1989) requires that these three conditions be met
in order to consider a technology as having potential to be adopted. In the light of this
explanatory framework, the results of this study support 3rdMP as having a strong potential as
a means of farmer-to-farmer information transfer, since it was widely used by farmers to share
the innovations portrayed in the videos, with some being implemented in their fields. The
results of this study reinforce the proposal that videos can play an important role in enabling
farmers to implement innovative practices. This finding is in line with Ghandi et al. (2007), who
showed that video based diffusion strategies can increase the adoption rates of agricultural
practices by a factor of six to seven times the classical person-only agricultural extension.
Similarly, Zossou et al. (2010) found that a video on rice parboiling in rural Benin reached
three times more women than did training workshops that had been organised by local NGOs.
The use of videos was shown to create a horizontal platform of information exchange among
the rural population, relying on farmers’ own personal contacts and being independent from
the typically top-down information transfer from extension structures (Vanclay et al., 1994) or
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pure video or radio transmissions (Okry et al., 2013; Van Mele et al., 2013). The participatory
production of videos for mobile phones; involving farmers and their own messages, further
enhances the dissemination and implementation of innovations because of the trust among
peers, who share similar circumstances and problems and the same vernacular language.
Widespread illiteracy is recognised as a major constraint in the process of dissemination and
implementation of agricultural innovations in most of Western Africa’s rural areas (Aker, 2011).
Videos on mobile phones provide an opportunity to overcome this obstacle, allowing the
production of messages that can be easily understood by farmers and easily translated to
local vernacular languages. This type of information exchange can greatly amplify agricultural
extension efforts and prevent the exclusion of specific groups, such as women and younger
farmers. Furthermore, the self-propagative characteristics of this technology could lower
extension efforts while increasing the rates of dissemination and adoption of agricultural
innovations.
The implementation of the compost application technique in rows, as opposed to uniformly,
was by far the most popular innovation; answering to some of the farmers’ main concerns
such as crop productivity and low soil fertility. The crosscutting characteristics of this
information transfer provided that the technique was implemented not only with cotton, as
portrayed in the video, but also in other crops grown by farmers. This flexibility in the
implementation of the acquired knowledge implies that more democratic information transfer
tools can have a deep impact in a rural society that is eager to access new agriculture related
information; further adapting it to its needs. This communication strategy ultimately enables,
in an unprecedented way, farmers to become the owners of relevant and easily shareable
information, which can then be adapted to their needs. We conclude that a communication
strategy involving videos on mobile phones has tremendous potential to be effective and may
increase the rates of dissemination and implementation of agricultural innovations, particularly
in the rural areas of the developing world.
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From citizens’ to farmers’ science: are smartphone technologies a useful tool in
participatory agricultural research?

Dehnen-Schmutz, K., Foster, G., Owen, L. and Persello, S.
Centre for Agroecology, Water and Resilience, Coventry University, UK
Abstract: Over the last decade citizen science approaches have become increasingly popular
in several disciplines supported by the proliferation of mobile communication technologies
such as smartphones. However, citizen science methodologies involving large numbers of
participants seem not to have been widely adopted in agricultural research, even though
participatory on-farm approaches involving small farmer groups are now more widely used.
Here, we present results of an online survey amongst British and French farmers, investigating
i) smartphone use in various farm management practices, and ii) the interest of farmers to
participate in citizen science projects. Eighty-nine percent of the 57 respondents from Britain
and France owned a smartphone, which was also the device they used most often on a daily
basis for farm management when compared to other communication devices (including laptop
and desktop computers, tablets and landline telephones). A third of farmers using their
smartphone for farm management were not using any farm management specific applications
on their smartphone, but of the farmers that did, an average of four applications were used.
Farmers were very positive about citizen science regarding it as a useful tool for data
collection, real-time monitoring, identification of research questions, experimental work and
wildlife recording on farm. They showed strong interest in participation in citizen science
projects with varying and often high time commitments. Experimental work was the most likely
activity for which respondents felt some financial support was necessary. This paper is the
first to quantify and explore farmers’ use of smartphones for farm management in Europe, and
to document farmers’ support and potential interest to participate in farm related citizen
science projects. Smartphone technologies offer great potential for participatory agricultural
research, and our results show that farmers tend to have sufficient knowledge of the
technology as well the enthusiasm to engage in citizen science. This paper provides a basis
and justification for the wider application of smartphone technologies in future participatory
research projects that are concerned with exploring pathways towards greater agricultural
sustainability and resilience.

Keywords: Citizen science, smartphones, farm management applications, Britain, France,
participatory research
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