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Abstract

Organic farming is recognized as one source for innovation helping agriculture to develop sustainably. However,
the understanding of innovation in agriculture is characterized by technical optimism, relying mainly on new
inputs and technologies originating from research. The paper uses the alternative framework of innovation
systems describing innovation as the outcome of stakeholder interaction and examples from the SOLID
(Sustainable Organic Low-Input Dairying) project to discuss the role of farmers, researchers and knowledge
exchange for innovation. We used a farmer-led participatory approach to identify problems of organic and
low-input dairy farming in Europe and develop and evaluate innovative practices. Experience so far shows that
improvements of sustainability can be made through better exploitation of knowledge. For example, it is
recognized that optimal utilization of good quality forage is vitally important, but farmers showed a lack of
confidence in the reliability of forage production both in quantity and quality. We conclude that the systems
framework improves the understanding of innovation processes in organic agriculture. Farmer-led research is an
effective way to bring together the scientific approach with the farmers’ practical and context knowledge in
finding solutions to problems experienced by farmers and to develop sustainability.

Keywords: innovation systems, innovation process, organic agriculture, farmer-led research, SOLID, TP
organics

1. Introduction

Innovation and agriculture have always gone ‘hand-in-hand’ because working with dynamic geographic, climatic,
market and political conditions requires constant change (EC-SCAR, 2012). According to Hoffman et al. (2007)
farmers have been developing agricultural practices since the beginning of agriculture, about 10,000 years ago.
Their innovative power can be seen in many crops species grown and in different animal breeds, in the
development of new production systems, farm machinery and equipment and also in social innovations
(Hoffmann et al., 2007). Today innovation is seen as the primary instrument for overcoming the sustainability
challenges of agriculture at the beginning of 21* century, such as food security, climate change and the
conservation of natural resources. The European Innovation Partnership for Agricultural Productivity and
Sustainability (EIP-AGRI) was set up in response to these challenges (EIP-AGRI, 2012).

Organic farming is recognized as one source for innovation helping agriculture to overcome such challenges:
“Organic farming with its stringent rules on external input use has to be even more innovative to solve
production problems, sometimes opening up new avenues”’ (Mclntyre et al., 2009, p. 384). The European
Technology Platform TP Organics describes organic farms as “creative living laboratories for smart and green
innovations” (Padel et al., 2010). Organic farming can make an important contribution and will continue to
innovate in order to adapt to changing conditions in the climate as well as in the developing market.

However, innovation in agriculture is currently frequently understood as referring exclusively to the need for
new inputs and technologies that originate from research (Roling, 2009). Garnet and Godfray (2012) referred to
this as technological optimism in the debate about sustainable intensification. Much of the agricultural research
effort in the last century has been concerned with developing and using external inputs (such as fertilizers and
germplasm). Understanding how farmers adopt such science derived innovation was the starting point for the
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model of adoption and diffusion of innovation (Rogers, 1983). This led to the technology transfer model of the
green revolution, where research was seen as the main generator of innovation that had to be transferred to and
adopted by the farmers. The adoption/diffusion model was applied to organic farming by Padel (2001). She
concluded that early organic farmers share many characteristics with other innovators. However, organic farming
could not be characterized as a typical innovation, because it requires complex change, brings often no
recognized economic advantage, conflicts with some rural values and is knowledge-intensive, whilst access to
information is limited (Padel, 2001). This clearly limits the usefulness of the adoption/diffusion model to
understand innovation in the organic sector. In Europe, the conceptual framework of innovation systems is
gaining in importance for agriculture (EC-SCAR, 2011) and is underlying the new instrument of the Innovation
Partnership of the European Union (EIP-AGRI, 2012).

In this paper we explore how innovation occurs within the organic sector in Europe and how this process can be
further supported, using framework of innovation systems and experiences from the ongoing project ‘Sustainable
Organic Low-Input Dairying (SOLID)’. We first describe the approach of encouraging stakeholder-led
innovation that was used in the project and present experiences gained so far. Based on selected examples, we
discuss how innovation potentially can support sustainable development within the farming sector. This
challenges the widespread perception that innovation in agriculture is mainly about new technologies and inputs
and illustrates the importance of using active sharing of existing knowledge and of close collaboration between
farmers and researchers in supporting innovation in this sector.

1.1 From Technology Transfer to Supporting the Innovation System

Innovation is a broad concept defined as the development, introduction and application of a new or significantly
improved product (good or service), a new marketing method or a new organizational method in business
practice, workplace organization or external relations where an economic or social benefit is assumed for
individuals, groups or entire organizations (OECD/Eurostat 2005). The concept of ‘innovation’ is not restricted
to invention or a new idea itself, but includes also the embedding of an idea in the relevant sector (Schumpeter et
al., 1980).

However, within agriculture innovation is seen mainly as the search for new inputs and technologies (Réling,
2009) while the potential of social/societal innovation for achieving societal and political goals is not recognized
(Bokelmann et al., 2012). This maybe not so surprising, given the long period during which “efficiency came ...
to mean the application of the new agricultural technologies, which were beginning to emerge onto the market.”
(Morgan & Murdoch, 2000). In arable production, the farmers’ ‘know-how’ was replaced by ‘know-what’, i.e.
what input to use and when (Morgan & Murdoch, 2000). This ‘technical optimism’ remains strong in
contemporary thinking about sustainable intensification of agriculture in the UK, but the need for new
perspectives is beginning to be recognized (Garnett & Godfray, 2012).

In contrast, the concept of innovation systems describes innovation as an interactive evolutionary process, from
invention to successful adoption by the target group with different participants involved at various stages (Smiths
et al., 2010). Innovation occurs when networks of organizations come together with the institutions and policies
that affect innovative behavior and bring new products and processes into economic and social use (various
authors cited by Hall et al., 2005). Innovation becomes an emergent property not only of science or the market,
but of interaction between stakeholders that allows opportunities to develop (Réling, 2009). The relevance of this
concept for agriculture in Europe is increasingly recognized (e.g. Bokelmann et al., 2012, EC SCAR, 2012). The
concept of innovation systems differs from the technology transfer framework also in the types of innovation
considered, with the former focuses mainly new technologies, whereas the later differentiates between consumer
driven, technology driven and organizationally driven pathways to innovation. The European Innovation
Platform for Agricultural Productivity and Sustainability that wants to use partnerships and bottom-up
approaches, linking farmers, advisors, researchers, businesses, and other participants in so called Operational
Groups is based on this concept (EIP-AGRI, 2012).

Following on from Farmer First (Chambers et al., 1989), many authors argue that it is important to put the
farmer back at the center of knowledge production (e.g. MacMillan and Benton, 2014). Farmer involvement is
thereby critical in all stages of the process, so that novel technologies and practices can be learned directly and
then adapted to particular agro-ecological, social and economic circumstances (Pretty et al., 2011). Others refer
to ‘co-innovation’ that can involve a diverse range of participants other than farmers, such as rural entrepreneurs,
regional governments, researchers and knowledge brokers (EC-SCAR, 2011; Knickel et al., 2009).

1.2 The Role of Knowledge in Innovation in the Organic Agriculture Sector

Innovation is the application of knowledge to achieve desired social and/or economic outcomes. This knowledge
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may be acquired through learning, research or experience, but the process is not considered as innovation until
the knowledge is applied more widely (Hall et al., 2005). Sustainable agriculture makes productive use of human
and social capital in the form of knowledge sharing to adapt and innovate to resolve common landscape-scale
problems (Pretty et al., 2011). The techniques and practises used in organic farming are knowledge intensive
(Lockeretz, 1991) and knowledge sharing between farmers is at the heart of the agrecology movement (Wezel et
al., 2009).

Faced with new challenges of productivity, environmental change, and market conditions, organic farmers also
have to evolve and innovate. Some innovation in organic farming occurs through the reapplication of existing
knowledge. The European Technology Platform TP Organics referred to ‘know-how innovation’ to distinguish
innovation that relies entirely on recombining and applying existing knowledge from other technological or
social/societal and organizational innovation (Padel et al., 2010). Examples of such ‘know-how innovation’
include securing essential supply of vitamins and minerals in animal diets from natural sources, using composts
for plant protection or encouraging predators by creating suitable habitats (e.g. flowering field margins). The
definition of ‘know-how innovation’ used by the platform is very similar to the concept of exploitative
knowledge strategies as compared to explorative ones (Li et al., 2008; March, 1991). In an exploitative strategy
firms focus on levering existing knowledge to rapidly create new organizational products and processes, whereas
in an explorative one they strive to develop capabilities to create or acquire new knowledge. Knowledge
exploitation fits well into innovation systems concepts, whereas the explorative knowledge strategy has
similarities to concept of ‘technological innovation’ (e.g. new germplasm or new machinery). TP organics argued
that ‘know-how innovation’ is crucial to the organic farmer’s ability to innovate, i.e. to respond effectively to
new challenges, such as saving and protection of natural resources, and for improving the multi-functionality and
sustainability of agriculture (Padel et al., 2010).

2. Approach to Encourage Innovation Through Stakeholder Engagement and Participatory Research in
the SOLID Project

The European Union (EU) funded SOLID project (Sustainable Organic Low-Input Dairying) carries out research
to improve the sustainability of low-input/organic dairy systems, aiming to improve the health and welfare,
productivity and product quality by better understanding how contrasting genotypes adapt to such conditions,
and to improve the supply of nutrients from forages and by-products through the use of novel feeds. The five
year project also performs environmental, economic and supply chain assessments and promotes knowledge
exchange. We report here from one work package that aims to facilitate innovation by actively involving farming
stakeholders (i.e. organic and low-input dairy farmers, farmer groups and farm advisors) and stakeholder
partners together with researchers in a participatory approach.

We used a farmer-led approach to identify problems of organic and low-input dairy farmers and develop and
evaluate some potentially innovative solutions. In addition to research partners (from institutes and universities),
the project also involved enterprise partners (small and medium size milk companies (SMEs) that work with
groups of organic and low input dairy cow and goat producers in nine countries. The participatory approach
progressed in four steps.

1. Identifying topics where farmer feel knowledge or innovation is needed.

2. Developing appropriate research approaches and experimental procedures to test innovative solutions for
topics identified in Step 1.

3. Carry out the proposed research with small number of farms or groups of farmers (between one and five per
country).

4.  Report on the lessons learned and communicate the result to farmers, consultants and researchers.

The work is still on-going so experience has so far mainly been gained with the first and the second step of this
approach which are described in some detail here.

2.1 Identification of Potential Topics for Participatory Research

The emphasis in this step was on working with producers to identify topics for the development, implementation
and analysis of relevant, producer-led projects. At first, we carried out a rapid sustainability assessment on ten
farms in each country, encouraging the farmers to think not only about immediate practical needs but reflect on
the overall sustainability of their farms. Farms were chosen among the SME members to illustrate the range
within low-input and organic farms in terms of size, intensity/level of input use, breeds, products, marketing
channels and geographical area in the respective country/region and to highlight potential sustainability hotspots.
The assessment of different strands of sustainability used a tool developed by Organic Research Centre adapted
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to the project (Gerrard et al., 2011; Marchand et al., 2014). After some initial hesitation, both farmers and
researchers viewed the process mainly positively, but expressed also questions about specific data requests and
the validity of some indicators.

The results of the sustainability assessments were presented at meetings, attended by between 10 and 25 farmers,
aimed at identifying research needs and constraints of the industry and to formulate potential solutions which
could subsequently be tested. A common protocol for the workshops encouraging farmers to discuss successes
and innovative or unusual practices on their farms provided a link between everyday practical issues and
sustainability, before moving to ideas how to further develop strength and address the perceived problems. The
facilitators’ role was to draw out areas of common interest related to the farmers’ practical situations as well as
remaining relevant to the overall issue of sustainability (see Leach et al., 2013 for details of approach).

2.2 Developing the Appropriate Research Method

Further discussion between the farmers, SMEs and researchers lead to the narrowing down of suitable research
topics and to the setting-up of specific on-farm research projects. Not all topics and themes initially suggested
could be investigated, because only a limited number of studies could be carried out. The following methods
were used:

—  Farm case studies were based on monitoring certain aspects on a single farm, using a variety of data
collection methods both quantitative and qualitative. This allows for observations to be made in context of a
specific farm (see Maxwell, 1986; Padel, 2002). In some cases we used comparative case studies, where this
approach was extended to several farms and observations could be compared between different farms.

—  On-farm trials introduced a specific treatment (e.g. use of new feed resources) which was compared with a
control group or with performance before the treatment was introduced.

—  Several projects were carried out as group discussion, which are the facilitated exchange of farmer
experience and other knowledge sources among participating farmers with the aim to improve practice. This
approach is inspired by the Farmer Field Schools (SUSTAINET EA, 2010), the Danish concept of Stable
Schools (Vaarst et al., 2007), the approach of field labs developed in the UK (MacMillan & Benton, 2014) and
focus groups.

The choice of method depended on the topic under study and in some cases involved the combination of some of
the elements. A common template for reporting outlining also the farmers’ background to a specific topic and the
experience with the approach was developed.

3. Experience So Far
3.1 Identifying Research and Innovation Needs

Evaluating the sustainability of selected farms was intended to ‘set the scene’ and consider sustainability in its
broadest sense whilst identifying suitable topics for participatory research. The results illustrate the diversity of
low-input and organic dairy farms in the nine countries in terms of size and intensity. Cow farms varied from less
than 20 ha (Austria and Italy) to more than 400 ha (Denmark, UK), with herd sizes ranging from nine (Finland)
to over 300 cows (Italy, Denmark, UK) and milk yields ranging from less than 2500 kg/cow (Austria and
Romania) to more than 8000 l/cow (Denmark). There was landless dairy goat farming in Spain and Flanders, but
also grazing on more than 300 ha of common land in Spain and Greece with herd sizes between 22 goats (Spain)
and 1150 (Belgium) and milk yields between 117 and 900 1/year. After the assessment, twelve workshops were
held to identify knowledge and research needs from the farmers’ point of view. They were attended by 161 dairy
producers (the majority of which kept cows) in nine countries, and by some staff of the SMEs and facilitated by
researchers and/or consultants. The farmers welcomed the opportunity to participate, related to their view that
research specifically providing knowledge for organic/low input production was lacking. Further details of the
outcomes of the sustainability and the workshops are reported by Leach et al. (2013).

Carrying out a structured sustainability assessment stimulated discussion, both during the visit and in the group
meetings. Most farmers’ own perception of sustainability included economic sustainability. Exposed to changing
markets they do not see any future in farming, if they cannot run the businesses profitably, but the farmers were
also aware of some other components of sustainability. The use of the tool encouraged them to think about the
wider aspects. Some topics initially viewed sceptically, sparked interest and led to further discussion and some
topics emerged from the sustainability assessments. For example, biodiversity management was discussed at first
very critically among the mountain farmers in Austria but was eventually chosen as the research topic. Farmers
in Denmark and in the UK strongly felt that they should improve in relation to greenhouse gas emissions by
using more renewable energy and to diversify their farms.
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Topics for which the farmers wanted to see further research effort have been summarized under the broad
headings of animal feeding and forage production, natural resource management, animal management, product
differentiation and marketing.

3.2 Feeding Practices and Forage Production

Topics included forage quality (i.e. protein), forage productivity and reliability, establishment and utilization of
forage crop (such as diverse swards) and cultivation and feed value of protein rich crops (such as lupins, beans,
and lucerne). Many dairy farmers reported not feeling confident about growing these crops, despite existing
information on the subject. There were also a range of very specific suggestions, such as equipment and energy
needs for drying forage (Austria), using various plant species (including for browsing) and identifying drought
resistant plants and varieties (Italy, Romania, Spain, UK). Interest in diverse pastures was related to several
different expected benefits, such as using them as natural sources for the supply of minerals (mainly in
Denmark), improvements in forage quality (UK), creating marketing opportunities through improved product
qualities (Austria, Italy) and improving soil quality (UK, see 3.2.2). The Greek farmers were interested in the use
of irrigation for pastures. The use of novel forage is also investigated in other parts of the SOLID project (e.g.
Rinne et al., 2014).

Some unusual feeding practices used on farms could be applied more widely, illustrating the potential value of
knowledge sharing. Goat farmers in the Netherlands used by-products from a muesli factory and Austrian cow
farmers ‘grass cobs’ to reduce purchased concentrate. The cultivation of some vetches as feedstuffs for goats was
commonly place in some countries, but considered innovative elsewhere. Romanian farmers referred to trying
‘forgotten’ feeds such as turnips, millet and sorghum. The discussions and suggestions for further research show
that good use of forage is of vital importance for low-input and organic dairy farms, but there is a lack of
confidence in the reliability of forage production both in terms of quantity and quality.

3.3 Natural Resource Management

Farmers in the UK wanted a better understanding of the soil to be able to diagnose potential problems with
declining productivity under organic conditions and suggested research into topics of increasing soil organic
matter. Austrian farmers discussing manure application were not fully aware of the considerable amount of
information that already exists on this subject.

Farmers in Denmark and Finland showed the greatest concern about energy use and climate change, perhaps as a
result of national policies and legislation and the demonstration of energy saving practices. The Austrian farmers
used biomass from their own forest to fuel a hay drying installation. The assessment of environmental impact of
low-input and organic dairy farming is a topic that is also covered elsewhere in the SOLID Project (e.g. Hietala
et al., 2014).

3.4 Animal Management

Despite some ongoing research on the subject, the choice of cow breeds and animals best suited to low input
and/or organic systems was raised as research need in Denmark, Austria, Italy and the UK and by the goat
farmers in Greece. The suitability of breeds for organic and low-input systems is also investigated in on-station
experiments of the SOLID project (e.g. Horn et al., 2013).

Although animal health and welfare scored well in sustainability assessment, the farmers identified at least one
health or welfare related issue in each workshop, including using fewer antibiotics (UK), improving health and
longevity (Finland), parasite and disease control in goats (Belgium) and determining risk factors for neonatal
losses and sub-clinical mastitis (Greece), even if on many of these subjects, research knowledge is available.
Less common practices with innovative potential included seasonal calving and rearing calves on mothers and
nurse cows (UK and Denmark), once-a-day milking (UK) and extending goat lactations (Belgium).

3.5 Product Differentiation and Marketing

Farmers were interested in product differentiation and in improved communication with consumers about the
value of their products. One Italian farm aimed to standardize a high forage diet to market milk with a high
nutritional value. This topic has been studied in several research projects (several authors cited by Leach et al.,
2013) but so far farmers or SMEs have not developed related differentiation strategies. The topic was not taken
up further in this project.

Farmers used specific attribute in selling directly to the public, e.g. in connections with agro-tourism in Austria,
by offering a good product range in Greece or by selling raw milk through authorized dispensing machines in
Romania. In Spain, one cheese-making farm developed an ‘a la carte’ strategy, targeting high-end restaurants for
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different types of flavored goat cheeses (matured in olive oil, with herbs).
3.6 Setting up the Participatory Research Projects

The next stage involved further discussions to narrow down the topics, because the number of projects in each
country was limited. Setting the ‘right’ research question is important for the successful conduction and the
quality of any research and this is equally important for participatory studies. In this case, the experience of the
farmers’ in what treatments can be implemented and what indicators can be monitored under practical conditions
had to be brought together with the researchers’ knowledge of experimental design, data analysis and statistics.
The process is illustrated with two UK examples.

One UK farmer, with the aim of increasing soil organic matter, established very diverse and herb-rich swards and
grazes in an extended rotation, along the lines of “mob grazing”. The topic was of interest also to several other
UK farmers, so a case study for monitoring the farm was developed (Leach et al., 2014).

The UK SME partner wanted to further explore the link between diet and cow health on a number of farms.
However, given the variability on management practices across farms and the difficulty in identifying parameters
that could be manipulated under practical conditions of different farms made clear that this question was not
suitable for this type of research. As a result we opted for an approach that can account for potential confounding
effects due to different farm practices and conditions with the aim to study how different farm management
practices can affect the concentration of iodine in milk in view of the iodine supplied by the feed which was also
of great interest to the SME partner.

The final choice of topics summarized in Table 1 reflects priority for the farmers and suitability for on- farm
research, and a suitable approach was developed using the different methods described in Section 2.2. Although
farmers in several countries were also very interested in product differentiation and marketing no on-farm
experiments were selected in this area, but the results of Austrian, Italy studies could support this in future.

Table 1. Topics of farmer-led research in the SOLID* project and the adopted study methods

Thematic area Topic Approach Country
Feeding and forage Home grown proteins On-farm trials Finland
Use of by-products On-farm trials Spain, Romania
Irrigation of pasture On-farm trial Greece
Natural resources use Soil management, pasture Farm case study with United Kingdom
and environmental productivity and grazing monitoring of forage
impact production
Responding to climate change Moderated discussion group Denmark
and farm case studies
Impact of different protein Case study using LCA (Life Italy
sources on carbon footprint Cycle Analysis) method
Impact of intensification on Comparative farm case Austria
biodiversity studies with assessments
and modelling
Animal management Reducing antibiotic use Moderated discussion group  United Kingdom
followed by on-farm trials (jointly with
DFF~)
Herbs in pasture Comparative case studies Denmark
Maternal /nurse cow rearing of ~ Farm case study with United Kingdom
calves monitoring of calf growth and Denmark
Impact of farm practices on Comparative farm case United Kingdom

concentration of iodine in milk

studies

Source: Own data.

* for a description of the protocols and future publication of results please see www.solidairy.eu), SOLID
(Sustainable Organic Low-Input Dairying)
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~DFF is the Duchy Future Farming program of the Soil Association (http://www.soilassociation.org/fieldlabs).
4. Discussion
4.1 Innovation in Organic Agriculture through Knowledge Exploitation

The research and innovations topics discuss by the SOLID farmers include many examples of exploitative
innovation strategy (see March 1991) where already a considerable amount of research exists. For example,
sustainability could be improved by mobilizing knowledge about growing and feeding many different forage
crops. Incremental change based on better exploitation of existing knowledge by producers, e.g. through
re-combining it in different ways, appears very important for further development of organic and low-input
farms, but is not likely to be restricted to these sectors. However, examples of breeding new varieties of forage
legumes or other feed crops with high protein content illustrate that there also is a need for explorative
innovation.

This importance of both explorative and exploitative strategies is also reflected in responses of low-input and
organic dairy farmers to a list of innovation statements that they were shown in another part of the SOLID
project. The aim of the survey was to contrast views about acceptability of innovation statements between
different actors in the supply chain (farmers, processors/retailers and consumers) in Belgium, Finland, Italy and
the UK, using Q sort methodology (Nicholas et al., 2014). The farmers strongly liked statements referring to
exploitative innovation, such as developing techniques to improve feed and forage quality, reduce the use of
purchased concentrate as well as improving feed quality and efficiency and animal welfare. They disliked some
explorative statement that referred to what they saw as ‘unnatural’ innovation, such originating from GM or
semen sexing, but strongly liked statements of ‘developing of new forage varieties specific for low input and
organic farming’ (Nicholas et al., 2014).

4.2 The Role of Open-Access in Supporting the Innovation Process for Sustainable Development

In our view, it is also necessary to reflect on who will benefit from future innovation in organic agriculture or
related systems. Some innovation will generate specific benefits for farmers, such as increased profitability, but
much will generate public benefits, such as reduced natural resource use, improvement of soil fertility, of
biodiversity and of animal health. Such innovation is a necessary part of sustainable development. We agree with
the conclusion of Buckwell et al. (2014) that as part of sustainable intensification of European agriculture the
‘knowledge per hectare’ should to be intensified, including knowledge about how to manage the ecosystem
services on which agriculture relies. We would like to emphasize again that ‘innovation’ is not necessarily a
product, but a reflected part of continuous process, which involves creative thinking and knowledge sharing
through learning in communities. In the United States, the idea of the open-access knowhow to farming is well
established but also in Europe there are some good examples of open-access, for example the research archive
for organic agriculture (e.g. http://orgprints.org).

4.3 How Can Locally Generated Knowledge Be Valuable in Other Contexts?

We believe there are three main reasons that limit the universal nature of locally-generated knowledge: ecology,
economic and market context, and social/cultural values. Knowledge about the ecology of the given environment
is location-specific and becomes only transferable where workable model of the ecological interactions under
various pedo-climatic conditions exists. The interest in increasing home-grown protein crops illustrates that
sharing relevant knowledge about specific crops could help the farmers to become more confident in growing
them, but uncertainty remains under which conditions which corps are worth trying. And organic sector
development will influence access to specific organic inputs, for example for organic feed. Finally, existing
knowledge is also specific to personal goals and styles, social norms and cultural contexts. Curry and Kirwan
(2014) conclude that the complex set of objectives, values and styles of implementing sustainability agriculture
at various locations has an impact on how much knowledge can be seen as universal.

Farmers are aware that research often excludes variables that they know to be important for their
decision-making but they may feel unable to express these clearly. This is likely to be a reason why they often
have greater trust of farmers than of other experts. The farmer (tacit) knowledge, grounded in the farmers’
observations of the various parts of their system and of the local environment, is important for the success or
failure of new practices. Therefore farmers need to be recognized as active contributors to generating innovation
rather as than passive recipients of knowledge transfer.

However, science derived knowledge cannot be replaced by context or farmer knowledge. Science derived
knowledge needs to include basic ecological principles and the state of resources and ecosystem services on
which agriculture depends. To foster innovation, this scientific knowledge must be complemented by location
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specific knowledge related to the ecology, economics and culture. And farmers and researchers as the two main
actor groups contributing knowledge (as well as advisors, consultants and other intermediaries) need work
closely together. The experience in SOLID has shown that farmer-led research is a good way to stimulate this
dialogue between the farmers and scientists as equal partners in trying to find solutions to the problems
experienced by the farmers and develop sustainability.

4.4 Supporting Active Farmer Learning for Innovation for Sustainability

How should such knowledge exchange systems be organized to support innovation for sustainability of
agriculture? This shift away from dissemination and ‘technology transfer’ towards recognizing the role of
farmers implies learning as active knowledge construction (Koutsouris, 2012). Farmers need to become
confident observers of their own systems, so that they can learn the lessons, draw their own conclusions and
recombine elements to develop their own solutions. The discussions among UK farmers identifying soil fertility
as a research topic illustrate this point: some organic farmers had observed that productivity of some of their
swards had dropped, but did not feel that could identify the causes and implement solutions using standard soil
analysis so they wanted to know more about biological soil processes. Ongoing activities in the project are aimed
at testing simple diagnostic tools that the farmers can use.

A study of learning and Innovation Networks for Sustainable Agriculture (LINSA) concluded that such groups’
need to adopt a strong focus on the process of learning to effectively support innovation in the farming sector. In
particular, the dimension of social learning with groups of farmers has received attention, but this is not to say
that education in schools and colleges does not deserve to be considered to foster change. In the LINSA groups,
social learning emerges from a shared interest in a problem, challenge or activity and all the actors bring all their
expertise to the table. Social learning is linked to processes of trust building, trial and error and of mutual support
and can provide answers to very complex problems, because mutual reflection on knowledge and consciously
hearing different perspectives on one common issue will enhance the portfolio of potential solutions (Moschitz et
al., 2014).

5. Conclusions

e  The conceptual framework of innovation systems uses a broad definition of innovation and describes it as
the outcome of a stakeholder interaction process. This framework is more suited to understand and support
innovation for sustainability and within organic agriculture than the technology transfer model.

e  Farmers are active contributors to agricultural innovation, who contribute context specific knowledge as
well as their creativity. The restrictions of certain inputs and the focus and direction of organic standards
encourage organic farmers to try a range of alternative solutions.

e  Knowledge exploitative and explorative innovation strategies are likely to be equally important to improve
sustainability of organic and low-input dairy farming. An example of exploitation is improving forage production
and utilization, and examples of explorative innovation are new forage cultivars and species.

e Innovation for sustainability generates private but also much public benefits, such as reduced natural
resource use, improvement of soil fertility, of biodiversity and of animal health. The open-access model of
knowledge sharing is compatible with supporting this process and should be more widely used.

e  Knowledge exchange supporting innovation for sustainability needs to bring science-based and farmer
(tacit) knowledge together. Farmer-led research is an effective way for researchers and the farmers together to
develop sustainability of agriculture.
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