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Abstract Organic food and farming systems have a
great untapped potential to provide the world with
healthy, high-quality food that is produced and distrib-
uted in an ecologically sound and fair way, but numer-
ous production challenges and barriers slow the adop-
tion of organic practices. Innovations addressing these
challenges are not being developed sufficiently because
of insufficient capacity in research, development and
technology transfer, especially in Africa, Asia and Latin
America. Given the limited resources, as well as the
specific needs of organic food and farming systems,
different pathways are needed to develop new technol-
ogies that are compatible with the principles of organic
farming. The Technology Innovation Platform of
IFOAM—Organics International (TIPI) was established
to advance organic farming through research, develop-
ment, innovation and technology transfer. As a global
platform for organic food and farming systems research,
innovation and technology transfer, TIPI advocates for

three main pathways along which this is expected to
happen, each of which comes with a specific set of
research objectives and outcomes: (1) empower rural
areas, (2) practice eco-functional intensification and (3)
produce food for health and well-being. TIPI identified
three strategies to build the necessary capacity: (1) de-
velop researchmethods appropriate for organic food and
farming systems; (2) renew partnerships between
farmers, farm advisors, scientists and consumers; and
(3) integrate technological, social and ecological dimen-
sions of innovation.
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Introduction

Organic farming offers the promise of a world where
food and other farm products are produced and distrib-
uted in a healthy, ecologically sound, sustainable and
fair way (IFOAM 2005). This promise, however, is not
realized because of various obstacles and challenges.
The opportunity for organic farming to grow and pros-
per is impeded by technological barriers, policies that
favour the continued use of chemical fertilizers, pesti-
cides and animal medicine, as well as by an economic
system where the price of food does not reflect the full
costs of the environmental and social consequences of
its production (El-Hage Scialabba and Hattam 2002;
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Jerkins and Ory 2016; Niggli 2008, 2015; Rahmann
et al. 2009; Reganold and Wachter 2016).

Intending to advance organic farming through re-
search, development, innovation and technology trans-
fer, IFOAM—Organics International, an international
non-governmental organization that serves as a global
umbrella group for the organic movement, established
the Technology Innovation Platform of IFOAM—Or-
ganics International (TIPI). As a global platform for
organic food and farming systems research, innovation
and technology transfer, TIPI aims to bridge the gap not
only between the researchers and the beneficiaries of
research—particularly farmers—but also other practi-
tioners that span the entire value chain all the way to
the final consumers all over the world. Since its launch
in 2013, TIPI has engaged and involved stakeholders
that benefit from organic food and farming systems
research to develop a global agenda and advocate for
the priority of its funding (Niggli et al. 2016). This paper
briefly summarizes the benefits of organic farming, the
challenges there are for organic farming to feed a grow-
ing world population and the current capacity of organic
farming research to address these challenges. The au-
thors then describe different pathways TIPI has elabo-
rated to develop new technologies compatible with the
principles of organic farming. The article concludes
with a strategy to advance organic farming through
research, development, innovation and technology
transfer.

Benefits and challenges of organic food and farming
systems

Empirical evidence not only supports the benefits and
strengths of organic food and farming systems but also
highlights challenges and opportunities for their im-
provement. Soil quality and health can be improved by
organic farming practices, as measured by soil fertility
and structure and by biodiversity of soil organisms
(Fließbach et al. 2007; Mäder et al. 2002; Marriott and
Wander 2006; Pulleman et al. 2003; Reganold et al.
2001). Organic farming maintains and increases soil
organic matter, sequesters carbon and reduces green-
house gas emissions relative to other forms of agricul-
ture (Gadermaier et al. 2011; Gattinger et al. 2012;
Skinner et al. 2014). Furthermore, soil erosion is less
likely in organic soils in the long run (Reganold et al.
1987; Siegrist et al. 1998), and increased biological

activity in the soil helps to both suppress pests and
diseases and enhance plant immunity to various oppor-
tunistic infections (Altieri et al. 2005). Organic farming
has higher nutrient efficiencies by relying on the cycling
of nutrients from renewable resources, mainly in the
form of organic matter, rather than on synthetic fertil-
izers that are derived from non-renewable resources
(Drinkwater et al. 1998; Kramer et al. 2006; Reganold
and Wachter 2016).

On average, organic farming systems have lower
yields than conventional farming systems (de Ponti
et al. 2012; Seufert et al. 2012). Thus, more land may
be needed to produce the same amount of food using
organic practices, which may diminish the ecological
and health benefits of organic relative to conventional
farming when measured on a production unit basis
(Seufert and Ramankutty 2017). However, the greater
biodiversity of organic food and farming systems
through cultural practices such as crop rotations, inter-
and relay-cropping may offset yield gaps (Ponisio et al.
2015). Yields in organic farming systems may also be
more stable under environmental stress and adverse
weather conditions than in conventional farming sys-
tems (Eyhorn et al. 2007; Lotter et al. 2003).

Organic farming is generally more profitable to
farmers, particularly when they receive a price premium
for their products (Crowder and Reganold 2015;
Mahoney et al. 2007; Reganold et al. 1993). Yield and
gross returns can vary by crop, but the gross margin
(after subtraction of production costs) may partially
offset yield reductions in the long run (Forster et al.
2013). At least in some cases, organic food and farming
systems may also have higher returns to labour
(Armengot et al. 2016). However, without a premium
or with low premiums, organic farming systems can be
less profitable, in part because of lower yields (Crowder
and Reganold 2015; McBride et al. 2015). The organic
sector’s small market share accounts for about 1% of
global food sales (Willer and Lernoud 2017), which is
probably the single most limiting factor for farmers to
adopt organic practices. Organic farming also contrib-
utes to Btriple bottom line^ accounting for social and
economic, as well as environmental benefits through
multiple functions (Schader et al. 2013).

Organic farming systems have been shown to en-
hance the resilience of agroecosystems by increasing
natural pest control and enhancing biodiversity in the
soil, as well as at the plot, farm and landscape scale
(Bengtsson et al. 2005; Frieben and Köpke 1995; Fuller
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et al. 2005; Hole et al. 2005; Mulder et al. 2003;
Rahmann 2011; Tuck et al. 2014; Vandermeer et al.
2010). Furthermore, organic farming systems increase
populations of pollinators and other beneficial organ-
isms (Andersson et al. 2012; Gabriel et al. 2006;
Holzschuh et al. 2007; Kragten and de Snoo 2008;
Kragten et al. 2008; Pfiffner et al. 2003; Rundlöf et al.
2008; Wickramasinghe et al. 2003; Wilson et al. 1997).

Organic farming systems also provide environmental
benefits across multiple physical, chemical, biological,
economic and social parameters (Schader et al. 2012,
2013; Stolze et al. 2000). Life cycle assessments (LCAs)
have compared the relative environmental performance
of certain aspects of organic and conventional farming,
focusing on the inputs used by the different systems
(Meier et al. 2015). However, LCAs have methodolog-
ical shortcomings, as they have not been able to fully
capture the environmental and social benefits reflected
in ecosystem services and the market, respectively
(Meier et al. 2015). The economic and environmental
values of the biodiversity conserved by organic farming
systems are difficult to estimate given the qualitative
differences between extensive organic and intensive
conventional productions (TEEB 2010). Given that or-
ganic farming systems require more land to produce the
same amount of food, they would theoretically lead to
less land being available for unfarmed wildlife habitats
(Seufert and Ramankutty 2017). In practice, however,
the choices and outcomes are more complex. Land
sparing and wildlife friendly agriculture can be comple-
mentary rather than mutually exclusive (Fischer et al.
2008).

Because most pesticides are not permitted in organic
food, they are less likely to have pesticide residues, far
less likely to have multiple residues and—when con-
taminated by drift, persistent pollutants, or ambient con-
ditions—have significantly lower levels of pesticides
than other food (Baker et al. 2002). As a result, organic
foods pose lower dietary risks from pesticides to human
health than conventional foods (Benbrook and Baker
2014). Moreover, pesticide risks to the environment are
also mitigated by organic production practices
(Gomiero et al. 2011; Pimentel et al. 2005). Organic
food also has lower levels of cadmium, nitrate and nitrite
compared to conventionally produced food (Barański
et al. 2014; Średnicka-Tober et al. 2016a).

Meta-analyses about the nutritional quality of organic
food have shownmixed results. Some studies concluded
that there is no nutritional difference between organic

and conventional foods (Dangour et al. 2010; Smith-
Spangler et al. 2012), while others have found that
organic food has significantly greater density of certain
nutrients (Barański et al. 2014; Benbrook et al. 2013;
Brandt et al. 2011; Średnicka-Tober et al. 2016a, b).

Organic farming is not mainstream (Willer and
Lernoud 2017), which may partially be due to their
varying performance throughout the world (Seufert
and Ramankutty 2017). Therefore, their potential bene-
fits mentioned above have not been experienced to the
same extent in different parts of the world: high-income
countries in temperate regions that produce sufficient
food to feed their populations have the most productive
organic farming systems and receive the most ecosys-
tem services (Seufert and Ramankutty 2017). Similarly,
most research on organic food and farming systems
takes place in temperate regions, where the challenges
are often less severe than in tropical, sub-tropical, arid
and semi-arid regions (Niggli et al. 2016).

Investment in research on organic food and farming
systems and other sustainable technologies has in-
creased in recent years but is still marginal compared
to research expenditures on agrochemicals, genetic en-
gineering, animal confinement systems and other tech-
nologies that are incompatible with organic principles
and standards (FAO 2011). Most of the research expen-
ditures have been directed at temperate- and
Mediterranean-zone agricultures in Europe and North
America, while relatively little capacity exists for re-
search on organic food and farming systems in
tropical- and sub-tropical systems, particularly in low-
income countries of Africa, Asia and Latin America
(Niggli et al. 2016; Seufert et al. 2012). Institutional
research capacity can be measured by several parame-
ters: human resources and support staff trained to con-
duct research; land, laboratory space and other facilities
dedicated to research; publications and other informa-
tion dissemination for technology transfer; and direct
research expenditures (Barbercheck et al. 2012;
Lockeretz and Anderson 1993; National Research
Council 1989; Ruttan 1980; Ruttan and Hayami
1973). While none of these metrics completely reflect
institutional capacity, research expenditures can be com-
pared across farming systems, favouring high-income
countries with high-cost structures (Pardey et al. 2013).
However, before assessing the current capacity for or-
ganic farming research, it is important to consider the
context in which organic farming has evolved in differ-
ent parts of the world.

Org. Agr.



History and current state of organic food
and farming systems research

Research on organic food and farming systems originat-
ed with on-farm trials in European in the 1920s and
1930s, with little research published in peer-reviewed
journals prior to the 1980s (Niggli et al. 2016; Peters
1979). The first scientific conference proceedings were
published in 1977 as an output of the first IFOAM
Scientific World Conference in Switzerland (Besson
and Vogtmann 1978). Several private research institu-
tions emerged in the 1970s and 1980s, including the
Research Institute of Organic Agriculture (FiBL) in
Switzerland in 1973 and the Elm Farm Research Centre
in the UK in 1980. In 1992, the European Union (EU)
enacted a regulation (EEC 1991) that defined organic
farming, and authorized support payments for conver-
sion and maintenance are granted under the EU’s Com-
mon Agricultural Policy (EEC 2011). Since 2004, two
EU action plans (EEC 2004, 2014) have supported
organic farming with promotion campaigns, standards
development and research funding. Similar develop-
ments have taken place in European countries that are
not part of the EU such as Switzerland, where organic
farming is both legally protected and financially sup-
ported (OECD 2015). A good example of a common
characteristic among different European countries (EU
and non-EU) to fine-tune social, ecological and techno-
logical innovations is the European Partnership on agri-
cultural productivity and sustainability (European
Commission 2012).

In the USA, the Rodale Institute was founded in
1947, but prior to 1980, most of their research results
were published in-house (Minnich and Hunt 1979;
Rodale 1961; Rodale 1978). In 1980, the US Depart-
ment of Agriculture published its first report on organic
farming that was largely favourable and called for pol-
icies to encourage the adoption of organic farming,
including research on organic food and farming systems
(Youngberg 1980). However, the report was disregarded
by the incoming Reagan administration (Youngberg and
DeMuth 2013). While the USA had publicly funded
Blow-input^ and Bsustainable^ agriculture programs go-
ing back to the 1980s, the first US program specifically
dedicated to organic farming research was authorized in
the 2002 Farm Bill as the Organic Research and Exten-
sion Initiative (OREI) [US Public Law 107–171 2002].
Between 2002 and 2014, the UDSA funded 189 projects
on organic food and farming systems, mostly at public

agricultural research institutions (Schonbeck et al.
2016).

Although Australia has the largest area under organic
production of any nation, relatively little research on
organic food and farming systems is conducted there
(Wynen and Mitchell 2013). New Zealand has no pro-
grams dedicated to organic food and farming systems
research. As a result, most research was of short-term
nature and has been done ad hoc (Niggli et al. 2016).

Research capacity for organic food and farming sys-
tems lags behind in Africa and most of Asia and Latin
America. Africa, which faces the greatest challenges in
organic farming, also has the least research capacity
(Niggli et al. 2016). Despite the lack of research con-
ducted on organic farming systems in Africa, research
conducted on agroforestry (Mbow et al. 2014), agro-
ecology (Nyantakyi-Frimpong et al. 2016), improved
pastoral and integrated farming systems, Low External
Input Sustainable Agriculture (LEISA), permaculture
and sustainable intensification (van der Laan et al.
2017) may be relevant to the development of organic
farming systems adapted to African conditions. Parts of
Asia, specifically Japan, South Korea, Saudi Arabia and
Iran, all have relatively well-funded research programs
on organic food and farming systems (Niggli et al.
2016). China and India, however, have invested very
little relative to the number of organic farms in those
countries (Niggli et al. 2016). In Latin America and the
Caribbean, the three countries Argentina, Mexico and
Brazil account for most of the research on organic food
and farming systems, which are largely targeted at ex-
port crops (Niggli et al. 2016), even though research on
agroecology is also gaining momentum, particularly in
Brazil (Agenda Gotsch 2017). In other countries (e.g.
Colombia, Costa Rica, Nicaragua and Peru), more re-
search is conducted on agroecology in subsistence
crops, but the expenditures are relatively small com-
pared to the export-oriented sector.

One way to compare support for research on organic
food and farming systems is to look at direct expendi-
tures on respective research programs. TIPI estimated
the annual amount of money that was directly spent on
organic food and farming systems research on the var-
ious continents (Niggli et al. 2016). Table 1 contains
regional estimates of annual expenditures on organic
food and farming systems research by continent
(Niggli et al. 2016), as well as area under organic
production and organic retail sales. The research spend-
ing estimations were based on national and transnational
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review and strategy papers, on the analyses of different
national funding schemes’ continuous open calls (e.g.
Switzerland, Germany, Canada, the USA, Denmark,
Sweden, Austria, Australia, Norway, the UK, South
Korea, Brazil, Saudi Arabia—only to mention a few)
on the analyses of the capacities of state personnel
involved in organic agriculture both for research and
for teaching and on the results of peer review reports on
agricultural research. Many of the documents were not
published as they were internal reports. An example of
an attempt to estimate the magnitude of organic research
spending for some funding schemes and for some se-
lected countries is given in European Commission
(2012). Tittonell (2014) came independently from
Niggli et al. (2016) to similar magnitudes.

In proportion to area under production, North Amer-
ica and Europe show the highest, and Oceania shows the
lowest research expenditures per hectare (Table 1). This
reflects the better funding situation in North America
and Europe (Niggli et al. 2016). Higher research expen-
ditures for organic food and farming systems in Europe
are the result from rapidly growing markets and a pos-
itive perception of organic by consumers and citizens
(Niggli et al. 2016). The European Commission and
many national governments have policies to support
organic farming as a means of developing innovative
markets while promoting sustainability (Niggli et al.
2016).

For the whole world, an estimated US$290 million
was spent on organic food and farming systems

research, which amounts to US$5.70 per hectare of
organic farmland (Table 1). By comparison, the estimate
for global public and private expenditures on all agri-
cultural research and development for 2011, the most
recent year for which estimates are available, is a total of
US$69.3 billion (Pardey et al. 2016), making the esti-
mated investment in organic farming research less than
0.5% of the total investment in all agricultural research
and development. Globally, there are approximately 5
billion ha of agricultural land (FAO 2013), and thus,
research expenditures per hectare are approximately $14
per ha or almost three times as much as for organic.
There has been an overall trend of a decline in public
sector funding of agricultural research and more corpo-
rate investment on proprietary technologies (Fuglie and
Toole 2014; Pardey et al. 2013). There is also a widen-
ing gap in the relative amounts of agricultural research
funds being invested in rich and poor countries
(Beintema et al. 2012; Pardey et al. 2016). Private sector
investment has focused on biotechnology and innova-
tions that can be protected by patents or other intellec-
tual property rights. Agroecological research seen as
compatible with organic farming systems does not pro-
vide the same incentives for private sector investment in
research and development because their benefits are
long-term and are public goods (Vanloqueren and
Baret 2009).

The Technology Innovation Platform
of IFOAM—Organics International

TIPI is a one of eight sector platforms of IFOAM—
Organics International, which is the umbrella organiza-
tion of 800 organic organizations and businesses in 100
countries of the world. It was launched in February
2013, at the first Science Day of Biofach—the world’s
largest organic trade fair, in Nuremberg, Germany—as
an established organization with membership and stat-
utes (Niggli et al. 2017) according to the rules of
IFOAM—Organics International for sector platforms.
TIPI’s mission is to serve as a global platform for
organic food and farming systems research, innovation
and technology transfer. The membership includes or-
ganic farmer associations, networks that support organic
agriculture, trade associations, government ministries,
private companies, consultants, research institutes and
university departments that are conducting research on
organic food and farming systems. At the second

Table 1 Worldwide key indicators for organic food and farming
systems research

Continent Estimated
research
expenditures
(million US$)

Organic
farmland
(million
hectares)

Research
expenditures
per hectare
(US$)

Retail
sales
(billion
US$)

Africa 5 1.7 2.94 < 0.1

Asia 20 4.0 5.00 6.9

Europe 180 12.7 14.17 33.0

Latin
Ameri-
ca

20 6.7 2.99 < 0.1

North
Ameri-
ca

60 3.0 20.00 42.8

Oceania 5 22.8 0.22 1.2

World 290 50.9 5.70 84.0

Sources: (Niggli et al. 2016; Willer and Lernoud 2016).
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Science Day in 2014, participants from all parts of the
world reported on the state of organic food and farming
systems research in their regions during a set of work-
shops and focus groups. Those results were presented at
a workshop prior to the 18th OrganicWorld Congress in
Istanbul, Turkey, in October 2014. Afterwards, the draft
agenda, vision and strategy were circulated among
stakeholders identified by IFOAM—Organics Interna-
tional from June 2012 to October 2014. Comments were
used together with further comments provided at the
third Science Day in 2015 to compile the final document
that was presented at the fourth Science Day in 2016
(Niggli et al. 2016). At the fifth Science Day in 2017, a
condensed version of the extensive document published
in 2016 was presented (Niggli et al. 2017). As a concise
position paper, this most recent document serves as a
basis to develop further policy briefs.

Future development of organic farming

As organic farming continues to grow, it also evolves
and transforms. The evolution of organic farming can be
divided into three stages: (1) the pioneer stage (1925–
1980), where organic farming began as a response to the
environmental, economic and social problems caused
by industrialization and the adoption of agrochemicals;
(2) the legitimation stage (1980–2015), where the prin-
ciples were codified into standards and legally mandated
regulatory systems; and (3) the mainstreaming stage
(2015-present), where organic farming systems are
moving from being a niche to an accepted solution to
the challenge of sustainable food production (Niggli
et al. 2016). The latter is referred to as BOrganic 3.0^
and aims at promoting organic food and farming sys-
tems as a modern and innovative approach to farming
based on organic principles. As opposed to the current
approach of certified organic agriculture, Organic 3.0
does not enforce a set of minimum rules to achieve a
final static result but is outcome-based and continuously
adaptive to the local context. As a culture of continuous
improvement through stakeholder-driven initiatives for
the transformation of food and farming systems towards
higher levels of resilience, sustainability and systemic
health, Organic 3.0 is motivated by innovation, trans-
parency and inclusion, while remaining based on local
priorities. Methodologically, Organic 3.0 applies a ho-
listic systems approach and also accounts for external
costs of agriculture. As such, research in Organic 3.0

will require methodological innovations in evaluating
ecosystem and economic performance (Arbenz 2014).

Pathways of future research

Most of the current research on organic food and farm-
ing systems addresses the needs of the Organic 3.0 or
mainstreaming stage. Therefore, TIPI advocates for
three main pathways for future research on organic food
and farming systems follow (Table 2). Pathway 1 im-
proves and enables organic farming systems to become
a widely preferred land use system in rural areas world-
wide. Pathway 2 improves and enables organic food and
farming systems to feed the world and conserve the
planet’s natural resources. Pathway 3 enables organic
food and farming systems to produce healthy food in a
fair way for the well-being of all. These three pathways
are proposed as a way to have secure food and protected
ecosystems in the future (Niggli et al. 2016).

From these visions, we derived the following strategy
for global organic food and farming research and inno-
vation, which may be implemented by following the
three pathways and associated research implications
mentioned above.

Strategies of organic food and farming systems
research

Through a lengthy strategic planning process that in-
cluded researchers and the beneficiaries of organic farm-
ing research, TIPI identified three strategic research
approaches, which will help advancing global organic
food and farming systems research and innovation in the
context of the three pathways described above (Brural
empowerment^, Beco-functional intensification^ and
Bhealthy and fair food^; Niggli et al. 2016):

1. Develop research methods appropriate for organic
food and farming systems.

2. Renew partnerships between farmers, farm advi-
sors, scientists and consumers.

3. Integrate technological, social and ecological di-
mensions of innovation.

Following these three strategic approaches is likely to
lead to a transformation of food and farming systems
towards higher levels of resilience, sustainability and
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Table 2 Pathways for future development of organic food and farming systems with corresponding visions and research implications
(source: Niggli et al. 2016)

Pathway Vision Implications for future research

Pathway 1: Organic agriculture
will become the preferred
land use system in rural
areas worldwide.

Organic agriculture will be the preferred land
use model and thus empower rural
economies. Viable local economies will
attract people, improve livelihoods and halt
migration to cities. Organic farming will
intensify partnerships between consumers
and producers by fostering dialogues
between them. Through best use of natural
and social resources, organic agriculture
will be a powerful intensification strategy
in rural areas and for subsistence farming.

Develop value added food chains in rural
economies; sourcing regional, high-quality foods
from organic farms and using local processing,
packaging and labelling units to create new
products by traditional food techniques and
innovative technologies

Include all stakeholders in setting research priorities;
farmers, traders, processors, researchers, retailers,
consumers and future generations should all be
involved in improving the quality of rural life and
sharing the benefits of organic farming

Establish farmer-researcher innovation groups to
boost co-innovation in rural areas

Improve the economic viability of short food chains
through information and communication
technologies, as well as social media

Specify models, metrics and key indicators and use
them to collect and analyse data about the
comparative environmental and social costs of
organic and conventional agriculture

Pathway 2: Secure food and
ecosystems through eco-
functional intensification

Eco-functional intensification will increase
the availability of food and stabilize food
supplies. Use of non-renewable resources
and off-farm inputs will become obsolete.
High standards in animal welfare will be
maintained and sustainable ecosystem
management will be state of the art.
Organic farming will minimize negative
trade-offs between productivity and
sustainability, making it the benchmark for
the responsible and precautionary use of
science in food and farming systems.
Organic farmers will be the best
agricultural ecosystem managers, co-
researchers and resource optimizers.

Adopt a perspective that soil, plant and animal
health is the norm to investigate, understand and
develop preventive measures (cultural, physical
and biological), aiming at replacing the routine
use of pesticides and animal medicine

Breed crops and livestock that are better adapted to
local conditions as well as low external input
systems and have sustainable yields and greater
nutritional quality

Employ modern scientific methods to test, validate
and, where appropriate, adjust traditional
knowledge and locally adapted systems to
improve the resilience of farming systems

Design farming system and natural habitats that
enhance functional biodiversity, increase
abundance of pollinators, biological control
agents and other beneficial organisms, efficiently
cycle nutrients, and create buffer zones to protect
critical ecological areas

Increase sustainable yields through improved crop
rotations, polycultures, nutrient recycling and
variety selection

Enhance soil building to increase organic matter,
sequester carbon, maintain and improve soil
fertility and improve systems’ resilience,
particularly in tropical and arid zones

Pathway 3: Organic agriculture
will produce healthy food
in a fair way for the
well-being of all.

Healthy diets, consisting of fresh and whole
foods with intrinsic qualities, will be a
standard and are only minimally altered by
processing. In terms of taste, regional
variation will be preferred over artificial
design. Organic farmers, food processors
and distributors will jointly spearhead the

Investigate the interactions between (organic) food
quality and human health, looking at the effects of
nutrient density, secondary plant nutrients, and
reduced contamination with pesticides and other
chemicals
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systemic health, the achievement of which will require a
restructuring of how research is conducted. Disciplines
will be required to interact in a way they have not done
previously. Metrics for performance should be devel-
oped to look at more than short-term productivity and
profitability, without neglecting the need for sufficient
production or to make profits. To conduct valid,
evidence-based research on organic food and farming
systems, research needs to continue to rely on well-
designed, maintained and controlled experiments that
meet the standards of scientific peer review. However,
unlike most experimental research carried out in the
past, novel research will require multidisciplinary teams
who integrate components research into holistic farming
system approaches.

Develop research methods appropriate for organic food
and farming systems

In low-input countries, participatory research on agro-
ecology and farming systems has become a viable alter-
native. So, too, agricultural research in richer countries
increasingly emphasizes the societal context and re-
spects the limitations pre-set by landscapes, abiotic
and biotic site conditions. Hence, sustainable, ecological
or eco-functional intensification has become the pre-
dominant goals of agricultural research (Tittonell

2014). System-related researches such as soil fertility
management trials need to look at long-term and syner-
gistic effects of crop rotations and the storage of nutri-
ents slowly released by biological processes. With re-
spect to pest and disease management, new tools to
measure the efficacy of biological control options need
to be developed. Organic livestock systems research
need to focus on preventive measures that maintain
health, rather than on developing new cures for diseases.

Farming systems research requires more coordina-
tion and thus monetary overhead than component re-
search and takes longer to produce tangible results.
Because of its complexity, farming systems research
has historically been more difficult to design and man-
age than controlled experiments (Collinson 2000). Rep-
lication is complicated by the site specificity of results
and interactions of individual parts of the system that
may turn out to be different if the same research is
carried out at another site. Moreover, it is not possible
to remove the human element from the system to the
same degree as in controlled experiments. Evaluating
the sustainability and ecological properties of farming
systems often involves complex methodologies that are
challenging for farmer collaborators to conduct without
proper training (Lightfoot and Barker 1988; Lightfoot
and Noble 2001; Pretty 1994). However, instead of
removing the human element, farmer behaviour and

Table 2 (continued)

Pathway Vision Implications for future research

transition to more conscious consumption
patterns and the renaissance of authentic
traditional foods. Members of the organic
movement will be innovative in the design
of cooperative and participative models of
transport and safe and traceable food
systems.

Develop and improve technologies to recover
organic wastes, so that they can be safely and
efficiently returned to the soil (Bcradle-to-cradle^)

Evaluate biodiversity between (inter-specific) and
within (intra-specific) species of plants and
animals for their ecological resilience and the
health well-being of animals and humans

Examine and adapt traditional food processing using
modern techniques to improve the quality and
performance of natural, authentic and heritage
foods without losing their essential characteristics

Investigate the causes of and ways to prevent
contamination with pesticides, genetically
modified organisms and other contaminants
prohibited in organic production and handling
from entering organic food chains

Invent and develop more ecologically friendly
packaging that is made from renewable resources,
can be reused and is recyclable
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thus management are qualitative factors that should be
considered as much a part of the farming system as its
biophysical elements. Participatory farming systems re-
search can be adaptive when it is interactive, with a
feedback loop that involves the farmer and social scien-
tists (Darnhofer et al. 2010).

Best management practices in organic food and farm-
ing systems are based on the dimensions of social,
ecological, economic, cultural and accountability
(SOAAN 2013). As such, performance needs to be
measured by criteria other than mere yield and profit-
ability. The social criteria require that the system be
equitable and rights-based. The ecologically relevant
metrics are whether a system is stable and resilient,
and whether it produces sustainable yields in the long
run. Sustainable economic performance can be mea-
sured by the long-term effects in returns to the farmer’s
work and financial equity, rather than short-term profits.
Farming systems and the technologies used need to
respect cultural norms. Finally, organic operations are
required to be held accountable for meeting these
criteria. In this respect, the developments of tools that
analyse farms, businesses and entire food chains includ-
ing diets and nutrition patterns across a variety of sus-
tainability themes and numerous case-specific indicator
sets (e.g. RISE and SMART; Schader et al. 2014) are
steps in the right direction.

Renew partnerships between farmers, farm advisors,
scientists and consumers

Research institutions are not going to restructure their
programs unless there are incentives to do so, and the
restructuring needs to be understood, accepted and
broadly supported by the researchers in those institu-
tions. Given the limited capacity for organic food and
farming systems research, the regulatory constraints on
organic farming research, the multiple research objec-
tives for designing experiments for such systems, and
the lack of incentives to conduct research and develop
technologies that can be used for organic production,
post-harvest handling and processing, researchers work-
ing on organic food and farming systems have a differ-
ent relationship to farmers than researchers working on
conventional food and farming systems (Auburn and
Baker 1992; Barbercheck et al. 2012; Harp and Sachs
1992; Koenig and Baker 2002; Vanloqueren and Baret
2009). In organic food and farming systems, farmers,
farm advisors and scientists collaborate as co-

innovators, sharing knowledge of current best manage-
ment practices (Nicolay and Fliessbach 2012), and
farmers share information among themselves using the
Bfarmer-to-farmer methodology ,̂ which was developed
and successfully implemented for the first time in Cuba
during the mid-1990s (Rosset et al. 2011). Such a rela-
tionship contrasts with viewing farmers as clients with
limited access to knowledge. Given the limited amount
of certified organic land in most public and private
research institutions that are not working specifically
on organic, on-farm research with active participation
of farmers is a necessity. Models for successful farmer-
researcher partnerships include participatory plant
breeding and farmer innovation networks.

Participatory plant breeding (PPB) was pioneered in
developing regions to help smallholders in unfavourable
environments (Ceccarelli and Grando 2007). It was a
response to breeding programs that did not address
genetic-by-environment-by-management (G × E × M)
interactions. PPB gains access to disease resistant vari-
eties (Robinson 1996) and is locally adapted to
resource-limited conditions, particularly drought-prone
areas (Ceccarelli et al. 2010), marginal soils (Weltzien
et al. 2003) and other stress conditions. Selecting suit-
able varieties for organic farming conditions through
PPB has been an on-going collaborative effort between
farmers and plant breeders in Europe and North Amer-
ica and has led to several trans-Atlantic success stories
(Desclaux et al. 2012; van Bueren et al. 2011).

Farmers are often innovators and pioneers, and peer-
to-peer technology transfer can by-pass institutional and
corporate structures, giving farmers direct access to
technology. Farmer innovation networks can also col-
laborate with institutions to demonstrate and apply the
results of research. Farmer innovation networks may be
local, regional or global in their scope. One model,
which started in the 1980s in response to the US farm
crisis, is the Practical Farmers of Iowa (PFI) (Practical
Farmers of Iowa 2017). PFI is a farmer-led, member-
driven non-profit organization with a mission to ad-
vance profitable, ecologically sound and community-
enhancing approaches to agriculture through farmer-
led investigation and information sharing. Another
model is Farm Hack, a worldwide community of
farmers that shares open-source technical solutions both
online and at local events (Farm Hack 2017). Syprobio,
another farmer innovation network, was a EuropeAid-
funded project that worked with farmers in Benin,
Burkina Faso andMali to identify production challenges
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and solutions for cotton growers. Based on their own
ideas and experiences, farmer groups cooperatively
identified challenges and developed research-based in-
novations in the areas of soil fertility, plant health, seeds,
crops management, and socio-economics (Nicolay and
Fliessbach 2012).

Farmer networks conducting on-farm research are
currently common in Europe. Examples are the
Farmers’ Organic Research Clubs in the UK, which
are coordinated by The Organic Research Centre in
Newbury, UK, and cover topics such as participatory
breeding, animal health or arable cropping systems
(The Organic Research Centre 2017). Other exam-
ples include the FiBL Austria-coordinated BBionet^
in Austria (Bionet 2017) researching arable and veg-
etable cropping systems, as well as several farmer
innovation groups of FiBL Switzerland (Walkenhorst
et al. 2006; Klocke et al. 2010) working on dairy
health prevention, reduced-till arable cropping sys-
tems, functional biodiversity in vegetable systems
and mix-cropping of legumes and cereals. The Or-
ganic Knowledge Network Arable is an all-European
network of farmer-scientist cooperation coordinated
by the IFOAM—EU Group and funded by the Euro-
pean Union (OK-Net Arable 2017).

Another prospective strategic partnership would be
with those researchers who are working on LEISA,
integrated pest management, agroecology, agroforestry,
sustainable intensification and other alternatives to the
conventional paradigm, particularly in regions that have
limited research capacity overall such as Africa.
Partnering with and building on these alternatives to
conventional production may be a more viable strategy
for long-run progress for African organic food and
farming systems than developing a parallel research
structure dedicated solely to organic farming research.

Integrate technological, social and ecological
dimensions of innovation

Innovation happens in three dimensions: social, eco-
logical and technical (Niggli et al. 2016). While most
of the literature on innovation focuses on the third
dimension, the other two are no less important in
organic food and farming systems. Organic farmers
have mixed opinions about new technologies. On one
hand, they are generally sceptical of technical inno-
vations and have rejected many new technologies
because of the risks they pose to ecological, social

and economic systems, as well as potentially irrevers-
ible adverse consequences that might come along
with adoption. Most prominent of these in recent
years is the rejection of genetic engineering by or-
ganic farmers (Vanloqueren and Baret 2009; Verhoog
2007). At the same time, organic farmers are more
likely to be leading social and ecological innovators
compared to conventional farmers. Examples include
the adoption of community supported agriculture
(CSA) (Henderson and Van En 2007), habitat man-
agement to increase populations of beneficial organ-
isms (Bengtsson et al. 2005; Garfinkel and Johnson
2015; Hardman et al. 2016; Hole et al. 2005) and the
adoption of biological insect control (Goldberger and
Lehrer 2016).

Long-term agricultural productivity is expected to
depend on viable functioning of natural systems that
reduce trade-offs between production and ecosystems
services, which include food, feed, fuel and fibre pro-
duction aswell as clean air and water, biologically active
soils and wildlife (MEA 2005; TEEB 2010). Valuing the
benefits of organic food and farming systems and inter-
nalizing the external costs of agriculture would create
incentives for the adoption of more sustainable practices
(Pretty et al. 2001). However, to do so would require
sound methodologies to measure external costs caused
by the use of farm chemicals and the value of ecosystem
services (Andres and Bhullar 2016). While there are
efforts underway to quantify these external costs and
benefits, the models are subject to debate and the data
can often be difficult to collect and quantify, but they
can be assessed qualitatively (Kremen and Miles 2012).
Unlike market goods and services, ecosystem services
are not traded for money. Ecosystem services was cre-
ated as a metaphorical concept, but they cannot be
valued because they are not purchased in the market-
place and involve complex ecological and economic
interaction that are abstract and intergenerational
(Norgaard 2009). Proxy values need to be estimated
based on imperfect information. Political contexts lead
to those values being subjective based on stakeholder
perspective (Hauck et al. 2013). Because many ecosys-
tem services create costs and benefits over the long run
that are difficult to predict, their value to future genera-
tions is likely to be discounted and not fairly evaluated
(Goulder and Kennedy 1997). Hence, new methodolo-
gies need to be developed to integrate the dimension of
natural and social sciences, which may even require a
restructuring of academic disciplines.
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Conclusions and outlook

Globally, public and private research spending on the
specific challenges and problems of organic food and
farming systems is scarce and does probably not exceed
1% of all research spending for food and farming.
Capacity is especially needed in Africa, Asia and Latin
America. Evidence-based scientific findings and suc-
cessful case studies foster the credibility of organic
farming and help to discover research needs worthy of
scientific inquiry. TIPI has taken the first steps towards
serving these purposes by conducting a survey of spe-
cific research needs both globally and in the different
specific regions and prioritizing the most pressing ques-
tions. New research methods appropriate for organic
food and farming systems will need to be developed to
address problems that have not been solved by existing
research programs. Building and strengthening farmer-
researcher networks will be key to the success of
implementing these new methods, particularly in re-
source constrained regions that lack research capacity.
Non-governmental organizations and social scientists
are expected to play a vital role in building such net-
works. The social and ecological dimensions of innova-
tion will need to be integrated with the technological
applications that are developed and transferred if organ-
ic farmers are expected to adopt new practices. Models
for technology diffusionmay also need to be refined and
revised to go beyond an input substitution model,
changing the roles of extension and the private farm
services sector.

TIPI has a role of gathering evidence-based, quanti-
tative and comprehensive information about organic
food and farming systems research worldwide through
databases and websites (Organic Research 2017).
Above all, TIPI was established to facilitate interactions
between researchers and beneficiaries of research to
make the global research agenda visible and create
policies that promote organic agricultural research. Both
an actor-driven information exchange and an improved
visibility of organic research to address the Sustainable
Development Goals (UN 2017) represent only the first
steps of TIPI towards a future global action plan for
investments in organic food and farming systems re-
search. This has the goal to both meet the growing
demand for organic food and fibre and to tap the poten-
tial of organic food and farming systems to be a leading
model for the resolution of the sustainability problems
the world faces. Ultimately, it will be the farmers who

will make the decisions needed to innovate and imple-
ment the innovations needed to advance organic farm-
ing’s state of the art. Farmer-led innovation and farmer-
to-farmer technology transfers are expected to be the
main way that dissemination of innovations takes place
in organic food and farming systems. Therefore, in a
next step, TIPI will strengthen an active participation of
as many IFOAM—Organic International member orga-
nizations as possible. Finally, as research in organic food
and farming systems is expected to generate innovations
with applications beyond the organic sector, benefitting
future generations, TIPI’s third step will be to actively
involve and represent a growing number of organic
farmers, farm advisors and scientist in the pursue and
actor-driven implementation of the Sustainable Devel-
opment Goals.
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