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Agroecology – Can we change our food systems?

The strict integration of agroecological concepts into food pro
duction is fundamental for combining local resources with agri
cultural production. It is also essential for securing the future 
stability of our global and local food systems. Food sovereignty, 
meaning independent selection, production and consumption 
of food products, can be a driving idea for local action. But both 
small holder farmers in local markets as well as farmers in glob
al ized markets need perspectives for their future existence, for 
the stability of their systems, and multidimensional goals for 
production – including, for example, high efficiency and nature 
protection. This field is wide and not really new – but compre
hensive ideas for scientific, practical and social development are 
still needed.

Tell us about your experiences in and visions for this field.  
1) How can agroecosystems be stabilised to generate and secure 
future food production and income for the farmers? 2) Can agri
culture be improved to be a future basis for local work and 
wealth? 3) What do farming systems based on agroecology con
cepts look like? 4) What strategies foster the integration of those 
concepts and the future transition of agriculture?

We publish original research papers and sciencebased position 
papers from all scientific disciplines. We are interested in world
wide experiences and scientific insights. 
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Editorial
Agroecology – Can we change our food systems?  

Over the past decades, maintaining and increasing the productivity of farming per hectare to secure the quantity of food and 
feed was the core objective of food production worldwide. This objective was achieved mainly through technological innova-
tions, including efficient machinery, breeding, and chemical inputs such as fertilisers and pesticides. The structure of the value 
chain pushed the specialisation of farming on towards the production of a limited number of crops, while supplies, processing 
and marketing were concentrated to a few cooperatives, agro-industry and retail. This evolutionary development had been 
appraised as successful in ensuring food security, up to the point where environmental and social trade-offs became apparent. 
The narrow perspective of food security, with a focus on food quantity, may therefore have to be replaced by a new compre-
hensive approach to value food sustainability. An exemplary approach can be found in the recently published ‘Farm to Fork 
Strategy’ of the European Commission.

But the development of circular bio-based economies, improved animal welfare, and gains in biodiversity and ecosystem 
services are still in their infancy in many parts of Europe and need to be developed worldwide. A transition of food production 
towards systems with reduced dependency on pesticides and antimicrobials, reduced excess fertilisation, and skillful use of 
natural resources as well as fair participation by local communities and people must be sought. Research and movements on 
agroecology are trying to develop solutions in this multifaceted field, where changes are determined by nature, technology 
and various actors.

With the call for the current issue of Landbauforschung – Journal of Sustainable and Organic Agricultural Systems, we asked for 
strategies and success stories on the integration of agroecology to foster sustainability in agriculture. We received a vast 
range of position papers on the future role of agroecology in designing a new approach to agriculture and agricultural policy. 
Many authors provided reports on local successes, visions for research design as well as positions and results on the effects of 
integration of modern techniques or on more traditional changes in management of farming and food systems.

The review process – it is published in detail together with the articles – discloses that many of the discussions on how to 
succeed in strictly integrating agroecology concepts in developing sustainable agriculture for the future are ongoing.

We hope that the collection of articles will capture your interest and that it will help to generate a common understanding 
what agroecology means. We hope it helps the reader to learn about different experiences with agroecology and views on 
how it might to be used to improve sustainability in agriculture.

Hans Marten Paulsen and Jens Dauber 
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P O S I T I O N  P A P E R

Digital innovations for the agroecological transition: 
A user innovation and commons-based approach
Vasileios D. Gkisakis1 and Konstantinos Damianakis 2

1 Hellenic Mediterranean University (HMU), School of Agricultural Sciences, Heraklion, Greece
2 Agroecologiki SP, Agricultural Research & Development, Crete, Greece

C O N TA C T:  gkisakis@hmu.gr

Agroecology is currently an emerging concept for the tran
sition towards sustainable and resilient food systems, with 
a significant body of literature on how to accomplish such a 
transit following a systemic and holistic approach (Pimbert, 
2015; Altieri et al., 2017). Most transition analyses are based 
on what MacRae et al. (1990) presented to be a linear step
wise process of increased efficiency of the use of agricul
tural inputs, followed by their substitution, and eventually 
the whole system redesign, focusing equally at the farm and 
the greater territorial level (Gliessman, 2015). Such a process 
is meant to be knowledgeintensive, where employment 
of several innovative frameworks, tools, and technologies, 
redirected towards sustainability principles, could poten
tially be used (Rains et al., 2011; Caron et al., 2014). Indeed, 
quite a few agricultural technologies are widely described as 
being aligned with this path of transition, while most recent 
mainstream narratives of agricultural innovation propose a 
variety of “disruptive” technological fixes for increasing the 
efficiency of the food system (Gkisakis et al., 2017). 

Digitalisation in agriculture (DiA) is topplaced among 
these technological propositions as a term that collectively 
describes the multitude of concepts and forms of digital tech
nol ogies applied in agriculture, also known as ‘smart farming‘, 
‘precision agriculture‘, or ‘digital agriculture‘. DiA is defined as 
the sociotechnical process of applying digital innovations in 

agricultural production systems and value chains (Klerkx et 
al., 2019). It comprises “technocentric“ approaches of gradual 
to extreme mechanisation of farm management, supported 
by datadriven procedures and sophisticated tools and tech
nologies, such as information and communication technol
ogy platforms, big data, the Internet of things, drones, 
robotics, sensors, or artificial intelligence. DiA approaches 
are often regarded as highly prestigious solutionproviders 
that increase yields, reduce costs, and, notably, promote 
agricultural sustainability (Barilla CFN, 2017). They have also 
become a prioritised trend in the EU and global rural devel
opment policies and supported applied research topics in 
order to facilitate the creation of a market players’ ecosystem, 
including manufacturers, researchers, and infrastructure pro
viders, and ensure the rise of a novel economic sector (Euro
pean Commission, 2019).

Despite the technological optimism, warnings are often 
expressed about how the ultimate objective of systemi c 
redesign could be compromised by adopting approaches that 
simply focus on inputsubstitution and efficiency increase, 
eventually containing the risk of “conventionalisation“ of the 
agroecological transition process (Darnhofer et al., 2010; 
Caron et al., 2014; Duru et al., 2015). This argument has rather  
advanced the discussion among stakeholders on the differ
entiation of agroecology from other approaches regarded 
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as likewise sustainable (e.g. climatesmart agriculture or sus
tainable intensification), in order to avoid possible coopta
tion by the mainstream agricultural trends (Pimbert, 2015; 
Altieri et al., 2017). However, a conclusive consensus has not 
been reached with regards to the potential role of DiA in 
the agroecological transition towards truly sustainable and 
resilient food systems. 

For almost a decade, the application of digital technol
ogies has been related to the socalled “weak“ form of eco
logical modernisation, which promotes an interventionist and 
“therapeutic“ strategy, in continuity with productionoriented 
approaches that still rely on external chemical inputs (Horlings 
and Marsden, 2011; Rains et al., 2011). Contrariwise, the 
“strong“ form of ecological modernisation, also described 
as “biodiversitybased agriculture“, is featured to support 
agroecology (Duru et al., 2015), by enhancing the provision 
of agroecosystem services mainly through practices and 
farming systems that are based on biodiversity attributes. 
Furthermore, DiA has been shown to only partially improve 
the efficiency of inputs and resource use or decrease pro
duction costs (Duru et al., 2015). This is accompanied by 
high costs of farm management mechanisation that require 
large initial investments in time and capital (Van Meensel et 
al., 2012) and consequently exclude small scale farmers that 
may not take advantage of the new technologies (Osipov 
and Bogoviz, 2017). 

DiA approaches have also been described as valuing 
mostly the big data and technology transfer models, rather 
than promoting an experiencebased exchange of knowl
edge and longterm observation of ecological process
es (Carolan, 2017; Higgins et al., 2017; Gkisakis et al., 2017). 
In fact, mainstream agricultural digitalisation appears to be 
more aligned to a topdown paradigm, centred on and driv
en by technology developers. Under this approach, users are 
considered as a mere market (Kshetri, 2014; Seppala, 2014), 
which eventually generates a considerable gap between 
innovation development and the context, needs, assets, and 
emerging constraints faced by farmers (Bellon and Ollivier, 
2018). Thus, it is stressed by several authors that DiA tends to 
ignore any resulting economic and cognitive dependencies of 
farmers, especially small ones, to technology providers, which 
may lock both food producers as well as citizens into asym
metrical power relationships and lead to the loss of autonomy 
(Gkisakis et al., 2017; Higgins et al., 2017; Carolan, 2018).

Despite the above, other authors (Maurel and Huyghe, 
2017) emphasise the positive aspects of digital technol ogies 
and include DiA among the broad technological possibilities 
that will help meet the challenges of agroecological tran
sition; as such, DiA is expected to make a multilevel contri
bution to farming efficiency that would help farmers close 
the loop of biochemical flows or take advantage of biodi
versity. Ingrand (2018) also states that the combination of 
agroecology and DiA would minimise the risks of failure for 
both, in comparison to a model of separate development. 
For agroecology, this would mean a reduction of the risk of 
having limited capacity to motivate different actors due to its 
lowtech nature; for digital sciences and other new technol
ogies, this would mean avoiding the risk of social rejection 

due to the mechanisation tendencies associated with several 
technological actors while excluding farmers. Other recent 
related reports (Rudram et al., 2016; HPLE, 2019; Kipling and 
Becoña, 2019) aptly stress that digital tools and technol ogies, 
like mobile phones and Internet, provide oppor tu nities for 
improved information exchange, knowledge sharing, and 
coproduction. Therefore, they potentially facilitate farmer to 
farmer exchanges in various countries, including low income 
ones, as well as increase the ability to establish shorter food 
chains and build trust among farmers and consumers.

To move beyond such conflicting dissensions and in order 
to provide a pragmatic, transdisciplinary approach, we argue 
that digital technologies could play a potential complemen
tary role in the agroecological transition, only when certain 
prerequisites, previously described by data science and socio 
economic disciplines, are met: 

i) A user innovation (UI) process should be applied, 
emphasising the enduser’s involvement (in our case – the 
farmers) in digital tool and technology development. UI is 
regarded to be fundamentally different from the tradition
al, manufacturercentric model, where products and ser
vices are developed by manufacturers in an exclusive way 
(von Hippel, 2005). Instead, it stresses the endusers’ ability 
to either innovate for themselves in a doityourself manner 
that goes beyond a simple participatory approach or co 
innovate by benefiting from freely openshared innovations, 
consequently organising participation at multiple levels and 
take advantage from collective intelligence and organisa
tional structure in a nonexclusive manner (Ornetzeder and 
Rohracher, 2006). Therefore, UI has been regarded as repre
senting the democratisation of innovation development, 
where users possess the unique local knowledge of their 
needs and the technical capacity to create followon innova
tions to meet these needs (Douthwaite, 2002). Examples of 
agricultural technologies, including digital ones, developed 
by or codeveloped with users are already abundant, and an 
essential next step proposed would be their scaling up and 
scaling out (Cerf et al., 2012; Van Meensel et al., 2012; Lind
blom et al., 2017). 

ii) A peertopeer (P2P) process of sharing innovation 
should be followed, incorporating its diffusion to noninno
vators (Gambardella et al., 2017) within a commonsbased 
peer production (CBPP) model, as described by Benkler 
and Nissenbaum (2006). P2P represents a relational dynam
ic of human interaction requiring a decentralised and non
hierarchi cal network organisation with the aim of communi
cating, collaborating, creating, and exchanging value 
(Bau wens and Pantazis, 2018), such as, in the case of DiA, the 
value generated by technology and data use. Within CBPP, 
the P2P process is further advanced, leading to a mutual con
tribution by stakeholders and creating a common pool of 
either innovative knowledge, tools or design, through par tici
pa tory governance open to further contributions (Bauwens, 
2014). CBPP is already exemplified in cases related to DiA, 
including open source agricultural technology ini tiatives, such 
as Farm Hack (USA), collaborative projects for the creation of 
technology solutions and innovation by farmers (L'atel ier 
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paysan, France), or even research projects like CAPSELLA of 
EU’s H2020 programme (Gkisakis et al., 2017). Importantly, 
such approaches, characterised by impartiality, provision of 
advice and information, and independence from privatesec
tor sources, have been reported as being highly appreciated 
by the farming community (Knierim et al., 2018). 

To conclude, a broad consensus on the role of digital innova
tions in agroecology has not been reached as many stake
holders strongly argue that DiA is not expected to be one of 
the main drivers for the agroecological transition, at least not 
like other corefeatures, such as the enhancement of agro
ecosystems and biodiversity management. Nevertheless, 
digitalisation could potentially comply with agroecological 
principles when a combination of user innovation processes 
and a commonsbased peer production model is applied. 
This would redirect the development and application of the 
emerging digital technologies towards an approach that 
contains the immediate farmers’ involvement and a hori
zontal transfer of innovative knowledge among stakehold
ers, as part of a holistic management strategy for sustainably 
re designing the food system.
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In this paper, we propose the promotion of local sustainable 
diets as a process that can facilitate the transition of current 
industrialised food systems to agroecological food systems. 
First, we describe the problem, which can be synthesised 
by the following question: how to enhance the synergies 
between local diets, sustainable diets, and agroecology that 
we argue are the key drivers of the transition to agroecologi cal 
food systems. To build our argument, we first provide a theo
retical discussion regarding the concepts of sustainable diets, 
local diets, agroecology practice, agroecology transition, and 
sustainable food systems. This discussion allows us for the 
identification of joint and complementary characteristics. 
We then provide possible solutions based on existing global 
experiences, which we believe to drive the development of 
local and sustainable diets, agroecology, and food systems 
and taken together can aid the transition to agroecological 
food systems.

1 Description of the problem

As defined by the FAO (2012), sustainable diets are char ac
ter ised by the following five dimensions: i) protection and 
respect of biodiversity and ecosystems, ii)  cultural ac
ceptance, iii)  accessibility, economic fairness, and afford
ability, iv) nutrition, safety, and health and v) optimisation 
of natu ral and human resources. Sustainable diets have low 

environ mental impacts and guarantee food and nutrition 
security and health for both the present and future genera
tions. A sustain able diet is related to the concept of sustain
able food systems. A sustainable food system is the sum 
of the elements, activities, and actors that are interrelated 
around the production, transformation, distribution, and 
consumption of food, in a way that delivers food security 
and nutrition but does not jeopardise social, economic, or 
environmental sustainability (FAO, 2018). But are sustainable 
diets inextricably linked to sustainable food systems? What 
are the cause and effect relation ships between sustainable 
diets and sustainable food systems, and are they recip rocal? 
Diet has a direct impact on consumers’ food choices and 
determine which foods are transformed, produced, and thus 
distributed throughout the food supply for consumer pur
chase. But this is a twoway process as food production shapes 
food product transformation and distribution, subsequently 
affecting the food supply and hence what consumers can 
choose from to be part of their diet (Meybeck and Gitz, 2017). 
Therefore, a sustainable diet will, ideally, enhance a sustain
able food system through consumer choices as production 
and distribution will have an incentive to adapt and supply 
sustainable foods. However, consumers can only implement 
a sustainable diet if the food production and distribution 
provide them with both economically and physically acces
sible sustainable food options. 
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There is no universal concept of local diet as there are 
myriad definitions and understandings of the term ‘local’. In 
general, a local diet is one that is based on locally produced 
and sourced foods (Hunter et al., 2020). However, there is 
no single agreedupon idea of what the distance should be 
between the farmer and the consumer for considering food as 
locally grown; some argue 10, 50, or up to 100 miles, others a 
day’s drive, or within state borders (Whitney and Rolfes, 2019). 
In our opinion, local diets should be based on foods pro
duced within the lowest distance possible between farmers 
and consumers. But are local diets always sustainable? Local 
food production might not coincide with a low environmen
tal impact or, if it does, the outcome might not be enough to 
feed the entire population, for instance, in areas with severe 
climatic constraints. Therefore, we emphasise the concept of 
local sustainable diets. We argue that local diets also need to 
be sustainable and vice versa so that what is sustainable is 
also accessible. 

Local sustainable diets will facilitate the agroecology tran
sition (AET), which in turn will help maintain local sustain able 
diets by ensuring agroecological production. Specifically, 
agroecology is the science of sustainable agriculture, with a 
focus on the production system (Altieri, 1995). Agroecology 
as a type of agricultural practice recognises and uses the rela
tion between sociocultural characteristics and the food sys
tem as a powerful tool; thus, it requires a solid base of local 
knowledge. Bezner Kerr et al. (2019) specify that the practice 
of agroecology has relied on approaches to food production 
based on local knowledge, culture, and values. The AET is a 
process of systemic transformation to the ecologisation of 
agriculture and food (Bergez et al., 2019). Ultimately, the AET 
is a shift to a sociotechnical system that is radically different 
from that used in current industrialised agrofood produc
tion. The AET is often addressed as a redesign at the farm 
level, but Ollivier and colleagues argue it should be under
stood more broadly; as an alignment of farmers’ needs, 
eco system processes, and societal needs and demands 
(e.g. health impact or food price) (Ollivier et al., 2018). A 
true AET involves longterm changes in a range of elements 
and dimensions (e.g. technology, commercialisation, con
sumption) enacted by myriad actors and social groups (e.g. 
consumers, farmers, public institutions) (Köhler et al., 2019). 
Therefore, we propose that the development of local sustain
able diets includes el ements, which we will refer to as key 
drivers, with the potential to drive food systems through the 
longterm process of the AET. We recognise that it is difficult 
to make a modern in dustrialised food system completely 
agroecological, especially if we refer to a large geographic 
territory. However, we assert that the AET is a process with 
an inspiring goal, even though it is almost impossible to ful
ly complete. The AET of food systems requires forces that 
underpin the proximity among actors in the food system, 
such as the close geographic relationships between farmers 
and consumers for food purchases necessary for the provi
sion of local sustainable diets. Furthermore, we argue that 
local sustainable diets and the AET are not instantly con
comitant but have key common elements that will, ideally, 
function in a synergic way.  

How can then local sustainable diets contribute to the 
longterm process for the AET of food systems? From the 
above, we conclude that the AET of food systems must 
include, among others, three key elements: 1) be partici
patory, 2) be consistent with sociocultural aspects, and 3) 
value the locally available resources. The strong link between 
the actors in the food system and the spatial area in which 
they interact to help shape local sustainable diets has the 
potential to drive all three of these elements. However, in the 
current expansion of modern food systems that moves pro
ducers and consumers away from each other, how can we in 
practice both recover and maintain local sustainable diets? 
We believe that the practice of agroecology offers potential 
solutions for helping to create and maintain local sustainable 
diets in a population. What follows are some practical ex am
ples and recommendations (i.e. possible solutions) from the 
literature to illustrate how to enhance the commonalities 
and potential synergies between local sustainable diets and 
agroecology practice and thus drive the transition towards 
agroecological food systems.

2 Possible solutions 

Worldwide, on a subnational level, both political and pro
grammatic strategies have been proposed by city govern
ments, especially in the developed countries, to reshape the 
food supply according to proximity and sustainability cri
teria. According to Köhler et al. (2019), public policies must 
play a central role in sustainable transitions, such as the AET, 
consid er ing that sustainability is a public good. The partici
pation of cities in food governance facilitates the adapta
tion of the food system to local needs (Sonnino, 2016). The 
promotion of periurban agriculture and short food supply 
chains has the potential to provide the inputs for citydriven 
food systems based on local products. Through facilitating 
distribution from farms to nearby cities and providing farm
ers with a stable income source, farmers are more likely to 
be a part of citydriven food systems. One mechanism that 
facilitates citydriven food systems is through Community 
Supported Agriculture (CSA), which consists of consumers 
providing farmers with money upfront prior to the harvest in 
return for weekly or monthly allotments of agricultural prod
ucts. The CSA mechanism was originated in Europe in the 60s 
and 70s to support biodynamic farms. Hvitsand (2016) sug
gests that the producers and consumers committed to CSA 
are often concerned with aspects in line with agroecology 
principles. After analysing 22 countries as cases, Volz et al. 
(2016) found that European CSA strongly incorporates agro
ecology practices. Taken together, CSA is a way to promote 
local sustain able diets by bringing farmers and consumers 
closer to gether. We suggest that this proximity may help 
drive the AET as consumers could have the opportunity to ask 
farmers for foods produced under certain conditions, such as 
through agroecology practices. 

The promotion of Participatory Guarantee Systems (PGS) 
can complement CSA by guaranteeing consumers that 
the local foods they receive are agroecological, as well as 
enhancing the trust, networking, and knowledge exchange 



7Boza and Kanter (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):5–8

Another example of how the promotion of local sustain
able diets can help drive an AET is evident through public 
policies in Brazil. The Brazilian Federal Food Acquisition Pro
gram and the National School Meal Program together man
date that a percentage of their budgets be used to acquire 
food from family farmers. Under the purchase with simulta
neous donation system – the most common mechanism for 
the Brazilian National Food Supply Company (Conab, for its 
acronym in Portuguese) to purchase products from family 
farmers for these programmes – it is the farmers themselves 
that deliver their products to schools located in their territory. 
Therefore, the school menus in Brazil are adapted to avail
able local foods as the culinary preparations are required to 
include them. In addition, farmers receive an overpayment 
of 30 % if their products are produced under agroecology 
practices. These policy examples from Brazil show that the 
public sector can use its purchasing power to enhance local 
sustainable food systems that also incentivise agroecological 
practices through local family farmers.

Another type of policy that can enhance the promotion of 
local sustainable diets based on agroecology at the national 
level is FoodBased Dietary Guidelines (FBDG). FBGD is a type 
of political document that specifies the nutritional principles 
for a population through a series of recommendations re lated 
to food, dietary patterns, and health. FBDG should consider the 
conditions of food supply, public health, and cultural prefer
ences, among others. More than 90 countries worldwide have 
published their own FBDG, but only eight include sustain
ability (Herforth et al., 2019). The existing FBDG also rarely 
include recommendations on how or where foods should 
be produced. The 2014 Brazilian FBDG is an example of one 
that includes sustainability concepts as it recommends the 
consumption of natural or minimally processed foods, prefer
ably organically or agroecologically produced, bought direct
ly from the farmers themselves, if possible (Monteiro et al., 
2015). FBDG similar to those established in Brazil, which con
sider how food production is practised and is contextsensi
tive, have the potential to orient national consumers towards 
local sustainable diets, ideally through recommendations of 
traditional and local foods. Thus, FBDG that include concepts 
around sustainability, including the importance of sustain
able diets, have the potential to indirectly push policymakers 
and stakeholders to design related public policies and pro
grammes.   

In addition to national policies and programmes, inter
governmental agencies also have a role to play in the pro
motion of local sustainable diets that together facilitate the 
transition towards global sustainable food systems. The FAO 
Draft Code for Sustainable Diets was developed between 
2010 and 2012 by an expert working group in parallel to other 
existing food codes, such as the WHO International Code of 
Marketing Breast Milk Substitutes (Burlingame, 2019). The key 
ideas in the Draft Code for Sustainable Diets are: i) human 
health cannot be isolated from ecosystem health, ii) when 
ecosystems are capable of supporting sustainable diets, 
actions that promote other foods (e.g. ultraprocessed foods 
and supplements) and related artificial sources of nutrients 
are inappropriate, and iii) every stakeholder has a role to play 

between farmers and consumers. PGS are an alternative to 
the thirdparty certification for organic and agroecological 
farming. Thirdparty certification worldwide is a paid service 
in the hands of certification companies and responds to the 
organic farming standards of the destination market. In con
trast, according to the IFOAM (2014), in PGS the stakehold
ers – farmers and consumers – together oversee organic 
and agroecological certification. There are more than 240 
PGS initiatives operating in 67 countries that involve more 
than 310,000, mostly smallscale, farmers. However, only 
11 countries worldwide recognise PGS certifications as a legal 
equiva lent to third party certifications (Willer and Lernoud, 
2019). The use of PGS helps to promote local sustainable diets 
by providing a greater amount of certification mechanisms, 
beyond that of ‘certified organic’, to signal to a consumer that 
the food product was produced under agroecological condi
tions. Therefore, the use of PGS helps to drive the AET in two 
main ways: 1) by incentivising farmers that they will receive 
recognition for their production practices in a way that is like
ly more feasible for them than formal thirdparty organic cer
tification and 2) by teaching consumers that there are many 
ways of sustainable, agroecological food production that are 
not limited to being 100% certified organic, which include 
products that are often too expensive or hard to find for many 
consumers.

The switch to diets based on local food production 
often results from periods of scarcity that prevent trade, 
especially in, but not limited to, developing countries. Cuba 
is a paradig matic example in this sense. Due to food short
ages during the Special Period, the Cuban government and 
the Cuban National Association of Small Farmers pro moted 
the Farmer to Farmer Agroecology Movement (MACAC, 
for its acronym in Spanish), which was quite successful in 
increasing the share of agricultural production performed 
with agroecological methods (BlayPalmer et al., 2020). The 
MACAC programme is still functioning based on the peer
topeer transmission of knowledge. Farmers organise them
selves in groups, each with an average of 750 members, 
which exchange ideas both within and between groups 
through meetings, workshops, visits, etc. The emergence 
of the MACAC programme as a means to strengthen local 
food systems is an example of how a shift out of necessity, 
in this case, due to a crisis in the national food supply, can 
drive  opportunities to rethink and build more sustainable 
and resilient food systems, particu larly through the prac
tice of agroecology. This is an especially contingent scenario 
in 2020, as the usual functioning of local food distribution, 
with particular regard to the reduced or unstable availability 
of imported products, is disrupted by the global COVID19 
pandemic (Kanter and Boza, 2020). Therefore, programmes 
such as the MACAC can both help promote local sustain
able diets as well as an AET through peertopeer collabo
ration in making existing agricultural production systems 
more agroecological. Peertopeer learning programmes 
can even be adapted to social distancing scenarios through 
the use of communication technologies, but it is important 
to assess the level of digital literacy amongst potential users 
prior to doing so.
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(Burlingame, 2019). The Draft Code for Sustainable Diets is 
an excellent example of an initiative that has the potential 
to be a global standard; however, as of 2020, it has yet to be 
directly applied.

3 Conclusion 

The trend in modern food systems is the everincreasing 
distance between production and consumption. However, 
the scientific literature provides evidence that the concepts 
of local diets, as well as sustainable diets, share important 
dimensions with agroecological practices that have been 
incorporated into different programmes and policies world
wide. Local sustainable diets have characteristics that under
pin, and thus, have the potential to facilitate the AET of modern 
food systems. We have presented several examples of pub
lic policies and communitylevel programmes that provide 
conditions for local sustainable diets with key elements that 
independently and together can drive the transition towards 
agroecological food systems. Although increasing in num
ber, many actions that promote local sustainable diets are 
still barely put into practice or scaled up. Still, the Draft Code 
of Sustainable Diets offers a global approach to do so. To sum 
up, local sustainable diets provide essential drivers for the 
AET of modern food systems.
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1 The decade of agroecological transition 
in the EU’s agricultural policy

Creating more sustainable agricultural production systems 
drives the current European discussions on the new Common 
Agricultural Policy (CAP) and the new research and innova-
tion framework programme, Horizon Europe 2021–27 (EC HE, 
2019). The agriculture and food sector is traditionally one of 
the major fields that shape policies in the European Union 
(EU) as it generates approximately 44 million jobs, including 
20 million people employed by the agricultural sector alone 
(Eurostat, 2018). The CAP alone constituted 37.2 % of the whole 
EU expenditure, while the societal challenge ‘Food security, 
sustainable agriculture and forestry, marine maritime and 
inland water research and the bioeconomy’ of the Horizon 
2020 research framework programme allocated around 40 % 
of its total budget to agricultural research projects (EU REG, 
2013; EC HE, 2015, 2017, 2020). Societal demand for these 
consid erable funds to be utilised for transforming the current 
primary production and the entire food supply chain into a 
more sustainable system is stronger than ever.

To this end, the EU has become the frontrunner in setting 
ambitious objectives to achieve the United Nations’ Sustain-
able Development Goals (SDGs) by 2030 and comply with the 
Paris Agreement via integrating economic, environmental 
and social sustainability measures into its policy. In Decem-
ber 2019, the European Commission adopted the European 
Green Deal, committing itself to zero net carbon emissions 

by 2050 and tackling environmental challenges in relation 
to agriculture, specifically mentioning the transformation of 
agriculture to climate-friendly, sustainable practices such as 
organic agriculture, agroecology, and agroforestry through 
its Farm to Fork Strategy (EC COM, 2019) and the new CAP. 
This ambition is also reflected in the Horizon Europe 2021–27 
research and innovation framework programme, in which 
‘Cluster 6: Food, Bioeconomy, Natural Resources, Agriculture 
and Environment’ (EC HE, 2019) prioritises the challenges, 
which current agricultural practices face, and puts the em pha-
sis on more environmental-focused research targets that help 
the transition of agriculture toward sustainable production 
and food systems. The planned European Partnership on 
Agro ecology, for which a preparatory call titled ‘Accel er-
ating farming systems’ transition: agro-ecology living labs 
and research infrastructures’ was already launched in 2019, 
explicitly addresses the importance of the agroecological 
approach and its multi-actor realisation (EC HE, 2019).

Assuming that necessary funding will be dedicated to 
the EU’s ambitious objectives, it seems that the concept of 
agroecology and its means of implementation will have a 
central role within the new CAP and Horizon Europe to boost 
the regional implementation and upscaling of place-based 
solutions for sustainable production systems all over Europe. 
But how do we define and implement such an agroecologi cal 
transition? The current paper aims to describe the position 
of the authors, who co-coordinate the Agroecology and 
Sustainable Yields Thematic Working Group of the BIOEAST 2 

2 BIOEAST stands for the Central-Eastern European Initiative for Knowledge- 
based Agriculture, Aquaculture, and Forestry in the Bioeconomy.
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Initiative in collaboration with the Hungarian Ministry of 
Agriculture. The BIOEAST comprises 11 Central Eastern 
European (CEE) countries (Bulgaria, Croatia, Czech Republic, 
Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, 
and Slovenia) with the aim to define their common vision and 
strategic research and innovation agenda on agroecology.

2 The rise of the concept of agroecology – 
and how BIOEAST countries interpret it

Agroecology is not a new concept, even though it gained 
momentum in European policy only recently. The term ‘agroe-
cology’ emerged in the late 1920s and was used to describe a 
scientific discipline that aimed to understand the ecological 
interlinkages between the different natural elements of an 
agricultural landscape (Altieri, 1999). Primarily, agroecology 
investigated the alternatives to chemical pesticides, such as 
biological pest management, or how to decrease the use of 
mineral fertilisers by understanding soil biology, while it also 
evaluated the economic impact of certain practices (Wezel 
et al., 2009; Altieri, 1999; Hatt et al., 2016). It is important to 
emphasise that agroecology as a science has been inter-
disciplinary right from the beginning, encompassing social 
and economic aspects beside natural sciences since it placed 
traditional agriculture practiced by smallholders and family 
farms at the centre of its investigations (Holt-Giménez and 
Altieri, 2013). 

Agroecology started to outgrow its scientific borders from 
the 1980s onwards, when it evolved into a social (and later also 
a political) movement fostering a set of agro ecological prac-
tices. As a movement, agroecology broadened its scope from 
the farm level and started to thematise social and econom-
ic aspects that address the inequalities in agriculture and the 
whole food system (food sovereignty, peasants’ rights, access 
to genetic resources, the role of women in agriculture, etc.), 
involving a wide range of stakeholders in the value chain from 
farmers to consumers (Wezel et al., 2009; Gliessmann, 2018). 
Therefore, agroecology today incorporates the entire food 
system with all of its participants, integrating the above men-
tioned broad socio-economic dimensions, sustainable agri-
cultural practices, and production systems that aim to reduce 
the impact of agriculture on the environ ment, such as organic 
farming, conservation agriculture, perma culture, etc. (Altieri, 
1999; Wezel et al., 2009; Hatt et al., 2016; Gliessmann, 2018).

Due to its broad scope, local-specific and multi-stake-
holder nature, agroecology has many definitions. Global 
intergovernmental organisations, such as the Food and Agri-
culture Organization of the United Nations (FAO, 2018) or the 
High-Level Panel of Experts on Food Security and Nutrition 
(HLPE, 2019), regard agroecology as a tool to achieve the 
SGDs. The social movement side of agroecology represented 
by Agroecology Europe, has also formulated its own defini-
tion, which is based on the principles set by FAO and HLPE (see 
website Agroecology Europe, 2020).

Although the international concepts of agroecology are 
very broad and diverse and there is also no official definition 
at the EU level, agroecology as a term is being used more and 
more frequently in the European agricultural policy debate. 

It is mainly regarded as a promising approach comprising 
sustainable farming practices where ecosystem services 
are maintained and sustainably managed to maximise crop 
growth and animal welfare through appropriate resource 
management. As such, “agroecology most recently has 
become an umbrella concept of European agricultural and 
food policy which aims to trigger the transition to a more 
sustainable agri-food system” (EC COM, 2019; EC HE, 2019). 
In line with this interpretation, the CEE countries realised the 
need to translate the notion of agroecology to their specific 
economic, environmental, and social contexts in order to 
make sure that future European policies on agroecology are 
fit for purpose in this macro-region.

The BIOEAST countries emphasise their joint commitment 
in achieving the EU’s aspiration toward more sustainable agri-
culture, and aim to formulate a joint strategic research and 
innovation agenda (SRIA) for working towards sustainable, 
knowledge-based agri culture, aquaculture, and forestry in 
the CEE macro-region by 2021. The BIOEAST SRIA, including 
its agroecology chapter, is also meant to provide recommen-
dations for the European Commis sion on the BIOEAST coun-
tries’ research needs that may be taken into account when 
designing the new Horizon Europe work programme. 

Taking into account that in the Central Eastern Euro-
pean countries national policies traditionally strongly focus 
on achieving economic growth and closing up to Western 
European economic status, and that this may happen to the 
detriment of sustainability measures, it is evident that the 
BIOEAST SRIA needs to overcome the currently practiced 
subjugation of agriculture to short-term economic benefits 
and societal trade-offs. The SRIA needs to set a new vision on 
“agro ecology as a sustainable growth model”, specific to the 
unique economic, social, environmental, and cultural chal-
lenges and characteristics of the CEE macro-region. It thus 
needs to address the increasing socio-economic and environ-
mental externalities that are deeply rooted in the current 
agricultural treadmill (Crews et al., 2018). In the follow ing, we 
describe where the BIOEAST vision on agroecology currently 
stands in the ongoing process of its co-creation.

3 What is specific about the CEE region?

Agroecology represents a promising approach not just 
because it can develop sustainable practices for agriculture 
but also aims to manage complex global problems on the 
local level, therefore finding different solutions to a given 
problem based on regional characteristics. Re garding environ-
mental challenges, the negative impacts that resource and 
chemical-intensive agriculture3 poses on the environment 
and human health (soil depletion and erosion, surface and 
groundwater contamination by nitrate leaching, biodiversity 
loss, high levels of greenhouse gas emissions, water scarcity, 

3 Of all farms in the EU (10.5 million in total), only 2.9 % (dominantly large-
scale enterprises) accounted for the majority (55.6 %) of the EU's total agri-
cultural economic output, whereas small-scale farms account for 67.6 % of 
all farms in the EU. Large farms use approximately 52 % of all agricultural 
land in the EU. Operating a large farm often results in the decline of agri-
cultural diversity and the rise of input-intensive practices (Eurostat, 2016).

https://www.agroecology-europe.org/
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conserved marine zones, etc. However, here again, we are 
confronted with setting EU-15 as an economic role model, 
while acknowledging the need for alternative solutions to 
avoid negative environmental externalities.

3)  The difference between EU-15 and CEE countries is 
also apparent in the below-average gross hourly earnings in 
the agricultural sector of the CEE countries: 3 to 6 EUR/hour 
in the CEE compared to the 16 EUR/hour EU average (ICEPS, 
2013). These figures should be normalised using the over-
all level of earning between countries or analysed in more 
detail by looking at the earnings within different sectors of 
agriculture in both regions. However, even without a more 
detailed comparison, the broad figures themselves indicate 
why agriculture in the CEE has such a disproportionately low 
share in the EU agricultural turnover and thus, from a solely 
economic perspective, relatively low importance.

Overall, we concur with Horváth et al. (2019) that although 
the EU-15 countries have reached a high technological 
develop ment and efficiency in agriculture resulting in high 
prod uc tivity, at the same time, the environmental resources 
have become highly depleted due to unsustainable prac tices 
in these countries. While productivity in the CEE region is low-
er than the EU average mainly due to (on average) less inten-
sive production practices and poor sectoral organisation, the 
region is more abundant in natural resources, such as natural 
habitats and biodiversity. However, even though the nega-
tive impacts of over-intensive agriculture are widely known, 
the economic status of EU-15 remains a role model for the 
CEE countries, and politically there is a keen interest to close 
up to the EU-15 productivity level.

Therefore, the following question emerges: is it possible 
to increase the productivity of agriculture in the CEE region 
while phasing out the unsustainable use of natural resources? 
Should BIOEAST set the closure of the yield gap as a target 
of the agroecological transition? Since the concept and prac-
tical solutions of organic agriculture are very much in line 
with those of agroecology, the International Federation of 
Organic Agriculture Movements (IFOAM) highlights organ-
ic agriculture as a model of agroecological farming (IFOAM, 
2019). Organic agriculture shows positive results in terms of 
some environmental and social metrics such as increased 
local agrobiodiversity, better livelihood for farmers, higher 
employment of farmers, or better cooperation among farm-
ers (Reganold and Wachter, 2016). However, it is important 
to point out that its yield performance compared to conven-
tional practices varies within a wide range (high differences 
between cereal or horticultural crops) and its overall produc-
tivity is highly context-dependent (Seufert and Ramankutty, 
2017). We also know that the more intensive an agricultural 
system is, the exponentially more input resources are need-
ed to achieve the same amount of productivity growth than 
in case of less intensive production systems (Tittonell et al., 
2016). In view of such results, it seems challenging to develop 
new, truly agroecological practices that are able to produce 
even higher yields than our current input-based, intensive 
production systems while not compromising environmental 
and social sustainability. However, high hopes are put into 
artificial intelligence-based decision-making systems and 

etc.) (IPCC, 2019; IAASTD, 2009) in the CEE region are similar 
to other parts of Europe. To face these challenges, the CEE 
countries, as all other countries of Europe, need to safeguard 
their natural resources and ecosystem- services by transform-
ing their agricultural production systems to more sustainable 
practices. However, in order to successfully achieve this, the 
CEE countries must address the specific challenges they face 
from an agricultural economics and socio-cultural perspec-
tive. These challenges are very much different from those of 
the EU-154 countries, and overcoming them requires specific 
efforts. In the following, we provide an insight into the most 
important differences.

The primary production sector is the motor of Europe’s 
bioeconomy. Agriculture and the food industry provide 
ap proxi mately 63 % of the EU’s total employment (agriculture 
19 %, food sector 44 %), which constitutes 76 % of the total 
turnover of the EU’s bioeconomy (agriculture 54 %, food 
sector 22 %) (JRC, 2018). The analysis of the relationship 
between employment and turnover only for the CEE coun-
tries, where agriculture is historically an important eco nomic 
sector, shows that these countries account for about 48 % of 
the EU’s employment in agriculture, but their share of the 
European agricultural turnover is only 16 % (NOVA, 2018). This 
disproportion is mostly related to three tendencies observed 
in the CEE countries:

1) The comparatively low agricultural productivity in the 
region, which is 39.6  % of the EU average (BIOEAST, 2018). 
This is most apparent in the so-called yield gap in cereal 
production between the EU-15 and CEE countries. EU-15 
produce an average of 6.5 t/ha, while the average cereal yield 
in the CEE region is 5.2 t/ha (ECSTAT, 2019). Although it may 
very well be so that the 6.5 t/ha yield in EU-15 is too high, 
given that this production is only possible by using practices 
that are unsustainable in the long run. Currently a plateauing 
or declining in wheat yields in the EU-15 is observed and there 
is interest to keep this level whilst introducing more sustain-
able practices (Ray et al., 2012). On the other hand Salmon et 
al. (2017) claim that yields in the CEE region are projected to 
increase significantly (15 to 50 %) by 2026, especially those of 
cereals. An economic growth opportunity that CEE coun-
tries are keen not to miss, however, needs to be carefully 
analysed and addressed so that environmental and social 
dimensions of agriculture are not suppressed for the sake 
of economic growth.

2)  The labour productivity in agriculture is 20 % lower 
in the CEE region than the EU average, which can be traced 
back to lower technological, infrastructural, and organi-
sational development of the region (Eurostat, 2019). At the 
same time, this might also mean that CEE countries use less 
herbicides and heavy machinery and have a less uniform 
agricultural landscape than the EU-15, which is beneficial to 
ecosystem services such as pollination and pest control. Lower 
application rates of fertilisers (mineral as well as manure) allow 
lower levels of surface water eutrophication and better- 

4 EU-15 stands for the 15 “old” member states of the European Union: Austria, 
Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxem-
bourg, Netherlands, Portugal, Spain, Sweden, and the United Kingdom.
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precision agriculture techniques that may become new tools 
for answering this challenge (Bilali and Allahyari, 2018).

Whether a technology-focused agroecological approach 
lives up to current “sustainable intensification” expectations 
or not, the agroecological transition needs to apply new, 
environmentally friendly production methods that have 
the potential to stabilise yields also under adverse climatic 
condi tions while maintaining or increasing farmer income, 
e.g. through innovative policy measures that favour the agri-
cultural production of public goods. 

Reaching the EU average wages in CEE agriculture will 
be a prominent issue in the coming years that also relates to 
the long-term development of rural communities since rural 
areas are more densely populated in the CEE region than 
in EU-15, and agriculture in rural areas generates 25 % of all 
jobs in the CEE region (BIOEAST, 2018). More importantly, the 
adaptive capacity and preparedness of rural commu nities 
to climate change is low, yet according to projections cli-
mate change will hit the CEE region disproportionately hard 
(EEA, 2019). Key challenges of agriculture related to climate 
change appear in form of extreme hot periods, uneven distri-
bution and amount of precipitation, water shortages such as 
decrease of surface and ground water levels and reduction of 
soil moisture. Regardless of climate change, there is a need 
for technical and management improvement. To mention 
one example, as the exposure of soils to compaction is higher 
in the CEE region, agricultural productivity, which is already 
low, can rapidly decline (Lavalle et al., 2009; EEA, 2019). 
Also, adaptive capacity can be increased through applied 
research and innovation. This activity has, however, been 
rather modest in the CEE area. According to Pokrivcak et al. 
(2019), this can be attributed to the differences in farm struc-
ture between the CEE countries and EU-15, such as the lower 
number of technology-intensive farms, and the low coopera-
tion between producers of the CEE region. This may have 
resulted in a comparative disadvantage for the CEE countries 
to apply for research and innovation funds as they could not 
benefit from funds that are intrinsically tailored to larger, 
technology-ready operations. However, this argument needs 
to be further supported by a more detailed analysis of farm 
structure specificities among the CEE countries as their char-
acteristics are far from homogeneous within the macro- 
region (see Guiomar et al., 2018).

Considering the region-specific economic and socio- 
cultural challenges of agriculture shared in the CEE countries, 
setting joint research priorities for an agroecological transi-
tion is even more important to ensure tailor-made solutions 
instead of general measures that may in fact prove counter-
productive for the region.

4 Applying the CEE vision of agroecology

The CEE vision of agroecology is aimed to reach high lev-
els of technological, knowledge, research, and innovation 
outputs by transforming the region’s agriculture and food 
system using the full potential of sustainable practices based 
on agroecological principles. To achieve this vision, the CEE 
countries of the BIOEAST initiative are ready to establish and 

operate a network of agroecological living laboratories (or 
living labs) as an effective tool to realise this focus (BIOEAST 
TOR, 2019). The expression ‘living laboratory’ defines open 
innovation systems or environments that directly integrate 
all stakeholders of a given value chain in the development 
process to find solution to a specific problem (Feurstein et 
al., 2008). By translating the concept of living labs to the 
agricultur al and food sector, the CEE countries aim to sup-
port the creation of living labs that can tackle the complex 
economic, environmental, and social challenges related to 
the agriculture and food sectors of the region by finding 
innovative, local-specific, and practical solutions through 
agroecological approaches.

The network of living labs, collecting and sharing good 
practices in order to encourage agricultural innovations and 
agroecological transition is also foreseen in the Partnership 
on Agroecology within Horizon Europe 2021-27. As a prepa-
ration for the Partnership, the following steps have been 
determined by the BIOEAST countries:
1. To study and synthetise existing national agricultural 

research and innovation strategies and collect good 
agroecological policy examples from the macro-region.

2. To set up a network of relevant stakeholders (embracing 
small and medium enterprises, large companies, farmers, 
advisors, researchers, consumers, public and civil society 
organisations) of the BIOEAST countries to collect and 
discuss practical experiences with agroecological transi-
tion pathways.

3. To stimulate discourse on agroecological sector develop-
ment in the CEE region in light of the diverging visions on 
fostering competitiveness through closing the yield gap 
vs achieving sustainable income with enhancing yield 
resilience.

4. To implement policy pilots and seek financing resources 
in the CEE region and the EU for creating an enabling 
environment for agroecological living laboratories and 
for testing place-based agroecological innovations.

5. To contribute to the programming of the national Strategic 
Plans of the Common Agricultural Policy in order to guaran-
tee policy consistency throughout the macro- region.

Moreover, the BIOEAST thematic working group on 
Agroecology and Sustainable Yields is represented by 
its coordinators in the Horizon 2020 preparatory action 
Strengthening the European agro-ecological research and 
innovation ecosystem, which aims to develop the frame-
work for a European network of agroecological living labs 
and research infrastructures (EC, 2019). Within this keystone 
project of the EU’s agroecological transition, we coordinate 
stakeholder engagement and the creation of a pilot net-
work of agroecological living labs, where this approach may 
be tested and developed further under real-life conditions.

5 Conclusion

This position paper is aimed to present the diverging inter-
pretations of agroecology within the international agricul tu-
ral and food policy debate with a special focus on the EU and 
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the Central Eastern European countries. More importantly, 
the paper emphasises the relevance of creating a joint vision 
on agroecology and a Strategic Research and Innovation 
Agenda specific to the unique economic, en viron mental, 
and social aspects in the CEE region. How ever, this vision 
needs a broad political willingness to be implemented in 
practice across the macro-region, which raises several ques-
tions mainly concerning the future economic output of CEE 
agriculture and the financial support allocated or available to 
the BIOEAST SRIA objectives. Still, the vision of agroecology 
in the BIOEAST countries points out that for the CEE region 
agroecology represents an opportunity to create innovative, 
regional solutions for an environmentally but also economi-
cally and socially sustainable agricultural system. However, 
this can be achieved only if the fragmentation of agricultural 
policies is avoided and a system-based approach, which is 
based on strong socio-economic arguments, is implemented. 
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1 Introduction

The global production of food comes at the expense of non- 
commodity ecosystem services, eco-stability, and human 
wellbeing; consequently, it threatens the stability of the 
planet (Steffen et al., 2015). An ongoing growth of the world 
population combined with the increasing wealth of low and 
mid-income countries, which is accompanied by higher pro-
tein consumption (especially of meat), threatens to escalate 
the overexploitation of natural resources, leading to higher 
greenhouse gas emissions, deforestation, and land degra-
dation (FAO, 2017).

While scientists and politicians broadly share this analy-
sis and acknowledge the urgent need for action, there are 
several different narratives as to where solutions should be 
sought (see Figure 1). Of these, the prevailing one, is sustain-
able intensification. While the term dates back to 1997 (Pret-
ty, 1997), today this narrative finds broad support, is pro-
moted by FAO, and is widely employed by the international 
research and development community as well as businesses 
driving industrial agriculture (Tittonell, 2014; Garnett et al., 
2013). Sustainable intensification is characterised by a drive 
towards a greater output of food and feed per agricultural 
input, including land. It also causes less pollution and oth-
er negative externalities per output and is therefore said to 
be more (eco)efficient. It leaves some room for nature con-

servation and high-natural-value areas because most of the 
agricul tural surface is highly productive. Productive land 
and area s serving the common good are segregated. The 
contrasting narrative is ecological intensification. “While 
sustainable intensification is generally loosely defined, so 
that almost any model or technology can be labeled under 
it, ecologi cal intensification proposes landscape approaches 
that make smart use of the natural functionalities that eco- 
systems offer. The aim is to design multifunctional agroeco-
systems that are both sustained by nature and sustainable 
in their nature.” (Tittonell, 2014). Ecological intensification 
relies on eco system functions like soil fertility and biodiver-
sity, whereas off-farm inputs become less important. By 
design, maximum yields are unlikely to be reached. Con-
sequently, it is important to reduce food waste and meat 
consumption accordingly (Schader et al., 2015; Müller et 
al., 2017). The contrast between these two narratives can 
be summarised as efficiently managed productivity versus 
moderation or sufficien cy in nutrition to reduce the need 
for further in creases in agriculture productivity. In practical 
implementation, these two strategies mean a technologi-
cally improved conventional or integrated agriculture on the 
one hand and organic farming on the other (Reganold and 
Wachter, 2016). But this either-or is more clearly separated in 
theory than in practice. Often, diversified or extensive con-
ventional farms are as sustain able as very intensive organic 
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sectors of production or whole farms and sometimes even 
more so (Sanders and Heß, 2019; Haupt et al., 2018). Could the 
concept of agroecology help to build bridges between these 
perspectives and facilitate solution-oriented dialogues?

2 Agroecology: from science to practice

Regional and international conferences on agroecology held 
by FAO from 2014 to 2017 led to the identification of ten prin-
ciples characterising agricultural and food systems as agro-
eco logical (FAO, 2018). These principles describe the common 
mechanisms of such systems as diversity, syn er gies, efficien-
cy, resilience, recycling, as well as co-creation and sharing of 
knowledge. Furthermore, the principles highlight human and 
social values, culture, and food traditions. Responsible govern-
ance, as well as circular and solidarity- oriented economy, are 
crucial as they produce the enabling environment, neces sary 
for agroecology to thrive. In its latest and 14th report, the High 
Level Panel of Experts on Food Security and Nutrition of the 
Committee on World Food Security (HLPE) comple mented the 
definition of agro ecology with its 13 principles (HLPE, 2019), 
of which some were more technical and production- oriented, 
although they all point into the same direction.

The evolution of the term ‘agroecology’ encompasses a 
drastic shift from its use in scientific research to ecological 
farm practice and on to describe a farmer-led social move-
ment. Agroecology emerged in the early 20th century when 
researchers studying the interaction between crops and the 
environment started applying a scientific understanding of 
ecology to agriculture (Tischler, 1965). Altieri went a step 

further when he used scientific findings to design sustain-
able cropping systems (1995). He contextualised produc tiv-
ity related to regions, ecological zones, landscapes, and the 
socio-economic sphere and adapted agricultural practices 
by listening to and involving farmers (HLPE, 2019). Hence, 
the key aspects of agroecological research include participa-
tory knowledge development, on-farm studies, and holistic 
research approaches that consider wide-ranging social and 
economic factors (TWN and SOCLA, 2015).

This new integrative scientific approach has led to a 
multi tude of developments in farm practices and techniques. 
Agroecological farms apply the best sustainable practice, 
such as diverse crop rotations, mixed crop-livestock systems, 
polycultures, inter-, cover-, and mixed cropping, natural or 
semi-natural habitats and corridors, and local marketing and 
value creation. Further important aspects are local breed-
ing programmes and re-using resources from local agroeco-
systems (Gliessmann, 2006). However, agroecological farm-
ing is best understood as a guiding principle and a practical 
approach that develops over time rather than as prescribing 
a static set of practices. Unlike the related concept of organic 
agricul ture, it is explicitly uncodified and unrestrictive. Cru-
cially, agroecological farming emerged from a participatory 
process and often through the active cooperation of enthu-
siastic producers, processors, and consumers, who pursue 
well-formed goals within their own spheres of responsibility, 
without an overly heavy focus on inspection and certifica-
tion. At the same time, agroecology does not lose sight of 
the importance of this for organic producers who want to 
enter remote and anonymous market places.  An instructive 
example is provided by the state of Sikkim, India, which has 
successfully transitioned towards the application of 100 % 
organic farming while becoming a major exporter of fruits, 
flowers, spices, and vegetables (Kumar et al., 2018). Suc-
cesses like this bear the agroecological principles devised 
by FAO and HLPE, which depend on an enabling socio- 
economic environment, a fair and participatory political 
process (including financial support from the state govern-
ment), a focus on crops with market potential for export, and 
the recog nition of group certification (Bharucha et al., 2020; 
Meek and Anderson, 2020).

At its best, agroecology can take advantage of a multi-
plicity of solutions, combining technology and traditional 
knowledge to improve inputs and outputs of the agricultur-
al process. Agroecological systems include organic farming 
(Niggli, 2015), permaculture, low external input sustainable 
agriculture (LEISA), and agroforestry (Armengot et al., 2016). 
All those systems fall under the ten elements of the FAO 
framework as well as the thirteen principles consolidated by 
the HLPE, albeit with different weighting and target achieve-
ment. Some of their techniques are not compatible with 
organic standards, like combined fertilisation with organic 
manure and synthetic fertilisers or the spraying of synthetic 
herbicides and pesticides in exceptional cases, which is de -
cided on by the farmer (such as a risk of a severe harvest loss 
that threatens the economic sustainability of the farm).  

Peasant farmer groups, like La Via Campesina, have 
pressed for further changes to the concept of agroecology. 

AGRO-  
ECOLOGY

ORGANIC  
AGRICULTURE

ECOLOGICAL  
INTENSIFICATION

SUSTAINABLE  
INTENSIFICATION  

(FAO)

F I G U R E  1
Different concepts of sustainable food production. The 
concepts differ in terms of the relationship between prod-
uc tiv ity and ecological footprint. The size of the circle 
symbolises the productivity and the intensity of the green 
colour the excellence in ecology and environment. Organic 
agriculture extends across all three concepts, depending 
on the production sector and the intensity of production.
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Special Rapporteur on the Right to Food stated that prod-
uctivity could be doubled in twenty African countries if agro-
ecological methods were adopted (De Schutter, 2010). But 
this conclusion mainly applies to subsistence farming, where 
agroecological practices – actually, as mentioned above, the 
best agronomic practice – represent an important first step 
towards intensification. In any case, this contra diction will 
have to be resolved since intensive agricultural production 
depends on high utilisation of resources, which will become 
scarce in the future (FAO, 2017). In contrast, agroecol ogy 
strives to minimise reliance on external inputs as far as pos-
sible. Many of the techniques of organic agriculture and 
low-input practices have shown that this is feasible. Mäder 
et al. (2002) and Oel et al. (2003) demonstrated that close 
correlation between organic, low-input farming systems 
and higher soil biomass, higher AMF mycorrhiza diversity, 
and higher root colonialisation lead to higher phosphorous 
use efficiency. Moreover, they pointed out that organic fer-
tilisers, reduced soil tillage, reduced pesticide use, diverse 
crop ro tations, mixed cropping, as well as green manure – 
all characte ristic of agroecological practice – were the most 
effective available techniques. 

Yet, it remains uncertain whether resolving the trade-
off is possible without fundamentally changing the existing 
capitalist socio-economic system (Jackson and Victor, 2019; 
Seidl and Zahrnt, 2019). The economic paradigm that under-
lies most economical and financial systems originate from 
the Chicago School. These neoclassical economic models are 
not socially embedded in the sense that they neglect soci-
etal and environmental factors such as institutions, natural 
resources, and energy. They promote a form of globalisation 
that amplifies transportation activities, increases global com-
petition, and reduces prices of food commodities. And finally, 
these economic models are infused with an optimistic belief 
that technological progress coupled with market mecha-
nisms has the capacity to overcome all limitations of natural 
systems. A fundamental change would be a herculean (if not 
demiurgical) task if it were even possible or desirable. In any 
case, the resulting reduction of economic growth would, in 
turn, entail a trade-off against the social dimension of sus-
tainability (as it reduces prosperity) and therefore would be 
a source of conflicts.

The question of the productivity of cultivation systems 
is a very complex one. For many years, it has been discussed 
in a markedly inconsistent manner. Those involved in the 
debate often only draw attention to partial aspects of the 
problem, argue within different time horizons, and ignore 
facts and figures that do not support their own position. The 
predominant opinion is that it is primarily the strongly grow-
ing demand for food that drives agricultural productivity 
(Meemken and Qaim, 2018) and that this productivity has to 
be upheld. In fact, nitrogen fertilisers, crop protection, and 
irrigation together with high yielding varieties have mas sive-
ly increased yields over the last 60 years. But, critical voices 
have asked, at what cost does this come? It is also certainly 
true that the long-term productivity of agriculture is threat-
ened by the depletion of natural resources such as fertile 
soils, water reserves, biodiversity, and landscape habitats.

Their emphasis on social, cultural, and political principles has 
transformed the idea of agroecology into a strong global 
movement against globalisation and free trade and for food 
sovereignty (La Via Campesina, 2018; Wezel et al., 2009). 
Strong political commitments and the horizontal inte gration 
of civil society organisations provide an excellent incentive 
for farmers not to fall back to old, unsustainable practices 
(Tittonell, 2014; Rosset et al., 2011). Indeed, building social 
capital and new modes for the co-creation of knowledge are 
vital prerequisites for a successful scaling-up of agro-eco-
logical farm management practices (Pretty et al., 2018). 
Many such farmer organisations and social movements now 
use the concept of agroecology as an overarching political 
framework to secure their rights and safeguard locally adapt-
ed small-scale farms (HLPE, 2019).

Meanwhile, selected agroecological practices are being 
applied to industrial agriculture in farming systems, such 
as low input agriculture, precision farming, integrated pest 
management 3 and integrated production, farms optimised 
by life cycle assessment, and conservation tillage. These all 
fall under the concept of sustainable intensification. Many 
of these management practices have been fostered by agri-
envi ronmental measures taken by governments. For example, 
in 2013, the European Commission established a policy of 
‘greening’ and since then has required a few agroecological 
practices for all direct payments to farmers (EC, 2013). How-
ever, these requirements are low, and the measures have 
proven ineffec tive in achieving sustainability targets.

3 The greatest obstacles to the upscaling 
of agroecology

Recently, scientists assessed sustainable intensification 
initia tives worldwide and estimated that 29 % of all farms 
are practicing some form of redesigned systems for sustain-
able intensification (including agro-ecological systems) on 
9 % of global agricultural land (Pretty et al., 2018). They con-
cluded that the adoption of sustainable systems might be 
on the brink of effecting a global transformation (Parmen-
tier, 2014). Organic farming, on the other hand, has already 
reached this point in many European countries and regions 
and has become mainstream in the Alpine regions of Austria, 
Germany, and Switzerland, where 60 % of all farms are cer-
tified organic and organic milk has become the standard. 
Producers have thus responded to the strong demand for 
such products. Worldwide, however, the share is still margi-
nal at 2.2 % of the agricultural area (Willer et al., 2020).

The biggest challenge is certainly the inherent contra dic-
tion between productivity and excellence in environmental 
standards, as well as the associated trade-off between the 
economic and the ecological dimensions of sustainability. 
This creates great uncertainty as to whether both agroecologi-
cal and organic farming systems can contribute to food secu-
rity (Seufert and Ramankutty, 2017). However, the former UN 

3 The term ‘integrated pest management’ for us refers to a strict and binding 
implementation of a combination of biological, biotechnical, plant breed-
ing, and cultivation measures in order to reduce the application of chemi-
cal plant protection products to a bare minimum (Niggli et al., 2020.
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The main arguments against the over-emphasis on the 
future yield deficit that could be caused by agro-ecological 
cultivation methods are right to highlight other factors, such 
as the poor management of world harvests, poverty, and 
conflicts. Nevertheless, the FAO expects a gap of 7,400 trillion 
calories by 2050, which would call for an increase of produc-
tion by 56 % (Alexandratos and Bruinsma, 2012). According 
to current patterns of land use, such an increase would then 
require 593 million hectares of additional agricultural land, 
an expansion of both cropland and permanent grassland. 
For a scenario of 100 % conversion to organic farming, the 
global agricultural land may further expand by 33 % (Müller 
et al., 2017). Additional productive land would have to be 
gained through deforestation, drainage of high moors, and 
conversion of grassland to arable land. The negative impact 
on biodi versity and climate change in this scenario would be 
dramatic (Burney et al., 2010). On top of the FAO basic sce-
nario for 2050, Müller et al. (2017) and Schader et al. (2015) 
modelled scenarios with a rising percentage of organic land 
(0 to 100 %), with changing meat consumption, with more 
or less successful food wastage reductions, and with three 
global warming impacts (no impact on yield, medium, and 
strong impact).  Their simple conclusion was that eating less 
grain-fed meat and reducing food waste would most effec-
tively mitigate this productivity gap and is likely to represent 
the only realistic exit strategy in the long run.

But here we should be cautious. A fairly likely scenario is 
that this kind of change in consumer behaviour (the sufficien-
cy narrative) will take several generations and that prosperity 
in emerging countries will have exactly the opposite effect. 
For the time being, meat consumption and food wastage 
will continue to grow, the latter triggered by a trend towards 
conveni ence food in the growing middle class and the dra-
matic increase in disruptive societal crises such as rural exo-
dus, conflicts, or pandemics. Hence, it seems likely that so ciety 
will continue to be caught in the productivity trap. How do we 
meet this pressing challenge?

4 The way forward

Against this backdrop, it is evident that agroecology in sci-
ence and education has a pivotal role to play. However, we 
are still far from achieving this state of affairs. Science might 
find better and more sustainable solutions, but this relies on 
them being conducted in the context of a strongly diversi-
fied production system based on low external input, high 
internal activation of resources, and high transformative 
efficiency. This type of research also requires meaningful 
co opera tion between disciplines. This means more than mul-
ti-  or interdisciplinarity; in the best-case scenario, bounda ries 
between the disciplines dissolve and disciplines merge into 
a common working framework also known as design think-
ing or even postdisciplinarity (Brown, 2009). This will lead 
to a better understanding of agricultural practice and local 
production conditions but requires different working pro-
cedures. The problem here is that in mixed research consor-
tia, indi vid ual competences often drift apart and results in 
more competition instead of cooperation. Yet, new digital 

communication possibilities may offer better opportu nities 
to create data jointly and to work with several teams on 
method development. One could label this new approach 
to collaboration ‘swarm intelligence’ as it directs distributed 
creativity towards the same goal, instead of fostering unpro-
ductive competition. Decision-makers have too often com-
placently relied on competition and contradictions among 
scientists since the unclear recommendations that result 
from those contradictions make it easy to avoid costly or 
unpopular actions, even where this is necessary.

Farm redesign is the key to tackling lower productivi-
ty without more external input (Bharucha et al., 2020). Var-
ious system-related solutions for this are possible. On the 
one hand, the typical agroecological techniques described 
above are already doubling yields in subsistence farming. 
This is because subsistence farmers often neglect simple 
techniques such as planting annual and perennial legumes, 
crop rotation, pasture rotation, raising fewer but better fed 
grazing animals (through improved grassland management), 
and polyculture. Furthermore, a higher land equivalent ratio 
(LER) must be attained in as many contexts as possible. Inter-
cropping or polyculture is in any case the future solution. In 
agroforestry systems, this is mainly a combination of annual 
crops (cereals, sorghum, many grain legumes, vegetables, 
flowers, etc.) with fruit trees, wood trees for energy produc-
tion, cocoa, etc. In scientific literature, polyculture has been 
reported to give yields 40 to 145 % higher than sole cropping. 
In this case, the highest increase has been achieved with 
ginger, maize, and soybean polyculture in Nepal (Chapagain 
et al., 2018). In temperate climate zones, mixed cultures with 
only annual plants are more common. Agroforestry systems 
are still rare as both temperatures and light intensities are 
too low for two- or three-layer plantings. Popular on organic 
farms are barley and pea or oats and faba bean. In addition to 
having a slightly higher LER, they improve the nitrogen sup-
ply, soil fertility, and soil physical stability, and they have an 
excellent weed suppression effect that also reduces the need 
for mechanical weeding.

Digitalisation is a key technology for enabling highly 
diversified farms and fields. The digitalisation started with 
precision farming and was originally implemented in order to 
use external inputs such as pesticides and fertilisers in a more 
targeted, economical, and demand-oriented manner. Or-
ganic and agroecolocical farmers saw no advantages in pre-
cision farming: the former because they generally ban most 
inputs, while for the latter the technology was expensive and 
led to dependence on substantial investment. In the mean-
time, however, this has changed, mainly due to advances in 
robotics, GPS technology, the tremendous development of 
remote sensing and hyperspectral image analysis, the speed 
of wireless data transmission, real-time data processing, and 
advances in precision of control. Digitalisation increas ingly 
offers opportunities to achieve the goals of agroecologi cal 
farming systems, representing a turning point in mo dern 
agriculture. For the first time, mechanisation is moving away 
from ever-heavier tractors and back to self-propelled equip-
ment, which is becoming ever smaller and lighter. This is 
not only good for energy consumption but is even better 
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for physical and biological soil quality. Moreover, the com-
pulsion to simplify landscape structures, grow and level out 
fields, and remove ‘disturbing’ habitats is reversed, and the 
new methods of mechanisation can be adapted to a diverse, 
small-scale landscape and various local conditions.

Great potential for yield increase also lies in breeding 
programmes well-adapted to the conditions of low exter-
nal input cultivation systems and farms. Highly important 
traits of these are increased resilience or tolerance to plant 
pests and disease. Equally important is the ability of plants 
to compen sate for growth when the mineralisation of organ-
ic fertilisers starts late and take advantage of the microbial 
activity of the soil. The latter depends, among other things, 
on root architecture, symbiotic fungi and bacteria in the 
rhizosphere, and on plant hormones that act as growth and 
development regulators and activate the induction of dis-
ease resistance mechanisms. The fact that plant breeding is 
important and must adapt to the context of agroecosystems 
is undisputed. However, there are major differences in the 
choice of breeding techniques. Organic farmers focus above 
all on the potential of classical cross-breeding, while others 
use markers extensively to speed up breeding, and there is 
now also an intensive discussion about whether targeted 
mutagenesis with genome editing would be an option, espe-
cially for sustainable farming systems where off-farm input is 
considerably reduced.

5 Conclusion

The discussion on agroecology in its current state is pleasant-
ly unagitated and not yet caught up in political quibbles and 
market interests. This allows a freer and more creative debate. 
Agroecology is a promising concept of how agricultural prac-
tice and research can be geared to the needs of people and 
the planet. Effects are in the foreground, and synergies are 
always sought: between nature and technology, productivi-
ty and natural resources, scien tific knowledge and traditional 
experience. All actors have a great deal of freedom, provided 
that the goal is not lost sight of. This orientation towards goals 
requires a stringent  and holistic understanding of sustainabil-
ity. A productivist farmer optimises yields and efficiency. An 
organic farmer strives for best compliance with the standards. 
Future agroecologi cal farmers must strike a more delicate 
balance. They must mobilise all their skills in order to make 
responsible use of the freedom offered by a methodology 
that as yet remains uncodified. They must manage their busi-
ness in an economi cally, socially, and ecologically sustainable 
manner with the help of appropriate evaluation methods. 
And for now, they experience the same fate of all pioneers: 
a lack of support from the agricultural research community 
and established knowledge systems.
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1 Description of problem

Over the last decades, agroecology has been inspiring thou
sands of social innovation initiatives, involving social organi
sa tions, researchers, extensionists, cooperation agencies, 
public managers, and consumers from around the world 
(Hinrichs, 2014; IPESFood, 2015; El Bilali, 2019; HLPE, 2019). 
For the most part, however, these initiatives are local, often 
segmented, and they account for a very small percentage 
of food consumption (Gliessman, 2018). These experi ences 
grow quantitatively (scaling out) but, from my point of view, 
not qualitatively and thus fail to achieve a leap of scale. 
This fact is not accidental and is due to the ‘rejection effect’ 
that the institutional framework subjects them to, leading 
them to encapsulation, conventionalisation, or simply failure 
(González de Molina et al., 2020). This rejection is the corpo
rate food regime’s defensive response to the threat posed by 
these experiences. One example is organic food production 
in Europe: the institutional framework treats it as a distinctive 
quality label, leading organic production towards ‘conven
tionalisation’ through the market. Market imposes compara
tive ly higher costs on organic farming due to the yield gap, 
the necessary investments in biodiversity, etc. (Darnhofer et 
al., 2010; Ramos et al., 2018).

To overcome these difficulties, the agroecological move
ment has proposed scalingup strategies, for example, the 
construction of local food systems (Wezel and David, 2012; 

Fraňková et al., 2017), the redesign of landscapes that makes 
the closing of biogeochemical cycles possible (Gliessman, 
1998; Marull et al., 2019), and a transformation towards a sus
tainable diet or public policies that favour agroecological 
transition and change of scale (Ajates Gonzales et al., 2018; 
Sabourin et al., 2017; Giraldo and McCune, 2019). These 
strategies so far have had limited results. To implement 
all these measures in an integrated way and to guarantee 
a successful outcome, it is necessary to dismantle the ex ist
ing institutional framework which is based on freemarket 
rules and the hege mony of large food and agricultural input 
corpo rations (Heinrich Böll Foundation, 2017). Another way is 
to create niches that favour social experiments and their leaps 
of scale. This, however, requires ‘social majorities supporting 
change’ to impose the needed institutional change on states’ 
political agendas, which face the lobbying pressures from big 
corporations and interest groups.

It is not easy to build these majorities of change: the social 
agents fighting for an alternative food system are still a mi nor
ity; they are fragmented and mostly local in scope. Further
more, most of these movements are urban and consump tion
focused (SAPEA, 2020), far from the first steps in the food chain. 
For their part, farmers' movements centre their demands 
preferentially on fair prices and ad equate levels of income. 
Euwide, they have even opposed the banning of certain 
pesticides in recent months, fearing the possible negative 
effects that such environmental and consumer protection 
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measures could have on their vulnerable econo mies (van 
der Ploeg, 2020). In any event, farmers, who repre sent an 
eversmaller share of the electorate, have a limit ed political 
influence. In short, the interests present in the food chain 
are fragmented, and the distance between the interests 
and expectations in the countryside and the ci ties is increas
ing further. This ten dency towards fragmentation could be 
accentuated, in my opinion, by the Ecological Transition and 
the Green Pact launched by the new European Commission 2 
if the “from farm to fork” strategy only supports measures to 
ban certain chemical plant protection pro ducts but not the 
farmers to make the transition economi cally viable.

2 Possible solution

Obviously, building these majorities of change will only be 
possible by involving the majority of society in a common 
political agenda. The task is impossible to accomplish with
out the required social alliances between producers and con
sumers. Traditionally, agroecology has exceedingly focused 
on mobilising the supply side, that is, on working with food 
producers. At the turn of the century, agroecology left the 
field of agriculture and demanded a change of orientation 
towards the food system as a whole, taking all the steps of 
the chain into account to establish a sustainable food strat
egy (Francis et al., 2003). But this change of approach has yet 
to be completed by focusing on mobilising demand or food 
consumption and assigning healthy food a pivotal role in 
the demands for practices that are also sustainable through
out the food chain (Schneider and Hoffmann, 2011). A strat
egy to achieve the change in approach would be to shift the 
focus currently set on production to eating. Nutrition itself 
connects multiple dimensions of social relations. Satisfying 
the endosomatic metabolism of human beings has become 
increasingly complex: it combines aspects related to physical 
and mental health, bodily wellbeing, cultural identity, the 
preservation of material and intangible heritage, the viability 
of productive agricultural activities, rural development, the 
health of agroecosystems, agrifood transformation activ
ities, the sustainability of energy consumption, fair relations 
between developed and peripheral countries, etc. Food has 
become an integrating “thematic meeting point” of a range 
of social, economic, and environmental political spheres, 
which poses considerable governance challenges that have 
hitherto been poorly addressed (Renting and Wiskerke, 2010; 
Petrini et al., 2016).

The Spanish case is an illustration of this complexity. 
Spanish citizens today follow a diet that has abandoned 
healthy Mediterranean habits and acquired others that are 
respon sible for over half of the population being obese or 
overweight (González de Molina et al., 2017). Meat, milk, 
and other dairy products are the main culprits. Spain is only 
one example of changes in eating habits worldwide. These 

2 European Commission (2020) Financing the green transition: The European 
Green Deal investment plan and just transition mechanism. Retrieved 
from <https://ec.europa.eu/commission/presscorner/detail/en/ip_20_17> 
[at 13 March 2020]

changes constitute a major factor of unsustainability, not 
only with regard to human health but also to the health of 
agroecosystems (González de Molina et al., 2020). In Spain, 
all foodrelated activities as a whole account for 29 % of the 
primary energy consumed by the nation, including food for 
export. These eating habits are, in turn, the cause of the mas
sive spillage of polluting substances in the soil, the air, the 
watercourses, and the food itself (González de Molina et al., 
2019). A total of 109 million tons of animal and plant biomass 
are required by the Spanish to ingest more than 3,400 kcal 
capita1 day1, that is, 6.65 kg/person/day (InfanteAmate and 
González de Molina, 2013). The productivity of cropland has 
significantly multiplied, mainly thanks to the reconversion 
of irrigated dry land and intensive production under plastic. 
Meanwhile, a large part of the drylands in the country’s inte
ri or, is less reactive to external inputs and therefore less pro
ductive, and natural pastures are gradually being abandoned 
(Soto et al., 2016). Paradoxically, vast areas need to be dedi
cated to grain and fodder production in peripheral countries 
in order to increase a population of livestock to meet high 
meat and dairy product demands. InfanteAmate et al. (2018) 
estimated the amount of ‘virtual agricultural land’ required 
by the Spanish diet. The data is overwhelming: Spain exports 
around 3 million hectares and imports 11 million; the deficit 
amounts to a total of 8 million hectares.

Consumers' concerns regarding the impacts on the 
environ ment and health are growing. Both collective and 
individual mobilisation around healthy eating is on the rise. 
But the demands or claims are diverse, fragmented, and even 
contradictory, and they present an obstacle to the building 
of a broad social alliance. To achieve such an alliance, it is 
necessary to reach a totalising political proposal capable of 
bringing together social groups. This proposal is more like
ly to arise from the demand side than from the supply side, 
that is, from the food consumption side. Indeed, the social 
complexity and the variety of forms of domination ex isting 
in postindustrial societies create conditions that favour the 
emergence of a wide range of conflicts and protests. All these 
conflicts can be coordinated through general demands or 
via “empty signifiers”, as proposed by Laclau and Mouffe 
(1985). These empty signifiers or totalising demands must be 
brought about by the ‘politicisation of food consumption’, 
that is, by turning food into a responsible act and there
fore a political choice and through questioning the visible 
deficien cies of the food system, its structural problems, and 
the search for solutions.

The most obvious path of such politicisation lies in 
aspects related to human health. Food insecurity has 
become widespread worldwide under the corporate food 
regime, associated with cases of undernutrition and over
nutrition. Overnutrition is already a common phenomenon 
in both the North and the South and is linked to increased 
intake of socalled ultraprocessed foods (Monteiro et al., 
2013). In highincome countries, poorer people are most 
affected by overweight and obesity as healthy food is more 
expensive than food based on processed products rich in 
sugars, oils, and other fats. The consumption patterns pro
moted by corporate food regime and publicity (fast food, 
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and groups along the food chain by recovering the democrat
ic capacity of citizens to decide (i.e. their sovereignty) what is 
produced, how it is distributed, and what is eaten. This claim 
can involve highly diverse social groups, starting with the 
farmers themselves. The majority of the world population are 
suffering from the negative impacts of the corporate food 
regime and are therefore potentially against a regime that 
is directly responsible for hunger, malnutrition, rural pover
ty, structural unemployment in agriculture, and significant 
harm to health and the environment.

3 Conclusions

The politicisation of consumption in its various mani festa
tions, in my opinion, seems to be the most effective way of 
articulating diverse interests towards a unified mobilisation 
against the corporate food regime. This mobilisation also 
brings to light the fundamental contradiction between the 
social majority and a small group of big food corporations. 
In accordance with Laclau (2005), the role of articulating 
diverse interests lies precisely in the construction of a global 
antagonism, capable of creating the agents of social change 
through mobilisation. The political terrain of health, food 
democracy or food sovereignty and right to food is where 
this uni fying and emotional discourse on food consumption 
can most easi ly thrive, allowing it to generalise protest and 
challenge the cultural and political hegemony of the corpo
rate food regime.
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1 Towards sustainability in  
agroecosystems

The concern for sustainability in agroecosystems centres 
on the fundamental importance of both agricultural and 
non-agricultural ecosystems, and their links with farmers and 
consumers.  Agriculture is unique as an economic sector as it 
directly affects many of the very natural and social assets on 
which it relies for success (MEA, 2005; FAO, 2011, 2016a; Rock-
ström et al., 2017; Pretty et al., 2018). These influences can be 
both good and bad. Industrialised and high-input agricultural 
systems rely for their productivity on simplifying agro eco sys-
tems, bringing in external inputs to augment or sub stitute 
for natural ecosystem functions, and externalising costs and 
impacts. Pests tend to be dealt with by the application of 
synthetic and fossil-fuel derived compounds, wastes flow 
out of farms into water supplies, and nutrients leach to the 
soil and groundwater. As a result, there has been widespread 
and increasing cost to natural ecosystems and human health 
(Pretty, 2018). 

By contrast, sustainable approaches to agriculture seek 
to use ecosystem services without significantly trading off 
desired productivity. When successful, the resulting agroeco-
systems have a positive impact on natural, social and human 
capital, while unsustainable systems continue to deplete 
these capital assets. A wide range of different terms for 
more sus tainable agriculture have come into use: for regen-
erative agriculture, a doubly green revolution, alternative 

agriculture, an evergreen revolution, agroecological intensi-
fication, green food systems, save and grow agriculture, and 
sustain able intensification (NRC, 2010; Godfray et al., 2010; 
FAO, 2011, 2016a; Pretty et al., 2018). Many of these draw on 
earlier traditions and innovations in permaculture, natural 
farming, the one-straw revolution, and forms of biodynamic 
and organic agriculture. 

All sustainable agricultural systems exhibit a number of 
common attributes. They aim to: 
1. utilise crop varieties and livestock breeds with a high 

ratio of productivity to make use of externally- and 
internally- derived inputs;

2. avoid the unnecessary use of external inputs; 
3. harness agroecological processes such as nutrient cycling, 

biological nitrogen fixation, allelopathy, predation and 
parasitism; 

4. minimise or eliminate the use of technologies or prac-
tices that have adverse impacts on the environment and 
human health; 

5. make productive use of both human capital in the form 
of knowledge and capacity to adapt and innovate and of 
social capital to achieve common landscape-scale change 
(and thus system-wide improvements to water, pest or 
soil management);

6. minimise the impacts of systems on externalities such as 
greenhouse gas emissions, clean water, carbon seques-
tration, biodiversity, and dispersal of pests, pathogens 
and weeds. 
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2 Beyond improved efficiency and  
substitution to redesign 

The concept of sustainability should be open, emphasising 
values and outcomes rather than means, applying to any size 
of enterprise, and not predetermining technologies, produc-
tion type, or particular design components. Central to the 
concept of all types of sustainable systems is an acceptance 
that there will be no perfect end point due to the multi- 
objective nature of sustainability. Thus, no system is expected 
to succeed forever, with no package of practices fitting the 
shifting ecological and social dynamics of every location. Hill 
(1985, 2014) proposed three non-linear stages in these transi-
tions towards sustainability: i) efficiency; ii) substitution; and 
iii) redesign. While both efficiency and substitution are valu-
able stages towards system sustainability, they rarely achieve 
the greatest co-production of both favourable agricultural 
and environmental outcomes at regional and continental 
scales (Sandhu et al., 2015). 

The first stage: ‘Efficiency’ focuses on making better use 
of on-farm and imported resources within existing system 
configurations. Many agricultural systems are wasteful, per-
mitting natural capital degradation within the farm or the 
escape of inputs across system boundaries to cause external 
costs on-farm and beyond. Post-harvest losses reduce food 
availability: tackling them contributes directly to efficiency 
gains and amplifies the benefits of yield increases generated 
by other means. On-farm efficiency gains can arise from tar-
geting and rationalizing inputs of fertiliser, such as through 
deep-fertiliser placement in Bangladesh used by one mil-
lion farmers on two million hectares (Mulligan, 2016), and of 
pesticide and water to reduce use, and cause less damage to 
natu ral capital and human health. Such precision farming can 
in corporate sensors, detailed soil mapping, GPS and drone 
mapping, scouting for pests, weather and satellite data, 
information technology, robotics, improved diagnostics and 
delivery systems to ensure inputs are applied at the rate and 
time to the right place, and only when needed (Lampkin et 
al., 2015; Garbach et al., 2017). Automatic control and sat-
ellite navi gation of agricultural vehicles and machinery can 
enhance energy efficiency and limit soil compaction. 

The second stage: ‘Substitution’ focuses on the replace-
ment of technologies and practices. The development of 
new crop varieties and livestock breeds deploys substitution 
to replace less efficient system components with alternatives, 
such as plant varieties better at converting nutrients to bio-
mass, tolerating drought and/or increases in salinity, and 
with resistance to specific pests and diseases. Other forms of 
Substitution include the release of biological control agents 
to substitute for inputs; the use of gene silencing pesticides; 
water-based infrastructure replacing the use of soil in hydro-
ponics; and in no-tillage systems new forms of direct seeding 
and weed management replacing inversion tillage (Pretty 
and Bharucha, 2014).

The third stage: ‘Redesign‘ incorporates agroecological 
processes to achieve impact at scale (both increases in area 
and numbers of farmers). Redesign centres on the composi-
tion and structure of agro-ecosystems to deliver sustainability 

across all dimensions to facilitate food, fibre and fuel produc-
tion at increased rates. Redesign harnesses predation, para-
sitism, allelopathy, herbivory, nitrogen fixation, pollination, 
trophic dependencies and other agro-ecological processes 
to develop components that deliver beneficial services for 
the produc tion of crops and livestock (Gliessman and Rose-
meyer, 2009; Gurr et al., 2016). A prime aim is to influence the 
impacts of agroecosystem management on externalities 
(negative and positive), such as greenhouse gas emissions, 
clean water, carbon sequestration, biodiversity, and dispersal 
of pests, patho gens and weeds. While ’Efficiency’ and ‘Sub-
stitution‘ tend to be additive and incremental within current 
production systems, ‘Redesign‘ brings the most transforma-
tive changes across systems. 

Redesign is, however, a social and institutional as well as 
an agricultural challenge (Gliessman and Rosemeyer, 2009).  
Here is a need to create and make productive use of human 
capital in the form of knowledge and capacity to adapt and 
innovate, and social capital to promote common landscape- 
scale change, such as for positive biodiversity, water quan-
tity and quality, pest management, and soil health outcomes 
(Pretty 2003; FAO, 2019; Pretty et al., 2020). 

Redesign is critical as ecological, economic, social and 
political conditions continue to change across whole land-
scapes. The changing nature of pest, disease and weed 
threats illustrates the continuing challenge. New pests and 
dis eases can suddenly emerge in different ways: develop-
ment of resistance to pesticides; secondary pest outbreaks 
due to pesticide overuse; climate change facilitating new 
invasions; and accidental long-distance organism transfer. 
Recent appearances include wheat blast (Magnaporthe ory-
zae) in Bangladesh (2016), and Fall Army Worm (Spo doptera 
frugi perda) in sub-Saharan Africa (2017) and then in China 
(2020). The papaya mealybug (Paracoccus marginatus) is 
native to Mexico, but spread to the Caribbean in 1994 and 
then to the Pacific islands by 2002. It was reported in Indo-
nesia, India and Sri Lanka by 2008, then appeared in West 
Africa; the preferred host is papaya, but it has now colonised 
mulberry, cassava, tomato and eggplant. Each geographic 
spread, each shift of host, requires redesigns of local agri-
cultural systems, and rapid responses from research and 
extension. Such new pests and diseases may also impact 
crop pollinators, as illustrated by host shifts and the acciden-
tal anthropogenic spread of bee parasites (e.g. Varroa mites) 
and pathogens (e.g. Nosema ceranae) (Goulson et al., 2015).

3 Social capital for redesign 

For redesigned agricultural and landscape systems to have a 
transformative impact on whole landscapes then coopera tion 
is required, or at least individual actions that collectively result 
in additive or synergistic benefits. For farmers to be able to 
adapt their agroecosystems in the face of stresses, they will 
need to have the confidence to innovate. As ecologi cal, cli-
matic, and economic conditions change, and as knowledge 
evolves, so must the capacity of farmers and communities also 
evolve to allow them to drive transitions through processes of 
collective social learning. This suggests redesigned systems 
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hectar of agricultural and non-agricultural land. This repre-
sents a growth in these types of groups from 0.005 million 
at the end of the 1980s (primarily in partici patory irrigation 
management) to 0.48 million in 2001 (Pretty and Ward, 2001), 
and now to 8.54 million by 2020 (exponential fit: R = 0.982). 
Figure 1 shows the marginal increase between 2000 to 2020 
in groups in each of the eight categories.

have the valued property of intrinsic adaptability, whereby 
interventions that can be adapted by users to evolve with 
changing environmental, economic and social conditions are 
likely to be more sustainable than those requiring a rigid set 
of conditions to function. Every example of successful re de-
sign at scale has involved the prior building of social capital 
(Ostrom, 1990; Pretty et al., 2020), in which emphasis is paid 
to: i) relations of trust, ii) reciprocity and exchange, iii) com-
mon rules, norms and sanctions, and iv) connectedness in 
groups. As social capital lowers the costs of working together, 
it facilitates co-operation, and people have the confidence 
to invest in collective activities, knowing that others will do 
so too. They are also less likely to engage in free-rider actions 
that result in resource degradation. 

Many forms of social capital have emerged in support 
of transitions towards greater sustainability and equity. 
These include transnational farmer movements, such as La 
Vía Campe sina with 200 million families represented world-
wide (Martínez-Torres and Rosset, 2014), national land rights 
and anti-land grab movements, such as MST (Movimento 
dos Trabalhadores Rurais Sen Terra: Veltmeyer, 2019), nation-
al rural unions (Welch and Sauer, 2015) and agroecology 
and social movements (Veltmeyer, 2019). At the same time, 
organisation around food has advanced in the form of food 
sovereign ty and justice movements (McMichael, 2013) and 
alternative food networks (AFNs) and alternative food move-
ments (AFMs), particularly from urban food production land-
scapes and many involving consumers as well as growers/
farmers (Desmarais and Wittman, 2014; Saulters et al., 2018).

The concept of system redesign implies the establishment 
of new knowledge economies for agriculture and land (Mac-
Millan and Benton, 2014). It is clear that the technologies and 
practices increasingly exist to provide both positive food 
and ecosystem outcomes: new knowledge needs to be co- 
created and deployed in an interconnected fashion, with an 
emphasis on ecological and technological innovation (Will-
yard et al., 2018). There have been many adaptations in termi-
nology for these systems of co-learning: farmer field school, 
learning lab, science and technology backyard platform, 
science field shops, junior life schools, innovation platform, 
farmer-led council, agro-ecosystem network, farmer cluster 
network, joint liability group, land care group and epis temic 
community. What is common to these social innovations has 
been an understanding that individual farmers, scientists, 
advisors and extensionists also undertake a transforma-
tive journey. Their worldviews are challenged and change, 
resulting in the formation of broader epistemic communities 
of common interest (Norgaard, 2004), that utilise, synthe-
sise and apply knowledge and skills from many sources. For 
sustainable outcomes, cognitive social capital in the form of 
beliefs and worldviews also changes. 

A recent study assessed the formation of social groups 
within specific geographical territories in eight categories 
of agricultural and land management intervention (Figure 1; 
Pretty et al., 2020). Across the eight categories and 122 distinct 
initiatives, it was shown that 8.54 million intentionally- formed 
social groups had been formed worldwide (Pretty et al., 2020). 
These comprised groups collectively managing 300  million 

Integrated pest 
management

Forest management

Pasture and range management

Water management

Land management

Intensive small scale systems 

Innovation platforms

Supporting �nancial services

0.01 0.1 1 10

Number of groups (log million)

F I G U R E  1
Increase in numbers of groups in eight categories of 
sustain able agriculture and land management (2000–2020)  
(Source: Pretty et al., 2020).

4 Impacts of redesign

It has become clear that social capital established in the 
form of groups can lead to optimal outcomes for members 
of these groups. But by definition, those people outside may 
be excluded from the benefits of membership. This phenom-
enon of “the dark-side of social capital” (Coleman, 1990) has 
seen both elite capture (the already wealthy or more power-
ful individuals using groups to strengthen personal benefit at 
the expense of others), exclusion (group membership re strict-
ed to only some members of a population or location), and 
negative selection (where individuals are actively excluded). 
Nonetheless, the majority of the literature points to the ben-
efits of social capital to i) individuals, groups/communities, 
ii)  agricultural systems, and iii) wider landscapes and eco-
system services. 

For individuals, groups/communities, there is evidence 
of changes to personal capabilities and growth, to world-
views, and locally-generated resource availability, through 
emergence of new leaders of groups, especially by women 
(Agarwal, 2018), and changes in the relationships between 
women and men (Westerman et al., 2005); the positive role 
of women leaders is seen in group effectiveness and conflict 
resolution over common resources (Coleman and Mwangi, 
2013); and changes in the worldviews of farmers (Campbell 
et al., 2017; van den Berg et al., 2020), as well as of scientists 
and extensionists working with farmers in novel innovation 
platforms (Zhang et al., 2016).



28Pretty (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):25–30

For agricultural systems, there is evidence of increased 
system outputs and reduced input needs, through increases 
in crop productivity, such as by farmer field schools on all 
crops (FAO, 2019), and in grazing and pasture productivity 
(NRC, 2010); increases in tree and agroforestry cover on farms 
(Garrity et al., 2010; Bunch, 2018); reductions in the use of 
pesti cides in integrated pest management (Yang et al., 2014); 
and adoption of organic and zero-budget systems (Reganold 
and Wachter, 2016; Bharucha et al., 2020).

To natural capital and key ecosystem services, there is 
evidence of increased productivity and reductions in use 
of harmful or potentially-harmful compounds and releases 
through increases in irrigation water availability and effi-
ciency of use (Zhou et al., 2017); improvements in forest 
prod uctivity of wood, forage and secondary products (FAO, 
2016b); increases in carbon sequestration in soils by conser-
vation agriculture (Lal, 2014); and reductions in surface water 
flows and soil erosion (Reij and Smaling, 2008).

5 Policy challenges for sustainability 
transitions

Despite this progress on the ground towards sustainable sys-
tems relying on agroecological principles and building both 
natural and social capital, state policies for transitions toward 
sustainability remain poorly developed or counter-pro  duc-
tive. In the EU, farm subsidies have increasingly been shifting 
towards targeted environmental outcomes rather than pay-
ments for production, but this has not as yet guar anteed 
synergistic benefits across whole landscapes (Maréchal et 
al., 2018). Several countries have offered explicit public policy 
support to social group formation, such as for Landcare (Aus-
tralia), watershed management (India), joint forest manage-
ment (India, Nepal, DR Congo), irrigation user groups  
(Mexico) and farmer field schools (Indonesia, Burkina Faso). 

In India’s state of Andhra Pradesh, the state government 
has made explicit its support to community-based natu-
ral farming (formerly zero-budget natural farming: ZBNF), 
aiming to reach six million farmers by 2027 (Bharucha et al., 
2020; Smith et al., 2020). In Bhutan and the Indian states of 
Kerala and Sikkim, policy commitments have been made to 
convert all land to organic agriculture (Meek and Anderson, 
2020); the greening of the Sahel through agroforestry began 
when national tree ownership regulations were changed 
to favour local people (Waldron et al., 2017). In China, new 
national poli cy frameworks emphasise innovation, coordina-
tion, greening and sharing as key parts of a new strategy for 
the greening of agricultural systems (Xinhua, 2016). And 
across the world, consumers are increasingly playing a role 
in connecting directly with farmers, such as through group 
purchasing schemes, farmers’ markets and certification 
schemes, which may in turn change consumption choices 
(Allen et al., 2017).

The key question thus centres on what could happen 
next. Sustainable agriculture approaches have been shown 
to increase productivity, raise system diversity, reduce farmer 
costs, reduce negative externalities, and improve ecosystem 
services. There is thus a range of potential motivations for 

farmers to adopt agroecological approaches on farm, and 
for policy support to be provided by national government, 
third sector and international organisations. But sustainable 
transitions still require investments to build natural, social 
and human capital: redesign is not costless. A recent global 
assessment of sustainable intensification (SI) showed that 
proj ects- initiatives in some 100 countries containing 163 mil-
lion farms have crossed an important substitution-redesign 
threshold, and are using SI methods, on an area approaching 
453 million hectar of agricultural land (Pretty et al., 2018). This 
comprises 29 % of all farms worldwide; and 9 % of agri cultural 
land (total worldwide crop and pasture land is 4.9 x 10 9 hec-
tares). In every case, social capital formation leading to 
knowledge co-creation has been a critical pre-requisite. In 
every case, too, farmer benefit (e.g. food output, income, 
health) was demonstrated and understood. 

There are important arguments that suggest the world 
would not need to increase agricultural production if less 
food were wasted, and less energetically-inefficient meat 
was consumed by the affluent. These changes would help, 
but there is no magic wand of redistribution. Most, if not all, 
farmers need to raise yields while improving environmen-
tal services. The evidence shows that redesign of agro-eco-
systems around agroecological approaches to sustainability 
can achieve yield increases. The evidence from farms of 
redesign and transformations offers scope for optimism. 
The concept and practice embodied in the application of 
agroecol ogy will be a process of adaptation and redesign, 
driven by a wide range of actors cooperating in new agricul-
tural knowledge economies.
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1 Description of problem

Climate-smart use of soils for arable crop production encom-
passes all efforts leading to adaptation to climate change 
and to mitigation of greenhouse gas (GHG) emissions from 
soils and land use. Increasing soil organic carbon (SOC) using 
agricultural measures, as reviewed by Merante et al. (2017) 
and Wiesmeier et al. (2020), is regarded as a negative emission 
technology (Lal, 2019; Smith, 2016; 4 per Mille, 2020). It is also 
relevant for ensuring sustainable soil fertility and for saving 
mineral N-fertilisers and related emissions. Thus, upcoming 
benchmarking systems, such as ‘C-footprint’ and ‘C-neutral 
production’, of arable products (Stoessel et al., 2012), for farms 
and businesses are gaining interest as part of agro-ecological 
concepts (Saj and Torquebiau, 2018). A number of ini tiatives 
were developed world-wide in recent years (CarboCert, 
2020; Carbon Farmers of Australia, 2020; ÖkoregionKaindorf, 
2020; Zero Foodprint, 2020; Wesseler, 2020) acting as agen-
cies for private and, so far, regional trade in SOC- certificates 
sold on the private market for offsetting individual or busi-
ness GHG-emissions. However, questions remain about 
their consideration in country-level GHG-accounting in 
relation to mitigation targets. Governments are obliged to 

report SOC-changes within the sector ‘Land Use and Land 
Use Change’ (LULUCF) under the United Nations Framework 
Conven tion on Climate Change (UNFCCC) and the European 
Union (EU) climate change mitigation policy (European Par-
liament and the Council of the European Union, 2018 5). More-
over, all emissions (CO2-C losses from C-sinks) and removals 
(increases in C-sinks) in arable land, grassland and forestry 
count towards the ‘no-debit’ target of the LULUCF-Regulation 
from 2021 onwards (i.e. no increase in GHG-net-emissions, 
including C-removals in the LULUCF sector). In their national 
reporting duties, many countries claim that the SOC-stock in 
arable soils is stable. National soil monitoring programmes, 
e.g. ‘National Soil Inventory’ (Thünen Institute 2020a, 2020b) 
in Germany, are improving current methodologies by re -
placing stable SOC-stocks as sumptions with values measured 
at regular intervals and/or estimat ed by dynamic modelling. 

Farmers play an important part in reducing GHG-emis-
sions from the agriculture and LULUCF sectors. 

Recently, in a German publication, Wiesmeier et al. 
(2020) proposed minimum sampling schemes and ana-
lytical standards to evaluate long term SOC changes and 
discussed op por tu nities and challenges arising from possible 
measures to increase SOC. Further, the authors elaborated 

5 The so called ‘LULUCF-Regulation’ 2018/841
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on general limits of SOC-related CO2-certificates for climate 
protection (e.g. leakage effects, spill-over effects, rever sibil-
ity, and translocation). However, they also commented on 
the positive role of CO2-initiatives and of payments to sup-
port farmers’ initial activities. Thamo and Pannell (2016) also 
assessed permanence, additionality and leakage as crucial 
areas of uncertainty and were sceptical about the success of 
long-lasting policy design to promote SOC-sequestration.

With this paper we pursue this discussion by further 
evaluation of practical limits for proper SOC-reporting and 
accounting. We examine the potential for sensible positioning 
of SOC-initiatives in national GHG-accounting.

2 General challenges with soil organic 
carbon certificates

Key challenges with a trade in SOC-based private certificates 
arise from the natural realities of SOC-storage and its detect-
ability, leakage effects and other limitations. 

One important challenge is the ‘reversibility’ of SOC-stor-
age. The dynamics of SOC-sequestration are well understood 
(see e.g. Minasny et al., 2017; Smith, 2004). The sequestration 
of SOC follows a simplified ‘slow in–fast out’ pattern (e.g. 
Poep lau et al., 2011), meaning that SOC-increase takes time 
and that measures need to be applied continuously. Other-
wise, the C accumulated will be lost and emitted as CO2 and 
the long-term net GHG-mitigation effect will be zero. More-
over, the quality of SOC is important, since SOC-compounds 
that are labile to microbial mineralization are more prone to 
loss than stabile SOC-compounds (von Lützow et al., 2006). 
Certifi cation schemes thus need to establish a soil manage-
ment system for reaching and maintaining a new SOC- 
equilibrium, i.e. new steady state of C-input and CO2-C loss 
(e.g. Kell, 2012) over a long time through continued improved 
soil management, including the period after increase when 
no new certifi cate (no further SOC-increase) is generated. On 
a field scale, this requires measures that can be monitored 
over time. Promising measures, such as long-lasting changes  
in crop rotations (e.g. integration of multiannual green- forage 
crops, cover crops, deep-rooting crops), require know- how 
transfer, social support (Demenois et al., 2020) and mod er-
ate monetary investments depending on regional circum-
stances (e.g. Pellerin et al. (2017) reported a mean cost of 
38 Euro ha-1 yr-1 for cover crop cultivation in France). Measures 
on landscape scale which establish permanent and pro tected 
ecosystems (hedgerows, grassland) or permanent land-use 
types (e.g. fibre-woods, berries, nuts, paludi culture) are still 
reversible but not as easily as agronomic measures. Thus, 
such landscape measures are more reliable for long-term 
‘C-sequestration’ (not restricted on SOC). In the ‘Carbon Farm-
ers of Australia’ (2020) SOC-scheme, these landscape measures 
are listed as further options for C-certificates. Hedgerows and 
permanent grassland have positive effects for the entire 
ecosystem (protection against erosion, increased biodiversity, 
varied landscape), but may compete with crops for water and 
nutrients (Sudmeyer et al., 2012) or cause leakage effects (see 
below) which need to be considered. However, in contrast  
to field-scale measures, landscape-scale measures can be 

better monitored and controlled to ensure a long-term imple-
mentation. However, such fundamental changes in land-use 
bring a change in products harvested and would need large 
financial incentives, at least initially.

A problematic issue for proper and justifiable certifica-
tion of SOC-stock changes is the ‘difficulty in detectability’: 
A change in SOC needs time to reach a level that can be 
detected by current soil sampling and laboratory protocols. 
There are high expectations for new sensor-based technol-
ogies, including small-scale sensors and remote sensing. 
So far, these provide higher resolution, but are not sensi-
tive enough to detect changes in SOC-stocks (Stevens and 
van Wesemael, 2008; Stevens et al., 2008). Moreover, these 
methods have higher uncertainties, which can prolong the 
period until signifi cant SOC-stock changes can be detected. 
Soil sampling and analysis should be conducted by well-
trained personnel and using standardised protocols con-
cerning repli cates per field, depth and time of sampling. 
These requirements all add to high costs. To protect farmers 
from the case that SOC-increases are not detected and, thus, 
‘SOC-duties’ arise, contracts between farmers and providers 
of SOC-certificates should extend over long time-scales, e.g. 
20 years. This would also increase the duration of measures, 
which is needed to ensure SOC-increase and GHG-mitigation 
effects. Since the effect of a measure on SOC is neither guar-
anteed nor verifiable in advance, we question the fairness of 
the current practice of issuing SOC-certificates in advance of 
real and detectable effects. 

A SOC-change detectable within five years, a period 
often used in current SOC-certification schemes, can only be 
achieved by extremely high C-inputs from external sources 
(Blanco-Canqui and Lal, 2007; Maillard and Angers, 2014). 
German croplands have an average SOC-stock of 60 Mg ha -1 
in the top 30 cm and an average SOC-content of 1.5 % (Jacobs 
et al., 2018). As a theoretical example, this means that an 
increase of 0.1 % SOC, which is the minimum needed to 
detect any changes on accounting for small-scale variabil-
ity and uncertainty of analysis, needs raising the SOC-stock 
by 4 Mg ha -1. Retention coefficient (proportion of added C 
retained as SOC in Mg Mg -1) for straw and farmyard manure is 
usually found to reach a maximum of 0.15 and 0.3, respective-
ly (e.g. Kätterer et al., 2011). Thus, the SOC-increase of 0.1 per-
centage points requires an average per-hectare addition 
of 27 Mg straw-C (60 Mg straw dry mass) or 12 Mg farmyard 
manure-C (133 Mg fresh farmyard manure). The SOC-certifi ca-
tion scheme of ÖkoregionKaindorf (2020) defines ‘success’ as 
an increase of the SOC-content by 0.3 percentage points with-
in five years. This can certainly be reached only by extremely 
high amounts of C-input concentrated on a small area. 

The above is one example of the ‘dilemma of translo-
cation and dilemma of leakage’. If the application of trans-
portable SOC-sources, e.g. farmyard manure or compost, is 
concentrated on selected fields, a net GHG-mitigation effect 
will not be achieved, since SOC-inputs will be suspended in 
other fields because the overall amount of organic fertilisers 
available will not increase. Using internal, farm-own, organic 
fertilisers to stabilise SOC is obviously appropriate and part 
of good agricultural practice. However, over-application using 
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The ‘dilemma of lacking net GHG-mitigation effects‘: 
Assuming that the amount of organic fertilisers available 
today, e.g. compost from biowaste, does not increase and is 
used according to ‘good agricultural practice‘, only organic 
fertilisers produced from additional biomass would provide 
additional GHG-mitigation. Otherwise, the overall amount of 
organic fertilisers will not increase but will simply be translo-
cated. To cope with this dilemma, SOC-certification schemes 
need to achieve net-effects by excluding ‘translocation and 
leakage’ effects (see above).

The ‘dilemma of reporting‘: Fields or areas participating 
in a SOC-certification scheme need to be integrated into ex is-
ting harmonised, intensive and reliable national soil monitor-
ing to cope with the ‘difficulty in detectability‘. Alternative 
methods for soil monitoring and GHG-reporting need to 
cover many details (e.g. management data for each field and 
information on the kind of certification scheme), resulting in 
high costs (e.g. setting-up the database for the SOC-scheme 
ÖkoregionKaindorf needed about 300,000 Euro (Forstner, 
2019); see also above).

The ‘dilemma of non-permanence and reversibility‘: 
When a soil or field is under a SOC-certification contract and 
SOC is lost some years later for some reason, the contract 
needs to stipulate beforehand which party will be account-
able and bear the loss of investment costs. This makes 
SOC-certificates less reliable in the long-run than certificates 
based on yearly emission reductions (e.g. elevated ground-
water level in organic soils).

4 Conclusions

All activities resulting in increases in SOC in agricultural soils 
must be encouraged, as there is global potential for addi-
tional CO2-C-sequestration in soils. Moreover, maintenance 
of SOC has positive effects on soil fertility, as it improves 
biodiver sity, water-holding capacity, plant nutrition, erosion 
control, soil structure stability, and yield stability. Sustain-
able SOC-management is becoming increasingly important 
especial ly in a context of climate change, since SOC-rich soils 
are more resilient to e.g. heavy rainfalls or drought periods. 
The pioneering spirit of SOC-certificate activities initiated 
world-wide can be of high value for the overall goal of fos-
tering climate-smart agriculture and improving soil fertility. 
As long as SOC-certificates are not state-funded, farmers are 
free to ‘sell’ their achievements and to engage within local 
initiatives as part of their business operations. 

The SOC-certificates could be kept exclusively as private 
sector initiatives and denoted ‘Verified Emission Reductions 
for Voluntary Climate Action’, which would require a more 
flexible interpretation of additionality. This would be in-line 
with similar initiatives, such as MoorFutures (2020), which are 
used for offsetting GHG-emissions of individuals, organisa-
tions or businesses according within corporate social respon-
sibility schemes or similar. However, private SOC-initiatives 
might aim to expand to a broader scale, e.g. CO2-compen-
sation of flights or of large companies. To cope with this, 
the EU and its member states would need a policy decision 
on new mechanisms defining the relation between GHG- 

translocated external sources to reach certification goals is 
inappropriate and needs to be excluded from SOC-certifi-
cation schemes. Moreover, measures to increase SOC may 
have negative side-effects, e.g. nitrogen leaching, increased 
nitrous oxide emissions, or a shift of GHG-emissions to oth-
er sources (e.g. when expansion of grassland is followed by 
an increase in number of ruminants and related emissions). 
Such side-effects should be prevented by stringent planning 
and documentation of measures to increase SOC through 
ex-ante impact assessments. They should at least be taken 
into account in quantification of GHG-mitigation (e.g. Moor-
Futures, 2020).

3 Soil organic carbon certificates and 
national greenhouse gas accounting

Private SOC-initiatives seek to generate market revenues by 
selling SOC-certificates as CO2-certificates on the vol untary 
C-market, serving businesses and individuals in offsetting 
GHG-emissions. Voluntary C-certificates are not valid as off-
sets within the EU Emissions Trading System. Under most 
voluntary C-market standards (e.g. Gold Standard, 2020), 
SOC- certificates must comply with the quality requirement 
for ‘environmental integrity’. This means that offsets have to 
be real, not double-counted, and must be additional com-
pared with a projection without the offsetting activity (Gold 
Standard, 2020; Kollmuss et al., 2008; Ministère de la Transi-
tion Écologique et Solidaire, 2020). In particular, voluntary 
C-cer ti ficates must be additional to GHG-mitigation activ-
ities and targets set by government (Valatin, 2012). Under 
the Paris Agreement, the aspect of ‘additionality’ is more 
chal leng ing than under the Kyoto protocol, as the Paris 
Agreement has global coverage and its ambition is to intro-
duce global net-zero targets (United Nations 1998, 2015). 
Thus, the interrelations between private SOC-certificates, 
state policies and national GHG-mitigation targets need 
clarification, especially concerning the following four major 
dilemmas.

The ‘dilemma of additionality‘ can be split into two 
aspects: 

(a) ‘Double-claiming of GHG-mitigation effects’: The 
LULUCF-regulation requires member states to improve their 
GHG-emissions reporting, e.g. by measuring SOC-stocks 
regularly. Thus, relevant SOC-increases and losses, including 
those on fields under a private SOC-certification scheme, are 
reported in national GHG-inventories. As long as there is no 
mechanism for distinguishing between the effects of private 
and policy-induced activities, the national government will 
claim the GHG-mitigation as a contribution to national targets 
and private SOC-certificates will not make any additional 
contribution. 

(b) ‘Double-regulating and double-funding‘: Activities 
already included in good agricultural practice or supported 
by the EU’s Common Agricultural Policy (CAP), e.g. catch crop 
cultivation, are not additional. Thus, the additional benefit 
of GHG-mitigation needs to be discussed thoroughly and 
stated in SOC-certification schemes (e.g. special cover crops 
not funded under the CAP).
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mitiga tion outcomes from private SOC-certification and 
national GHG-targets and accounting. Regarding the addi-
tionality of private SOC-certificates under the Paris Agree-
ment, we recommend establishment of a new approach 
whereby countries, businesses and citizens take joint respon-
sibility for national GHG-mitigation targets and welcome 
pioneering new activities.

Overall, our view is that separating private SOC-certifi-
cates properly from national GHG-reporting and account-
ing towards mitigation targets is very difficult. We advise 
governments not to interfere or provide financial support 
for private initiatives, but closely monitor their success and 
the ideas emerging. Governments could thereby identify 
opportunities for funding and establishing infrastructures 
for SOC-analysis and a SOC-audit scheme used by farmers 
and advisory services supporting ‘C-neutral farming‘, or for 
building-up a network of farms to enhance communication 
and training on SOC-increasing activities. 

R E F E R E N C E S

Blanco-Canqui H, Lal R (2007) Soil structure and organic carbon relationships 
following 10 years of wheat straw management in no-till. Soil Till Res 
95(1–2):240–254, doi:10.1016/j.still.2007.01.004

CarboCert (2020) [online]. Retrieved from <https://www.carbocert.de/>  
[at 23 March 2020]

Carbon Farmers of Australia (2020) [online]. Retrieved from <https://carbon-
farmersofaustralia.com.au/> [at 26 March 2020]

Demenois J, Torquebiau E, Arnoult MH, Eglin T, Masse D, Assouma MH, 
Blanfort V, Chenu C, Chapuis-Lardy L, Medoc J-M, Sall SN (2020)  
Barriers and strategies to boost soil carbon sequestration in agricul-
ture. Front Sustain Food Syst 4:37, doi:10.3389/fsufs.2020.00037 

European Parliament and the Council of the European Union (2018) Regula-
tion (EU) 2018/841 on the inclusion of greenhouse gas emissions and 
removals from land use, land use change and forestry in the 2030 cli-
mate and energy framework, and amending Regulation (EU) No 525/ 
2013 and Decision No 529/2013/EU [online]. Retrieved from <https://
eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0841-
&from=EN> [at 23 March 2020]

Forstner S (2019) Humusaufbau und Zertifikathandel am Beispiel der Öko-
region Kaindorf [online]. Retrieved from <https://www.3-n.info/me-
dia/4_Downloads/pdf_NwsTrmn_3NVrnstltng_CarbonFarming_ 
Hannover_Forstner.pdf> [at 10 July 2020]

Gold Standard (2020) [online]. Retrieved from <https://www.goldstandard.
org/impact-quantification/certified-sdg-impacts> [at 26 March 2020]

Jacobs A, Flessa H, Don A, Heidkamp A, Prietz R, Dechow R, Gensior A,  
Poeplau C, Riggers C, Schneider F, Tiemeyer B, et al. (2018) Land-
wirtschaftlich genutzte Böden in Deutschland – Ergebnisse der 
Bodenzustands erhebung. Braunschweig: Johann Heinrich von Thü-
nen-Institut, 316 p, Thünen Rep 64, doi:10.3220/REP1542818391000

Kätterer T, Bolinder MA, Andrén O, Kirchmann H, Menichetti L (2011) Roots 
contribute more to refractory soil organic matter than above-ground 
crop residues, as revealed by a long-term field experiment. Agric Ecosyst 
Environ 141(1–2):184–192, doi:10.1016/j.agee.2011.02.029

Kell DB (2012) Large-scale sequestration of atmospheric carbon via plant roots 
in natural and agricultural ecosystems: why and how. Philos Trans R Soc 
Lond B Biol Sci 367(1595):1589–1597, doi:10.1098/rstb.2011.0244

Kollmuss A, Zink H, Polycarp C (2008) Making sense of the voluntary carbon 
market. A comparison of carbon offset standards [online]. Retrieved from 
<http://mobil.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/A_Compar-
ison_of_Carbon_Offset_Standards_lang.pdf> [at 31 March 2020] 

Lal R (2019) Conceptual basis of managing soil carbon: Inspired by nature and 
driven by science. J Soil Water Conserv 74(2):29A–34A, doi:10.2489/
jswc.74.2.29A

Maillard É, Angers DA (2014) Animal manure application and soil organic 
carbon stocks: a meta-analysis. Glob Change Biol 20(2):666–679, 
doi:10.1111/gcb.12438

Merante P, Dibari C, Ferrise R, Sánchez B, Iglesias A, Lesschen JP, Kuikman P, 
Yeluripati J, Smith P, Bindi M (2017) Adopting soil organic carbon man-
age ment practices in soils of varying quality: Implications and perspec-
tives in Europe. Soil Till Res 165:95–106, doi:10.1016/j.still.2016.08.001

Minasny B, Malone BP, McBratney AB, Angers DA, Arrouays D, Chambers A, 
Chaplot V, Chen Z-S, Cheng K, Das BS, Field DJ, et al. (2017) Soil carbon 4 
per mille. Geoderma 292:59–86, doi:10.1016/j.geoderma.2017.01.002

Ministère de la Transition Ècologique et Solidaire (2020) Label bas-carbone: 
récom pen ser les acteurs de la lutte contre le changement climatique 
[online]. Retrieved from <https://www.ecologique-solidaire.gouv.fr/
label-bas- carbone> [at 30 June 2020]

MoorFutures (2020) [online]. Retrieved from <https://www.moorfutures.de/> 
[at 26 March 2020]

ÖkoregionKaindorf (2020) [online]. Retrieved from <https://www.oekoregion- 
kaindorf.at/> [at 23 March 2020]

Pellerin S, Bamière L, Angers D, Béline F, Benoit M, Butault JP, Chenu C, Col-
nenne-David C, De Cara S, Delame N, Doreau M, et al. (2017) Identifying 
cost-competitive greenhouse gas mitigation potential of French agri-
culture. Environ Sci Policy 77:130–139, doi:10.1016/j.envsci.2017.08.003

Poeplau C, Don A, Vesterdal L, Leifeld J, Van Wesemael B, Schumacher J, 
Gensior A (2011) Temporal dynamics of soil organic carbon after  
land-use change in the temperate zone – carbon response functions  
as a model approach. Glob Change Biol 17(7):2415–2427, 
doi: 10.11 11/j.1365-2486.2011.02408.x

Saj S, Torquebiau E (2018) Climate-smart agriculture, agroecology and soil 
carbon: towards winning combinations. Montpellier:Cirad. Perspective 
47:1–4, doi:10.19182/agritrop/00034

Smith P (2004) Carbon sequestration in croplands: the potential in Europe 
and the global context. Eur J Agron 20(3):229–236, doi:10.1016/j.eja. 
2003.08.002

Smith P (2016) Soil carbon sequestration and biochar as negative emission 
technologies. Glob Change Biol 22(3):1315–1324, doi:10.1111/gcb.13178

Stevens A, van Wesemael B (2008) Soil organic carbon dynamics at the  
regional scale as influenced by land use history: a case study in forest 
soils from southern Belgium. Soil Use Manage 24(1):69–79, 
doi:10. 1111/j.1475-2743.2007.00135.x

Stevens A, van Wesemael B, Bartholomeus H, Rosillon D, Tychon B, Ben-Dor E 
(2008) Laboratory, field and airborne spectroscopy for monitoring 
organ ic carbon content in agricultural soils. Geoderma 144(1–2):395–
404, doi:10.1016/j.geoderma.2007.12.009

Stoessel F, Juraske R, Pfister S, Hellweg S (2012) Life cycle inventory and car-
bon and water foodprint of fruits and vegetables: application to a swiss 
retailer. Environ Sci Techol 46(6):3253–3262, doi:10.1021/es2030577

Sudmeyer RA, Daniels T, Jones H, Huxtable D (2012) The extent and cost of 
mallee–crop competition in unharvested carbon sequestration and 
harvested mallee biomass agroforestry systems. Crop Pasture Sci 63(6):-
555–569, doi:10.1071/CP12129

Thamo T, Pannell DJ (2016) Challenges in developing effective policy for soil 
carbon sequestration: perspectives on additionality, leakage, and per-
ma nence. Clim Policy 16(8):973–992, doi:10.1080/14693062.2015.1075372

Thünen Institute (2020a) [online] Retrieved from <https://www.thuenen.de/
en/wo/projects/soil-protection-and-forest-health/projekte-bodenzu-
standserhebung/national-forest-soil-invento ry-in-germany-data-
quality-and-data-management/> [at 20 Nov 2020]

Thünen Institute (2020b) [online] Retrieved from <https://www.thuenen.de/
en/ak/projects/agricultural-soil-invento ry-bze-lw/> [at 20 Nov 2020]

United Nations (1998) Kyoto protocol to the United Nations framework 
convention on climate change [online]. Retrieved from <https://unfccc.
int/resource/docs/convkp/kpeng.pdf> [at 03 Apr 2020]

United Nations (2015) Paris agreement [online]. Retrieved from <https://un-
fccc.int/files/essential_background/convention/application/pdf/eng-
lish_paris_agreement.pdf> [at 03 Apr 2020]

Valatin G (2012) Additionality and climate change mitigation by the UK forest 
sector. Forestry J For Res 85(4):445–462, doi:10.1093/forestry/cps056

von Lützow M, Kogel-Knabner I, Ekschmitt K, Matzner E, Guggenberger G, 
Marschner B, Flessa H (2006) Stabilization of organic matter in tem per ate 

https://doi.org/10.1016/j.still.2007.01.004
https://www.carbocert.de/
https://carbonfarmersofaustralia.com.au/
https://carbonfarmersofaustralia.com.au/
https://doi.org/10.3389/fsufs.2020.00037
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0841&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0841&from=EN
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32018R0841&from=EN
https://www.3-n.info/media/4_Downloads/pdf_NwsTrmn_3NVrnstltng_CarbonFarming_Hannover_Forstner.pdf
https://www.3-n.info/media/4_Downloads/pdf_NwsTrmn_3NVrnstltng_CarbonFarming_Hannover_Forstner.pdf
https://www.3-n.info/media/4_Downloads/pdf_NwsTrmn_3NVrnstltng_CarbonFarming_Hannover_Forstner.pdf
https://www.goldstandard.org/impact-quantification/certified-sdg-impacts
https://www.goldstandard.org/impact-quantification/certified-sdg-impacts
https://doi.org/10.3220/REP1542818391000
https://doi.org/10.1016/j.agee.2011.02.029
https://doi.org/10.1098/rstb.2011.0244
http://mobil.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/A_Comparison_of_Carbon_Offset_Standards_lang.pdf
http://mobil.wwf.de/fileadmin/fm-wwf/Publikationen-PDF/A_Comparison_of_Carbon_Offset_Standards_lang.pdf
https://doi.org/10.2489/jswc.74.2.29A
https://doi.org/10.2489/jswc.74.2.29A
https://doi.org/10.1111/gcb.12438
https://doi.org/10.1016/j.still.2016.08.001
https://doi.org/10.1016/j.geoderma.2017.01.002
https://www.ecologique-solidaire.gouv.fr/label-bas-carbone
https://www.ecologique-solidaire.gouv.fr/label-bas-carbone
https://www.moorfutures.de/
https://www.oekoregion-kaindorf.at/
https://www.oekoregion-kaindorf.at/
https://doi.org/10.1016/j.envsci.2017.08.003
https://doi.org/10.1111/j.1365-2486.2011.02408.x
https://doi.org/10.19182/agritrop/00034
https://doi.org/10.1016/j.eja.2003.08.002
https://doi.org/10.1016/j.eja.2003.08.002
https://doi.org/10.1111/gcb.13178
https://doi.org/10.1111/j.1475-2743.2007.00135.x
https://doi.org/10.1016/j.geoderma.2007.12.009
https://doi.org/10.1021/es2030577
https://doi.org/10.1071/CP12129
https://doi.org/10.1080/14693062.2015.1075372
https://www.thuenen.de/en/wo/projects/soil-protection-and-forest-health/projekte-bodenzustandserhebung/national-forest-soil-inventory-in-germany-data-quality-and-data-management/
https://www.thuenen.de/en/wo/projects/soil-protection-and-forest-health/projekte-bodenzustandserhebung/national-forest-soil-inventory-in-germany-data-quality-and-data-management/
https://www.thuenen.de/en/wo/projects/soil-protection-and-forest-health/projekte-bodenzustandserhebung/national-forest-soil-inventory-in-germany-data-quality-and-data-management/
https://www.thuenen.de/en/wo/projects/soil-protection-and-forest-health/projekte-bodenzustandserhebung/national-forest-soil-inventory-in-germany-data-quality-and-data-management/
https://www.thuenen.de/en/ak/projects/agricultural-soil-invento%C2%ADry-bze-lw/
https://www.thuenen.de/en/ak/projects/agricultural-soil-invento%C2%ADry-bze-lw/
https://unfccc.int/resource/docs/convkp/kpeng.pdf
https://unfccc.int/resource/docs/convkp/kpeng.pdf
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://unfccc.int/files/essential_background/convention/application/pdf/english_paris_agreement.pdf
https://doi.org/10.1093/forestry/cps056


35Jacobs et al. (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):31–35

soils: mechanisms and their relevance under different soil conditions – a 
review. Eur J Soil Sci 57(4):426–445, doi: 10.1111/j.1365-2389.2006.00809.x

Wesseler S (2020) Startups aim to pay farmers to bury carbon pollution in 
soil [online]. Retrieved from <https://www.yaleclimateconnections.
org/ 2020/01/startups-aim-to-pay-farmers-to-bury-carbon-pollution-
in-soil/> [at 23 March 2020]

Wiesmeier M, Mayer S, Paul C, Helming K, Don A, Franko U, Steffens M, 
Kögel-Knabner I (2020) CO2-Zertifikate für die Festlegung atmo sphä-
rischen Kohlenstoffs in Böden: Methoden, Maßnahmen und Grenzen. 
BonaRes Series 2020/1, doi:10.20387/BonaRes-F8T8-XZ4H

Zero Foodprint (2020) [online, formerly the Perennial Farming Initiative] Re-
trieved from <https://www.zerofoodprint.org/about> [at 4 Nov 2020]

4 per Mille (2020). Welcome to the “4per1000” initiative [online]. Retrieved 
from <https://www.4p1000.org/> [at 30 June 2020]

O P E N  A C C E S S
This article is licensed under a Creative Commons Attribution 4.0 Internatio nal 
License (https://creativecommons.org/licenses/by/4.0/)
© The author(s) 2020

https://doi.org/10.1111/j.1365-2389.2006.00809.x
https://www.yaleclimateconnections.org/2020/01/startups-aim-to-pay-farmers-to-bury-carbon-pollution-in-soil/
https://www.yaleclimateconnections.org/2020/01/startups-aim-to-pay-farmers-to-bury-carbon-pollution-in-soil/
https://www.yaleclimateconnections.org/2020/01/startups-aim-to-pay-farmers-to-bury-carbon-pollution-in-soil/
https://doi.org/10.20387/BonaRes-F8T8-XZ4H
https://www.4p1000.org/
https://creativecommons.org/licenses/by/4.0/


36López-García (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):36–42
DOI:10.3220/LBF1606213050000

P O S I T I O N  P A P E R

Who is the subject of agroecological transitions? 
Local Agroecological Dynamisation and the plural 
subject of food systems transformation
Daniel López-García 1

1 Fundación Entretantos, Agroecology Department, Valladolid, Spain

C O N TA C T:  daniel@entretantos.org

1 Introduction: agroecological  
transitions, for whom?

Having evolved from its roots in agricultural science, agroecol-
ogy has in recent years been contributing methodologies, 
reflections and experiences for the development of sustain-
able food systems from a point of view of radical democracy 
(Gliessman, 2016). It is thus that social and political aspects 
have taken centre stage in agroecology in recent years, at the 
same time as it has gone from being a marginal approach 
to an “immaterial territory in dispute”, claimed by national 
govern ments and large global institutions as much as by 
worldwide, grassroots organisations such as ‘La Vía Campes-
ina’ (Giraldo and Rosset, 2017). This dispute, brought about 
by the mainstreaming of agroecology, entails risks of co-op-
tation by international institutions (Rivera-Ferre, 2018). This is 
the context in which the agroecological movement has been 
carrying out its debate on the scaling of agroecological prac-
tices, and on the risks of the movement’s institutionalisation 
possibly lending itself to conceptual co-optation and to the 
associated loss of its transformative features (Levidow et 
al., 2014; Giraldo and Rosset, 2017). The debate is still on the 
table, but it has made advances and has opened a new field 
of research focused on new experiences and knowledge that 

results when trying to apply agroecology at the food system 
scale (González de Molina et al., 2019).

The scaling of agroecological experiences has been con-
cep tualised largely as following two paths that lead in differ-
ent directions and that are often presented as being mutual ly 
exclusive. On the one hand is the path of ‘out- scaling’, refer-
ring to the process by which the agroecological transition 
extends over a territory, involving a growing number of social 
groups (with emphasis on the protagonism of the so-called 
“peasants”) and promoting changes in food production, distri-
bution and consumption practices (Giraldo and Rosset, 2017; 
Val et al., 2019). On the other hand is the path of ‘up-scaling’, 
oriented towards gaining political agency, the development 
of favourable political conditions for agroecology, fostering 
the institutionalisation of experiences and the development 
of public policies to protect, strengthen and enhance them – 
which are often conceived “from the top-down”. This second 
path carries a high risk of significantly losing the political 
principles of agroecology (Mier y Terán et al., 2018; Fergu-
son et al., 2019). More recently, these two paths have been 
presen ted as being complementary and interconnected 
(Ferguson et al., 2019). From this perspective of convergence, 
the expansion or ‘scaling’ of agroecology would imply radi-
cal changes in the dominant agricultural system, especially in 
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terms of incorporating “bottom-up” political approaches and 
the control of food systems by local communities – especial ly 
by those in the primary sector (Giraldo and McCune, 2019; 
González de Molina et al., 2019).

The expansion of agroecology is understood not only as 
the dissemination of a set of agricultural practices, but also 
as the expansion and strengthening of a socio-economic 
fabric capable of producing alternative food systems (Gliess-
man, 2016). This would foster interlinking agroecological 
experi ences of production, distribution and consumption 
in a socio-political movement capable of acting at different 
territo rial scales, within a transformative political project 
committed to overcoming capitalism, patriarchy and coloni-
al ism, and incorporating the contents of what has been called 
‘political agroecology’ (Levidow et al., 2014; González de Moli-
na et al., 2019). The objective of political agroecology would 
be the development of agroecology-based local agri-food 
systems that would then be promoted through two parallel 
action frameworks. On the one hand, out-scaling would pro-
mote the multiplication, strengthening and interconnec tion 
of local agroecological experiences (be they of food produc-
tion, distribution or consumption; research; social and pro-
fessional organisations; etc.). On the other hand, up- scaling 
would promote the development of a political and regulatory 
context favourable to the agroecological transition. 

Although these two dimensions of agroecology scaling 
are extensively linked (Ferguson et al., 2019), I will focus on 
agroecol ogy out-scaling, and more specifically on the theo-
reti cal and methodological problems arising from the emer-
gence of social subjects to promote the scaling of agroeco-
logical experiences to food systems transformations. The 
expansion of the agroecological transition throughout a 
given territory, involving a growing number of social groups 
and producing changes in food production, distribution and 
consumption practices, has been tied to the emergence of 
the protagonism of ‘peasants’ and the so-called ‘agroeco-
logical peasantry’, as an historical and political (global and 
meta-) subject for the materialisation of the political project 
of La Vía Campesina (Val et al., 2019). However, the concept 
of “peasants” and “peasantries” remains controversial and 
contested, between being an analytical concept or a political 
category (Bernstein, 2010; McMichael, 2016). 

Additionally, the number of holdings of different types of 
peasants, family farmers and small farmers around the world 
are still the majority but always decreasing, especially in 
metropolitan settings and urbanised societies (Graeub et al., 
2016). For this reason, recent discussions underline the need 
to build plural and diverse social subjects that bring togeth-
er agricultural and non-agricultural, rural and urban actors 
to undertake the agroecological transition at the food system 
scale (Edelman et al., 2014; Giraldo and McCune, 2019). This, 
however, does not forsake the necessary protagonism of 
farmers, and specially of the farmers’ organisations closest 
to agroecology in such processes (Levidow et al., 2014; Giraldo 
and Rosset, 2017). 

As agroecology is an action-oriented approach to do 
‘science with people’, agroecological transitions cannot be 
done without a clear protagonism of farmers (Cuéllar and 

Calle, 2011), especially in an urbanised world in which both 
the rural reality and the specificities of the socio-ecological 
metabolism of food systems are getting increasingly hidden. 
In the present paper I will use the broad category of ‘small 
farmers’ to talk about ’agroecological peasantries’ (Val et al., 
2019), ‘new peasants’ (van der Ploeg, 2010) and the highly 
differentiated category of ‘family farmers’ (Bernstein, 2010), 
as protagonists of agroecological transitions at the food 
system scale. 

In the present paper I use the term ‘subject’ as a socio- 
his tori cal category to name an actor or network of actors 
committed to promote a specific (political and territorialised) 
project of transformation (Bernstein, 2010; Val et al., 2019). 
The proposition of a plural subject (bringing together differ-
entiated actors) of the agroecological transition poses sever-
al challenges. On the one hand, in order to multiply experi-
ences, it is necessary to attract the conventional farmers 
sector to agroecology – because they possess the means of 
production, but also because they need a change of model 
(van der Ploeg, 2010). On the other hand, among the diver-
sity of actors involved are some that have so far been absent 
in the development of alternative food systems or agroeco-
logical transitions, specially in Global North settings – such 
as marginalised social groups or racial and cultural minor-
ities (Simón-Rojo, 2019). In other cases, actors may come from 
local configurations with deep-rooted historical conflicts – 
such as between small food retailers and local farmers (López-
García et al., 2018a). Such complexity within the subject of 
agroecological transitions, especially in deagrarianised soci-
eties, requires specific approaches. Often various tools and 
processes need to be adapted to the different profiles found 
in each territory (Guzmán et al., 2013; Menconi et al., 2017).

With this article I intend to provide some theoretical 
and methodological insights on how to promote food sys-
tem scale agroecological transitions in settings where the 
agricultural social fabric is weak, and in general addressing 
the condition of a social subject highly differentiated world-
wide. Assuming that ‘small farmers’ are to be the protagonist 
subject of agroecological transitions, I address several issues 
posed by the challenging construction of such a subject, 
allied with other social actors in what I call the plural subject 
of agroeco logi cal transitions, specially in urban and deagrar-
ianised societies such as in Europe. The following sections 
cover three main objectives: 

 y to analyse critically different dimensions of the differen-
tiated (social) subject of the transitions, with regard to 
current scientific debates on scaling agroecology (Sec-
tion 2); 

 y to propose the Local Agroecological Dynamisation (LAeD) 
approach as a methodology for activating agroecological 
transition processes by integrating the difficulties posed 
by a complex plural subject (Section 3); 

 y and to discuss some lessons learned, based in case 
studies from Spain, that mainly involve conventional 
small farmers in sustainability transition processes, in 
order to define such a plural subject and provide some 
insights on how to construct its protagonism in 
deagrari anised settings (Section 4).
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need for much broader social alliances (Mier y Terán et al., 
2018; Giraldo and McCune, 2019).

Thus, the social subject of agroecological transitions 
at the food system scale would have to be a plural subject, 
protagonised by farmers already aligned with agroecologi-
cal approaches – perhaps the so-called ‘agroecological 
peasantry’. These groups at the forefront provide the trac-
tive force pulling conventional farmers, who make up the 
majority of the world's agricultural sector, especially in the 
Global North and in more urbanised territories. Incidentally, 
conventional farmers are demanding production and mar-
ket ing models that are more sustainable and require less 
investment and debt (van der Ploeg, 2010). In an outer cir-
cle still forming part of this plural subject, we can find non- 
agri cultural actors, who in turn are in need of new economic 
and territorial models beyond capitalism. On the one hand 
we have the agroecological social movement, which in 
Global North is mostly urban and composed of grassroots 
groups, NGOs, and networks of community and concerned 
consumers (Holt-Giménez and Shattuck, 2011; Tornaghi and 
Dehaene, 2019). On the other hand we have social groups 
excluded by the corporate food regime and cut off from 
markets (as is the case of small, traditional food retailers) or 
from adequate food (Simón-Rojo, 2019).

The complexity of this plural and heterogeneous subject 
raises new questions in the discussion on how to deal with 
it. Methodological arranges for constructing such a subject 
require dispositives (Val et al., 2019) to manage the divergent 
interests, symbolic worlds and velocities to step the transi-
tion. Specially regarding to a scheme where small farmers 
are to be protagonists and tractors of a broader space which 
includes urban and non-agricultural actors. These are devel-
oped in the following section.

3 Local Agroecological Dynamisation  
as a strategy to build plural and  
territorialised subjects

In recent decades, different methodological approaches for 
doing science with the people have been developed around 
agroecology, from an epistemological position committed to 
the transformation of reality (Gliessman, 2016). This methodo-
logical stance is in line with participatory action research (PAR) 
(Fals-Borda, 1991), since it is a research approach that prod-
uces knowledge that is both scientific (universal) and popular 
(situated); while, at the same time, it activates social pro-
cesses of community empowerment from the per spec tive of 
popular education (Freire, 2012). From among the repertoire 
of participatory methodological proposals that have been 
linked to the agroecological approach, the following can 
be highlighted: participatory rural appraisal, participatory 
on-farm research, the Campesino a Campe sino (peasant- to-
peasant) movement, participatory action research, and LAeD 
(Guzmán et al., 2013, Méndez et al., 2017).

The transition from industrialised systems to agroecologi-
cal systems requires specific extension practices. These must 
be adapted to a completely different farming system through 

2 The social subject of agroecological 
transitions at the food system scale

It becomes increasingly difficult to speak of “peasantry” in 
growing portions of the planet, and in many territories the 
farming sector is profoundly weak and dependent on the 
corporate food regime (Bernstein, 2010; McMichael, 2016). 
Throughout the 20th century and before, the growing por-
tions of the peasantry entering the (capitalist) market econo-
my required the creation of new categories of analysis to 
address the differentiation process of the agricultural social 
subject (van der Ploeg, 2010; Bernstein, 2010). It becomes 
ever more difficult to consider it a homogeneous subject, 
as it is crossed by numerous contradictions that affect its 
capacity for action (Holt-Giménez and Shattuck, 2011). 
Meanwhile, agroecological experiences of production, dis-
tribution and consumption often adopt both conventional 
and alternative elements in their development, indistinctly 
and in a sequential and/or combined way, to achieve social 
and econom ic viability within alternative food networks or 
systems. These have been called hybrid actors and networks 
(Ilbery and Maye, 2005; Darnhofer, 2014). 

The challenges for the agroecological transitions go 
beyond ecological processes at the farm scale, and encom-
pass global processes that also cut across the convention-
al agricultural sector: from the degradation of traditional 
agricultural infrastructure and institutions, to global trade 
agreements, diet change or climate change. These problems, 
which are common to both conventional and alternative 
actors, could constitute shared platforms of action that also 
include non-agricultural actors (Holt-Giménez and Shat-
tuck, 2011; Menconi et al., 2017). This potential should not 
be overlooked. The bulk of agri-food experiences that must 
be embraced by agroecology out-scaling are obviously small 
and medium-size conventional ones – since these constitute 
the majority and have a need to move towards alternative 
models – in addition to those that already follow agroecologi-
cal models.

In this sense, hybrid actors are called upon to play an 
important role in the transition, due to their potential to 
broaden the social base of the processes, and to build 
bridges and alliances between conventional profiles and 
others closer to agroecology (López-García et al., 2018b). 
On the other hand, the sometimes exclusive pre-eminence 
that is given to agricultural and peasant experiences sub-
tracts a social base from an agroecological movement that is 
already as urban as it is rural, leaving out other actors that are 
essential to making change possible (Tornaghi and Dehaene, 
2019). This is especially the case in territories of the Global 
North, where agricultural and rural social fabrics are weak, 
and where it is therefore necessary to build alliances, perhaps 
tactical ones, with deeply conventional actors and alternative 
non-agricultural actors with links to food consumption, or 
with urban social movements (see, for example: Holt Gimén-
ez and Shattuck, 2011). With respect to the agroecologies of 
the Global South, while emphasizing their leaps of scale on 
the capacity of peasant and rural organisations to strengthen, 
multiply and territorialize themselves, they also express the 
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a collective process of individual and social learning (Méndez 
et al., 2017). Farmers recognise the agroecological transitions 
as a complex process that links different spatial scales, and 
that is affected by multi-dimensional factors (Guzmán et al., 
2013). Therefore, a complex approach is required that links 
and coordinates the ecological and productive aspects of 
agroecological approaches with others that appear at broad-
er territorial scales. This should address issues such as the 
sustainability and social reproduction of rural communities 
or the power imbalances that cut across food systems, from 
the local to the global scale. In this sense, the epistemologi-
cal stance taken by agroecology proposes to do science with 
and for the people, and argues that it is the social subject 
under investigation the one who must define the purpose 
and objectives of the research, as well as the forms it takes 
and how it evolves in each situation, in line with the proposals 
of popular education (Freire, 2012).

The Local Agroecological Dynamisation (LAeD) approach 
has been developed with regard to such internation al, both 
scientific and activist debates during the last few years. It is an 
application of participatory action-research to the agro eco-
logi cal perspective, to promote sustainability at local food sys-
tems level (López-García et al., 2018b). This method ol ogy tries 
to apply theoretical and meth odo logi cal approaches devel-
oped mainly in the Global South to de agrarianised settings 
such as the Global North or metro poli tan territories world-
wide. It mobilises the networks, resources and capacities of 
local communities through the revival of local agricultur-
al production, farmers social pro tago nism and self esteem, 
traditional ecological knowledge, and alternative food net-
works. To this end, it links participatory action research with 
other methods of community research and development, 
in order to improve the capacities of local communities to 
build transitions to sustainability. This approach has been 
de veloped in Spain principally through several doctoral 
theses produced within the PhD program in agroecology 
at the International University of Andalucia (Guzmán et al., 
2013), deeply connected with Latin America’s agroecology 
movement; and since 2014 it has been developed further as 
part of the postgraduate diploma in ‘Local Agroecological 
Dynamisation’ at the Autonomous University of Barcelona, 
cover ing a greater breadth and diversity of cases. In the lat-
ter institution, research has been carried out through student 
field work, in collaboration with public and private entities 
(López-García et al., 2018b). 

LAeD places special emphasis on generating collective 
processes of action-reflection-action, capable of overcoming 
the adherence to hegemonic discourses on behalf of actors 
who are expulsed from globalised economic flows (Freire, 
2012). Special importance is given to the collaboration of 
hybrid actors that are capable of connecting conventional 
and alternative actors in networks of communication and 
cooperation (López-García et al., 2018b). This facilitates the 
progressive development of social and ecological sustain-
ability innovation through participatory and multi-actor 
processes, which are open-ended and non-deterministic, 
and in which the paths of the transition are built through 
action, reflection and the empowerment of local actors. The 

territorialisation of processes – and of methodological tools – 
allows the construction of convergent processes based on 
the divergent interests, perceptions and positions of local 
actors, building transdisciplinarity (Lamine et al., 2019). Such 
multi-actor approach thus enhance the possibility of the con-
struction of plural subjects, but requires a long period of time 
and therefore it is highly dependent on extended funding or 
social support. 

The flexibility of the agroecological approach enables 
the construction of processes in which local communities 
are the protagonists in the analysis of their own reality and 
in the construction of development paths that offer an alter-
native to the corporate food regime. Transition paths, thus 
defined, have no predetermined end purpose – as could be 
the conversion to organic farming, for instance. Instead, the 
agroeco logical transition is understood as an open-ended 
and continuous process (Magda et al., 2019). One that can 
place greater or lesser emphasis on each of the transition’s 
dimensions: environmental, social, economic, cultural or 
political; but which will always seek increasing levels of sus-
tainability in local food systems, from a holistic perspective 
(Méndez et al. 2017). With this multiplicity of paths it is possible 
to accommodate very differentiated farmers and agri-food 
entrepreneurs profiles in the agroecological transitions; and 
to build alliances with other actors on a wide range of top-
ics (for example, at-source price reductions, specific pests, 
or conflicts over agricultural land use) around the political 
project of food systems transformation (Holt-Giménez and 
Shattuck, 2011; Edelman et al., 2014; Val et al., 2019; Van Dyck 
et al., 2018). On the basis of partial alliances and commu nity 
processes of empowerment around specific problems, it is 
possible to activate processes of action-reflection- action 
that lead to holistic transformations in the models of pro-
duction, commercialisation and consumption within a given 
terri tory. In this way, open-ended participatory processes 
enable working with the plural and complex subject of agro-
ecological transitions.

4 Some insights into the social subject 
of agroecological transitions in 
convention al agricultural structures

I conclude that there is a wide range of contexts world-
wide where ‘small farmers’ are disorganised and weak in 
political terms, and thus show a limited agency to promote 
agroecological transitions by themselves. Specially in high-
ly urbanised societies (in Global North, but not only) and 
met ro politan settings (also in Global South), we can see the 
emergence of plural subjects committed to promote food 
systems level agroecological transitions, involving rural 
and urban experi encies, agricultural and non-agricultural 
actors, and often with a strong role of researchers (among 
others Méndez et al., 2017; Van Dyck et al., 2018). As far as 
agroecology is a multi dimensional concept, its develop ment 
requires bringing together very diverse approaches and 
social profiles, as proposed by Edelman et al. (2014) for food  
sovereignity. Such plural social subjects comprises consumers, 
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NGOs and also social groups and experiences included within 
the so-called ‘urban agroecology’ movement (Tornaghi and 
Dehaene, 2019).

This plural subject is showing a strong potential to foster 
agreocological transitions, involving a broad range of diff er-
en ti ated farmers’ profiles, and specially supporting conven-
tional (small) farmers to step on the transition process. Such 
plural subject should be based on the protagonism of small 
farmers as the ones who better know the real-world chal-
lenges for agroecological transitions and who assume the 
bigger risks for it. In this sense, the so-called ‘agroecologi-
cal peasantry’, where existing, could be a core group within 
such plural subject. But, its absence, weakness or disconnec-
tion from mainstream farmers in a broad range of terri to-
rial contexts shows the need to construct (agreocological) 
terri torialised farmers’ organisations as a first step, in order 
to link such plural subject to the ground (both in material 
and imma terial terms). On the construction process of such a 
plural subject, the dispositives (sets of concepts, actions and 
pos sibil ities, in terms of Val et al. (2019)) and methodol ogies 
used should be adapted to the different profiles of social 
actors involved in it. LAeD processes carried out in Spain, 
beside other participatory action research approaches devel-
oped worldwide (Mier y Terán et al., 2018) have shown a good 
performance to construct such a plural subject, and the pro-
tagonism of small farmers at its core. The development of 
a favourable policy and regulatory environment, through 
bottom-up processes pushed by such a social subject, might 
be also a key (but contradictory) question in order to scale 
agroecological transitions to food system level (Giraldo and 
McCune, 2019). 

In recent years, various LAeD processes have been carried 
out in different territorial (rural, peri-urban and metropolitan) 
contexts in Spain in order to promote territorialised agroeco-
logi cal transitions with profession al, conventional farmers, 
some of which have led to publi cations (among others: 
Guzmán et al., 2013; López-García et al., 2018b). From these 
Spanish experiences, in contrast with other scientific litera-
ture from diverse contexts, I can draw some conclusions con-
cerning elements that are useful when promoting agroeco-
logical transitions in different contexts. This section presents 
the main lessons obtained with regards to the construction 
of the subject of agroecological transitions in different con-
texts and situations, through PAR processes.

The first element has to do with the degree of devel op-
ment of the agroecological transition in a given territory 
(Guzmán et al., 2013). For example, in territories with great-
er symptoms of deagrarianization (highly extensified and 
grants-dependent crops, older average age of farmers, high 
dependency on a market they do not control) farmers prefer 
to talk about issues that are on the margins of agricultural 
production: crop robberies, degradation of irrigation infra-
structure, marketing channels, etc. Professional self-esteem 
is low, both individually and collectively (Kindon et al., 2007). 
Farmers here ask for help with these peripheral problems, 
because they do not consider themselves capable of effect-
ing changes to their reality on their own. The way to engage 
actors in participatory processes – the strong point of the 

agroecological approach – is often by addressing issues that 
have to do with social reproduction and agricultural activity 
(new entrants into farming, farm transfers, farmers’ collective 
action and agency, etc.), in which it may be easier to work 
through multi-actor schemes that include local, non-agri-
cultural actors (Menconi et al., 2017).

In contrast, with farmers’ profiles or in territories where 
agriculture is more profitable and capital-intensive, farmers 
are interested in meeting to improve their farming tech-
niques; or to explore marketing channels at a higher price 
on a more conventional approach to transitions (Magda et 
al., 2019). In these contexts of business agriculture, people 
are not willing to spend much time on reflecting if it does 
not have a practical and immediate objective related to the 
profitability of agriculture (Schattmann et al., 2015). In such 
settings it will be more appropriate to focus on processes of 
farmers (on-field) participatory research, and to collaborate 
with specialised actors (professional organisations, research 
centres, R&D and innovation, etc.). In these cases it may be 
easier to work from a vertical approach – exclusively involving 
alliances within the agri-food chain – rather than a horizontal 
approach – involving territorial alliances between agricultural 
and non-agricultural actors, depending on the topics to be 
addressed (Schattmann, 2015; Menconi et al., 2017). 

As previously stated, the fragility and weakness of the 
agricultural social fabric makes it necessary to work on the 
agroecological transitions together with other local profiles. 
For this reason, in parallel to the construction of the collec-
tive agricultural subject, there has been a tendency to build 
a network of alliances around the process, involving local 
social groups – mostly from outside the agricultural sector 
(as neighbours associations in urban or peri-urban settings), 
although also incorporating some agrarian institutions, such 
as irrigation communities, Designation of Origin regulatory 
councils, or research centres (Menconi et al., 2017; Van Dyck 
et al., 2018). In this methodological blueprint, which I have 
called ‘concentric circles’, the process by which local small 
farmers constitute a collective subject is located at the core of 
a broader process of social mobilization and cohesion around 
a shared project of sustainability for the territory. Being at the 
core implies protagonism, but not exclusivity (Edelman et al., 
2014; Val et al., 2019).

Within this design of concentric circles, I have observed 
that the different local non-agricultural actors do not follow 
homogeneous patterns of behaviour. For example, in metro-
poli tan contexts it has been easy to interact with researchers, 
neighbourhood associations and other urban actors, per-
haps because they understand the potential of peri-urban 
agriculture to activate and mobilise the local identity in a 
sustainability project (Peredo and Barrera, 2018; Van Dyck 
et al., 2018). Similarly, actors such as school family associa-
tions or small businesses that were initially unaware of these 
projects, responded with openness and a very good dispo-
sition to become involved once contacted. Other institutions 
in the field of agriculture (cooperatives, professional organi-
sations, Protected Designation of Origin regulatory councils, 
etc.), each with their own interests in the territory that often 
diverge from those of the agroecological transitions, have 
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not been easily attracted. Lastly, organisations and social 
movements more closely linked to agroecology and food 
sovereignty have not always shared the objective of work-
ing with the conventional farming sector, nor the meth odo-
logi cal approach of giving this sector the protagonism in 
the transition, which could be related to the differentiation 
between radical and progressist actors proposed by Holt 
Giménez and Shattuck (2011). 

The implications of defining a plural, heterogeneous and 
complex subject of the (territorialised) agroecological transi-
tions poses challenges that must be faced through empirical 
work. Much remains to be done in different territorial contexts 
and with different types of agricultural structures, both in the 
Global North and South, and especially in broad territorial 
contexts where the complexity of transforming local food 
systems can be faced. Nevertheless, the preliminary results 
here presented lay out very promising lines of work, from the 
point of view of transdisciplinary research in agroecology. 
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1 Pathways to sustainable agriculture  
of tomorrow

At the beginning of the 21st century, agriculture copes with 
multiple challenges concerning global food security, while 
increasing population and consumption are placing un-  
precedent ed demands on agriculture and natural resources 
(Foley et al., 2011; Poore and Nemecek, 2018). Accordingly, 
food production remains a key pillar of food security (Porter 
et al., 2014) and a crucial point of intervention for food avail-
ability. The establishment of a global world market allows for 
increased availability of all types of food throughout the year, 
regardless of production season and region (Kearney, 2010). As 
a result, modern agriculture has the potential to provide more 
than enough food for a population reaching up to 10 x 10 9 

people by 2050 (Searchinger et al., 2019). This contra dicts the 
view that food security is dramatically compro mised by the 
effects of global climate change (Lobell et al., 2011), the use 
of agricultural products for industrial purposes (von Braun, 
2007), and animal feed (Salami et al., 2019). In addition to this, 
70 % less arable land area was needed in 2014 to produce the 
same quantity of crops as in 1961; at the same time, the yield of 
major staple crop increased (Ritchie and Roser, 2020). Lappé et 
al. (1998) presented evidence that intensification in agriculture 
and a gradual increase in agricultural production could lead 
to further deterioration of the environment and depletion of 
non-renewable resources. Smith (2015) argues that instead of 

expanding the limits of food production, we need to manage 
demand, particularly that for livestock products if we want to 
meet food security in 2050. In addition, the developments 
of global food systems impose some consequences antici-
pated before but not properly managed, such as the con-
centration of power into multi national companies and the 
internationalisation of the market. Projections of the future 
of agriculture are based on our current knowledge, which in 
the global context often gives an insufficiently clear picture 
of what we can expect. Conditions that have not been con-
sidered so far will shape the future and consider ably affect 
food security. Among them, the following challenges can 
be anticipated:
1. A new generation of consumers with specific require-

ments will emerge;
2. information communication technologies (ICT) will boost 

the global food market and allow for buying virtually any-
thing from anywhere;

3. improved crops and livestock with specific traits adapted 
to the altered environment will be developed;

4. increased interest in palatable, ultra-processed foods 
(made from processed substances extracted or refined 
from whole foods), and new food sources, lab meat, 
algae, and insects;

5. continuous soil degradation will affect the capacity of 
our food system to meet the requirement of the global 
population;
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6. fewer farmers will be involved in food production, and 
agriculture will rely more on automatisation, robotics, 
and ICT.

Because of all this, the quest for solutions that would be 
globally acceptable and sustainable from an ecological and 
socio-economic point of view is the major task of contem-
porary agriculture (Odegard and van der Voet, 2014). Accord-
ing to Griggs et al. (2013), the future development of food 
systems largely relies on how successfully 17 sustainable 
development goals (SDGs) will be achieved (United Nations, 
2015). The beginning of the 21st century has brought much 
greater interest in food production, consumption, as well as 
its nutritional properties. This has led to the popularisation 
of a different alternative concept of a local food system that 
symbolises a paradigm shift from the globalised and indus-
trialised mainstream production. Recently, a large number 
of socio-economic and environmental movements con-
verged around local food systems that refer to voluntarily 
established food systems characterised by a close producer- 
consumer relationship within a designated place or local 
area (Hall and Gössling, 2016). Accordingly, the combination 
of research-based innovations and traditional knowledge 
yields multiple options for transforming food systems at the 
local level (Caron et al., 2018). DuPuis and Goodman (2005) 
advocate that there is an increasingly important connection 
between the localisation of food systems and the promotion 
of environmental sustainability and social justice. The local 
modification of alternative food systems has resulted in short 
food chains (Kilometre Zero, box delivery schemes, urban 
agriculture) and the establishment of ‘slow food’ consump-
tion. Such systems are characterised by a closer relation 
between local producers and consumers, better interaction 
between organisations and farmers, fair produc tion condi-
tions, and distinctive flavour and aroma of the produced food 
(Feldmann and Hamm, 2015). El Bilali (2019) stressed in a com-
prehensive review that the way forward for research on agro-
food sustainability transitions implies a deeper understanding 
of different socio-technical system levels and landscape- 
niche-regime interactions. Garnett (2013) elaborated that 
the priority for the future is a nutrition- driven food system 
that remains within environmental limits. Adams and Salois 
(2010) argue that the demand for local food will largely arise 
in response to corporate co-optation of the organic food 
market and the introduction of the concept of “organic lite”. 
Guthman (2014) presented a scenario involving this concept 
for California, in which big agribusinesses impose a model 
of farming practice adaptation (specialisation in high- value 
crops), thus leading to the conventionalisation of organic  
production. Some studies show that consumers tend to 
value the local origin of the product more than the organic 
nature of production (de-Magistris and Gracia, 2014; Camp-
bell, 2014). As a result, a shift away from organic and toward 
local food in consumer preferences will bring new impli-
cations for the environment and society (Meas et al., 2014). 
Globally, the in terest in locally produced foods is increasing, 
but it becomes very difficult for consumers to find it in main-
stream shops (Hardesty, 2008). Wholesale and retail food 

buyers show increasing interest in purchasing locally pro-
duced foods; however, the consistency of supply, lower prod-
uct volume, labelling and information about product origin 
are common barriers for their greater penetration into the 
conventional markets. Therefore, local and global food sys-
tems must be developed simultaneously and overlap in the 
pursuit of food security. This will require efforts to increase 
the environmental efficiency of food production, but this 
approach is not suffi cient to achieve the sustain ability of 
food systems (Capone et al., 2014). This paper seeks to con-
tribute to the discussion about food system development 
with the encouragement of synergies between the terroir 
and agroecology.

2 Defining the position

The term ‘terroir’ has for a long time gained much attention 
in the context of viticulture (wine production) and has been 
extensively used in describing the “sense of place” derived 
from a complex interaction of climate, soil, tradition, geo-
morphology, and variety. The concept of terroir is frequently 
used to explain the sensory attributes of high- quality wines 
by the environmental conditions in which the grapes are 
grown (Seguin, 1988). Commonly, terroir is associated with 
adjusted methods of resource management that enhances 
the quality hierarchy of the final product and differs from 
similar products. Vaudour et al. (2015) elucidate that studies 
based on meta bolomics or strontium isotopic ratio strength-
en the assumption that geographical origin does leave an 
imprint on wines through soil substrate and climate and the 
interaction of viticulture choices. The same author noted 
that microbial terroir is identified as a key factor in variation 
among grapes growing in different locations. In addition, 
terroir is associated with specific management practices, not 
exclusive ly ecological (practices with a beneficial impact on 
the environment), that create a physical environment and 
connect production methods with sensory attributes and 
character of the end product. 

Initially, terroir was recognised in the production of wine, 
olives, and cheese. Jacobsen (2010) was among the first to 
point out the wider potential of terroir as a local food quality 
concept. He wrote the first guide to the “flavour landscapes” 
of different foods, including apples, honey, maple syrup, 
coffee, oysters, salmon, wild mushrooms, wine, cheese, and 
chocolate. In France, using sourdough bread ecosystems as 
a model, Michel et al. (2017) documented that the microbial 
diversity associated with bread-making practices related with 
human and socio-cultural practices could give the bread a 
“sense of place”. According to Turbes et al. (2016), the geo-
graphical location of the milk source has an effect on the 
flavour of Cheddar cheese, but the practices of milk com-
mingling and heat treatment are likely to reduce the effect 
of geographical location, particularly as the cheese ages. 
In tea production, terroir is linked with the production eco-
system and the process of manual collection that workers 
themselves knowingly reproduce in the taste of the final 
product (Besky, 2014). On the contrary, critics argue that 
terroir comes into the fore with luxury consumption and the 
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Therefore, it is important to investigate what contribution to 
local food production systems would produce a combina-
tion of agroecology and terroir. The idea of combining terroir 
with agroecology has been proposed within the framework 
of promoting local food consumption and sustainable devel-
opment (Šeremešić, 2019). Wezel et al. (2016) recognised the 
importance of territorial scale in agroecology and presented 
a similar approach for food systems and biodiversity conser-
vation. The authors argued that the development of sustain-
able systems at a territorial scale was strongly neglected 
and are almost exclusively proposed either at the scale of 
specific agricultural systems or for selected supply chains. 
Surprisingly, when combined at the same production area, 
not many of the basic concepts of agroecology and terroir 
are overlapping (Figure 1). The terroir is a result of a complex 
interaction of climate, soil type, geomorphology, microbiota, 
water regime, variety history and cultural tradition (Meinert, 
2018). This concept covers a wide range of activities but only a 
few address the social and ecological dimensions of resource 
management. On the other hand, agroecology is rooted in 
biodiversity, co-creation of knowledge, synergies, resilience, 
environmental protection, food sovereignty, social inclusive-
ness, adaptable management practices, and co-innovation 
(Wezel et al., 2014). The ten elements of agroecology, pro-
posed by FAO (2019), and complemented with the recogni-
tion of geographical origin (van Leeuwen and Seguin, 2006), 
would possibly result in improved food quality from the 
development of agroecological terroir. 

Agroecology is oriented towards maintaining the pro-
duction resources and the application of practices that 
improve agroecosystem as a whole as well as the neigh-
bouring natural systems. The implementation of a manage-
ment system that is grounded in agroecology and com-
bined with terroir physical environment could result in the 
development of a new food system with multiple benefits. 
The proposed system could be easily adapted to different 

obtained products are intended only for wealthy customers; 
because of this, the concept has a restricted contribution to 
food security (Dagne, 2015). 

To overcome the world’s greatest challenges in food 
production/ supply, agroecology has been proposed as a set 
of practices and people-centred knowledge, intensively and 
deeply rooted in sustainability (FAO, 2018a). Agroecological 
approaches are increasingly considered as possible alter-
natives to the industrial model of agricultural improvement, 
representing concrete transition pathways towards sustain-
able food systems that enhance food security and nutrition 
(HLPE, 2019). Many researchers support the idea that agro-
ecology is a key tool in the transition to sustainable food 
systems (Gliessman, 2016; Hatt et al., 2016). Such systems 
involve agroecology, which in turn incorporates science, a set 
of practices, and a social dimension. Their co-evolution and 
supplementation develop a holistic approach to agri culture 
as a crucial driver in creating the foundation for environ-
mentally sound food systems (Wezel et al., 2009; Gliessman, 
2015). A crucial aspect of agroecological approaches is an 
increased reliance on knowledge and ecological manage-
ment, complementing and reducing the use of external 
inputs. Today, agroecology is referred as a transdisciplinary 
concept that includes ecological, sociocultural, technologi-
cal, economic, and political dimensions of food systems, 
from production to consumption (HLPE, 2019). Wezel et al. 
(2014) identified a wide range of agri cultural practices and 
solutions that are agroecologi cal in nature (organic fer-
tilisation, reduced tillage, biological pest control, cultivar 
choice, crop rotation, direct seeding into living cover crops 
and mulch etc.). The combination of agroeco logical concepts 
with respectful utilisation of physical environ ment has the 
potential to ensure better valorisation of local food systems.  

3 A conceptual encounter of agroecology 
and terroir

So far, ‘terroir’ has not been combined with ‘agroecology’, but 
bringing them together could empower local food systems 
by expanding synergies within the framework of agroecol-
ogy and supporting advanced food quality. Although both 
approaches have existed simultaneously, there has been no 
overlap because the two concepts have contrasting ideas 
about food production and different groups of spe cialists 
have been interested in each of them. On the one hand, 
terroir is focused on the quality of the final product, while 
agroecology is focused on food production that conserves 
resources. The growing interest in local food production 
and sensibilised consumers represent the common ground 
for both of these concepts. Vast evidence suggests that 
the certifi cation schemes of protected geographical origin 
under sustain able management have many complemen-
tary advantages across the globe compared to mainstream 
agriculture (Charters et al., 2017; FAO, 2018b). Gyimóthy 
(2017) reported that the potential of food place promo-
tion has been extensive ly studied in the context of tourism 
and place branding as a strategic asset to raise awareness 
and create an image of local food in the consumer's mind.  
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environments and socio-economic conditions shown in 
Figure 2. Accordingly, the benefit from terroir recognition 
under the schemes of agroecological practices would be 
more appealing for consumers compared to conventional 
production and could present a strategic option in the pro-
motion of the local food systems. Starting from the point that 
each place on the Earth is physically unique and often co in-
cides with a society marked by a common, indigenous out-
look and way of life found nowhere else, Charters et al. (2017) 
elucidate that a place offers an advantage which others 
cannot reproduce and, in return, people must steward the 
integrity of that place to sustain its ability to create value. 
In California, agroeco logi cal partnerships are becoming the 
chief vehicle for extending sustainable agricultural practices, 
while “quality turn” has received attention from researchers 
for its potential to organise linkages among various forces in 
agro-food systems (Warner, 2007). 

There is evidence to suggest the hypothesis that the food 
system transformation can be successful only when local 
organisations are able to develop and spread (i.e. scale-up 
and -out), without compromising the guiding principles of 
sustainability. Scaling-out implies that an innovation crosses 
the boundaries reaching more people, which in the context 
of the food systems means more consumers and producers 
(Pitt and Jones, 2016). Successful scaling-up relies heavily on 
enhancing human capital and empowering local communities 
through training and participatory methods that take into 
account farmers' requirements, aspirations, and traditions 
(Altieri and Nicholls, 2012). This is important because scaling- 
up bears the danger of co-optation and assimilation into the 
dominant food system (Laforge et al., 2017). Agroecologi cal 
terroir could benefit from horizontal scaling-out with geo-
graphical spread through replication and adaptation and 
vertical scaling-up that implicates the institutional streng-
then ing and involves different stakeholders from grassroots 
organisations to academia, NGO, policy-makers, and donors 
(Parmentier, 2014). Millar and Connell (2009) conclude that 
scaling-out positive impacts from systems change requires 

field-tested and proven technologies, evidence of signifi-
cant livelihood impacts, fostering of local innovation, com-
petent field staff, effective peer learning, and ongoing 
institu tional support. Consequently, agroecological terroir 
can gain recog nition by using practices and methods that 
increase sustainability and reach more consumers. What is 
also im portant is that the presented concept can make a sig-
nificant contribution to environmental protection (Belletti et 
al., 2015). It is particularly relevant that the concept of agro-
ecological terroir could place a special value on the taste of 
food and can contribute to the “farm to fork strategy” of the 
EU (EC, 2019). In another context, it could help to strength-
en local food systems and make them more identifi able and 
recog nisable. Gliessman (2015) has proposed a framework 
for classifying “levels” of food system change. He advocates 
the scaling-up of agroecology and pro gressive development 
of sustainable food systems where local food schemes play 
an important role. Guzman et al. (2013) stressed that changes 
of individual technological procedure in the food system are 
not sufficient because it is necessary to change the agri-food 
system as a whole. 

Although many advantages can be anticipated from the 
proposed concept of agroecological terroir, there will be 
some obstacles to its implementation. I believe that the 
preparation is crucial before we can establish a functional 
relationship between agroecology and terroir within a practi-
cal framework. The introduction of agroecological terroir will 
require tangible access to different agroecosystems due to 
complex interaction with the surrounding ecosystems. In the 
process of co-creation and scaling, there must be a clear goal 
for which agroecological terroir indicators should be set. 
Since agroecol ogy is a broader concept than terroir, it would 
be necessary first to harmonise the dimension of science, 
rural movement, and practice and then co-create local food 
systems with terroir encompassing ecological, social, and 
economic dimensions. Some important trade-offs should 
be taken into consideration for appropriate decision making 
regarding agroecological terroir performance. This includes 
distinguishing who is “in” and who is “out” regarding the 
“standard” achievement, the balance between private and 
public coordination, eco nomic vs environmental impact and 
assessment (FAO, 2018b). Therefore, the implementation of 
the agroecological terroir in improving the local food sys-
tems will need time and must be introduced with legislative 
support. Procedures can help to identify key elements and 
mini mum requirements for the establishment of agroeco -
logi cal terroir as well as potential support for its introduction.

4 Conclusion 

Agroecological terroir represents a new approach in valori-
sation of local food systems and the development of food 
quality recognition while preserving the production re-
sources. This work suggests that the integration of terroir and 
agroeco logy could add a specific sensory and quality experi-
ence to agricultural products, while agroecologi cal practices 
could provide environmental protection. In this context agro-
ecological terroir creates a framework for scaling-out local 
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food systems and make them more visible and appealing for 
consumers. For that reason, the benefit from agroecologi-
cal terroir can be reproduced and could present a strategic 
option in the promo tion of different agricultural regions 
and add a new experience in local food consumption. The 
present study emphasises the importance of the proposed 
agroeco logical terroir approach and its implication for a 
better understanding of sustainable food systems develop-
ment in future. 
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1 Introduction

Agroecology is now widely advocated as an alternative para-
digm to industrial agriculture (Giraldo, 2019; Kremen et al., 
2012; Rausser et al., 2019). In discussions about international 
agricultural research to increase food security and well- being, 
however, agroecology is contested. Box 1 defines agroecol-
ogy as used in this opinion piece. On the one hand, a grow-
ing number of farmers, consumer groups and multilateral 
agencies are committed to agroecology (Bellon and Ollivier, 
2018; Frison, 2020; Mier y Terán Giménez Cacho et al., 2018). 
For agriculture to become more sustainable, as they argue, 
farmers require greater independence from external inputs, 
and advance circular agriculture (Harris et al., 2019; HLPE, 
2019; IAASTD, 2009). On the other hand, some researchers, 
governments and private sector actors argue for the intensi-
fication of agriculture through different versions of a Green 
Revolution (Buckwell et al., 2014; Levidow, 2018; World Bank, 
2008). Both sides seek means to feed a growing population. 
Yet, their conclusions about the right technologies, business 
models or trade policies to achieve this goal differ (Foran et 
al., 2014). In this position paper, I explore the value of agro-
ecol ogy to support the transformation of agriculture and 
food systems to deliver food, health and well-being within 
planetary boundaries (Hatt et al. 2016; Gliessman, 2011).

The perspective offered in this article is informed by my 
work with one major stakeholder among the many inter-
national agricultural research organisations, the CGIAR 
(Consultative Group on International Agricultural Research). 
Organised in 15 centres with offices in over 70 countries, the 
CGIAR is the largest global research partnership dedicated to 
poverty reduction, food and nutrition security, and environ-
mental health (CGIAR, 2015; ISPC, 2013). Though it is only one 
such organisation, the CGIAR has far-reaching ripple effects 
that can be seen in national agricultural research and exten-
sion organisations in Africa, Asia and Latin America. Current-
ly, the CGIAR is undergoing a comprehensive organisational 
change towards ‘One’ CGIAR 3. This reform provides an oppor-
tunity to bring agroecology principles to the fore in helping 
to guide the formulation of research questions, innovation 
and partnerships. Thus far, however, the conversation about 
how to better integrate agroecology into the CGIAR has been 
on the individual level rather than institutional. 

In this invited paper, I analyse why this conversation 
about agroecology is not happening at a broader level, using 
the CGIAR as an entry point to this discussion. I further present 
five contributions agroecology offers international agricultur-
al research to move towards more sustainable agriculture and 
improved food systems, especially when being adopted as an 

3 The reform to transition to ‘One’ CGIAR aims to accelerate progress in key 
areas where innovation is needed, and as a result, deliver faster and more 
effectively on the SDGs by 2030. Essential changes shall lead to a unified 
governance, institutional integration, new research modalities, country 
engagement, and funding. For details see www.cgiar.org
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overarching framework. In moving forward, I propose an open 
dialogue between the CGIAR and agro ecology advocates, a 
multi-actor research platform and active policy engagement 
to strengthen agroecology principles in national and region-
al development plans. International agricultural research 
re-oriented in this way can undoubtedly be at the forefront 
of improving the sustainability of agriculture and nutrition 
with due respect for planetary boundaries.

2 The problem

Agroecology is not new to the CGIAR. There is an array of 
excellent research that resonates with agroecology and its 
principles, including pre-existing studies. Take early soil 
microbial research of TSBF (Tropical Soil Biology and Fertil-
ity Program) that was later merged into CIAT (Interna tional 
Center for Tropical Agriculture), for example, or research 
to close nutrient flows on smallholder farms (Bekunda and 
Woomer, 1996). Researchers understood soil health compre-
hen sively and contributed directly to today’s agroecol ogy 
paradigm. Also widely recognised are the cereal-legume 
inter-cropping systems developed by IITA (International 
Institute for Tropical Agriculture) in West Africa, biological 
pest control, and methods for better crop-livestock integra-
tion by ICRISAT (International Crops Research Institute for the 
Semi-Arid Tropics) in southern Africa to improve soil fertility, 
human nutrition and income (Homann-Kee Tui et al., 2020). 
Early versions of agroforestry research at World Agroforestry  
investigated biological processes to improve the func tion-
ality of managed ecosystems (Steppler and Nair, 1988). Other 
examples include research on perennial grains (Rogé et al., 
2017), trade-off analysis between the use of crop residue bio-
mass (Tittonell et al., 2015), and recently, barriers to the agro-
ecological transition of countries, such as Nicaragua (Schiller 
et al., 2020). Research on landscape restoration has been 
implicitly organised around agroecological principles. More-
over, the CGIAR has gradually expanded its research agenda 
from crops to natural resource management and policies 
(Harwood et al., 2006). Today, researchers in several CGIAR 
Research Programs support a transition to sustain able  

agriculture with knowledge, tools and capacity develop-
ment that complies with agroecology (see for example FAO, 
2015). 

Given the remarkable development outcomes achiev-
able from such research, what then is the source of the 
contro versy that divides the international agricultural 
research community over the adoption of agroecological 
principles? One source is programmatic: there is a long-
held approach that advocates agricultural intensification 
as a means to support global food and security. Although 
overly simplified, this Neo-Malthusian justification (Demont 
et al., 2007) considers increased farm productivity a central 
pathway to food and nutrition security. This thinking often 
leads back to research aimed at im proving food crops to 
result in higher yields, which is one of the founding princi-
ples of the first generation of CGIAR centres. This is not to 
say that crop improvement has lost relevance. Current yield 
levels of maize, wheat, rice would be impos sible without 
cutting-edge crops research. Researchers have developed 
food crops resistant to abiotic and biotic stresses, produc-
tive livestock breeds and multipurpose trees that provide 
farmers with additional income. But closing yield gaps 
through the improvement of farm commodities alone – as 
many researchers have argued before – is not a sure means 
by which the world meets nutritional demands of 9 billion 
people by 2050 (Blesh et al., 2019; Pretty, 1995; Pretty et al., 
2003).

Moreover, crop improvement alone will not make food 
systems more just and ecologically sustainable. There are 
also issues of distributional barriers (UNDP, 2016), food loss 
and waste (Sheahan and Barrett, 2017), land health (Stevens, 
2015), agrobiodiversity (Bailey, 2016), and the feasibility of 
policy measures to consider when transforming food systems 
towards greater sustainability and fairness. Yet, the focus on 
closing yield gaps often dominates the conversation about 
agricultural development in low- and middle-income coun-
tries. Therefore, IPES-Food (2016) identifies eight pertinent 
lock-ins that keep agricultural and agricultural research 
from supporting more fundamental farm and food system 
transformations. 

Agroecology is an inter- and transdisciplinary science that studies the ecology of agriculture and food system to derive 
general principles about sustainable production, processing, consumption and disposal of food and non-food products. It 
generates evidence that helps developing equitable, ecologically sustainable, resilient farm and food systems delivering 
food and nutrition, �bre, energy and ecosystem services. In recent years, it has become useful to distinguish between 
agroecology as a science, a social movement that advocates for agroecological transitions of farms and food systems, and 
an agricultural practice on farms, informed by agroecological principles. Several community-based initiatives (such as the 
international peasant’s movement La Via Campesina) and international organisations de�ned these agroecological 
principles. In 2019, the High-Level Panel of Experts at the Committee on World Food Security (CFS), see HLPE, 2019, 
expanded FAO’s ten elements into 13 principles under three major categories: 
1. Improve resource e�ciency (recycling of nutrients in biomass, reduction of external inputs); 
2. Strength and resilience (improving soil health, animal health, biodiversity, enhance synergies and economic diversi�-

cation), 
3. Secure social equity and responsibility (enhance co-creation, social values and diets, improve fairness, enhance 

connectivity, strength and land use and natural resource governance, ensure participation). 
In short: Agroecology is the ecology of sustainable agriculture and food systems (Altieri, 1995).

B O X  1
Defining agroecology
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3 Contributions

Agroecology offers international agricultural research a frame-
work to improve the effectiveness and efficiency of research. 
Some aspects of this framework will strengthen the ecological 
foundations of agriculture; others draw attention to the social 
and political processes in areas where change is most needed 
to support sustainability. Five of these contributions stand out.

a) Unifying vision based on joint values
The first significant contribution that agroecology offers 
to international agricultural research is a means for critical 
reflection of the social norms and human values that under-
pin sustainable agriculture and food systems. Contributions 
include the focus on:

 y ‘Multifunctionality’ of agriculture, food and environmen-
tal services, where food-producing landscapes can also 
serve as a harbour for biodiversity, as well as for cultural 
heritage – obvious but cannot be taken for granted.

 y ‘Equity’, especially as related to fair trade, climate justice, 
food sovereignty. 

 y ‘Energy and resource efficiency’, especially with regard 
to fossil fuels, by increasing optimisation of ecological 
processes and circular resource economies.

 y ‘Holistic transition concepts’ that recognise the linkages 
between farming practices, value chain actions, con sumer 
behaviour and policies and politics, all linked through 
actors with explicit but often invisible power dynamics 
(Bezner Kerr et al., 2019). 

 y ‘Pluralism’, recognition of diversity in decision-making 
within the international agricultural research community, 
recognising the value of cultural diversity, gender and 
knowledge. Seeking diversity in technical and social 
solutions.

b) Unlocking synergies
The second significant contribution of agroecology recog-
nises the complexity of farm and food systems and helps 
to operationalise it in lab and field research. Agroecology 
approaches:

 y ‘Provide a multi-level perspective’ that allows seeing the 
back- and forward linkages between people, technol-
ogies and development outcomes on farms and in soci-
eties. Also, such a perspective helps to analyse trade-
offs and identify synergies supporting agro ecologi cal 
transitions.

 y ‘Promote defragmentation’: the systems-orientation of 
agroecology weaves components of farm enterprises 
together, such as ‘One Health’ concepts do when seeking 
to improve synergies between the health of soils, plants, 
animals and humans on farms. 

 y ‘Advocate for geographical diversification’ by working 
on geographically interconnected agriculture challenges 
in the Global South and the Global North in tandem; 
research to support global policy coherence is such an 
example. 

 y ‘Embrace multidisciplinary’ by involving both biophysical 
and social sciences to better understand the complexity 

Secondly, there are arguments about the ‘right’ agricul-
tur al technology. One division between agroecology and the 
CGIAR is around Genetically Modified Organisms – GMOs 
(Altieri, 2001). The CGIAR is seen as a stronghold of GMO 
research, rooted in the Green Revolution (Holt-Giménez 
and Altieri, 2013). Many in the agroecology movement reject 
GMOs as a means of improving crops and livestock. Also, up 
for debate is the difference in opinion about biofortification 
to combat micronutrient deficiencies in humans rather than 
system-based nutritional improvements (Tan et al., 2020). In 
that ‘tug of war’ between the schools of thought, agroecology 
and sustainable intensification seem two incompatible con-
cepts (for details see Bernard and Lux, 2017). 

Third, international agricultural research is conducted 
through a series of steps: discovery, proof of concept, piloting 
and scaling. Discovery research is highly specialised, but the 
later stages require both technical accuracy and social inno-
vation, and thus are more multidisciplinary and applied in 
nature. Crop improvement through breeding may success-
fully increase the adaptability of a plant to a particular envi-
ronment. But that crop also requires an enabling household 
economy, human aspiration, seed systems, market institu-
tions and agricultural policies to unlock its genetic potential. 
Interdisciplinary research that assesses relations between 
crop physiology, soils, human nutrition and household 
econo my (see for example Barrett and Bevis, 2015) are hardly 
done. Workplace pressure limits the time for reflection – or 
what Lamine and Dawson (2018) call ‘relational reflexivity’.

Fourth, specialised research without integration leads 
to fragmentation where holistic views of development chal-
lenges are most needed. Such fragmentation hinders rather 
than supports transitions towards sustainable farm and food 
systems. Driven by the political economy supporting technol-
ogy fixes, it also reinforces technical innovation from top- to- 
bottom, an approach the agroecology and the farmer- first 
movements reject (see Chambers et al., 1989; Scoones and 
Thompson, 1994, 2009). As a consequence, adoption rates 
of agricultural technologies remain low. 

Fifth, low levels of technology adoption on the part 
of farmers has fundamental implications for impact. 
Compartmen talisation also reduces the ability of research 
to effective ly address socio-ecological fragilities in some 
parts of the CGIAR mandate regions, especially in the Horn 
of Africa, West Africa and parts of South-East Asia. More over, 
there is relatively little awareness of the external effects 
that some agricultural technologies generate. Impact  
studies motivated by accountability rather than learn-
ing focus on crop yields, farm productivity and economic 
benefits. Less emphasis is put on environmental and social 
impacts. Although the impact agenda has widened in 
recent years, it is still too narrow for many advocating for 
agroecology. 
Several of these divisions are resolvable (e.g. agreeing on 
unified outcome targets, strategies to improve adoption and 
impact), settling others is more complicated (e.g. defining the 
‘right’ technology). For more information on concerns across 
these five domains see, for example, Hall et al., 2003 and  
Leeuwis et al., 2018.
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of transitions towards sustainable farming, especially 
during piloting and scaling. 

 y ‘Improve the Theory of Change’ supporting a flexible, 
learning-oriented approach addressing political and 
economic power locks-in, especially in view of scaling 
the impact of technologies and knowledge. 

c) Improving priority setting
Thirdly, agroecology helps to identify entry- and leverage 
points that support farm and food system transitions and help 
to broaden research and development partnerships between 
public organisations, the private sector and the sustainable 
agriculture and food movements. Agroecology helps to:

 y ‘Identify and address knowledge gaps’ across all science 
domains, ranging from crop biology to food policies, 
commodity markets, consumers and human behaviour 
(Bellamy and Ioris, 2017). 

 y ‘Advance the co-design of research and co-creation of 
knowledge’, as promoted by Bergez et al. (2019) or Page 
et al. (2016), which will ensure that from the very begin-
ning of a research initiative farmers on the ground bring 
their experience to the research process, improve the 
design and uptake of technologies, and help research to 
learn from social movements for scaling science-based 
technical, economic, social or policy-related solutions.

 y ‘Increase return on investment’, in other words, agro-
ecol ogy would not only make research more applicable 
but increase the return on investment of funders – mainly 
development-oriented agencies measuring direct impact 
on poverty reduction, food and nutrition security and 
food sovereignty. 

 y ‘Expand sustainability benchmarks’ informed by the  
el ements of agroecology (see Box 1) to derive better cri-
teria for ex-ante impact assessments and improved 
prognoses of benefits of development interventions. 

 y ‘Reorganise division of labour’ and set criteria for effective 
partnerships, especially when developing agroecol ogi cal 
pilot programs and when making scaling efforts. 

d) Tracking impact rigorously
While a unifying vision and joint values ‘to do the right thing’, 
this fourth contribution of agroecology is critical for ‘doing 
things right’. Contributions include: 

 y ‘Alignment of impact assessment criteria and indica-
tors’ with the multiple functions of agriculture, rigorous 
impact assessment against SDGs and planetary 
bounda ries. 

 y ‘Expansions of development outcome indicators’. Ap-
plying an agroecological perspective to impact assess-
ments will widen assessment domains and indicators 
beyond the farm into society where production links 
with processing, trade and consumption.

 y ‘Integrated metrics framework’ to assess the impact of 
technologies and practices concerning sustainability 
outcomes.

 y ‘Assessments of negative externalities’, undesirable con-
sequences of agricultural intensification and preventing 
the external cost of sustainable intensification. 

 y ‘Learn from failed development’, assess with rigour tech-
nol ogy failures, and assess dis-adoption of technologies 
(see, for example, Simtowe and Mausch, 2018). 

e) Broadening accountability
Finally, through agroecology international agricultural 
research received inputs towards additional performance 
management criteria. 

 y ‘Expand the definition of stakeholders’, for example, by 
multilateral, civil society organisations or the global 
peasant movement and consumer groups, all equipped 
with leverage and multiplier potential at the national 
and regional level. 

 y ‘Embrace social business and social entrepreneurship’ 
(for examples see World Bank, 2012), based on new 
account ability standards contribute to new business 
models, including versions of fair-trade.

 y ‘Progress citizen-led collaboration’; although no blueprint 
for positive outcomes (Gaventa and Barrett, 2010), part-
ner ships with consumer groups and farmer organisations 
are essential, for example, when developing product 
profiles for new food crop varieties – their knowledge 
and needs should figure into CGIAR’s priorities for the 
future. Such citizen-led partnerships also build on excel-
lent farmer-participatory research done with partners 
from the CGIAR in the past. 

 y ‘Improved performance’ through impact evaluation that 
involves multiple users of technologies, direct, quanti-
tative feedback to strengthen impact pathways (Springer- 
Heinze et al., 2003). 

 y ‘Improve economic efficiency’; although a good cost- 
benefit ratio (Raitzer and Kelley, 2008), there is room to 
improve through better-informed decisions about re-
source allocation to research projects in line with over-
arching sustainability targets.

Delivering on the mission of the CGIAR requires integrated 
thinking during the formulation of development results, the 
innovation needed to achieve results, along with the research 
questions, partnerships and management pro cedures to 
manage highly complex innovation processes. While only 
a few would disagree with the overarching areas where 
the impact is urgently needed, the science of agroecology 
helps to specify lower-level targets better connected to the 
agro ecol ogy principles. Finally, an agroecology framework 
enables a more universally shared commitment to interna-
tional agricultural research delivering development results, 
and compliance of research with overarching sustainability 
targets. In other words, by doing the right thing right, the 
scaling performance of sustainability outcomes increases. 

4 Institutional innovation

As agroecology gains traction, the ‘what next’ question 
shifts in the foreground. It should not come as a surprise that 
I argue for a bold move to integrate agroecology into interna-
tional agricultural research more explicitly and visibly. Each 
of the actors in international agricultural research must find 
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its way in doing so. Among the many strategic moves the 
international agricultural research community could take, 
I present three. 

First, it is time for the CGIAR and agroecology proponents 
to change mindsets and beliefs to engage more actively in 
unbiased, impartial conversations about the utility of agro-
ecology as a framework for ending hunger by 2030 – using 
science to transform food, land and water systems amidst a 
climate crisis. Fundamental questions are: What is the pur-
pose of agricultural transformation? What are the preferred 
models for supporting the transitions? Who should govern 
agricultural research to support transitions? Although these 
questions create friction between the different schools of 
thought (for its multilateral dimensions see Duncan and 
Claeys, 2018), the international agricultural research organisa-
tions – and the CGIAR – must have an open conversation with 
development partners and funders about agroecology and 
its paradigmatic fundamentals. Such a conversation will not 
only encourage a shared understanding of agroecology and 
offer evidence to support a comprehensive agroecological 
narrative (for a debate on narratives see Rivera-Ferre, 2018). 
It also avoids what Taylor (2018) calls a depoliticised debate 
about technological fixes, and places questions around 
social norms, institutions and politics more prominently 
on the research agenda. Also, such conversations can help 
bring up to date the lower-level targets of the CGIAR results 
framework, especially regarding the reduction of the carbon 
footprint of food production, the integration of resource 
flows on farms and landscapes and between urban and rural 
areas, support towards circular agriculture, dietary diversity 
and equity in local and global food economies. Finally, such 
conversations enable all those criticising the CGIAR to see a 
good share of strategic public research already aligned with 
global sustainability targets. 

Second, the CGIAR could initiate a multi-actor platform 
aimed at progressing the science of agroecology, in co opera-
tion with FAO and other key partners. As done at CGIAR 
platforms (e.g. ‘Excellence in Breeding’, ‘Gender’ and ‘Big 
Data’), researchers would work with development partners to 
support agroecology at the national, regional and global level. 
One benefit of such a platform would be the mainstreaming of 
agroecology principles in research and outreach. Such a plat-
form aids in developing a shared research agenda, providing 
methodological support to research programs implemented 
by several CGIAR centres and partners, helping to integrate 
research insights into agricultural advisory services, and 
assists in steering the international policy discourse to sup-
port transitions towards sustainable farm and food systems.

Third, as Nelson (2020) suggests, much tighter linkages 
between agroecological practices, international agricultural 
research and multilateral policy processes are needed. These 
include coordination with the UN Committee on World Food 
Security (CFS), the International Panel of Experts on Sustain-
able Food Systems (IPES-Food), and TEEB for Agriculture and 
Food. Undoubtedly, international agricultural research can 
underpin policy reforms with evidence.

Yet, it would be wrong to rebrand the CGIAR into an 
‘agroecology research consortium’ (see also Mockshell and 

Kamanda, 2018). There are also many good reasons for main-
taining, and in some areas intensifying compartmentalised 
disciplinary research with a comparative advantage – be it in 
the field of genetic improvement of crops and livestock, or 
experiments to understand the decision-making of farmers. 
But the future focus of research must be less on iso lating prob-
lems and more on spearheading innovation through inte-
grating new technologies with social innovation in co opera-
tion with bridging agents and multipliers. 

What are the benefits of the three strategic moves for 
farmers, countries and the international community? Over-
all, I anticipate greater food sovereignty as being demanded 
by many social movements and local communities. In my 
opinion, agroecology principles applied in research provide 
evidence-based strategies for three major transitions. The 
first aims to increase the well-being of farmers through agri-
culture, and to strengthen the resilience of small farms to 
shocks, especially during protracted crises – including those 
caused by COVID-19 – and in fragile environments. To many 
farmers in these environments, sustainable agriculture is a 
livelihood and a safety net at the same time. The second is to 
ensure that transitions to commercial, market-oriented agri-
culture become complies with SDG targets. The third support 
shifts from resource depleting food production to circular 
agriculture within planetary boundaries. This concerns the 
Global South and the Global North equally. All three transi-
tions are critical for moving towards sustainable food systems 
in countries and regions where the CGIAR conducts research. 

5 Conclusion

In conclusion, agroecology should provide direction to 
the One CGIAR reform, but the recommendations put forth 
would be applicable for many others engaging in interna-
tional agricultural research. If done well, research informed 
by agro ecol ogy guides quests for transforming agriculture 
and food systems towards sustainability. Although some may 
object, in my perspective, the question is not whether inter-
national agricultural research should adopt a unified position 
on agroecology or self-claim its promotion on opportunistic 
grounds. Instead, the science of agroecology offers evidence 
to advance the needed farm and food system transitions. 
With strong regional programs and country offices in Af -
rica, Asia, Latin America, Europe and the USA, the CGIAR is 
in a strategic position to offer such support. But for realising 
this potential, a paradigm shift towards agroecology is indis-
pensable. The ongoing CGIAR reform is an unprecedented 
opportunity for nudging this shift. 
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R E S E A R C H  A R T I C L E

Co-inoculation with rhizobia and mycorrhizal fungi 
increases yield and crude protein content of cowpea 
(Vigna unguiculata (L.) Walp.) under drought stress
Sandra Pereira 1, 2, Shweta Singh 1, Rui S. Oliveira 3, Luis Ferreira 1, 4, Eduardo Rosa 1, 2,  
and Guilhermina Marques 1, 2

Abstract

Recent trends in sustainable agricultural production seek 
improved bioinoculants that can improve crop adaptation 
and production and reduce external inputs of pesticides and 
synthetic fertilisers, particularly under abiotic and biotic 
stress conditions. Drought is one of the critical and more 
frequent conditions that can drastically reduce plant bio-
mass and yield. In this sense, the use of bioinoculants is a 
biological strategy to mitigate climate change and reduce 
the water needs of plants. Leguminous plants are very 
important in improving sustainable cropping systems 
because they can form effective symbiotic associations with 
both nitrogen-fixing bacteria and arbuscular my corrhizal 
fungi. These microorganisms can act as an alternative source 
of nitrogen and can increase phosphorus utilisation from 
soils and fertilisers. Cowpea is a multipurpose crop that has 

caused a great interest due to its resistance to abiotic stress. 
This pot experiment in a greenhouse  with non-sterilised 
soil aimed to test the effect of three previously selected 
rhizobial bacteria (Rhizobium sp. (B1), Bradyrhizobium elkanii 
(B2) and Bradyrhizo bium sp. (B3)) and arbuscular mycorrhizal 
fungi (Claroideoglomus claroideum BEG210) on the yield and 
crude protein content of cowpea under drought conditions 
and also to compare the competitiveness of the inoculated 
bacteria with native rhizobial bacteria naturally present in 
the soil. The combined inoculation with each bacteria and 
arbuscular mycorrhizal fungi Claroideoglomus claroideum 
BEG210 was shown to increase the crude protein content of 
cowpea seeds in plants under drought stress (25 % of field 
capacity) by 13 %, 17 %, and 30 %, respectively. This study 
shows that these microorganisms are potentially resistant 
to drought and can be used as a biotechnological tool for 
sustainable agriculture under drought conditions.
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H I G H L I G H T S 

• Cowpea is one of the most consumed legumes worldwide due to its high  
seed protein content.

• Rhizobial bacteria and arbuscular mycorrhizal fungi can improve growth  
and yield of leguminous plants.

• The selection of appropriate microorganisms is essential to the success of 
symbiosis.

• Co-inoculation with selected beneficial microorganisms increased crude 
protein content in the grain of plants under drought stress.

• This eco-friendly strategy can be a useful tool in more sustainable agriculture 
to mitigate climate changes.
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1 Introduction

Cowpea (Vigna unguiculata (L.) Walp.) is an annual legume 
crop native of Africa and is the most widely cultivated 
seed-legume in arid and semi-arid areas (Alkama et al., 2009; 
Johnson et al., 2013; Lazaridi et al., 2017). It is adapted to high 
temperatures (20 to 35 ºC) and can grow well in a wide range 
of soil textures and with only 188 mm of annual rainfall. Its 
growth period can range between 90 to 240 days, depending 
on the climatic conditions and the maturity period of the 
cultivar (Ngalamu et al., 2014; Carvalho et al., 2017).

It has been estimated that the total cultivated area has 
increased in the last years from approximately 2.4 million 
hectares in 1961 to around 12.5 million hectares in 2017 
(FAOSTAT, 2017). Despite the wide distribution of cowpea, 
around 98 % of the world production is located in Africa (12.3 
million hectares ) (Alkama et al., 2009; Oliveira et al., 2017). 

Cowpea seeds provide a rich source of proteins (23 %), 
carbo hydrates (56 %), fibre (4 %) and calories, as well as min-
erals and vitamins, and for this reason are sometimes called 
“poor man’s meat” (Iqbal et al., 2006). Additionally, cowpea 
can also provide an alternative protein source for people 
that suffer from allergies to soybean protein (Ravelombola 
et al., 2016).

Nowadays, the increasing food demand, the rising global 
temperatures, and global water scarcity have led to a need 
to produce more food with less water (Oliveira et al., 2017). 
Water scarcity is one of the main reasons for the reduction 
in agricultural productivity because it can lead to anatomical, 
morphological, physiological, and biochemical modifica-
tions that affect plant growth and development (Bezerra et al., 
2003). In fact, according to Bastos et al. (2011), well- watered 
cowpea plants can produce more than 1,000 kg grain ha−1, 
but water scarcity can reduce this potential to approximately 
360 kg ha−1. In this sense, the understanding of the physio logi-
cal, biochemical, and agromorphological mechanisms that 
can explain the resistance of cowpea varieties to drought is 
of extreme importance (Cruz de Carvalho, 2000). The physio-
logical mechanisms include the closing of the stomata when 
the water in the soil is not sufficient and the decrease in the 
transpiration and photosynthetic rates. The biochemical 
mechanisms involve the osmotic adjustment which is char-
ac terised by the accumulation of organic solutes to main-
tain the cell turgor, and the agromorphological processes 
include the turning of the leaves upwards to protect them 
from excessive temperatures and the reduction in the root 
volume (Krouma, 2010; Hall, 2012; Halilou et al., 2015). Despite 
the inherent resistance of cowpea plants to the drought, the 
inoculation of cowpea and other legumes with beneficial 
and drought-resistant microorganisms, such as rhizobial 
bac te ria and arbuscular mycorrhizal fungi (AMF), also has a 
great potential to reduce the negative effects of water scar-
city and global warming on cowpea plants. A heterogeneous 
group of slow-growing rhizobial bacteria belonging to the 
genus Bradyrhizobium and known as “cowpea-miscellany” has 
the ability to nodulate cowpea roots (Allen and Allen, 1981; 
Appunu et al., 2009), increasing plant resistance to high 
tem pera tures and water deficit and reducing the need for 

chemical fertiliser inputs. Bradyrhizobium elkanii, B. yuanmin-
gense, and B. japonicum are among the main rhizobial species 
associated with cowpea (Zhang et al., 2008).

The association with AMF is a non-specific, highly com-
patible, and long-lasting mutualism, whereby both partners 
have advantages (Abdel-Fattah et al., 2011; Harrison, 1998). 
AMF can be applied to increase the growth potential and 
re duce water and fertiliser inputs. Indeed, in this symbiosis, 
the fungal hyphae (thread-like structures) spread through the 
soil, taking up nutrients such as phosphorus and absorbing 
water and transporting them to the plant root, while receiving 
sugars from the plant in return. This association between AMF 
and plants can increase drought tolerance (Augé et al., 2001; 
Oliveira et al., 2017) and consequently improve cowpea yield 
under adverse environmental conditions.

Co-inoculation with both rhizobia and AMF in legumes 
results in a mutualistic tripartite symbiosis (Antunes and 
Goss, 2005) that usually leads to a higher increase of growth 
and yield than that resulting from single inoculation with one 
microorganism (Chalk et al., 2006; Marulanda et al., 2006). In 
fact, in this kind of symbiosis, the presence of one micro or-
ganism can affect the activity of the other and, consequently, 
the interaction of both has normally a positive effect on the 
host plant (Vejsadova et al., 1993; Xie et al., 1995). 

The objective of the present work was to evaluate the 
effect of single and co-inoculation with several rhizo-
bial bacteria (Rhizobium sp., Bradyrhizobium elkanii and 
Bradyrhizobium sp.) and AMF (Claroideoglomus claroideum 
BEG210) on the growth, yield, and crude protein content of 
cowpea seeds under drought conditions and compare the 
competitiveness of the inoculated bacteria with those natural-
ly present in the soil.

2 Materials and methods

2.1 Bacterial inoculant and arbuscular  
mycorrhizal fungi inoculant
The bacterial strains used in this work were isolated from 
fresh surface sterilised root nodules of cowpea plants and 
previously selected among others according to their per-
formance in in vitro experiments. Bacteria B1 and B2 were 
collected in Elvas, Portugal (39’23’59.72’’N, 7’53’25.99’’W), in 
July 2014, and bacteria B3 were collected in Vila Real, Portugal 
(41’28.54’’N, 7’74.14’’W), in September 2014. The bacteria iden-
tification was performed by amplification of 16S rDNA using 
the universal primers fD1 and rD1 (Weisburg et al., 1991). 
Further more, for multilocus sequence analysis (MLSA) and in 
order to identify the isolates at the species level, this analy sis 
was complemented with six housekeeping genes: recA (DNA 
recombination protein), gyrB (DNA gyrase B), SMc00019 (con-
served hypothetical protein), thrA (homoserine dehydro-
genase), atpD (atpD synthase β-subunit), and truA (RNA pseu-
douridine synthase A) (Haukka et al., 1998; Gaunt et al., 2001; 
Zhang et al., 2012). Taxonomic position at the symbiovar 
level was determined by the inferred phylogenies based on 
the symbiotic genes of nodulation: nodA (N-acyltransferase 
nodulation protein A) and nodC (N-acetylglucosaminyltrans-
ferase) (Table 1). PCR mixtures were performed with 7.5 µl of 
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master mix (MyTaq HS Mix, 2 x of Bioline), 1 µl of each forward 
and reverse primer, and 5.5 µl of DNA template, with the final 
volume of 15 µl. Amplified samples were sequenced in Stab-
vida, Portugal. Nucleotide sequences were corrected using 
BioEdit software, and homology searches were performed 
on the National Center for Biotechnology Information (NCBI) 
server using Basic Local Alignment Search Tool (BLAST) (Alt-
schul et al., 1990). 

Bacteria B1, B2, and B3 were identified as Rhizobium sp., 
Bradyrhizobium elkanii, and Bradyrhizobium sp., respectively, 
and the obtained sequences for 16S ribosomal RNA region 
were deposited in Genbank database with the accession 
numbers MH938299-MH938301.

For the inoculum preparation, each type of bacteria was 
grown on six plates of Yeast Mannitol Agar media (1 g L -1 of 
yeast extract, 10 g L -1 of mannitol, 0.5 g L -1 K2HPO4,0.2 g L -1  
MgSO4 . 7H2O, 0.1 g L -1 NaCl, and 15 g L -1 agar) supplemented 
with 0.1 g L -1 bromothymol blue. After 3 to 5 days of growing, 

bacterial inoculant was suspended in sterilised 0.8 % NaCl 
and then transferred to a sterilised mix of peat and vermicu-
lite (1:1).

The AMF isolate Claroideoglomus claroideum BEG210 was 
grown for eight months in a multi-spore pot culture con-
taining a 1:1 (v/v) mixture of zeolite and expanded clay with 
Zea mays L. as the host plant. 

2.2 Plant culture and experimental design
Cowpea seeds were surface-sterilised with 0.5 % (v/v) so  dium 
hypochlorite (NaCIO) for 20 minutes, followed by serial washes 
with sterilised distilled water. Seeds from cultivar Fradel, the 
only cowpea cultivar registered at the Portuguese National 
Catalog for commercial use (CNV, 2019), were used. After ger-
mination, three seedlings of similar size were kept in each 
plastic pot (6 litres), containing a mixture of soil, vermiculite, 
sand and, peat (1:1:1:1, w/w). Non-sterilised soil was used in 
this work. Chemical analyses of soil mixture revealed the 

T A B L E  1
List of primers used in this work for the molecular identification of collected rhizobial bacteria

Primers Sequence (5’–3’) Reference

fD1 AGA GTT TGA TCC TGG CTC AG
Weisburg et al., 1991

rD1 AAG GAG GTG ATC CAG CC

thrAB-F TGC TTC GTC GAR YTG ATG G
Zhang et al., 2012

thrAB-R ACR CCC ATC ACC TGY GCR ATC

thrAMRS-F TAA TAC GAC TCA CTA TAG GGG CNG GBG GYA TYC CSG TBA TCA AG
modified by Tampakaki from Zhang et al., 2012

thrAMRS-R GAT TTA GGT GAC ACT ATA GCG YTC GAT NCG RAT SAC YTG SGG

SMc00019B-F CAT TCV KCS GAR GGV GCS ATG GGY ATC
Zhang et al., 2012

SMc00019B-R GCG TGB CCB GCS KCG TTS GAV AGC AT

SMc00019MRS-F TAA TAC GAC TCA CTA TAG GGC ADT TCC TBA THG CCA TGC C modified by Tampakaki from Zhang et al., 2012

SMc00019MRS-R GCV GGR CAN KTS AGC CAD CCR TT Zhang et al., 2012

truAB-F TAA TAC GAC TCA CTA TAG GGC GCT ACA AGC TCA YYA TCG A modified by Tampakaki from Zhang et al., 2012

truAB-R CCS ACC ATS GAG CGB ACC TG

Zhang et al., 2012truAR-F TGA CCG TSG AAT ATG ACG G

truAR-R ACA TCS AGY CGG TCV AGS GT

truAMS-F TAA TAC GAC TCA CTA TAG GGC AGG TSG CDC ATS TCG AYC T modified by Tampakaki from Zhang et al., 2012

truAMS-R GAD CGB AYC TGG TTR TGM AG Zhang et al., 2012

gyrB340F-T7 TAA TAC GAC TCA CTA TAG GGT TCG ACC ARA AYT CYT ACA AGG
modified by Tampakaki from Zhang et al., 2012

gyrB1057R-SP6 GAT TTA GGT GAC ACT ATA GCC AAY TTR TCC TTG GTC TGC G

gyrB-F ACC GGT CTG CAY CAC CTC GT
Spilker et al., 2009

gyrB-R YTC GTT GWA RCT GTC GTT CCA CTG C

recA6F CGK CTS GTA GAG GAY AAA TCG GTG GA
Gaunt et al., 2001

recA555R CGR ATC TGG TTG ATG AAG ATC ACC AT

atpD273F SCT GGG SCG YAT CMT GAA CGT Gaunt et al., 2001

atpD-294F TAA TAC GAC TCA CTA TAG GGA TCG GCG AGC CGG TCG ACG A modified from Gaunt et al., 2001

atpD771R GCC GAC ACT TCC GAA CCN GCC TG Gaunt et al., 2001

nodA-1 TGC RGT GGA ARN TRN NCT GGG AAA
Haukka et al., 1998

nodA-2 GGN CCG TCR TCR AAW GTC ARG TA

nodCF AYG THG TYG AYG ACG GTT C

Laguerre et al., 2001nodCFu AYG THG TYG AYG ACG GIT C

nodCI CGY GAC AGC CAN TCK CTA TTG
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following values: 8.10 % organic matter, pH (1:2.5 w/v water) 
5.0, 51 mg kg-1 P, and 132 mg kg-1 P (method of Égner- Riehm). 
Each pot was inoculated with approximately 1 g of mix with 
the selected bacteria or AMF inoculant, according to the 
different treatments. All pots from the non-bacterial treat-
ments received the same amount of autoclaved peat and 
vermiculite and sterilised 0.8 % NaCl, and every pot from 
non-mycorrhizal treatments received the same amount of 
AMF inoculum autoclaved twice (121 °C, for 30 minutes) on 
two consecutive days.

The study was conducted in a greenhouse at the Univer-
sity of Trás-os-Montes e Alto Douro, Vila Real, Portugal, during 
the growing season of cowpea (May to September 2015) under 
natural conditions of light, temperature, and humidity. Pots 
were occasionally rotated to different places to minimise the 
effect of the location in the greenhouse.

For each treatment, twelve pots were prepared and 
distributed equally for the two water regimes used in the 
experi ment (25 % and 75 % of field water capacity (FC)), in 
a total of six pots (biological replicates) per treatment and 
water regime. The FC of the soil in the pots was determined 
according to Grewal et al. (1990). The water regime of 25 % FC 
was used to simulate the drought stress, and 75 % FC was 
used to simulate well-watered plants. After inoculation and 
during four weeks, all pots were kept at 75 % FC by weighting 
and watering the pots every two days. The drought stress 
was initiated four weeks after plant emergence, and it lasted 
two months until the flowering stage. During this period, the 
plants were weighed and watered accordingly in order to 
ensure the amount of required water.

2.3 Nodule number and biomass and  
assessment of AMF colonisation
After a growth period of three months, plants were harvested 
at full maturation stage, and the number and weight of root 
nodules were determined.

After counting and weighing the nodules, root systems 
were used for the estimation of the extent of root colonisation 
by AMF. For this purpose, roots were cleared in potassium 
hydroxide (KOH) 2.5 %, at 80 °C for 40 minutes, followed by 
rinsing with water. Roots were immersed in a staining solution 
containing 5 % blue ink in vinegar and kept at 80 °C for 5 min-
utes (Vierheilig et al., 1998). After washing away the staining 
solution, roots were de-stained with tap water containing 
some drops of vinegar and examined under a compound 
microscope for quantitative colonisation assessment by the 
magnified-intersection method according to McGonigle et 
al. (1990).

2.4 Biomass production, seed yield, and crude 
protein determination 
At harvest, shoots and roots were separated for the evaluation 
of dry weight. The number of seeds and the weight of 100 
seeds were also determined. 

Dry samples were analysed for ash (942.05) and for total N 
(954.01) as Kjeldahl N following the methods of the Associa-
tion of Official Analytical Chemists (AOAC). Total nitrogen 
was converted to crude protein using the formula N x 6.25. 

2.5 Statistical analysis
Statistical analysis was performed using Software SPSS V.25 
(SPSS-IBM, Orchard Road-Armonk, New York, NY). Statistical 
differences were evaluated by one-way and two-way analy-
sis of variance (ANOVA), followed by the post-hoc Duncan’s 
multiple range test (P<0.05), to establish treatments and 
water regime effects. One-way ANOVA was also performed 
to establish treatment effect within each water regime.

3 Results

3.1 Cowpea growth
Taking into account the single application of beneficial 
microorganisms, a significant increase was observed in the 
shoot weight (Figure 1A) of plants under drought stress (25 % 
of FC) and inoculated with B. elkanii (B2), Bradyrhizobium sp. 
(B3), and AMF comparing to the control (1.77, 1.96, and 2.06-
fold increase, respectively). Under this water regime, plants 
single-inoculated with the bacteria B2 and B3 also pres ented 
significantly higher shoot weight than plants co-inocu-
lated with the respective bacteria and fungi (B2+AMF and 
B3+AMF).

No effect was observed in the shoot weight after co-in-
ocu lation with rhizobial bacteria and AMF. On the other hand, 
comparisons between water regimes showed that, with the 
exception of a single inoculation with B2 that presented 
similar shoot weight in both water regimes, all of the other 
treatments resulted in higher shoot weight in well-watered 
plants (75 % of FC) than in plants under drought stress (25 % 
of FC). In fact, shoot weight was affected by the water regime 
(P<0.001) and the interaction between the treatment and the 
water regime (P<0.001).

Similarly, root weight was also affected by the water 
regime (P<0.001) and the interaction between the treatment 
and the water regime (P<0.05). Root weight (Figure 1B) of 
well-watered plants (75 % of FC) was not affected by microbial 
inoculation (either with single or in combination). How ever, 
under drought stress (25 % of FC), simple inoculation with 
fungi led to a 1.69-fold increase in root weight when com-
pared with control cowpea plants. In general, this parameter 
was higher in well-watered plants (75 % of FC) than in plants 
under drought stress (25 % of FC), with the exception of plants 
inoculated with AMF, which presented similar root weight in 
both water regimes.

3.2 Cowpea seed yield
The number of seeds was affected by the water regime 
(P<0.001) and the interaction between the treatment and 
the water regime (P<0.05). The number of seeds (Figure 2A) 
of well-watered plants (75 % of FC) was positively aff ected 
by a single inoculation with AMF in comparison to the con-
trol group, with 1.53-fold increase. There was no effect of 
co-inocu lations in both water regimes. In general, this pa ram-
eter was higher in well-watered plants (75 % of FC) than in 
plants under drought stress (25 % of FC), with the exception 
of plants co-inoculated with B2 and AMF. The weight of 100 
seeds was affected by the treatment (P<0.001) and the water 
regime (P<0.05). Although no significant differences were 
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observed by single inoculations in the weight of 100 seeds 
(Figure 2B), the co-inoculation of plants under drought stress 
(25 % of FC) with B1 and AMF presented significantly heavier 
seeds than control (1.59-fold increase). In well- watered plants 
(75 % of FC), single inoculation with fungi and co- inocu lation 
with B2 and fungi significantly decreased the weight of seeds 
comparing with all the other treatments. In general, seeds 
were slightly heavier in well-watered plants (75 % of FC) than 
in plants under drought (25 % of FC).

3.3 Cowpea seed crude protein
Crude protein content was affected by the treatment 
(P<0.001), the water regime (P<0.001), and the interaction 
between the treatment and the water regime (P<0.001).

All plants under drought stress (25 % of FC) and co-inocu-
lated with one bacteria and fungi presented significantly 
higher (P<0.05) crude protein content in the seeds (Figure 3), 

with a 1.2, 1.3 and, 1.3-fold increase following the co-inocu-
la tion with B1 and AMF, B2 and AMF, and B3 and AMF, respec-
tively, when compared to the control. A positive effect was 
observed by the addition of AMF to B2 and B3 since plants 
co-inoculated with one of these bacteria and fungi pres ented 
significantly higher crude protein in the seeds than plants 
single-inoculated with either each bacteria or with each fun-
gi. In well-watered plants (75 % of FC), crude protein content in 
the seeds was significantly higher in plants single-inoculated 
with fungi and with B2 than in plants co-inoculated with both 
microorganisms together, with a 1.29-fold increase for each. 
Comparing single inoculation with all the bacteria, B1 and B2 
presented significantly higher crude protein in the seeds than 
single inoculation with B3 (1.22-fold increase for each).

Taking in account the crude protein yield per pot (Figure 
4), calculated by taking into account the number of seeds and 
their weight and the crude protein percentage per treatment 
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F I G U R E  1
Shoot dry weight (A) and root dry weight (B) of cowpea 
plants uninoculated (control) and inoculated with three 
rhizobial bacteria (Rhizobium sp. (B1), Bradyrhizobium elkanii 
(B2), and Bradyrhizobium sp. (B3)), a mixture of arbuscular 
mycorrhizal fungi (AMF), and co-inoculated with each bac-
teria and AMF (B1+AMF, B2+AMF, and B3+AMF) subjected 
to two different water regimes (25 and 75 % of field water 
capacity). Capped lines indicate standard deviations.  
Different lowercase letters indicate significant differences 
(P<0.05) among treatments of plants under drought stress 
(25% of field capacity), and uppercase letters indicate signifi-
cant differences (P<0.05) among treatments of well- watered 
plants (75 % of field capacity), according to Duncan’s test.

F I G U R E  2
The number of seeds (A) and the weight of 100 seeds (B) of 
cowpea plants uninoculated (control) and inoculated with 
three rhizobial bacteria (Rhizobium sp. (B1), Bradyrhizobium 
elkanii (B2), and Bradyrhizobium sp. (B3)), a mixture of  
arbuscular mycorrhizal fungi (AMF), and co-inoculated with 
each bacteria and AMF (B1+AMF, B2+AMF, and B3+AMF) 
subjected to two different water regimes (25 and 75 % of 
field water capacity). Capped lines indicate standard devia-
tions. Different lowercase letters indicate significant differ-
ences (P<0.05) among treatments of plants under drought 
stress (25 % of field capacity), and uppercase letters indi-
cate significant differences (P<0.05) among treatments of 
well-watered plants (75 % of field capacity), according to 
Duncan’s test.

0
10
20
30
40
50
60
70
80
90

100

Co
nt

ro
l

A
M

F B1

B1
+A

M
F

B2

B2
+A

M
F

B3

B3
+A

M
F

Co
nt

ro
l

A
M

F B1

B1
+A

M
F

B2

B2
+A

M
F

B3

B3
+A

M
F

25 % 75 %

N
um

be
r o

f s
ee

ds
 p

er
 p

ot

Treatments and water regimes

ab
ab

a

b

ab
ab

ab

ab AB

C

ABC ABC

BC

A

ABC

AB

P(T)>0.05
P(W)<0.001
P(TxW)<0.05

A

0

5

10

15

20

25

30

Co
nt

ro
l

A
M

F B1

B1
+A

M
F

B2

B2
+A

M
F

B3

B3
+A

M
F

Co
nt

ro
l

A
M

F B1

B1
+A

M
F

B2

B2
+A

M
F

B3

B3
+A

M
F

25 % 75 %

W
ei

gh
t o

f 1
00

 s
ee

ds
 (g

)

Treatments and water regimes

b

ab ab

a
a a

a

a

A
A

BBB
B B B

P(T)<0.001
P(W)<0.05
P(TxW)>0.05

B



61Pereira et al. (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):56–65

under water stress, only plants co-inoculated with B1 and 
AMF showed significantly higher crude protein yield than the 
control plants. On the other hand, the well-watered plants 
inocu lated with B2 showed a significantly higher crude pro-
tein yield than control plants, plants co-inoculated with the 
same bacteria and AMF, and plants single-inocu lated with 
the bacteria B3. Similarly, to crude protein content in the 
grain, crude protein yield per pot was also affected by the 
treatment (P<0.001), the water regime (P<0.001), and the 
interaction between the treatment and the water regime 
(P<0.001).

3.4 Microbial performance
The number of nodules was only affected by the treatment 
(P<0.05). Although a higher number of nodules (Figure 5A) 
was observed in all inoculated plants under drought stress 
(25 % of FC), a significant increase was only observed in plants 
inoculated with B3 when compared to control plants. On the 
other hand, in well-watered plants (75 % of FC), the number 
of nodules was positively affected by single inoculation with 
B2 and B3 and co-inoculation with B1 or B3 and fungi in com-
parison to the control and plants inoculated only with fungi. A 
positive correlation was observed between the number and 
weight of nodules (r = 0.444).

The weight of nodules was affected by the treatment 
(P<0.05), the water regime (P<0.001), and the interaction 
between both (P<0.05). Well-watered plants (75 % of FC) single-  
 and co-inoculated with each bacteria and AMF pres ented 
significantly heavier nodules (Figure 5B) than control and 

plants single inoculated with AMF. Despite the similar number 
of nodules observed in both water regimes, they were heavier 
in well-watered plants (75 % owf FC) in all the performed 
treatments.

Under drought stress (25 % of FC), mycorrhizal coloni-
sation rate (Figure 5C) was positively affected by single inocu-
la tion with fungi and co-inoculation with Bradyrhizobium sp. 
B3 and AMF, with a 1,41 and 1,44-fold increase compared 
to control, respectively. Although no significant differences 
were observed, co-inoculation with bacteria Rhizobium sp. 
B1 or B. elkanii B2 and AMF also increased the mycorrhizal 
colonisa tion of plants under drought stress (25 % of FC). In 
well- watered plants (75 % of FC), co-inoculation with B. elkanii 
B2 and AMF was the unique treatment that increased signifi-
cantly mycorrhizal colonisation rate comparing with control, 
with a 1.47-fold increase. Mycorrhization rate followed the 
same profile within each water regime. Indeed, this param-
eter was only affected by the treatment (P<0.05).
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F I G U R E  3
Crude protein content in the grains of cowpea plants un in-
ocu lated (ontrol) and inoculated with three rhizobial bac-
teria (Rhizobium sp. (B1), Bradyrhizobium elkanii (B2), and 
Bradyrhizobium sp. (B3)), a mixture of arbuscular mycorrhizal 
fungi (AMF), and co-inoculated with each bacteria and AMF 
(B1+AMF, B2+AMF, and B3+AMF) subjected to two different 
water regimes (25 and 75 % of field water capacity). 
Capped lines indicate standard deviations. Different lower-
case letters indicate significant differences (P<0.05) among 
treatments of plants under drought stress (25 % of field 
capacity), and uppercase letters indicate significant differ-
ences (P<0.05) among treatments of well-watered plants 
(75 % of field capacity), according to Duncan’s test.
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F I G U R E  4
Crude protein yield per pot of cowpea plants uninocu-
lated (control) and inoculated with three rhizobial bacteria 
(Rhizobium sp. 32–B1, Bradyrhizobium elkanii 57–B2 and 
Bradyrhizobium sp. 63–B3), a mixture of arbuscular mycor-
rhizal fungi (AMF) and co-inoculated with each bacteria 
and AMF (B1+AMF, B2+AMF and B3+AMF) subjected to two 
different water regimes (25 and 75 % of field water capac-
ity). Capped lines are standard deviations. Different lower-
case letters indicate significant differences (P <0.05) among 
treatments, within plants under drought stress (25 % of 
field capacity) and uppercase letters indicate significant 
differences (P <0.05) among treatments, within well-watered 
plants (75 % of field capacity), according to Duncan´s test.



Pereira et al. (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):56–65 62

4 Discussion

Although cowpea has been referred to as a well-adapted 
plant to abiotic stress, drought is one of the main concerns 
in its production. Thus, inoculation with selected rhizobial 
bacteria and AMF has great potential to reduce the impact 
of water scarcity (Oliveira et al., 2017). Though, the selection 
of appropriate combinations of specific AMF and rhizobia 
is very important to improve the yield of cowpea since the 
response of a legume host to a given set of AMF-Rhizobium 
partners may or may not be favourable for plant growth 
depending on the interaction of symbionts (Xavier and Ger-
mida, 2003). In fact, Ahmad (1995) demonstrated that symbi-
otic effectiveness depends on a combination of AMF species, 
Rhizobium strain, and also the host plant. 

In our work, the inoculation and co-inoculation with the 
studied microorganisms influenced the plant performance 
mainly under drought stress. In well-watered plants, the ben-
efi cial effects of the inoculation were less evident. This could 
be due to the presence of other native bacteria and fungi in 
the soil that also interact with plants, giving them the advan-
tages of symbiosis, even in control plants. How ever, some 
differences between control and inoculated plants under 
drought stress could be observed, suggesting that the native 
microorganisms present in the soil were not so resistant to 
drought as the inoculated strains. As shown in other studies, 
drought, among other stresses, affects the ability to grow 
and even the basic survival of native microorganisms (Haruta 
and Kanno, 2015; Goufo et al., 2017).

In general, in plants under drought stress, single inocu-
lation with the studied microorganisms did not improve 
their responses; however, when both microorganisms were 
inocu lated together, an improvement in the general plant 
performance was observed. This can be due to the simulta-
neous improvement in the nitrogen fixation ensured by the 
bacteria (Hardarson and Atkins, 2003) and the improvement 
in the uptake of water and other minerals ensured by the 
fungi (Nadeem et al., 2014). According to previous studies, 
in general, co-inoculation with rhizobial bacteria and AMF 
(tripartite symbiosis) improves the water and nutrition-
al status of plants on a larger scale than single inoculation 
with one microorganism. This can be explained by the fact 
that nodula tion process by rhizobia requires a high amount 
of P and therefore, the association with AMF helps in the 
development and function of symbiotic nodules (Ribet and 
Drevon, 1996). As described in some studies, this symbiosis 
ameliorates plant photosynthetic efficiency (Jia et al., 2004; 
Kaschuk et al., 2009) and consequently increases photo-
as simi late production, which can be used by the plants to 
improve their growth, productivity, and/or quality. Indeed, 
the impact that the microbial symbionts have on photosyn-
thetic rates appears to be mediated by their effects on the 
plant N:P ratio (Jia et al., 2004).

In the present study, co-inoculation did not affect the 
growth of plants, taking in account the absence of significant 
differences in the shoot and root weight between control 
and co-inoculated plants. In line with this, Diallo et al. (2001) 
found no benefits in plant root and shoot biomass with AMF 
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F I G U R E  5
Number of nodules (A), weight of nodules (B) and mycor-
rhization rate (C) of cowpea plants uninoculated (control) 
and inoculated with three rhizobial bacteria (Rhizobium sp. 
32–B1, Bradyrhizobium elkanii 57–B2 and Bradyrhizobium sp. 
63–B3), a mixture of arbuscular mycorrhizal fungi (AMF) 
and co-inoculated with each bacteria and AMF (B1+AMF, 
B2+AMF and B3+AMF) subjected to two different water 
regimes (25 and 75 % of field water capacity). Capped lines 
are standard deviations. Different lowercase letters indicate 
significant differences (P <0.05) among treatments, with-
in plants under drought stress (25 % of field capacity) and 
uppercase letters indicate significant differences (P <0.05) 
among treatments, within well-watered plants (75 % of field 
capacity), according to Duncan´s test
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inoculation. The authors attributed this lack of effect to the 
fact that the production of fungal mycelium is much more 
cost-effective in terms of organic carbon (C) than the pro-
duction of equivalent root length. Consequently, plants 
adjust belowground C allocation contributing to the forma-
tion of a shorter mycorrhizal root system, relying on the fungal 
mycelium for nutrient uptake (Smith et al., 2000).

Moreover, in the present study, co-inoculations also did 
not influence the productivity parameters since the number 
and weight of seeds were not affected, except for the mix of 
B1 and AMF that resulted in heavier seeds than the control.

We observed a significant increase in the crude protein 
content (derived from the nitrogen level by the Kjeldahl 
method) in the seeds of plants under drought stress (25 % of 
FC) and co-inoculated with one bacteria and AMF in compari-
son to the control plants, which suggests that these plants 
have the ability to mobilise photoassimilates to the seed, 
which is a sink of protein production, in detriment of growth 
and yield. Despite the increase in nitrogen observed in co- 
inoculated plants under water stress, it is not possible to dis-
tinguish between protein nitrogen and non-protein nitrogen 
with this method; therefore, it cannot be ruled out that this 
increase occurred in the non-protein fraction of nitrogen. 

In a meta-analysis with 12 legume species performed 
in a previous study, it was also observed that inoculation 
with rhizobia in the field and with AMF in pots increased 
seed protein content (Kaschuk et al., 2010). In fact, accord-
ing to Dubova et al. (2015), protein accumulation in the seeds 
depends not only on plant biosynthetic activity but can also 
be affected by microbial symbionts. From the results of this 
study, it can be concluded that the microorganisms used 
in this study were efficient and competitive under drought 
stress (25 % of FC), benefiting the plants to a greater extent 
than the native microbiota present in the soil (control plants). 
In previous studies, it was also shown that these beneficial 
microorganisms can increase plant resistance to high tem pera-
tures and water deficit and that their application can reduce 
the needs of chemical fertiliser inputs in agriculture (Peoples 
et al., 1995; Oliveira et al., 2017), as soil microbes are critical 
for a sustainable functioning of natural and managed eco-
systems (Sharma et al., 2018). Additionally to the treatment 
influence, the crude protein content was also affected by the 
water regime, being higher in plants under drought stress. 
This can be explained by the increase in nitrogenous com-
pounds, such as the amino acid proline usually synthesised 
in large amounts in plants under stress, previously described 
by da Costa et al. (2011). In fact, proline demonstrates high sen-
sitivity to stress conditions (Ashraf et al., 2011), increasing its 
concentration by up to 100 times compared to that observed 
in plants grown under normal conditions (Verbruggen and 
Hermans, 2008). This increase can occur through de novo 
synthesis or by inhibiting the oxidation process of proline. 
The accumulation of proline and other compatible solutes 
(glycine betaine, trehalose, sucrose, polyamines, mannitol, 
pinitol and others) in vacuole or cytosol contributes to the 
maintenance of water balance and the preservation of the 
integrity of proteins, enzymes, and cell membranes (Marijuan 
and Bosch, 2013). These solutes also have an osmoprotective 

function against toxic by-products of metabolism, resulting 
from water stress. This accumulation is not harmful to cell 
metabolism and, by increasing the osmotic pressure inside 
the cells, maintains the water absorption and the turgor 
pressure of the cells, which allows the continuity of physio-
logical processes (Marijuan and Bosch, 2013). Considerable 
accumulation of proline is a feature in the response of plants 
under water stress (Fukutoku and Yamada, 1981; Levy, 1983). 
Further more, water stress induces a net loss of leaf protein 
since its synthesis is inhibited and its degradation is stimu-
lated, leading to an accumulation of free amino acids (Cooke 
et al., 1979; Dungey and Davies, 1982). Thus, a relationship 
between proline accumulation and protein metabolism has 
been described, since protein may be a source of nitrogen 
for proline synthesis during water stress. In these conditions, 
as reported by Fukutoku and Yamada (1984), a loss of leaf 
protein-15N occurs, which is balanced by a gain in 15N in the 
free amino acids, namely proline and asparagine.

The use of non-sterilised soil makes this work very useful 
because we can extrapolate the results obtained in pots to 
the real conditions in the field. However, it is important to 
note that the potential of the microorganisms used in this 
work, especially the fungi, could be underestimated due 
to the confined space of the pot, which does not allow the 
maximum development of the root. According to the results 
obtained in this work, it is possible to extrapolate that the 
studied bacteria should have the same strategies to cope 
with stressful conditions, which can be, among others, the 
formation of cysts and spores, changes in cellular mem-
branes, expression of repair enzymes for damage, synthesis 
of molecules for relieving stresses (Storz and Hengge, 2011). 
These strategies make them potentially resistant to drought, 
which can be used as an improved biotechnological tool for 
sustainable agriculture in drought situations. Indeed, cli-
mate change will seriously impact food security and nu tri-
tion, making it crucial to support a transition toward smart 
and sustainable food systems that take climate into account 
(FAO, 2008). With this eco-friendly approach, it is possible 
to increase the nutritional and commercial value of legu-
minous plants, a cheap and alternative source of protein 
for human consumption, by increasing their crude protein 
content without chemical fertiliser applications and genetic 
improvements.
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R E V I E W  A R T I C L E

Policies for agroecology in France: implementation 
and impact in practice, research and education
Alexander Wezel 1, 2 and Christophe David 1

Abstract

The challenge of feeding the growing world population 
while reducing the adverse environmental effects of agricul
ture will only be met by combining fundamental changes in 
agricultural and food systems. France is considered to be 
one of the first countries to develop policies in agro ecol ogy 
and translate them into concrete programmes and laws. 
This paper analyses the historical development of different 
agroecologyrelated programmes and policies and their 
implemen tation. It discusses whether they have made an 
impact and considers the obstacles and resisting forces that 
have become apparent. The work reported here is mainly 
based on literature review using scientific papers and grey 
literature and web source analysis as well using informal dis
cussion with experts. The policy for agroecology started in 
2010 with wide ranging debates about challenges for agricul
ture in France in preserving natural resources and developing 
an economically viable and socially acceptable agricultural 
system. In 2012, the French Ministry of Agriculture and Food 
launched the “Agroecological Project for France” supporting 
education, research and incentives for farmers to move for
ward with agroecology. Within this general project different 
sectoral programmes were set up and launched, addressing 
farming practices and innovation led by individuals or farmer 
groups. These also looked at incentivising research in nation
al research programmes. New agricultural curricula for high 
schools and higher education institutions were also included 

in the scope of the project. The policy initiated in 2010 re sulted 
in acceleration and stronger implementation of education and 
training, and in increased research focussing on certain topics. 
It also stimulated a certain ‘transition’ in the agricultural sec
tor with a wider acceptance of agroecological ap proaches. It 
brought forward pioneers which stimulated innovation based 
on agroecological principles. The policy measures aimed 
directly at farmers have facilitated more implementation of 
agroecological practices, stronger recognition of the impor
tance of biodiversity for agriculture, and increased conversion 
to organic agriculture regardless of the farming system. How
ever, the French policies have failed to reduce the use of pesti
cides in conventional agriculture. The policy development at 
national level was supplemented by French initiatives at Euro
pean and international level to introduce more agroecology 
components and principles in future policies.

1 Introduction

Feeding the currently predicted global population of 9 x 109 
people in 2050 is a growing challenge in the context of cli
mate change, land degradation, biodiversity loss, access to 
food, food waste, food scarcity and insecurity. These chal
lenges come conversely with overconsumption and un bal
anced diets that raise the incidences of chronic diseases affect
ing human health. There are strongly contrasting and highly 
diverse views on how to overcome these chal lenges and 
which avenues to take for the best management of future 
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agriculture and food systems. Different scenarios explored 
the range of possibilities of feeding the projected 2050 world 
population by varying agricultural intensification, livestock 
feed composition and changes to human diet. These demon
strate that a large range of options exist without expanding 
the global agricultural area (Paillard et al., 2010; Couturier et 
al., 2017). In this respect, agroecology offers potential solu
tions to design sustainable agricultural and food systems and 
credible options to address food and environmental chal
lenges through adoption of farming and food systems that 
are environmentally sound, social just, and economic viable 
(Muller et al., 2017; Poux and Aubert, 2018).

The term ‘agroecology’ was first used at the end of the 
1920s (Wezel and Soldat, 2009). Since then, its meaning, 
definition, interpretation and approach have changed enor
mously up to the present. Agroecology as a scientific disci
pline developed slowly in the 1930s to 1960s. From the 1970s 
onwards, interpretations of agroecology expanded and 
diversified. Agroecology as a movement gradually emerged 
in the 1970s in addition to being a scientific discipline, and 
consecutively also being seen as a set of practices beginning 
in the 1980s (Wezel et al., 2009). Agroecology’s historical evo
lution covers a transition from addressing the plot and field 
scales (1930s to 1960s) to the farm and agroecosystem scales 
(1970s to 2000s) (Wezel and Soldat, 2009). It has now been 
extended to encompass the wider dimensions of the food 
system (Francis et al., 2003; Gliessman, 2007).

The foundation of the agroecological movements in the 
1960s and 70s were laid within the environmental move
ments which opposed the negative impacts of industrialised 
agriculture that came with the Green Revolution. In particu
lar, the negative consequences of agricultural chemical use 
were highlighted. This pointed at the adverse impacts of 
pesticides or other toxic substances on fauna and flora and 
other natural resources. While more environmentallysound 
approaches were advocated by environmentalists, the move
ment did not relate directly to the term ‘agroecology’ before 
the 1990s. Agroecology became more associated with specif
ic agricultural and social movements in the 1990s, especially 
in Latin America, where the term was used to express a new 
way of considering agriculture and its relationships with soci
ety promoting family farming systems and food sovereignty. 

Since the 1980s, a third usage of the term ‘agroecology’ 
has emerged beyond that of a science and movement. This 
describes a set of agricultural practices aiming at maximising 
the use of ecological processes in the functioning of agro
ecosystems. Local farmers, supported by an agroecological 
approach, sought to improve and adopt farming practices 
that do not rely anymore, or to a decreased extent, on the 
widespread use of chemical inputs (fertilisers, pesticides) 
that are used in intensive systems (see Altieri 1989, 1995; 
Gliessman, 2007). Conserving natural resources is the basis. 
This involves implementing best soil fertility management 
practices and favouring and enhancing agrobiodiversity 
on fields and farms. These practices included intercropping,  
cover crops, diversified rotations, no or reduced tillage, 
biological control, mixed croplivestock systems and inte
gration of seminatural landscape elements supporting 

functional biodiversity (Arrignon, 1987; Altieri, 1989, 1995; 
Gliessman, 2007, IAASTD, 2009; Wezel et al., 2014a, 2014b).

In recent years, agroecology is increasingly seen as being 
able to contribute to transforming the whole agrifood sys
tems by applying ecological principles in many dimensions 
such as in fertility management, plant and animal produc
tion, land use, nonfood uses, and human diets. Applying 
the principles of agroecology to agrifood systems must 
be understood in relation to address simultaneously issues 
relating to health, food security, the protection of natural 
resources and biodiversity, and climate mitigation (Francis 
et al., 2003; Gliessman, 2007; Fritz and Schiefer, 2008; Wezel 
and David, 2012; Wezel et al., 2015; HLPE, 2019). At the same 
time, and indivisible from respecting ecological principles, 
it is the imperative to consider social and cultural aspects in 
develop ing equitable food systems within which all people 
can exercise choice over what they eat and how and where it 
is produced. This means that all people have sovereignty in 
meeting their food and nutrition requirements. Today, agro
ecology combines science, practice and a social movement. 
These complement each other, although they may not all 
remain in step with one another and efforts will be required 
to ensure effective collaboration between these compo
nents. Moreover, different policies are emerging in recent 
years that aim at supporting the development of agro  ecol
ogy in its different forms. They are mostly not yet specifically 
called agroecology policies but use other terms. The current 
negotiations on the new Common Agricultural Policy (CAP) 
in Europe for the period 2021 to 2027 with the ‘Farm to Fork’ 
strategy and the New Green Deal reflect debates related to 
agroecology even it is considered by some incompatible 
with tackling other crucial challenges: producing enough for 
Europe and the world while developing bioeconomy sectors 
in Europe (EC, 2018). For instance, the agroecology ten year 
scenario addresses this apparent dilemma by examining how 
much feed/food/fuel and other materials the agricultural 
sector could and should produce to tackle, with equal prior
ity, challenges associated with climate change, health, the 
protection of biodiversity and natural resources, and the pro
vision of a sustainable and healthy diet to Europeans without 
affecting global food security (Poux and Aubert, 2018).

In this paper we start with a short overview about agro
ecology from a European perspective before providing a 
description of the French case, describing instruments and 
policies and their implementation to support agroecology. 
We finally discuss the success of these policies and obstacles 
or hindering forces that have become apparent. The work is 
mainly based on review of scientific journal papers and of the 
grey literature. The section on policy instruments also draws 
on information from web sources, and on informal discus
sions with French and European experts. The judgement 
about success or failure is the judgement of the authors.

2 European context

At the European scale, there has been so far no clear EU strat
egy for agroecology and sustainable agriculture even if some 
recent discussions draw on the notion of agroecology (e.g the 
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Farm to Fork strategy). Consequently, national programmes, 
policies or action plans for agroecology are rare in Europe 
(currently only France, Denmark and Italy mention agroecol
ogy in their policies) and these differ widely. With the new 
CAP, the European Commission established a policy of ‘Green
ing’ in 2014 which requires limited agroecological practices 
for all direct payments. These practices encompass establish
ment of ecological focus areas on five percent of the agri
cultural land (e.g. hedgerows and other diverse habi tats, but 
also cover crops), crop diversification on farms, and restric
tion on converting permanent grassland into cropland (EC, 
2013; Niggli, 2015). The CAP for 2014 to 2020 included valu
able elements, in addition to already existing agrienviron
ment measures, but with limited funding and implemen ta tion 
so far. However, the debates on the new CAP 2021 to 2027 in 
Europe increasingly include discussions related to agroecol
ogy. So far, France is the only country among the EU member 
states to have set up an explicit “Agroeco logi cal Project for 
France” strategy in December 2012 (Ministère de l’Agriculture, 
de l’Agroalimentaire et de la Forêt, 2016a). 

More recently, in May 2020, the EU Commission launched 
two strategies which include different elements of agroecol
ogy. The ‘Farm to Fork’ strategy sets ambitious objectives for 
example to reduce chemical pesticides by 50 %, reduce fer
tiliser use by at least 20 %, and achieve 25 % of total farmland 
and organic farming, all by 2030 (EC, 2020a). The new EU Bio
diversity Strategy includes also these points and adds others 
such as increasing biodiversityrich landscape elements on 
agricultural land, and halting and reversing the decline of 
pollinators (EC, 2020b).

3 Agroecology in France

3.1 Agroecology policy
In 2012, the government of France defined agroecology as 
the general principle of agricultural practice, supported by 
different laws applied to agriculture, food and forestry (‘Loi 
d’avenir’, launched on October 2014). However, the imple
mentation of policies for agroecology in France started 
more than a decade ago, but without calling them agro
ecological at that time. The different programmes and ele
ments include the Grenelle Environment Forum, a debate 
and consultation process, the Ecophyto programme, the 
French response to the EU Framework Directive on the sus
tainable use of chemical plant protection products, the 
Ambition Bio programme for strong development of organic 
agriculture, and more recently a law to promote balanced 
commercial relation ships in the agricultural and food sector 
and healthy, sustainable food.

3.1.1 Grenelle Environment Forum
In 2007, the French government lead by a coalition of the con
servative and liberal parties (under President Nicolas Sarkozy) 
launched a national debate called Grenelle de l’Environ
nement (Grenelle Environment Forum) bringing together 
the government, state and representatives of civil society 
to draw up a road map for the environment and sustainable 
development (Figure 1). The notion of ‘agroecology’ was first 

mentioned during a Forum meeting in October 2007 when 
the impact of climate change and loss of biodiversity in agri
culture was discussed. Before that, the debate on agriculture 
in France remained dominated by macro and microinstitu
tions that put food availability and agricultural production at 
the heart of the problem and solutions. Environmental issues 
were not given priority by governments for a long time. The 
Grenelle Environment Forum consultation process in 2007 
was followed by further discussion and proposals until the 
new French president and government elections in 2012. 
The consultation process involved a large group consisting of 
farmers, trade unions, representatives of agrifood companies, 
nongovernmental organisations, local authorities and public 
service representatives to work out policy measures. A fur
ther objective of the Forum was to establish an action plan 
of concrete and quantifiable measures that would be met 
with the broadest possible agreement among participants. 
Topics selected were climate change, biodiversity, environ
ment and health, sustainable production and consumption, 
environmental democracy, and environmental growth and 
economic instruments (ESEC, 2012). The role of agriculture in 
relation to these topics was an important part of the debate. 
Some of the major achievements of the Forum include stake
holders’ consensus in almost all the fields of environmental 
protection, and agreement that the government should 
adopt and implement stronger laws that reflect the final 
decisions adopted by the Grenelle Forum. Corporate Social 
and Environmental Responsibility was emphasised. The 
Forum also provided a platform for exchange and discussion 
for key actors of the civil society. One outcome was that new 
bilateral relations, e.g. between NGOs and unions or NGOs 
and local governments, have been created and developed. 

3.1.2 Ecophyto – national action plan to reduce 
pesticide use
The Ecophyto 2018 programme was set up in 2008, just after 
the start of the Grenelle Forum, to reduce the use of pesticide 
by 50 % by 2018. The aim was train farmers and to inform them 
about alternatives to chemical inputs. A reference indicator 
was defined through active discussions between experts, rep
resentatives of agrochemical companies, civil society, and offi
cial state agencies. This indicator calculates the number and 
quantity of active ingredients in products, and assesses the 
usage intensity of plant protection active substance. Its pur
pose is to monitor pesticide use and progress in reduction. 
Since the start of the Ecophyto programme in 2008 several 
actions have been carried out with i) a pilot farm network that 
brings together 3000 farms working with alternative methods 
to reduced or avoided pesticide use, ii) an experimental farm 
network of 41 sites including 170 experimental sites testing 
and then demonstrating agroecological practices that do not 
use pesticides, iii) a strong network of higher education insti
tutions and colleges (128 colleges of agricultural science and 
3 universities of agriculture and food science decided to con
vert their experimental facilities to implement and test agro
ecology practices) with specific programmes on agroecologi
cal practices, and iv) continuous education programmes and 
training for current or future practitioners.  
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3.1.3 Action programmes for organic  
agriculture
The first Organic Action Plan was launched by the former 
Minister of Agriculture, Michel Barnier in 2007. The fiveyear 
programme aimed to increase organic production in France 
to cover the national demand. It also aimed to promote 
research and education programmes. This reflected the fact 
that France ranked 13 in Europe in terms of organic food pro
duction in 2006 with 50 % of consumption met by imports. 
Organic production covered less than 2 % of Utilised Agricul
tural Land (UAL) and accounted for 2 % of French farms in 
2007. Organic production doubled by 2013 with 4 % of UAL 
and 5.3 % of French farmers practising organic agriculture. 
This first action programme can be considered as a success by 
doubling production area and number of organic farms. But 
consumer demand continued to increase due to a massive 
increase in the number of regular and occasional consumers 
of organic products in the supermarket (from 24 % to 40 %). 
Consequently, supermarkets built their expansion of organic 
products on imports to compensate the lack of national pro
duction. In response to this, a new organic action plan called 
“Ambition Bio 2017” was set up in 2012. It introduced direct 
payments for organic farmers and higher payments during 
the conversion, financial support for supply chain actors, 
more funds for research and dissemination, better training 
and education of farmers and supply chain actors, and more 
communication on public services to achieve a 20 % share 
for organic products in public catering. By 2017, the organic 
production had increased to 6.5 % of UAL and 8.2 % of farms. 
However, the ongoing increasing demand of organic food 
in France and Europe led policy makers to set up a further 

programme to support transition towards more organic 
production to cover increasing national and international 
demands. The Organic Ambition 2022 plan was launched in 
2018 with the ambition to reach 15 % of UAL under organic by 
2022 and a share of 20 % organic products in public catering. 
The massive increase of consumer demand during the last 
fifteen years led to the setting up of regular programmes to 
support organic production and consumption.  

3.1.4 The ‘Agroecological Project for France’ 
supported by the new ‘Law for the Future of 
Agriculture, Food and the Forest’ 
In 2012 the French Ministry of Agriculture launched the 
‘Agroecol ogical Project for France’ strategy (Ministère de 
l’Agriculture, de l’Agroalimentaire et de la Forêt, 2016a). This 
strategy was the start of an explicit policy in favour of agro
ecology. In 2014, France was the first country in the world to 
set up a law for agroecology, with the ambition of applying 
agroecology to 200,000 farms by 2025. This law, ‘Loi d’Ave
nir’ (Law for the Future of Agriculture, Food and the Forest), 
which was adopted in October 2014, includes agroecology as 
a solution to current problems in the agricultural sector. The 
law states that ‘public policies aim to promote and sustain 
agroecological production systems, including organic pro
duction, which combine economic and social performance, 
particularly through a high level of social, environmental and 
health protection. More specifically, the notions of ‘agro
ecological model’ and ‘agroecological measures’ are men
tioned in the law in Article L1, Section II of the ‘Code Rural 
et de la Pêche Maritime’ (Rural and Marine Fishery Codex), 
that defines the objectives of policy support for agriculture, 
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food and marine fisheries (Légifrance, 2017). This integration 
of agroecology into law is remarkable as “agroecology repre
sents a revolution when considered in relation to the domi
nant agricultural production model. It claims to produce 
based on the functionality of ecosystems, and not by using 
inputs to fight environmental constraints” (Hermon, 2015).

One concrete first action in 2014 was the employment 
of over 200 new researchers and tutors by the French state 
to teach agroecology across the country as a core part of 
the national agricultural educational programme (Cross
key, 2014). In addition, the agroecology policy and law were 
implemented to address growing concern about France’s 
ageing farmers. Forecasts showed that about 40 % of France’s 
agricultural workforce would retire within five years or were 
already past retirement age. This created a pressing need to 
train a new generation of farmers who can take over farms 
and create more jobs in the sector. Soil protection is there
fore a highpriority issue for France, especially in terms of the 
preservation of farmland and the implementation of policies 
and measures for carbon enrichment and sequestration in 
soils. In this context, France specifically advocates the ‘4 per 
1,000 initiative: Soils for Food Security and Climate’.

In addition to the national project for agroecology 
launched by the French minister of agriculture in 2012, an 
international plan focused on the FAO was added in 2014 
(Loconto and Fouilleux, 2019).

3.1.5 Programmes and platforms supporting 
the ‘Agroecology Project for France’
Agroecology platforms
Different programmes and platforms supported the ‘Agro
ecology Project for France’. One platform was ‘Agricultures: 
Producing in a different way’ which has been launched 
in 2012 to promote the policy to make France a nation of 
environ mental excellence (Bellon and Ollivier, 2018). This 
platform existed for a few years but has been placed now 
under the general website of the French Ministry of Agricul
ture and Nutrition providing related information (Ministère 
d’Agriculture et de l’Alimentation, 2019b). 

Economic and Environmental Interest Groups
The promotion and establishment of Economic and Environ
mental Interest Groups (in French GIEE), of which 527 have 
been created since 2015 with 492 still active in 2019 (Ministère 
de l’Agriculture et de l’Alimentation, 2019c) are tangible out
comes of the new law for ‘Future of Agriculture, Food and the 
Forest’ (Section 3.4). These farmer groups including about 
8000 farms and 9500 individual farmers were developed to 
support agroecological initiatives. Farmer groups can apply 
for the programme and also get some financial support from 
regional governments. The programme is quite similar to the 
previous presented Ecophyto policy favouring the imple
mentation of more agroecological practices and supporting 
the transition of individual farms, education and extension 
facilities (e.g. experimental sites) to test agroecology. The 
major topics of the GIEE are i) reduction of pesticide use and 
use of synthetic fertilisers, ii) feed autonomy of livestock 
farms, and iii) conservation agriculture practices. 

‘High Environmental Value’ certification scheme
The French Ministry of Agriculture launched a policy in 2011 
with a new system of ‘High Environmental Value’ (HVE) 
certification for agricultural operations to promote their 
engagement in practices that are especially beneficial for 
the environment. This encourages farmers to enhance bio
diversity conservation, decrease the negative environmen
tal impacts of pesticide use, and improve management of 
fer ti liser inputs and water resources. Farmers need to rea
son their practices based on agroecological principles at the 
whole farm level taking into account also the natural area 
on the farm (Ministère de l’Agriculture, de l’Agroalimentaire 
et de la Forêt, 2016c). It is intended to be complementary 
to the organic certification and to be seen also as potential
ly bringing a premium for farmers when marketing these 
products. In April 2019, the first supermarket chain in France 
declared the intention to enlarge their products with a HVE 
certification to favour for the development of agroecology 
(AgroMedia, 2019). By March 2019, 8 % of family farms dedi
cated to crop production were involved in the HVE certifi
cation scheme. Therefore, the Ministry of Agriculture and 
Food has recognised 74 territorial food supply action plans in 
47 regions. These territorial action plans aim to promote opti
mum use of local resources – leading to a detailed manage
ment of nutrient flows at the territorial level – with the willing
ness to support dietary change. In particular, diets should 
contain less animal product (but better quality), less sugar, 
higher fibre intake and increase consumption of inseason 
fruit and vegetables.

3.2 Research on agroecology
Research in France on agroecology has developed grad
ually since 2000, in most cases coming from researchers in 
agrono my who questioned their discipline amidst in creas
ing criti cism about environmental and health problems 
related to agriculture. They saw the need to legitimise the 
application of ecology to agriculture (Bellon and Ollivier 
2018). Since 2010, INRA, renamed INRAE in 2020 (National 
Research Institute for Agriculture, Food and Environment), 
has developed a priority programme on agroecology. This 
has impacted drastically on their strategy (Guillou et al., 
2010). For instance, some joint research units, grouping 80 
to 150 researchers from various disciplines, are fully dedi
cated to agroecology (Wezel et al. 2018). These include for 
example:
• Joint research unit ‘Agroecology’, consisting of researchers 

from INRAE Dijon, CNRS Dijon, AgroSup Dijon, and the 
University of Burgundy, Dijon. 

• Joint research unit ‘Agroecologies, Innovations and Rurali
ties’, a cooperation of INRAE, ENSAT and INP at Toulouse. 

• Joint research unit ‘Health and Agroecology of Vine
yards’ combining researchers from INRAE Bordeaux, 
Bordeaux Sciences Agro, Institute of Vine & Wine Science, 
Bordeaux. 

• Joint research unit ‘Biodiversity, Agroecology and 
Landscape Management’, a cooperation of researchers 
from Agrocampus Ouest and ESA, Angers, and INRAE, 
Rennes.
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Some of the INRAE research units gradually introduced 
the name ‘agroecology’ between 2006 and 2009 (Bellon and 
Ollivier, 2018). Other institutions followed later.

One example is CIRAD (Agricultural Research for Develop
ment), a French applied research institution specialised in the 
tropics and subtropics, that launched a specific programme 
on transition towards agroecology in 2015 (Côte et al., 2019). 
They created a research unit ‘Agroecology and Sustainable 
Intensification of Annual Crops’ to develop ecological inten
sification of cropping systems. Also, Isara, an institute for 
higher education and research in Lyon, launched a research 
unit called ‘Agroecology and Environment’ in 2014 that deals 
with different research topics in agroecology, and interacts 
with the social science unit in agroecology and the food sys
tems research. A similar institute for higher education, ESA 
Angers, has a research unit ‘Leguminosae, Plant Ecophysiol
ogy, Agroecology’. 

A strong reinforcement of agroecology in the French 
national research agenda started with INRAE’s strategic 
research orientation plan 20102020 (INRA, 2010). Agroecol
ogy was acknowledged as a new science by INRAE. It was 
also framed in terms of a joint environmental and econom
ic performance in response to the governmental framing 
(Guillou et al., 2013; Bellon and Ollivier, 2018). For INRAE and 
CIRAD, “agroecology is often seen as a cross between ecol
ogy and agriculture, aimed at designing and managing sus
tainable agroecosystems. It also draws on economics and 
social sciences to develop reliable systems and roll them out 
through appropriate public policy and support mechanisms. 
Agroecology therefore offers a new paradigm for creating 
sustainable food systems” (INRA and CIRAD, 2016).

3.3 Education and training in agroecology
In order to train the future generation of agroecologists, 
universities and other intuitions of higher education cre ated 
education programmes in agroecology in Europe. Several 
of the master programmes (MSc – Master of Science) are 
inter national and organised by a consortium of universities 
from different countries, among them French institutions 
(see more details in Wezel et al., 2018). Some of these pro
grammes are run as double degrees with two or more uni
versities involved, the first one was created in 2007 (Isara, 
France – NMBU, Norway). Moving from one university to 
another allows the student to have a diversified academic 
and practical (e.g. case studies) experience of agroecology. 
Moreover, the programmes gather a diversity of national
ities and backgrounds, especially for those taught in English. 
Another programme with the AgroParisTech and Belgian 
universities was launched about 8 years later. There are also 
several French national BSclevel programmes that recently 
revised their curricula to introduce agroecology concepts 
with 17 programmes of two years and 8 programmes of 
three years (Ministère de l’Agriculture, de l’Agroalimentaire 
et de la Forêt, 2014; Ajates Gonzales et al., 2018). In particular, 
the socalled BTS programmes (more practiceoriented BSc 
programmes) should include agroecology in their curricula 
(this was carried out, but without changing the titles of the 
programmes). Besides the MSc and BSc programmes, there is 

also a virtual university in agroecology which started in 2014 
(UVAE, 2019).

The challenge today is largely about promoting agro
ecology. Twelve key actions have been set up by the French 
Ministry of Agriculture to support transition towards agro
ecology (Ministère de l’Agriculture, de l’Agroalimentaire et 
de la Forêt, 2016b) by 2025 for a majority of French farmers. 
Education programmes for advisers and farmers were set up 
in 2016 to disseminate experience from the first pioneers (see 
section Economic and Environmental Interest Group). More
over, there is a fund (VIVEA) for training farmers in France. 
It includes also more specialised training in agroecology 
in recent years. These are often severalday, highly practi
cal, instructorled training events. An increasing amount of 
training in agroecology is now offered by various institutions, 
associations and NGOs.

4 Discussion

In France, agroecology started to become more visible in 
2008, mainly due to social movements like Colibris founded 
in 2006 by Pierre Rahbi and colleagues. These support agro
bio diversityrich, and fair familyrun agriculture (Norder et 
al., 2016). Curiously, agroecology was also been advocated 
a bit later by some conventional agrifood business organ
isa tions (Bellon and Ollivier, 2011, cited in Norder et al., 2016) 
to develop a new model between conventional and organic 
agriculture. Despite this, the concept of agroecology was 
practically nonexistent before 2012 among convention
al agriculture organisations and was also criticised by the 
domi nant French agricultural union (FNSEA) working closely 
with the agricultural chambers (Norder et al., 2016). In con
trast, the Confederation Paysanne, the traditionally leftwing 
agricultural union, has been a staunch supporter of agroecol
ogy movements in and outside France such as Via Campesina 
and has strongly supported small and mediumsized family 
farms engaged in organic conversion. 

One explanation for this is that agroecology was not 
really a feature of the French agricultural policy debate 
before 2012. Instead, the terms and concepts of “ecoagricul
ture” and “ecologically intensive agriculture” predominated 
(Bellon and Ollivier, 2018). Agroecology gained more legiti
macy internationally in preceding years with for example the 
International Assessment of Agricultural Knowledge, Science 
and Technology for Development report (IAASTD, 2009) and 
the right to food report of De Schutter (2010). A further push 
forward for the visibility of the term agroecology from 2010 
onwards in France can be attributed to the launch of INRAE’s 
strategic research orientation plan 2010 to 2020 (INRA 2010), 
highlighting agroecology in future research.

4.1 Impact of policies
The policies and programmes for agroecology developed in 
France vary greatly in their impacts. The first and stronge r 
impacts can be seen with research and education. New 
research programmes (both with state funding and fund
ing from foundations) were established with a specific focus 
on agroecology or on topics that are indirectly related to  
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agroecology. New programmes in agroecology were 
launched in higher education, although some existed 
already before policies started, and some high school pro
grammes included agroecology concepts.

For practical application in farming, the Economic and 
Environmental Interest Group programme has promoted 
farmers’ initiatives to develop and implement agroecological 
practices such as biological control, cover crops, no till, and 
organic practices. These interest groups developed rapidly 
after agroecology became integrated into French law show
ing that such regulation can be an important catalyst for its 
development supporting pioneers’ implementation of agro
ecology. Overall, the policies of the ‘Agroecology Project for 
France’ remained modest because of limited funding (Bellon 
and Ollivier, 2018).

Varied impact with the Ecophyto programme 
The impact of the Ecophyto programme to reduce pesticide 
use shows quite divergent results. Some advances have been 
made and positive outcomes can be seen, e.g. the establish
ment of demonstration cases with pilot farms based on 
reduced or no use of pesticides and creation of Ecophyto farm 
networks. This included a network of thousands of farms that 
test and apply methods that reduce the use of chemical plant 
protection products, improved national surveillance of pests 
and plant diseases, and funded research on technologies 
and techniques that reduce pesticide use. Nearly 500 million 
Euros has been spent on implementing the Ecophyto pro
gramme so far. From 2010 to 2018, the 3000 pilot farms have 
reduced their pesticide use by 18 % (Ministère de l’Agricul
ture et de l’Alimentation, 2019a).

Overall, the Ecophyto 2018 policy has critically failed as 
indicated by an 14 % increase in pesticide use for the whole 
agricultural sector (Lamichhane et al., 2019). This contrasts 
with a 38 % decline in use in nonagricultural areas (e.g. pub
lic gardens, roads). By 2016 pesticide consumption in France 
increased by 17 % compared to 2011 (Eurostats, 2018) and the 
highest ever consumption of pesticides was recorded in 2018 
(Eurostats, 2019). The failure of this policy brings to light the 
dependency of French agriculture on pesticides especially 
on perennial crops such as grape vines, fruit crops, vegetables 
and industrial crops. However, in the last two years, the dra
matic droughts in France have potentially alerted farmers of 
the need to limit inputs like pesticides where production is 
constrained. 

Agroecology is well recognised 
In January 2017, 83 % of farmers interviewed stated that they 
had heard about agroecology, against 79 % in 2016 and only 
50 % in 2015 (Gramond 2015, 2016). Additionally, 73 % of 
farmers have already engaged in at least three agroecological 
practices. This was 83 % for young farmers. This indicates that 
agroecology supports the joint realisation of environmental 
and economic outcomes that was a leading paradigm for the 
French agroecology policy, and is now an underlying trend 
in French agriculture. Nowadays, the major French agricultur
al union is slowly increasing its support of agroecology but 
seeing it as a set of practices. This is for example in contrast 

to the national farmers union in Canada that considers agro
ecology as a holistic approach to food production that uses 
social, cultural, economic and environmental knowledge to 
promote food sovereignty, social justice, economic sustain
ability, and healthy agricultural ecosystems (National Farmers 
Union, 2015). The French FNSEA agricultural union also clearly 
announced that they will support an agroecological transition 
only if the European Commission and France reconsider the 
economic dimension of agriculture, with ongoing debates in 
France and about the new EU CAP.

Development of organic farming
There was some growth in the area of agricultural land under 
organic farming rising from under 2 % in 2006 to 7.5 % in 
2018. The number of organic farms rose from 3 % to 9.5 % in 
the same period (Agence Bio, 2019). Organic agriculture sup
port programmes may have played a role, but markets were 
the main driver as more consumers as well as the French and 
international markets demanded more organic products. 
Moreover, the growing number of farmers converting to 
organic agriculture resulted in a larger and more diverse offer 
of organic products of French origin on the national market. 

The conflict between conventional and organic pro
duction, historically supported by the differing positions 
of the two major farmers’ unions (e.g. the conservative 
FNSEA farmers’ union supported the conventional agricul
tural model, whereas the Confederation Paysanne sup ported 
the organic movement), did not help the development of 
organic production. Nevertheless, with fears over GM crops, 
health scandals and crises in agriculture, more consumers 
are changing their dietary habits, supporting the booming 
of the organic market since the beginning of the 21th century, 
in and outside France.

Ambiguity within agroecology and between agroecology 
and organic agriculture
With the launch of the agroecology policy, it became evident 
that many stakeholders have difficulty seeing how agro
ecol ogy is different from organic agriculture (Migliorini and 
Wezel, 2018). For some it is more or less the same, other see 
large differences. Many ‘conventional’ farmers see organic 
agriculture as a clearly different way of farming, involving 
another way of thinking and conviction. Therefore, there is a 
risk that some farmers reject agroecology because the agro
ecol ogy policy includes the promotion of organic agriculture 
in France. Moreover, most farmers and other stakeholders have 
difficulty understanding what agroecology is. This is related 
to different interpretations and definitions, which are in addi
tion differently present in different countries of the world 
(Wezel et al., 2009; Méndez et al., 2013; Agroecology Europe, 
2017; Gliessman, 2018). So, there might be confusion or even 
rejection when policies are not explicit enough about what 
they mean by agroecology. The policies in France relate more 
to certain elements of agroecology, such as agroecological 
practices and farming systems that jointly improve environ
mental and economic performance at the production level. 
For the most part, they do not address elements of the food 
system, or even transformation of the current food system, 
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which is seen as an essential part of agroecology today (Fran
cis et al., 2003; Gliessman, 2007; Wezel et al., 2015; Ajates Gon
zales et al., 2018; Poux and Aubert, 2018; HLPE, 2019). Only 
recently, the law for Agriculture and Food in 2018 (Ministère 
de l’Agriculture et de l’Alimentation, 2019d) addressed wider 
aspects of food systems which is an important component of 
the larger definition of agroecology (Wezel et al., 2009; Wezel 
and Soldat, 2009). However, the law does not make a clear 
link to agroecology and does not even state the term (Legi
france, 2018). It includes subpoints such as i) a target of 50 % 
of local products or origin and qualitylabelled products 
(including organic) in the publicsector institutional catering 
by 2022, or ii) intensification of efforts to control food waste 
(Ministère de l’Agriculture et de l’Alimentation, 2019d), both 
which relate to the food systems dimension of agroecol
ogy. But other subpoints such as i) a ban on neonicotinoids 
and other products with identical modes of action in order 
to protect biodiversity and bees, or ii) a separation of sales 
activity from advisory services for plant protection products, 
are much more specific and more advanced compared to the 
former agroecology law.

Although the discourse of the French Ministry of Agricul
ture presents agroecology as a new paradigm, the framing 
of agroecology is intended more to be in tune with public 
action processes and to gain support for agricultural develop
ment policies amongst a large diversity of agrifood stake
holders. This is even associated with more intensive and 
competitive agricultural models (Ajates Gonzales et al., 2018). 
The assumption is that to continue to be supported by society, 
agriculture policy has to clearly demonstrate that it is meeting 
society’s contemporary needs. Social expectations regarding 
healthy diets, the protection of natural re sources and biodi
versity are becoming increasingly apparent in France and at 
the European level. The French government clearly promotes 
“familybased and sustainable farming to bring about the 
ecological transition, improvements in agricultural practice 
to meet the expectations of the public and fair remunera
tion for the actors involved, all this with the application of the 
same rules to countries exporting to the European Union” 
(Ministère de l’Agriculture et de l’Alimentation, 2018). Faced 
with production and market globalisation, France needs to 
overcome a number of major challenges regarding the social 
and economic viability of the agricultural sector. Strong lob
bying by French agricultural unions and major companies 
tend to limit the transition towards a wide ranging agroeco
logical model.

One major difficulty is that so far only organic agriculture 
is clearly labelled and certified in a way which is visible to con
sumers. The development of ‘high environmental value’ (HVE) 
certification label in France could be a tentative opportunity 
for future agroecology labelling. This supports the labelling 
of farms, among them a share of 50 % of independent vine 
growers. It is less visible so far on other products. These differ
ent certifications and the growing number of other public and 
private certification schemes have led to con fus ing messages 
for consumers. For example, there is a more recent develop
ment of new guidelines for ‘regenera tive agri cul ture’ sup
ported by large national and international companies (e.g. 

Danone, Nestlé) or ‘living agriculture’ (‘agriculture du vivant’) 
supported by a group of French food industry players. More
over, the search for market recognition with a brand or label 
integrating the principles of agroecol ogy was led by the 
INAO (Institut National de l’Origine et de la Qualité) in 2016. 
But apart from the organic sector, the proposal was con
tested at this time by most affected organi sations (Bellon 
and Ollivier, 2018). Generally, the private companies' ‘living 
agriculture’ and ‘regenerative agriculture’ labelling/certifica
tion schemes and the public certification of HVE certification 
scheme can be regarded as agro ecology schemes designed to 
support business opportunities. The policy and private trend 
towards new agroecology certification schemes could create 
even more confusion with the strong growth of organic certi
fication (Migliorini and Wezel, 2018).

4.2 The role of visionary politicians and 
charismatic leaders
The “Agroecological Project for France” launched in 2014 was 
strongly promoted by Stéphane Le Foll, Minister of Agricul
ture and former member of the European parliament and one 
of the founders of the European think tank Groupe Saint Ger
main (Guilloux and Denoux, 2014). Edgard Pisani, minister of 
agriculture from 1961 to 1966, created this think tank. Pisani 
was a visionary politician and one of the founders of a Euro
pean policy for agriculture. This charismatic leader focused 
first on the recognition of family farms and diversity. This was 
followed by consideration of a better connection between 
agriculture and citizens’ awareness regarding environmental 
protection and food quality.

The political changeover in 2017 with the new President 
Emmanuel Macron and the new party has not (yet) induced 
profound changes despite the departure of the charismatic 
Stéphane Le Foll from the Ministry of Agriculture. The poli
cies for agroecology continue but are not as visible with new 
programmes or regulations as they once were. For example, 
the discussion about a ban of glyphosate has not yet reached 
a decision. Moreover, many policy debates focus since 2019 
more on the new European CAP policy (Ministère de l’Agri
culture et de l’Alimentation, 2018). The development of agro
ecology in France is now surprisingly supported by the large 
French farming union (FNSEA) although they strongly criti
cised the organic movement in the past. 

4.3 Lobbying at international level
France was first in launching a national policy for agroecol
ogy. This was quickly followed by policy initiatives at an 
international level. France played an important role in sup
porting and promoting agroecology at the FAO and with 
other initia tives such as the carbon sequestration initiative 
‘4 per 1000’ re cog nised in the world as a prominent and 
leading initiative to promote agroecology. This initiative, 
launched in Paris at the COP 21 of the Climate Change Con
vention, aims to increase the soil organic matter content and 
carbon sequestration through the implementation of agri
cultural practices adapted to local environmental, social and 
economic conditions. This involves in particular agroecology, 
agroforestry, and conservation agriculture. 
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Furthermore, France was among the initiators of the first 
agroecology symposium of the FAO in 2014 and provided 
significant funding (Loconto and Fouilleux, 2019). More over, 
France is member of the Friends of Agroecology group that 
promotes the development of policy for agroecology (Bellon 
and Ollivier, 2018). The group was created in 2015, and cur
rently includes 17 countries (Brazil, China, Estonia, France, 
Ivory Coast, Hungary, Iran, Italy, Ireland, Japan, Mada gascar, 
Mexico, Senegal, Slovenia, Switzerland, The Netherlands, 
Venezuela). It is an informal and open group, composed of 
permanent members wishing to support the FAO’s work on 
agroecology, to exchange their national experiences with 
each other, and to develop scientific partnerships. 

Finally, France has also supported new job positions 
related to agroecology at FAO. Moreover, France is also 
repre sented in the Committee on World for Food Security 
(CFS), an international and intergovernmental platform for 
stakeholders to work together to ensure food security and 
nutrition in the world. The Committee reports to the UN Gen
eral Assembly and to the FAO, and is technically supported 
and based with the secretariat at the FAO. In the CFS, France 
chaired until recently the steering committee giving guidance 
to the HLPE (High Level of Experts) carrying out an expert 
assessment of “Agroecological approaches and other inno
vations for sustainable agriculture and food systems that 
enhance food security and nutrition” ending in early summer 
2019 (CFS, 2018; HLPE, 2019).

Overall, it can be stated that France played an important 
role in the international political arena to support expanding 
discussion and debates for alternatives to the present agri
cultural models as well as for upscaling of agroecology at the 
international level.

5 Conclusions

The policy for agroecology started with debates about 
environ mental and natural resource management in France. 
This translated into a national programme, involving different 
sectoral programmes, and finally also a law for agroecology in 
2014. Sectoral programmes were set up and launched with 
respect to farming practices and innovation by individual or 
farmer groups, research incentives for national research pro
grammes were provided, and new agricultural curricula for 
high schools and higher education institutions were devel
oped. However, the success of the different programmes and 
policies varies significantly in terms of their impact so far: 
1.  There has been a quicker and stronger implementation of 

education and training, and increased research focussing 
on certain topics.

2. The policy also started a ‘movement’ in the agricultural 
sector and brought forward pioneers which stimulated 
innovation in agroecology such as with the Environmental 
and Economic Interest Groups.

3. The agroecology policy has facilitated more implemen
tation of agroecological practices, stronger recognition 
of the importance of biodiversity for agriculture, and 
more conversion to organic agriculture, but failed to 
reduce the use of pesticides. 

4. French policy on agroecology has clearly demonstrated 
that it is meeting society’s contemporary needs. 

5. And finally, the policy development at national level was 
complemented by lobbying at international level, sup
porting national implementation.

Overall, some of the sectoral programmes also delivered 
progress towards sustainable conventional agriculture. The 
overall agroecology programme also raised awareness about 
how to farm for the future. It drew attention to the impor
tance of biodiversity and diversification in agriculture, and 
increased interest in the process quality and relocalisation 
of food products. Changes and adaptations in education 
provided a foundation. However, the overall impact might 
be regarded as limited. But such fundamental change needs 
more time as is evident from the history of the Green Revolu
tion. Moreover, if the EU agricultural policy with the Farm 
to Fork strategy and the New Green Deal does not include 
more elements of agroecology, impact and changes might 
remain very restricted also in France as the national policies 
regarding agriculture are framed by EU policy. To scale agro
ecology up and to further integrate it within the main farm
ing and food systems, much stronger political support and a 
regulatory framework, both at national and European levels 
is required. France and its policy for agro ecology can be seen 
as a precursor, at least for now. France will need to pull its 
weight in the EU and make sure that Farm and Fork and New 
Green Deal are fully allied with its agro ecology policy, other
wise the 10 years of mixed success, but success still, will have 
been partly in vain.
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1 Why does the food system need  
transformation?

The current global food system(s) has many negative environ
men tal, nutritional, economic and sociopolitical impacts. 
Environmental impacts include high levels of greenhouse 
gas emissions (IPCC, 2019), water pollution (Evans et al., 2019), 
land degradation, biodiversity loss and the decline of other 
ecosystem services (IPBES, 2019), which have led some sci
entists to suggest the food system is exceeding ‘planetary 
boundaries’ (Campbell et al., 2017). While there is more than 
enough food produced to feed global populations, over 800 
million people experience chronic food insecurity and suf
fer from malnutrition, with more than 10 9 people suffer ing 
health problems associated with overconsumption of food 
high in fat, salt and sugar (FAO et al., 2019; Willet et al., 2019). 
Although the majority of the world’s food, and in particular 
nutritious food types, is still produced by small to midsized 
farmers, fishers and livestock keepers (Herrero et al., 2017), 
it is increasingly difficult for small and mediumsized farm
ing households and food enterprises to survive, making 
rural livelihoods often fragile and precarious (HLPE, 2013). 
Concerns have also been raised about the democratic gov
ernance and equity of the food system, with the profits and 
control accruing increasingly to a very concentrated few large 
companies, on both the input and supply side (IPESFood, 
2016). The covid19 pandemic underscored weaknesses in 

the food system, increasing risks of supply shortages in some 
supply chains, revealing the vulnerability of many house
holds to food insecurity, the lack of adequate social safety 
nets, and the linkages between environmental and human 
health (Altieri and Nicholls, 2020; Blay Palmer et al., 2020). 
Numerous scientific studies and reviews have called for the 
transformation of the food system, to ensure that it is kept 
within environmental limits while addressing these health, 
food security, social and political concerns (IPESFood, 2016; 
Mbow et al., 2019; Springmann et al., 2018; Willet et al., 2019). 
Agroecology is one potential overarching approach to trans
form the food system and to address these interacting and 
overlapping negative impacts, which includes a focus on 
power inequities (BlayPalmer et al., 2020; HLPE, 2019; Mbow 
et al., 2019). 

2 How can agroecology help to transform 
the food system?

Agroecology is a holistic approach to food production, which 
uses ecological methods while also addressing the health, 
social and economic dimensions of the food system (HLPE, 
2019). Considered a science, practice and social movement, 
agroecology operates at the field, farm and food system 
levels (Wezel et al., 2014). Agroecological practices include 
increasing biodiversity, recycling organic material, mini
mising toxic inputs such as pesticides, and having integrated 
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croplivestock systems. Some scholars differentiate between 
scientific agroecology which focuses on the ecologi cal pro
cesses to harness in agricultural production, and political 
agroecology that considers the social, political and econom
ic dimensions of food production in system transfor mation 
(Méndez et al., 2013). Political agroecology proponents argue 
that to transform the food system requires efforts that address 
its inequities and tackle power dynamics at multiple scales 
(Anderson et al., 2020; González de Molina et al., 2019). Princi
ples of agroecology which do so include addressing social 
(in)justice and equity, (re)building direct linkages between 
producers and consumers, coproduction of scien ti fic knowl
edge, and fostering greater democratic governance of the 
food system (Dumont et al., 2016; FAO, 2018; HLPE, 2019). 
Agroecological practices beyond the farm gate comprise 
initiatives that 1) address gender inequity; 2) use horizontal 
educational methods such as farmer tofarmer networks 
and participatory guarantee systems that link pro duc ers to 
consumers to ensure transparency and equity in local mar
kets (Dumont et al., 2016; Loconto et al., 2018; HLPE, 2019). 
Transforming governance processes, so that power inequi
ties between consumers, producers, gov ern ments and mul
ti national companies are addressed at multiple scales, is 
considered a key dimension of agroecological transitions 
(Anderson et al., 2020). Political agroecological initiatives aim 
at establishing mechanisms for smallscale farmers to have 
input into policies that influence their production systems, 
such as increased tenure for land rights or access, greater 
control over seeds, subsidies for diversified production and 
addressing consumer needs, e.g. by subsidizing locally pro
duced nutritious foods (Anderson et al., 2020). 

3 Environmental, health, social, economic 
and political dimensions of food system: 
Evidence for agroecology's impact

3.1 Environmental impacts 
There is increasing evidence of the positive environmental 
impacts from the use of agroecology. A systematic review 
found robust evidence that agroecological practices are 
effective for climate change adaptation, using key indicators 
such as soil organic carbon, soil microbial activ ity, crop yield 
stability, biodiversity conservation, and natural plant protec
tion (Muller et al., under review). Landscape complexity is 
another important feature, through the use of hedgerows, 
intercropping, and integration of animals, forests, wetlands 
and other landscapes, which allows for multi pur pose ben
efits, including biodiversity conservation and climate change 
adaptation (Kremen and Merenlender, 2018; Kremen and 
Miles, 2012). The integration of livestock, trees and cropping 
systems allows for food production, biodiversity conserva
tion and carbon sequestration, for example with freerange 
poultry and olive orchards (Paolotti et al., 2016). Generally, 
agroforestry systems could be considered as part of an agro
ecological approch, and provide sources of food, livelihoods 
and ecosystem services including carbon sequestration (Lasco 
et al., 2014; Mbow et al., 2014). 

3.2 Food security, nutrition and health
Increasing biodiversity in farming systems, a key practice in 
agroecology, has been significantly and positively associated 
with many changes. These include improved dietary diversity, 
food security and nutrition for smallscale food producers and 
rural communities, although with contextspecific impacts 
(Bellon et al., 2016; Bezner Kerr et al., 2019a; Bharucha et al., 
2020; Jones, 2017; LunaGonzález and Sørensen, 2018; Pelle
grini and Tasciotti, 2014; Powell et al., 2015). A recent study 
of Zero Budget Natural Farming (ZBNF) in India, a grassroots 
movement promoting agroecological practices, found that 
while this approach is likely to reduce soil degradation and 
improve yields for lowinput farmers, those who rely on high 
input levels are likely to experience yield penalties due to 
nitrogen limitations (Smith et al., 2020). Other studies looking 
at the social and ecological impacts of the ZBNF approach in 
India have found significant increases in income, food secu
rity and farmer autonomy (Bharucha et al., 2020; Khadse et al., 
2018). Health impacts from agroecological approaches, for 
which there is less evidence to date, are reduced exposure to 
toxic inputs such as pesticides and improved mental health 
outcomes. In India, farmers participating in the ZBNF initia
tive have reported improved health and household income 
resulting from reduced purchased inputs such as pesticides 
(Khadse et al., 2018). A casecontrol longitudinal study of 
548 households participating in an agroecology and nutri
tion project in Tanzania found significant improvements in 
women’s mental health, linked to improved food security 
(Cetrone et al., 2020). The emphasis of agroecology on the 
cocreation of knowledge, experimentation and greater link
ages between producers and consumers, can also provide 
more opportunities for meaningful, decent work for small
holder farmers with potential impacts on wellbeing (Bezner 
Kerr et al., 2019b; Timmerman and Félix, 2015; Deaconu et 
al., 2019). 

3.3 Food production productivity
Globally, there is concern that agroecology cannot provide 
adequate food for growing urban populations. One mod el
ling study by Muller et al. (2017) considered the potential to 
convert to organic production under different climate change 
scenarios and with other food system changes including 
addressing food waste and changing food consumption 
patterns. They found that a complete conversion to organic 
production will use more land but have environmen tal ben
efits associated with reduced pesticide use, nitrogen pol lu
tion and greenhouse gas emissions, although there would 
need to be adjustments in consumption practices and food 
waste crucial to ensure sustainable food systems. At a region
al scale, one study in Europe modelled a transition to agro
eco logical methods over 10 years, and estimated that while 
food requirements would be met, there would be a decline 
in food production by 35 %, while improving biodiver sity, 
natu ral resource conservation and reduction of greenhouse 
gas emissions by 45 % (Poux and Aubert, 2018). Other meta 
reviews of the global potential for organic and agro eco logi
cal food production methods have found changes in yield 
ranging from 27 % declines to 61 % increases (Barbieri et al., 
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44 countries (Garibaldi and PérezMéndez, 2019). Further 
research on agroecology’s impact on working conditions, 
employment and livelihoods is needed.

4 Political dimensions of agroecology

A number of studies examine the political dimensions of 
agroecology at a national or regional scale. The French gov
ern ment implemented a law to transition to agroecology, 
which included initiatives to support it, bringing together 
farmers, academics, nongovernmental organisations and 
educational organisations. The government effort comprised 
over 10 million Euros and supported 9000 farmers, along with 
other stakeholders, working on agroecological ini tiatives, 
and, although, limited to date, raised awareness about alter
native approaches to intensified production (Bellon and 
Ollivier, 2018). In Brazil, social movements and civil society 
mobili sation supported a widespread effort to address fami ly 
farming, which included agroecological initiatives within par
ticu lar public policies, despite agricultural intensification as a 
dominant paradigm (Petersen and Silveira, 2017). A ‘National 
Policy for Agroecology and Organic Production’ was es tab
lished in 2013. National programmes supported different 
agroecology networks and initia tives, including community 
seed banks, agroecological fairs, and support to agro eco logi
cal farmers to sell to the national school meals programmes 
(Petersen and Silveira, 2017; Valencia et al., 2019; Wittman 
and Blesh, 2017). The Zero Budget Natural Farming network 
in India has mobilised hundreds of thousands of farmers to 
use organic farming methods, which has reduced their input 
dependency (Khadse et al., 2018). The state of Andra Pradesh 
in India has supported this approach through government 
extension and funding. Political mobilisation around natural 
farming methods as a means to reduce farmer indebtedness, 
a major issue in India, has been one of the features of success 
in this context (Khadse et al., 2018).  

5 What are some examples of the 
integrated impacts of agroecology?

In smallholder farming communities in Malawi, long term 
research on those using agroecological methods showed 
evidence of improved food security, nutrition, sustainable 
land management and gender relations through inno vative 
educational strategies and agroecological approaches (Bez
ner Kerr et al., 2019a; Bezner Kerr et al., 2019b; Kangmen
naang et al., 2017; Kansanga et al., 2020). Participatory, 
communitybased methods were key, including the use of 
theatre, small group discussions, onfarm experiments and 
farmertofarmer teaching and efforts to address household 
gender inequities in workload and decisionmaking (Bezner 
Kerr et al., 2019c; NyantakyiFrimpong et al., 2017). Farmers 
tested a range of agroecological practices including legume 
intercrops, compost, agroforestry and crop diversification, 
which had positive impacts on yield stability, reduced ferti
liser inputs and increased soil cover (Snapp et al., 2010; Bezner 
Kerr et al., 2007; Bezner Kerr et al., 2019a). There was evidence 
of gender power inequities being addressed, with women 

2019; D’Annolfo et al., 2017; Reganold and Wachter, 2016; 
Ponisio et al., 2015). These studies have ranged in terms of 
what crops, rotations, intercrops, consumption patterns, 
food waste and other assumptions are built into the models, 
with most models relying on high income country data sets, 
and not differentiating between organic and agroecologi cal 
production. Since organic production includes largescale, 
industrial style monocrop production, such models do not 
fully assess the potential of a diversified, agroecological 
approach. Given the limited investment in agroecological 
research (DeLonge et al., 2016; Miles et al., 2017; Pimbert and 
Moeller, 2018), these global and regional models need further 
elaboration on the impacts of agroecological production. 

3.4 Labour, livelihoods and employment
There is limited research to date on the labour implications of 
agroecological practices, or on the livelihood and employ
ment related implications. While some scholars purport 
that mechanised farms are beneficial because of the labour
inten sity of agroecological practices, it is neither known to 
what extent this helps, nor what the implications of labour
intensi fied farming practices will be (HLPE, 2019). There are 
often tradeoffs between capital costs of mechanisation, asso
ciated debt load, reduced autonomy and labour. Indepth 
interviews in Malawi with over 100 farmers who used agro
ecological practices found that many smallscale farmers 
did not consider agroecological practices to be more labour 
intensive, but instead redirected their labour to their farms, 
instead of offfarm labour during times of food shortages. 
Intercropping could reduce labour due to reduced weed
ing requirements. Other farmers did find crop diversification 
and compost production more labour intensive, and reported 
tradeoffs with child care and leisure (Bezner Kerr et al., 2019b). 

Overall impacts that agroecological approaches have 
on income and livelihoods is also a research gap. A number 
of studies have reported that agroecology can increase 
incomes by diversifying the crops and animals that can be 
sold, reducing purchased inputs and associated debt loads 
(Padulosi et al., 2015; Bharucha et al., 2020). Our research 
in Malawi with over 1000 households found a significant 
increase in both food security and income for those house
holds using agroecological practices (Kanmennang et al., 
2017). Some of the increased income arises from reductions 
in purchased inputs, but we also found evidence of increased 
social capital arising from farmer networks (Kansanga et al., 
2020). In regions where labour is more available than capital, 
particularly for smallscale farmers, such as south Asia or 
subSaharan Africa, laboursaving practices may not be desir
able. The increased use of laboursaving technologies such 
as herbicides or mechanisation can actually reduce employ
ment opportunities for low income rural workers and reduce 
the viability of farming for smallscale farms. In contrast, 
agroecological principles, which emphasize localized econo
mies with shorter value chains, can support increased local 
food businesses (Loconto et al., 2018). Regional or territorial 
approaches can be important to support diversified liveli
hoods and local economies. One global metareview found 
that diversified farming systems increased employment in 
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having more of a say in farming, while men reported greater 
involvement in childcare and household work (Bezner Kerr 
et al., 2019b). Communities also mobilised to share seeds, 
knowledge with other villages, helping to build social capi
tal (Bezner Kerr et al., 2018; Kansanga et al., 2020). 

At a regional scale, in southeast France, the Drôme Valley 
has a strong network of cooperatives, organic farmers and 
organic supply chains, supporting livestock rearing, wine, 
cereal, fruit and lavender production (INSEE, 2011). A collabo
ra tion between the regional government, cooperatives, 
farmers and local businesses supported knowledgeex
change groups for organic production, a largescale food 
hub and vegetable processing factory, alongside public 
procurement of organic foods for school canteens and day
care centres. Diversified organic production and local con
sumption has increased significantly alongside local business 
opportunities in the valley (Wezel and David 2012; Bui, 2015; 
IPESFood, 2018). 

In Brazil, there is evidence that social mobilisation led 
to increased land access and public procurement policies 
such as the ‘National School Feeding Programme’. It also 
supported farmers who have diversified farm products, and 
provides a premium for certified organic and agroecological 
production. It also increases agrobiodiversity onfarm, and 
reduces input intensity, particularly for larger farms (Valencia 
et al., 2019). Farmers also invested more in soil health with 
increased application of manure and compost (Blesh and 
Wittman, 2015). Farmers reported that they shifted from low 
diversity, high input farming systems to diverse, low input 
systems, in part because of the guaranteed, stable source of 
income from the national school feeding programme, along
side the support from nongovernmental organisations and 
farmer organisations (Guerra et al., 2017; Valencia et al., 2019). 
The ‘Bolsa Familia’ programme, part of the ‘Zero Hunger’ 
strat egy, provided cash stipends for low income households 
that also helped boost local economies, and allowed many 
farm labourers to become independent farmers. Small scale 
produc ers were linked with schools for the supply of fresh 
nutritious meals. School lunch programmes reduced in cost 
while improving in food quality: the offering of fruits and veg
etables in schools increased from 28 % and 57 % in 2004 to 
62 % and 80 % in 2006, respectively (Wittman and Blesh, 2017). 

6 Conclusion

Many scientific and policy reports have noted the need to 
transform food systems to ensure the longterm sustain
ability of our planet and communities. Most policy efforts, 
however, tend to focus on technical, agronomic fieldlevel 
initiatives or changes in individual consumer behaviours (e.g. 
Willett et al., 2019; Springmann et al., 2018). Such efforts are 
likely to replicate the same forces that benefit from the cur
rent food system. Agroecology is a transformative approach 
that brings together environmental, social and politi cal 
aims. One important aspect of agroecology is a focus on 
power inequities through addressing social, economic and 
political dimensions of food production (HLPE, 2019). While 
there is considerable evidence of its potential, there are also 

major barriers to using agroecological approaches, since this 
approach tackles power inequities at multiple scales, such as 
the concentrated power of input suppliers and retailers in the 
food system, and gender inequities, through increasing both 
producer and consumer agency (HLPE, 2019). Eff ective trans
formation will require concerted attention to tackling such 
power dynamics, alongside the complex, context specifi c 
questions of effective ecological methods of food production 
(Anderson et al., 2020). Although further investments in the 
analysis of impacts of agroecological ap proaches on labour, 
employment, global and regional food production and health 
outcomes are needed, there is considerable evidence to date 
which supports agroecology’s potential to meet social, eco
nomic, health and environmental priorities in society.
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1 Reasons for a fundamental redesign of 
agricultural systems

The rationale and ambition for a deep redesign of agricultural 
and food systems in Europe is developed in this paper and 
based on three main documents: The Treaty on the Function-
ing of the European Union (TFEU) (EU, 2016), the priorities of 
the European Commission for the future Common Agricultur-
al Policy (CAP) (EC, 2018) for the 2021–2027 period, and the 
European “Green Deal” (EC, 2019). The major issues we hereby 
address are climate change adaptation and mitigation, man-
agement of natural resources, conservation and restoration 

of biodiversity and enhancement of ecosystem services, and 
economic and societal aspects. Then we outline essential 
components for an agroecological Green Deal in Europe.

1.1 Environmental dimension
Three major documents frame the future of farming and its 
relationships with environment in the European Union. 

First, Article 191 of the TFEU states that “Union policy on 
the environment shall contribute to pursuit of the following 
objectives:

 y preserving, protecting and improving the quality of the 
environment,
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 y protecting human health,
 y prudent and rational utilisation of natural resources,
 y promoting measures at international level to deal with 

regional or worldwide environmental problems, and in 
particular combating climate change”.

Second, the European Commission summarised its prior-
ities for the future CAP for the 2021–27 period in nine general 
objectives reflecting the economic, environmental and social 
importance of the policy:
1. Support viable farm income and resilience across the 

European Union (EU) territory to enhance food security;
2. Enhance market orientation and increase competitive-

ness including greater focus on research, technology and 
digitalisation;

3. Improve farmers' position in the value chain;
4. Contribute to climate change mitigation and adaptation, 

as well as to sustainable energy;
5. Foster sustainable development and efficient manage-

ment of natural resources such as water, soil and air;
6. Contribute to the protection of biodiversity, enhance eco-

system services and preserve habitats and landscapes;
7. Attract young farmers and facilitate business develop-

ment in rural areas;
8. Promote employment, growth, social inclusion and local 

development in rural areas, including bio-economy and 
sustainable forestry;

9. Improve the response of EU agriculture to societal 
demands on food and health, including safe, nutritious 
and sustainable food, as well as animal welfare.

Third, the European Green Deal recently recognised that 
“Food production still results in air, water and soil pollution, 
contributes to the loss of biodiversity and climate change, 
and consumes excessive amounts of natural resources, 
while an important part of food is wasted. At the same time, 
low quality diets contribute to obesity and diseases such as 
cancer” (EC, 2019).

Reaching the objectives of the TFEU and the priorities 
of the future CAP for the 2021–27 period requires a major 
change in the way agriculture is practiced and a reform of 
current policies for reducing the negative impacts identified 
in the European Green Deal.

Conditioning the level of financial support to European 
farmers to the area they use for their crops or grasslands and 
the animals they raise, from the budget of the 1st pillar of the 
CAP, while encouraging them to invest in powerful machinery 
and large infrastructure on the basis of the 2nd pillar budget, 
is far from being neutral with regards to the management of 
natural resources. 

The agro-environmental and climatic measures of the 
2nd pillar mitigate these effects, but in a very limited way 
(Kleijn et al., 2006; Pe’er et al., 2017, 2019, 2020). The final 
results remain largely negative for environmental quality and 
bio di ver sity. Biodiversity indicators, e.g. the common farm-
land bird index, continue to decline while the common forest 
species index is stable or increases (Pan-European Common 

Bird Monitoring Scheme, 2020; Pe’er et al., 2014). This situation 
is hardly surprising as these measures are applied to a mod-
est part of the agricultural area (17 % of the agricultural area 
in EU27 excluding UK in 2018) (Agri-Food Data Portal, 2018) 
and only a limited part of these measures efficiently restore 
biodiversity, while the vast majority of the agricultural area 
remains hostile.

In the current “CAP vehicle”, the 1st pillar acts like an 
accelerator of environmental degradation, while the 2nd 
pillar acts partially as a brake. As the 1st pillar benefits from 
more fuel (budget) than the 2nd, the vehicle continues to 
move very quickly towards soil degradation, greenhouse gas 
emissions, loss of biodiversity and destruction of habitats.

However, the CAP is not the only mechanism that fuels the 
intensification of agriculture. The close relationship between 
input retailers and farmers is ambiguous. The main farmers’ 
advisers are indeed also the sellers of commercial inputs 
despite the existence in some countries of ad vi sory services 
financed by the State. This has led to excessive use of these 
products (Eurostat, 2013). Input trade and agricul tural advice 
should be separated. Despite of policies to reduce pesticide 
use there is even an increase as illustrated for example with 
France which has an increased consumption in the last years 
by about 14 % (Lamichhane et al., 2019), and has had the high-
est ever consumption of pesticides in 2018 (Eurostat, 2019).

By exerting a strong pressure on product price, super-
market chains encourage farmers to prioritise yields at the 
expense of food quality (Mayer, 1997; Marles, 2017). This also 
leads to excessive input use.

Farmers are currently part of a long industrial chain that 
starts from a fossil fuel pit and includes also notably the 
agro-industries that produces inputs, input retailers, agro-
food industries that processes agricultural products, and 
food retailers. It is therefore justified to qualify this agriculture 
as industrial.

The following sections (1.1.1 to 1.1.4) develop a diagnosis 
of the current situation regarding the environmental EC prior-
ities for the future CAP.

1.1.1 Climate change mitigation and adaptation, 
and sustainable energy
Soils managed under industrial cropping systems lost a large 
part of their natural fertility since the early 1960s (Bellamy et 
al., 2005; Goidts and Van Wesemael, 2007; Gobin et al., 2011; 
Jones et al., 2011).

The specialisation of farms has led to dramatic simplifi-
cation of cropping systems, in which crops, livestock and 
forestry, once integrated, have become separated and 
intensified, leading to a very high level of specialisation and 
dependence on external, synthetic inputs (Peeters, 2012). As 
a consequence, arable land under current industrial systems 
receive now much less inputs of carbon in the form of farm-
yard manure or organic residues.

Moreover, deep ploughing and other intensive soil tillage 
techniques have destroyed soil structure and, together with 
the intense use of synthetic nitrogen fertiliser, degraded and 
oxidised soil organic matter, releasing huge amounts of CO2 

into the atmosphere (Krištof et al., 2014; Reicosky, 1997).
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1.1.3 Protection of biodiversity, enhancement 
of ecosystem services and preservation of 
habitats and landscapes
Sixty years of industrial agriculture have had a huge and 
unprecedented negative impact on the different forms of 
biodiversity in rural areas. In fact, overexploitation and agri-
culture have been recently recognised as the most prevalent 
threats for several species, especially endangered ones (Max-
well et al., 2016). The mechanisms that explain this biodiver-
sity decline vary by organism and habitat. They can be either 
physical (e.g. homogenisation of habitat and landscape; 
elimination of ecological infrastructures; changes in grass-
land cutting frequencies and stocking rate; ploughing and 
other intensive tillage practices in arable land), chemical (e.g. 
application of synthetic nitrogen in grasslands that favours a 
small number of fast-growing plant species compared to all 
other species, agrochemicals that directly suppress target and 
non-target plants, insects or fungi), or mechanical through 
the traffic of heavy agricultural machinery and the tools used 
for tillage, weeding and harvesting (e.g. tillage done quickly 
after harvest thanks to the increasing power of tractors buries 
fallen grain that become inaccessible to birds that once used 
them to build up pre-wintering or migration body reserves) 
(Henle et al., 2008; Pe’er et al., 2014).

These physical, chemical and mechanical mechanisms 
can be direct or indirect. The use of herbicides, for example, 
has a direct effect in eliminating or drastically reducing the 
abundance of dicotyledonous plant species and an indirect 
action in reducing the abundance of pollinating insects for 
which these plants are a food source, and that of birds feed-
ing on these insects. The application of pesticides eliminates 
many of the needed beneficial insects that can reduce crop 
pests, but also pollinators necessary for the production of 
fruits and vegetables (Ndakidemi et al., 2016).

Land use change imposed a drastic change in agricultur al 
landscape, generating several detrimental effects to habitats 
and biodiversity; a main example is the large proportion of 
hedges and hedgerows networks that have been removed 
or degraded, to facilitate the movements in the fields of 
machines of increasing size. Additionally, drainage of wet-
lands, for “enhancing” the areas and providing new agricul-
tural land, has led to drying of several important biotopes. 
As a result, many habitats have disappeared from landscapes 
and been replaced by large, much more uniform blocks of 
land (Stoate et al., 2001, 2009).

What is now becoming dramatically evident is also that 
the loss of habitat and biodiversity are contributing to the 
emergence of diseases in wildlife that may be sources of 
new severe infections in humans (Sattenspiel, 2001; Johnson 
et al., 2020)

1.1.4 Response of EU agriculture to societal 
demands on safe, nutritious and sustainable 
food, as well as animal welfare

The diversity of food products, especially fruits and 
vegeta bles, has increased in Europe in recent decades, mainly 
thanks to the import of tropical products or products long 
consumed in Europe but produced today in countries of the 

In addition, the production of soluble nitrogen fertilisers, 
which are applied widely and in high quantities, requires 
very large amounts of fossil energy for the industrial fixation 
of atmospheric nitrogen through the Haber-Bosch process. 
This process therefore contributes to further significant 
emission of greenhouse gases (Kyriakou et al., 2020). 

Since highly simplified agroecosystems are also very like-
ly to suffer from weeds, pests and diseases outbreaks, agro-
chemical use, which requires intense use of fossil energy for 
their production and application), is stable or still growing in 
some countries (Eurostat, 2020a). 

The total energy efficiency of agricultural production has 
declined considerably in recent decades, being now inverse-
ly proportional to the amount of fossil energy injected into 
the agricultural and food systems. Pimentel and Heichel 
(1991) calculated for instance energy flows in hand-powered 
sustainable agricultural systems, in draft animal agricul tural 
and agroforestry systems, and in contemporary intensive 
agriculture which provides an idea about the historical evo-
lution of energy efficiency of agricultural systems in Europe. 
It is now estimated that “every calorie of food energy pro-
duced and brought to the table represents an average of 
7.3 calories of fossil energy inputs” (Heinberg and Bomford, 
2009). 

Climate change mitigation and adaptation in industrial 
production systems pose a significant challenge, since the use 
of few species grown in monocultures with low genetic diver-
sity are much more vulnerable to climate and biotic stresses 
(Altieri et al., 2015). When combined with low levels of organic 
matter in soils – that reduces soil water holding capacity and 
nutrient cycling – it results in strongly decreased resilience of 
farming systems towards disturbance from climate change 
(Lal, 2004; Iglesias et al., 2012).

1.1.2 Sustainable development and efficient 
management of natural resources such as  
soil, water and air
The recent development in agriculture has not led to sustain-
able and efficient management of natural resources, but 
rather the contrary. Soils have been heavily degraded since 
the 1960s, mainly because of the processes referred to in 
section  1.1.1. They have lost a significant portion of their 
natu ral fertility. Their structure has deteriorated, resulting in 
significant erosion and lower water holding capacity. Soil life 
has been greatly reduced in biomass and in diversity espe-
cially with regard to fungi and earthworms (Hiederer, 2018; 
Mission Board for Soil health and food, 2020).

The overuse of nitrogen and phosphorus fertilisers and 
agrochemicals such as herbicides, pesticides and fungicides 
used in industrial agriculture have polluted many surface and 
ground water (European Environment Agency, 2018). 

The atmosphere has been polluted not only by CO2 
emissions caused by the processes described in section 
1.1.1, but also by N2O emissions from synthetic and organic 
nitrogen fertiliser use. The atmosphere has also been conta-
minated by some agrochemicals, especially at the time of 
application to crops, harvest operations and by the excess 
and improper use of these chemicals (Dubus et al., 2000).
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South, for example in the counter season. These products do 
not always meet the Application of Sanitary and Phytosani tary 
Measures (the “SPS Agreement” of the WTO) (EU, 2000). The 
production of such fruits and vegetables in these countries 
can have disastrous consequences. For example, the rapid 
development of avocado cultivation in Mexico has led to mas-
sive deforestation in the wooded mountains of Michoacan 14. 

Studies have shown that the nutritional values of many 
foods have decreased during the 20th century, particularly 
with regard to their mineral and vitamin content as a result 
of the use of industrial farming techniques and new more 
productive cultivars (Mayer, 1997; Marles, 2017).

In the meantime, the European Union has increased its 
domestic protein production deficit, largely due to a signifi-
cant gap in legume production for food and feed compared 
to what is needed, feasible and desirable (Zander et al., 
2016). This contributes to diet unbalances in both humans 
and livestock.

Feeding livestock with grains (cereals, soybean) instead 
of grass has not only negative environmental implications, 
but also affects the fatty acid composition of meat and dairy 
products. Total fatty acids, saturated fatty acids and omega-6/
omega-3 levels have increased. In contrast, Combined Linoleic 
Acid levels, with anti-cancer properties, have declined (French 
et al., 2000; Alfaia et al., 2009; Saini and Keum, 2018; Davis et al., 
2020). A large proportion of grains in livestock diets has also 
negative impacts on animal health, leading to excessive use of 
veterinary medicines (EFSA, 2008). This applies to ruminants 
that can potentially be fed on grass only but also to monogas-
trics that can use up to 30 to 50 % of grass in their diet (Crawley, 
2015; Stødkilde et al., 2018).

However, it is mainly food processing and additions of 
sugar, saturated fatty acids and salt, downstream of agricultur-
al production, that are known to cause obesity, malnutrition, 
and related non-communicable diseases (Swinburn et al., 
2019). Changes in consumption habits and an increase in the 
share of processed products in diets are the main cause of 
major public health problems, with collective costs account-
ing for 10 to 12 % of total health care costs and that will soon 
exceed those of alcohol or tobacco-related diseases (WHO/
FAO, 2002). Although this is not a direct consequence of the 
CAP, it should be duly taken into account in an agricultural 
and food policy approach. 

Factory farming of pigs, poultry and sometimes cattle 
cause promiscuity problems resulting in the spread of dis-
eases, that are partly controlled by antibiotics. Routine and 
preventative antibiotic use induce the development of 
resistance phenomena, selecting also human pathogenic 
bacteria and posing a threat to the entire society. Regarding 
animal welfare, stress is permanent for these sensitive ani-
mals, raised in conditions far from those of their wild ances-
tors and that do not allow the expression of basic social 
behaviours (D’Silva, 2006; Anomaly, 2015). Moreover, factory 
farming creates favourable conditions for the emergence of 
future human pandemics (Anomaly, 2015).

14 www.wri.org/blog/2020/02/mexico-avocado-industry-deforestation

1.2 Economic dimensions
The importance of agricultural production in the EU, as well 
as food abundance on supermarket food shelves, give the 
impression that the system is highly productive. In reali-
ty, the agricultural and food system of the EU has become 
much more import-dependent 15, more unequal, less resilient 
at both the macro- and micro-economic levels, and finally 
with a low level of food security and sovereignty. It has also 
become less value-adding and more value-extracting out of 
our collec tive natural capital. This can be reviewed against 
the CAP objectives, as set out in the treaties. Article 39 of the 
TFEU (EU, 2016) states that “the objectives of the common 
agricultural policy shall be”:

a) “to increase agricultural productivity by promoting tech-
nical progress and by ensuring the rational development of 
agricultural production and the optimum utilisation of the 
factors of production, in particular labour”;

Far from being optimal, the use of production factors 
has been strongly skewed by the combined impact of vari-
ous policies on their relative prices. As in other sectors, the 
cost of labour, whether self-employed or salaried, is subject 
to compulsory levies, taxes and social contributions, while 
investment is helped by subsidies, and in many member 
states, agricultural fuel oil is benefitting from tax exemption. 
The main CAP subsidy being paid per hectare also skews the 
production model in favor of larger farms despite the fact that 
it is often captured by landowners, not necessarily farmers 
(Neill and Hanrahan, 2013; Valenti et al., 2020). Hence, labour 
productivity as measured by value added (VA) per full time 
equivalent (FTE) (VA/FTE) has been maximised at the expense 
of other factors of production. This model of specialisation 
and monoculture has also become increasingly extractive in 
value on “nature capital” through the destruction of natural 
assets and the production of negative externalities. 

b) “thus to ensure a fair standard of living for the agricultural 
community, in particular by increasing the individual earn-
ings of persons engaged in agriculture”; 

The increase in the income of those working in agriculture 
has been the corollary of the increase in VA/FTE, with a dras-
tic reduction of the labour force in agriculture. A signifi cant 
segment of farmers is kept below the poverty line promoting 
a continuous flow of people and families leaving the agricul-
tural sector with social deleterious consequences. This model 
is economically justified by the fact that it pretends to select 
the best performing players. It is now clear that rather than a 
“selection of the fittest”, the system selects to a large extent 
the most “extractive players”, in terms of tapping nature capi-
tal. The VA of agriculture is largely over- estimated as it hides 
a value extracted from our collective net asset. For the US, 
Muller et al. (2011) estimate the gross external damages of 
agriculture up to 38 % of the VA.

15 Although, it can be argued that the EU is a net exporter of agricultural 
products and food, that does not include the direct and indirect depend-
ency on fossil fuels which is nearly entirely imported.

http://www.wri.org/blog/2020/02/mexico-avocado-industry-deforestation
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c) “to stabilise markets”; 
Prices for agricultural inputs and outputs are largely 

globalised, and the CAP has little influence on them. How-
ever, by favouring a specialised agribusiness model that com-
petes globally rather than favouring mixed farms to meet 
local demand and support local communities, the CAP has 
exposed an increasing share of farmers to fluc tuations in 
world prices. Farmers find themselves “price takers” in the 
face of highly concentrated sectors upstream (seeds, fer-
tilisers, equipment) and downstream (purchasing centres 
from retailers and processing industries). This has con trib-
uted to a much faster increase in input prices relative to that 
of agricultural products, and thus to the erosion of farmers' 
incomes. Over the last three decades, the output price indi-
ces progressed by an average of 1.1 % per year, while the 
price of most of the inputs increased by around 3 % yearly 
(own calculations on the basis of data from IMF, World Bank, 
USDA, Eurostat, Fertilizer International). The deterioration 
of the “terms of trade” for farmers is illustrated by the con-
trast between evolution of the VA in volumes which grew 
steadily over the last two decades by around 0.7 % p.a., 
while the VA deflated by the consumer prices declined by 
around -0,8 % p.a. over the same period (Eurostat, 2020b). 
It should be noted, that after a strong decline in the first 
decade it started to recover between 2010 and 2018, thanks 
to the reduction of the intermediate consumption which 
peaked at 57.7 % of the production in 2009 to decline to 
54.1 % in 2018.  

d) “to assure the stability of supplies”; 
Supply security goes hand in hand with the resilience of 

the sector. While there is a strong decline in environmental 
resilience (see section 1.1), economic resilience also raises 
questions both at the farm and macroeconomic levels. At 
the micro level, the resilience of specialised farms (which 
are by definition very simplified in terms of products, and 
exposed to price fluctuations as explained above), is inevi-
tably lower, as evidenced by repeated crises in multiple 
sub-sectors. At the macro level, the massive dependence of 
the production model on fossil fuels almost entirely im port-
ed from a limited number of non-European regions makes 
security of supply very precarious in the event of geopoliti-
cal or other crises especially in the Middle East or Russia 
(Darnhofer, 2014).

e) “to assure that supplies reach consumers at reasonable 
prices”. 

The CAP has certainly helped to reduce the cost of food 
for consumers in the available income of European house-
holds. However, downward pressure on prices has contrib-
uted to the development of production methods that have 
favoured the quantity and standardisation of products at 
the expense not only of the environment, but also of the 
nutrition al quality of the products (see section 1.1.4). On the 
other hand, it would be natural that farmers receive a fair 
price for their products.

1.3 Social and societal aspects
Among the priorities of the European Commission for the 
future CAP for the 2021–27 period (EC, 2018), priorities 1, 3, 7, 8 
and 9 (see section 1.1) are related to social and societal topics.

The social question in agriculture is strongly related to 
the profitability of farming activities and with risk percep-
tion especially by young farmers. Moreover, access to land 
is difficult for young farmers. The average farmers’ age in the 
EU is close to 55 years. There is a great lack of generational 
renewal (European Parliament, 2020). The number of farmers 
is thus still declining very fast (Eurostat, 2018). The number of 
farms in the EU decreased for instance by about 30 % in the 
short period between 2005 and 2016 (Eurostat, 2020c). There 
is a high risk that in 5 to 10 years’ time the number of family 
farms will be extremely low in the EU. 

1.4 Recent developments
Compared to the former CAP, the current proposition of 
the European Commission introduced the concept of ‘eco-
schemes’ on top of the existing conditionality rules of the 
1st pillar. These eco-schemes complete the range of the 
‘agro-environmental and climate measures’ of the 2nd pillar. 
The support to organic farming is now included in the eco-
schemes. They include also supports to agroforestry, carbon 
farming, precision farming, and a package of measures such 
as enhanced crop rotation, better fertilisation, and the imple-
mentation of an ecological network on the farm.

The new, enhanced version of conditionality is presented 
as essential for mitigating climate change, conserving biodi-
ver sity, protecting wetlands and peatlands, improving animal 
welfare and food safety. 

If the reform of conditionality and the introduction of the 
concept of eco-schemes are steps forward for more sustain-
able systems, they don’t adopt a holistic approach and are 
thus not sufficient for implementing agroecological systems.

The revival of farm independent advisory services is cer-
tainly very positive on the condition that advices stimulates 
farmers to move into the right direction.

Another positive objective is the attempt to build a fairer 
subsidy distribution system for reducing the inequalities of 
the current system (about 80 % of the amount of subsidies are 
distributed to about only 20 % of all beneficiaries). The pro-
ject is to achieve this objective by the capping of subsidies at 
100.000 Euro/year per farm in order to better support small 
and medium-size farms. Although this objective is laudable, 
it is unlikely that it will be sufficient for reversing the trend of 
the fast farmers’ population decline.

The CAP has to contribute at least 40 % of climate- related 
expenditure. However, without a system change the con-
crete impact on the mitigation of climate change will be 
modest. Without this change, fossil fuel consumption for the 
synthesis of nitrogen fertiliser and for agricultural machines 
for instance, will not be sufficiently reduced. Not enough 
carbon will be sequestered in agricultural soils. The trend of 
carbon dioxide and other GHG emissions will be maintained 
or even increased.

The latitude for member states to largely adapt the 
European Commission proposals through their national 
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CAP strategic plans is likely to decrease the efficiency of the 
CAP reform proposal given the lack of enthusiasm of certain 
member states to improve the impact of their agricultural 
systems on the environment.

The ‘Farm to Fork strategy’ of the Green Deal aims at 
developing a fairer, healthier and more environmentally 
friendly food system. With regard to food quality and the 
stimulation of food processing and retailing by farmers, only 
an ‘Action Plan’ has been drafted at this stage. An implemen-
tation and financed programme has still to be designed and 
adopted.

2 The principles and goals of the reform

2.1 The guiding principles
In 1992, the CAP was radically reformed to integrate the 
rules of international trade and avoid the perverse effects of 
the previous policy, including surplus production. Support 
mechanisms through minimum prices have been replaced 
by direct aid, mainly per hectare and livestock head.

The perverse effects of the current policy, despite some 
corrections introduced since then, must lead to a new reform 
of the same magnitude. It must also be part of the Union's 
objectives set out in the Green Deal in terms of carbon 
neutral ity by 2050, safeguarding biodiversity, reducing the 
use of agrochemicals and synthetic fertilisers, and the nutri-
tional quality of production accessible to all.

The two overarching principles of the reform proposed 
in this paper should be:

First: “Do not harm”, the cornerstone of the European 
Green Deal. This means that all the current measures of the 
CAP that induce unsustainable production models or behav-
iours should be phased out. 

Second: “Public money for public good”. Taxpayers’ 
money should not be used for supporting the production of 
marketable goods or services, as it introduces market distor-
tions and biases in the production modes. Marketable goods 
and services should be paid by market prices. This should be 
helped by favouring production for local markets and value 
added and differentiated products. Taxpayers’ money should 
be essentially, if not exclusively, used to support the produc-
tion of public goods such as biodiversity, healthy soils, clean 
water and air, healthy food, diversified landscapes. A real pro-
duction of public goods by farmers, that is not remunerated 
by the market, is expected. This public good production is 
also a positive element for agricultural production as it con-
serves and restores agricultural biodiversity and soil fertility.

2.2 The main goals of the reform proposed
The main objectives of the CAP as stipulated in Article 39 
of the TFEU remain valid and should not be forgotten. They 
should be implemented with the following additional features 
to fully embed the sustainability dimension.

2.2.1 Ecologically based agriculture
Climate and biodiversity crises must be taken into account in 
a new European agricultural and food model. Soil will need 
to be regenerated by sequestering carbon (Freibauer et al., 

2004), improving fertility and increasing their microbial, flo-
ral and faunal diversity. This will have the positive effect of 
controlling pathogens and reducing disease as well as better 
coping with more frequent and intense weather anomalies. 
Habitats and agricultural, functional and heritage biodiver-
sity will need to be restored and conserved. This will reduce 
pest populations. All of this will support mitigation of climate 
change and increase the resilience of agricultural systems to 
extreme weather events.

Transformed as such, agriculture will become more resili-
ent and crop yield could be maintained. Nevertheless, agri-
culture will also have to become less reliant on fossil fuel. It 
will have to reduce drastically the use of synthetic fertilisers 
and agrochemicals, and of livestock feed imported from 
other continents, mostly produced in unsustainable ways. It 
will have to sell most of its products in short and local food 
supply chains.

2.2.2 Agricultural aid, climate and biodiversity
The time has come to no longer pay farmers to practice their 
job according to a business-as-usual model because the pric-
ing mechanisms do not allow them to be paid sufficiently 
and fairly for their work. Agricultural aids should be paid on 
the basis of the production of common (or private) goods 
enjoyed by society as a whole, namely ecosystem services 
and biodiversity. This would make sense to taxpayers and 
give agriculture new prospects.

The European Green Deal stipulates that “European 
farmers and fishermen are key to managing the transition. 
The Farm to Fork Strategy will strengthen their efforts to 
tackle climate change, protect the environment and preserve 
bio di ver sity. The common agricultural and common fisheries 
policies will remain key tools to support these efforts while 
ensuring a decent living for farmers, fishermen and their 
families”. The Commission’s proposals for the Common Agri-
cultural Policy for 2021 to 2027 stipulate that “at least 40 % of 
the common agricultural policy’s overall budget and at least 
30 % of the Maritime Fisheries Fund would contribute to cli-
mate action” (EC, 2019).

2.2.3 Maintaining family farms and vibrant 
rural communities
Creating new perspectives for European family farms would 
require increasing their profitability by decreasing production 
costs, especially those of commercial inputs, and increasing 
revenue by targeting quality products, by processing the 
products and selling them in short and local supply chains, 
at least partly. Complementary activities such as agritourism 
or part-time jobs are also possible solutions. Decreasing input 
use is feasible by replacing fossil-fuel based products by the 
ecosystem services provided by biodiversity (e.g. nitrogen fer-
tilisers by biologically fixed nitrogen by legumes, in sec ti cides 
by natural enemies of crop pests). This is perfectly possible 
since species of the agroecosystem can biologically fix large 
amounts of nitrogen, can regulate weeds, pests and dis eases, 
support recycling of nutrients, and secure pollination and 
other vital functions. This requires the strong development 
of agroecological practices (Wezel et al., 2014) on large scales 
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for the restoration of soil life with reduced or no-tillage; con-
tinu ous soil cover; direct seeding into cover crops; the devel-
opment of a dense ecological network (such as herbaceous 
strips or hedges); the choice of climate-resilient crop species, 
cultivars and mixtures; intercropping (including agroforestry); 
long and diversified crop rotations; crop/livestock integration; 
rotational grazing; and the use of low-demanding livestock 
breeds that can transform grass into meat, eggs and dairy 
products.

Adopting these practices, measures and strategies would 
greatly facilitate the transmission of farms to the next gen-
era tion, but would also stimulate the creation of jobs in re lat-
ed processing and marketing activities. Maintaining farms in 
rural areas is also an opportunity to develop new activities in 
these areas if economic activities are re-localised, thus also 
contributing to the social revitalisation of rural territories and 
therefore to rural development. 

Since small-scale family farms get much less support 
than large industrial farms while they create more jobs per 
hectare, this trend should be counteracted by an adequate 
mechanism, supporting people and not hectares.

2.2.4 The systemic approach of agroecology
Dealing with crises, developing a system that is truly up to 
the challenge and adopting a systemic approach is essen-
tial. Only this approach can, with the support of analytical 
approaches, respond to the above-mentioned stringent 
issues. This approach should integrate environmental, social 
and economic components while being technically realistic. 
With regard to the restoration of biodiversity, this ecologi-
cally based system should provide favourable conditions for 
life forms on the entire agricultural area and not only on a 
limited area of land.

This system approach exists, and its name is agroecology. 
It has been defined by the Food and Agriculture Organiza-
tion of the United Nations (FAO) in its memorandum “The 
10  Elements of Agroecology” (FAO, 2018) and, in an even 
more detailed manner, in the report of a FAO High-Level 
Panel of Experts on food security and nutrition (HLPE, 2019). 
Agro ecology became increasingly institutionalised within 
United Nations Organizations (Loconto and Fouilleux, 2019).

The agroecological approach redesigns the conventional 
agricultural system based on the principle that the role of 
external inputs can be replaced, or at least strongly reduced, 
by ecological processes, while production levels can be 
maintained.

Thanks to its systemic approach explained above, agro-
ecological systems are often more profitable than industrial 
agriculture as recently shown by a panel of around thirty Euro-
pean scientists (van der Ploeg et al., 2019).

Other agricultural systems or techniques are related to 
agroecology, such as organic farming, biodynamic agricul-
ture, permaculture, conservation agriculture, agroforestry, 
low- in put agriculture, carbon farming, or integrated pest 
control. The most widespread and known system, organ-
ic farming, may be represented by farms that are more or 
less agro  eco logi cal because they adopt agroecology prin-
ciples to a vari able extent. Organic farms are recognised as 

organic because they respect the official organic specifica-
tions under a label, and which gives them access to higher 
subsidies and usually higher prices for their products. The 
respect of these rules is certainly not always sufficient for 
concluding that a farm is agroecological, but it is widely 
acknowledged that organic farming contributed signifi-
cantly to the implementation of more sustainable agricul-
tural systems well beyond the boundaries of this system 
(EC, 2019). In contrast, there is no agroecological label, yet. 
Agroecology is a process of progress based on a progressive 
adoption of the complete set of agroecological principles. It 
is the systemic combination of specific practices related to 
the set of principles that generates the characteristics and 
results described above.

3 Measures for an agroecological CAP

3.1 Support people not hectares
Current subsidies to European agriculture have led to a very 
strong distortion of the relative costs of production factors 
in favour of surface, energy and capital intensity and against 
labour. This distortion has led to highly extractive and un sus-
tain able production models which also contribute to job 
redundancy, unemployment and overexploitation of socially 
weaker workers. That is a clear breach to the “Do not harm” 
principle. Just as the energy transition begins with the phas-
ing out of fossil fuel subsidies, the new CAP must abandon 
subsidies to unsustainable practices and/or conflicting with 
the EU's environmental and social objectives.

In general, agricultural practices compatible with 
respect for the environment, the fight against climate 
change, short circuit feeding, etc. are more labour inten-
sive. It is therefore counterproductive to maintain a policy 
that subsidises most factors of production except the most 
crucial one: labour.

The replacement of subsidies per hectare (or per live-
stock head) with a base income per FTE would correct this 
dis tortion, at least partially, given the usual social and income 
tax levies. This base income would be conditional on strict 
compliance with environmental rules, to a declared activity 
on a farm. 

This base income could be financed not only by the phas-
ing out of the current pillar 1 subsidies that are distributed 
on a surface basis, but also by the introduction of charges on 
practices that contribute to depleting our common natural 
capital (use of agrochemical or chemical fertilisers), based on 
the “polluter pays” principle.

In addition, innovative approaches could be developed 
to sustain the thousands of seasonal workers employed in 
agriculture that are living in precarious conditions.

3.2 Public money to produce public goods
European agriculture provides, or has the potential to provide, 
public (or common) goods that benefit society as a whole. 
Among these, the three main public goods are the sequestra-
tion of carbon in agricultural soils, the restoration of rural 
biodiversity and the development of the ecological network 
that structures landscapes.
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Ecosystem services are declining, and they are better pro-
vided by small-scale farms in a heterogeneous landscape 
matrix (Perfecto and Vandermeer, 2010). However, small-scale 
family farms get much less support than large industrial farms. 
This would be corrected by the basic farmer income proposed 
in section 3.1, strongly conditioned on good environmental 
practices, including on compliance with reduction of nutrient 
excess and pesticide dependency.

As a complement to the former measure (see section 3.1), 
replacing EU and national current subsidies per hectare or by 
livestock head by direct payments for the production of public 
goods in the context of a quality food production would give 
meaning to the CAP. From the farmers' point of view, they 
would no longer be paid to do their ordinary job only, as seen 
to provide high yields for different commodities. The present 
monetary support is a kind of assistance because of the insuf-
ficient profitability of their activity. The future should be the 
production of common goods that are not otherwise paid 
because they are not marketable. From the citizens' point of 
view, their taxes will no longer be spent to the bottom of a 
profit to subsidise a declining sector but for the actual pro-
duction of public goods which they can enjoy and profit 
concretely in a long-term perspective.

The payment per ton of carbon sequestered in soils can 
be based on two alternative systems: periodic and geo-local-
ised analysis of soil carbon content or the adoption of a fairly 
simple grid that assesses carbon sequestration on the basis 
of agricultural practices. When these amounts of carbon are 
assessed, a value must be assigned to the ton of carbon that 
is high enough to motivate farmers to opt for sustainable 
practices (Eco-Logic et al., 2020). The subsidies would be 
reverted in case of reversal of the practices, in application of 
the polluter-payer principle.

The payment based on the length, the density and 
quality of ecological networks is easy to implement. These 
data can be measured by a combination of aerial detection 
(remote sensing) and field record. Then a price must be given 
to the quantity of each type of habitat.

Several agricultural practices, in particular various agro-
ecological practices, that sequester carbon in soils are also 
those that restore, conserve or enhance soil and above-
ground biodiversity. Moreover, the development of the eco-
logical network is the basis for the recovery of biodiversity 
that could spread above the soil surface. However, addi tional 
measures in favour of biodiversity are to be foreseen for the 
conservation of certain habitats or species. Moreover, the 
current agro-environmental schemes provide a good basis 
for pricing these measures.

All these public good related measures supported by 
direct payments have the potential to improve net income 
of farmers and resilience of the agricultural production. The 
two previous main measures, “Support people not hectares” 
and “Public money for public goods”, constitute the two pil-
lars of the reform proposal. The first one aims at stabilising 
farmer’s populations and should thus be seen as transitional. 
It should be abolished when the objective is reached, the sec-
ond measure becoming the central one. The main measures 
have to be completed by accompa nying measures.

3.3 Other measures supporting the transition 
towards agroecology
Even if agroecological farming appears to be more profi table 
than industrial agriculture on the medium-term (van der Ploeg 
et al., 2019), farmers who want to convert to agroecological 
farming face difficulties in the first years. They have to make 
new investments, while soil fertility restoration and adap-
tation of cropping practices take time, and new markets 
have to be developed. New tools adapted to agroecologi-
cal systems and practices are needed. Transition towards a 
new system is thus difficult and risky. 

The implementation of a training network with well-
trained advisers in transition towards agroecological systems 
is therefore essential. Their role would be to mentor farmers’ 
groups. They will help the majority of farmers to avoid the 
mistakes of the pioneers of agroecology. They will facilitate 
and speed up the transition and adaptation of agroecologi-
cal practices to the local pedo-climatic and socio-economic 
context.

A network of innovative agroecological farms should be 
set up and promoted. These farms could be used as “agro-
ecological lighthouses from which principles may radiate 
out to local communities, helping them to build the basis of 
an agricultural strategy that promotes efficiency, diversity, 
syner gy, and resiliency” (Nicholls and Altieri, 2018).

The reduction of current subsidies for large machines 
and buildings will free financial means for the creation of a 
new fund for facilitating the development and purchase of 
agroecological tools and equipment.

Creating land banks (inspired by the French “SAFER” 16 
and other examples) at European scale or in all member 
states would facilitate young and small farmers to buy or rent 
land on the basis of a project that is relevant and consist ent 
with the goals of the ‘Green Deal’ and the future ‘Farm to 
Fork’ programme.

All the previous supporting measures should be co- 
financed by member states.

In coherence with the Green Deal, the CAP should be 
coordi nated with other policies. The context and the ration-
ale of this cross-cutting approach cannot be described and 
justified in this document. It can just be said that this coordi-
nation between the CAP and other policies and the private 
sector is necessary for questions of policy coherence and 
efficiency. 

The phasing out of subsidies on fossil energy and external 
inputs should be implemented in coordination with other EU 
policies and the phasing out of loans to fossil fuel extraction 
and to industrial nitrogen fixation in coordination with the 
private sector (notably banks).

The CAP should also be coordinated with public health 
policies and the private sector for reducing food waste and 
combat obesity, malnutrition, and related non-communicable 
diseases.

16 www.safer.fr
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4 Conclusion

The policy proposed in this paper should result in a better 
distribution of income for farmers and overall a better mar-
gin for their activities. The public good production would be 
supported by taxpayer money, while food production mar-
gins would benefit from the reduction of costly inputs while 
the reorientation of the production toward quality products, 
local markets and value productions should result in better 
prices. Increasing the share of the production devoted to the 
local market and alternative distribution channels, would 
increase the contractual power of farmers as relative to con-
centrated industrial buyers. Overall, the exposure to the vola-
til ity of world prices would be significantly mitigated.

The value for the final consumer would increase in line 
with the improved nutritional quality of the products. This 
should not necessarily be seen as a negative issue under-
mining people’s spending power. It should rather be seen 
as an opportunity to rebalance distribution of added value 
along the food supply chain, while providing consumers 
with acceptable price, better quality food which is value for 
money, empowering them, and reducing food waste. First, 
fair distribution of added value and adequate remuneration 
of farmers will be favoured by short food supply chains typi cal 
of agroecological production. Second, increased supply of 
high quality, local and seasonal food will favour rebalancing 
of food offer and supply thereby diminishing food waste. 
Third, fostering agroecological food systems will (re)educate 
consumers towards values like seasonality of production or 
avoidance of mass purchase of non-fresh and overly pro-
cessed food, and make them aware that they can play an 
active role in fostering local socio-economic wealth, and in 
sustaining their own and environmental health. In this way, 
consumers will also learn what is the dark side of cheap food 
(unbalanced added value distribution, unfair remuneration 
of farmers, environmental degradation, borderline or illegal 
exploitation of seasonal and migrant work). 

Lastly, as negative externalities of the present industrial 
agricultural systems are paid currently by taxpayers, re duc-
ing them will allow reducing needed taxes (to fund also the 
CAP and health care systems) which could counterbalance 
the potential increase of final food prices for consumers as 
mentioned above.
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Organic food and farming in West Africa:
A systematic review
Hamid El Bilali 1

Abstract

Organic agriculture can play a pivotal role in addressing 
different challenges (e.g. poverty, biodiversity loss, climate 
change). However, organic agriculture is ‘knowledge inten-
sive’ and its development requires investments in research 
and innovation. This systematic review casts light on 
research on organic food and farming (OFF) in West  Africa. 
It draws upon a search performed in April 2020 on the Web 
of Science. An overview of both biblio metrics and topics 
addressed in the analysed literature is provided. The ana-
lysed literature indicates that organic agriculture can sup-
port climate change mitigation and adaptation, conserve 
bio diversity and reduce environmental impacts.  However, 
the comparative performance of organic farming is 
site-specific. Similarly, the  organic-conventional yield gap 
depends, inter alia, on crops and cropping practices. Fur-
thermore, different factors hinder the development of OFF 
in West Africa, which include agricultural policy, agronom-
ic research, institutional environment and extension man-
agement, among others. The study concludes that organic 
agriculture is poorly developed in West Africa. Therefore, 

it is recommended that awareness on OFF should be raised, 
organic farmers supported and research on  organic farming 
strengthened to fill the existing knowledge gap and unlock 
the sector potential.

1 Introduction

Organic agriculture is an important alternative to  conventional 
agriculture that can support the Sustainable Development 
Goals (SDGs) (Setboonsarng and Gregorio, 2017; de Schaet-
zen, 2019). There has been an increasing demand for organic 
agri-food products due to the growing consumers’ awareness 
in recent decades. Recent data show that organic agriculture 
was practiced worldwide by 2.8 million farmers on 71.5 mil-
lion hectares in 2018. Meanwhile, the market of organic food 
and drink was worth about 96 ∙ 109 EUR worldwide (Willer and 
Lernoud, 2020). 

There is a growing body of scientific evidence on the 
positive effects of organic farming practices in terms of pro-
moting natural resources conservation (Maeder et al., 2002; 
 Gattinger et al., 2012; Gabriel et al., 2013; Tsiafouli et al., 2015; 
Helm, 2019), reducing emissions (Scialabba and Müller-Linden-
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H I G H L I G H T S 

• There is a huge gap in research on organic food and farming in West Africa 
particularly in Cape Verde, Gambia, Guinea, Guinea-Bissau, Ivory Coast,

 Liberia, Mauritania, Niger, Sierra Leone and Togo. 
• The analysed literature indicates that organic agriculture can support climate 

change mitigation and adaptation, conserve biodiversity, reduce environ-
mental impacts, and enhance livelihoods of farming households.

• Different factors hinder the development of organic agriculture in West Africa, 
e.g. agricultural policy, agronomic research, institutional environment and 
extension management. 

• There is a need to strengthen research on organic food and farming in West 
Africa in order to fill the existing knowledge gap and unlock the sector 
potential.
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lauf, 2010; Tuomisto et al., 2012; Muller et al., 2017), decreasing 
resources (e.g. water and energy) consumption (Tuomisto et 
al., 2012; de Porras Acuna et al., 2018), and improving the pro-
vision of ecosystem services (Sandhu et al., 2010; Robertson et 
al., 2014; Reganold and Wachter, 2016). Organic agriculture is 
also associated with the conservation of both natural biodiver-
sity and agro-biodiversity (Bengtsson et al., 2005; Asigbaase 
et al,. 2019). Furthermore, organic farming performs well in 
terms of social and economic indicators (Kilcher, 2007; Ham-
mas and Ahlem, 2017) and generates high quality products 
(Kluger, 2010; Reganold and Wachter, 2016; Seufert et al., 2017). 
Some studies suggest lower yields in organic farms (Seufert et 
al., 2012; Tuomisto et al., 2012; Reganold and Wachter, 2016), 
which may have implications in terms of achieving food secu-
rity (de Ponti et al., 2012; Seufert et al., 2012; Ponisio et al., 2015; 
Reganold and Wachter, 2016). Some authors note that organic 
yields are sometimes higher than conventional ones in devel-
oping countries (de Bon et al., 2019). Moreover, the outcomes 
of comparing organics and conventional agriculture depend 
on the production context and conditions (Seufert et al., 2012). 
Indeed, organic farming seems relatively more efficient and 
productive in developing countries (Gomiero et al., 2011; Nig-
gli, 2015; Hammas and Ahlem, 2017; Jouzi et al., 2017; Lori et al., 
2017; Qiao et al., 2018). As a result, organic farming is increas-
ingly promoted as a means to address the problems of food 
insecurity and poverty among farming households and rural 
communities in the developing world (Setboonsarng and Gre-
gorio, 2017; Adebiyi et al., 2019). Furthermore, frequent food 
safety incidents and increased consumers’ health awareness 
are associated with an increase in the consumption of organic 
foods (Hsu et al., 2016; Zwierzchowski and Ametaj, 2018). 

Many scholarly publications and technical reports high-
light the environmental, social and economic benefits of 
organic farming, especially in developing countries (Kilcher, 
2007; Seufert, 2012; Setboonsarng and Gregorio, 2017). Organ-
ic agriculture plays an important role in the development of 
rural areas in developing countries (IFAD, 2016). In this context, 
there is a growing interest in the development of organic agri-
culture across Africa. According to UNCTAD and UNEP (2008), 
“Organic agricultural systems are making a significant contri-
bution to the reduction of food insecurity and poverty in areas 
of Africa, and to an improvement in rural livelihoods”. Gama 
and Amudav (2020) suggest that “Organic agriculture (known 
as ecological organic agriculture in Africa) has gained momen-
tum and grown in recognition among farmers, practitioners, 
policymakers and other stakeholders for its significant role in 
addressing food insecurity, land degradation, poverty, and cli-
mate change among other benefits” (p. 186).

Many scholars and practitioners highlight the potential 
of West Africa in organic agriculture (Smith, 2010; De Bon et 
al., 2018). However, West Africa (viz. Benin, Burkina Faso, Cape 
Verde, Gambia, Ghana, Guinea, Guinea-Bissau, Ivory Coast, 
Liberia, Mali, Mauritania, Niger, Nigeria, Senegal, Sierra Leone, 
Togo) lags behind in terms of organic agriculture development 
compared with Northern (e.g. Tunisia, Egypt) and Eastern (e.g. 
Tanzania, Uganda, Kenya, Ethiopia) Africa. Indeed, the share 
of total agricultural land under organic management in West 
 Africa ranges from between about 0.0001 % in Guinea, Liberia 

and Niger to 2.5 % in Sierra Leone (Table 1).
One of the reasons for such weak development of organic 

food and farming in West Africa might be the lack of research 
and development. Indeed, organic farming is often described 
as being ‘knowledge intensive’ (Bliss et al. 2019) and its devel-
opment requires substantial investments in research and inno-
vation. However, there has been no comprehensive  assessment 
of research so far in the region. This paper reviews the scholarly 
literature on organic food and farming in West Africa indexed 
in the Web of Science (WoS) to address this deficiency.

2 Materials and methods

The assessment reported here draws upon a systemat-
ic review of all documents indexed in Clarivate Analytics - 
Web of Science. The PRISMA guidelines (Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses) (Moher 
et al. 2009) were followed. A search was performed on April 
4th, 2020, using the following ‘Title-Abs’-Key search query: 
({organic farming} OR {organic agriculture} OR {organic food}) 
AND (“West* Africa” OR Sahel OR Benin OR “Burkina Faso” OR 
“Cape Verde” OR “Cabo Verde” OR Gambia OR Ghana OR Guinea 
OR “Guinea-Bissau” OR “Ivory Coast” OR “Côte d’Ivoire” OR Libe-
ria OR Mali OR Mauritania OR Niger OR Nigeria OR Senegal OR 
“Sierra Leone” OR Togo). Three inclusion criteria were consid-
ered: geographical coverage (viz. the document deals with 

T A B L E  1
Structure of organic farming in West Africa

Country* Organic area
         

[ha]

Share of organic 
area in total agri-
cultural land [%]

Producers

[no.]

Benin 16,454 0.4 4,030

Burkina Faso 56,663 0.5 26,627

Cape Verde 495 0.6 NA

Côte d’Ivoire 50,574 0.2 2,776

Gambia 20 0.003 NA

Ghana 29,663 0.2 3,228

Guinea 10 0.0001 NA

Guinea-Bissau 835 0.1 NA

Liberia 2 0.0001 NA

Mali 12,655 0.03 12,272

Niger 254 0.001 2

Nigeria 57,117 0.1 1,091

Senegal 7,989 0.1 18,369

Sierra Leone 99,238 2.5 304

Togo 41,323 1.1 38,414

Source: Adapted by Trávníček et al. (2020) based on a survey of the 
Research Institute of Organic Agriculture (FiBL). 
* No data for Mauritania. NA: No available data.
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one or more countries in West Africa); thematic focus (viz. the 
main topic is organic food and farming); and document type 
(viz. only journal articles, book chapters or conference papers 
were selected; letters to editors, commentaries and/or notes 
were excluded). Only documents that met all the three crite-
ria were considered eligible and included in the review. 

The initial literature search yielded 1,032 documents that 
were published between 1990 and 2020. However, at first 90 
documents were screened out based on the titles not rele-
vant to West Africa. A further 835 documents were exclud-
ed based on the abstracts not meeting at least one of the 
inclusion criteria and, finally, 62 documents were excluded 
after the analysis of full texts. Therefore, 45 documents were 
included in the systematic review and underwent bibliomet-
ric and topical analyses. Figure 1, Table 2 and Table 3 summa-
rise the selection process, the list of the selected documents, 
and the topics addressed in the review process. 
This review was not without limitations. Indeed, the review 
results were affected by the search process (viz. considering 
only articles published in sources indexed on the Web of Sci-
ence thus excluding publications in journals not indexed on 
Web of Science as well as the grey literature, e.g. reports) and 
the choice of the search terms. 

Systematic 
review phases

Flow of information

Identification

Screening

Eligibility

Inclusion

Documents
identified on WoS

(n = 1,032)

Documents screened 
based on  titles

(n = 1,032)

Full-texts assessed
for eligibility

(n = 107)

Documents screened 
based on abstracts

(n = 942)

Selected documents
(n = 45)

F I G U R E  1
Systematic review: Articles selection process

Documents excluded
(n = 90)

Documents excluded
(n = 835)

Documents excluded
(n = 62)

T A B L E  2
List of the selected documents

Year Documents 
number

References

2020 1 Avadí et al. (2020)

2019 9 Adebiyi et al. (2019); Amfo et al. (2019); Asigbaase 
et al. (2019); Babalola (2019); Bonouzin et al. (2019); 
de Bon et al. (2019); Emeana et al. (2019); Nicolay 
(2019); Ukeh et al. (2019) 

2018 3 Andriamampianina et al. (2018); Bello and Abdulai 
(2018); Métouolé Méda et al. (2018)

2017 2 Djokoto and Afari-Sefa (2017); Van den Broeck et 
al. (2017)

2016 3 Bello and Abdulai (2016a); Bello and Abdulai 
(2016b); Issaka et al. (2016)

2015 3 Binta and Barbier (2015); Glin et al. (2015);
Vidogbéna et al. (2015)

2014 2 Kleemann et al. (2014); Kloos and Renaud (2014)

2013 13 Adebayo and Oladele (2013g); Adebayo and 
Oladele (2013e); Adebayo and Oladele (2013a); 
Adebayo and Oladele (2013b); Adebayo and 
Oladele (2013c); Adebayo and Oladele (2013f); 
Adebayo and Oladele (2013d); Glin et al. (2013); 
Kleemann and Abdulai (2013); Onumah et al. 
(2013); Ouma et al. (2013); Owusu and Anifori 
(2013); Somé (2013)

2012 7 Adejuyigbe et al. (2012); Aiyelaagbe et al. (2012); 
Alao et al. (2012); Atungwu et al. (2012); Glin et al. 
(2012); Mensah et al. (2012); Probst et al. (2012)

2011 1 Osei et al. (2011)

2010 1 Probst et al. (2010)

T A B L E  3
Topics addressed in the systematic review

Item Description 

Bibiliographical
metrics and research 
geography

Bibliometrics: sources/journals, subject areas, 
authors, institutions/affiliations.
Research geography: West African countries
considered

Topical focus of 
research on OFF in 
West Africa

Agriculture subsectors: crop production (and 
main crops addressed), animal production and 
fisheries

Stages of the food chain (viz. production, pro-
cessing, distribution/ retail/marketing, consump-
tion)

Climate change: adaptation and mitigation

Environmental impacts and biodiversity con-
servation: biodiversity and resilience of farm-
ing  systems; environmental impacts of organic 
 farming vs. conventional farming

Food security and nutrition: food security, nutri-
tion and diets, food safety, quality of organic 
agro-food products

Sustainable rural livelihoods: livelihoods
(cf. income), women and gender,
socio-economics of organic farming

Barriers to and proposals for the development of 
organic food and farming in West Africa
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3 Results and discussion

3.1 Bibliographical metrics and research 
geography
The analysis of the selected documents indicates that re-
search on organic food and farming (OFF) is rather young in 
West Africa. The first document that specifically deals with 
OFF dates back to 2010. The annual output of articles in the 
period 2010-2020 ranges from one (2010, 2011) to a maximum 
of 13 in 2013. The average annual output in the period 2010-
2019 is less than 5 documents. The peak of the number of 
publications in 2013 might suggest that interest in research 
on organics is decreasing and/or that such research has been 
over the last years labelled differently (e.g. agroecology) so 
that it was not identified through the initial search. 

As for sources, the analysis of the results shows that the 
maximum number of articles was published in the ‘Journal 
of Food, Agriculture & Environment’ (4 articles) and ‘Asia 
Life Sciences’ (3 articles). The findings of the research on 
OFF in West Africa were published in 38 further sources and 
journals. Most of the selected articles can be linked to the 
research  areas of agriculture (21 out of 45 articles) followed 
by business economics (9 articles), environmental sciences - 
ecology (6 articles), food science technology (6 articles) and 
science technology (6 articles). The selected publications 
can be categorised in 17 research areas (e.g. biomedi cine, 
anthropology, engineering, geography, sociology, entomol-
ogy), which shows that OFF research draws on a range of 
disciplines. It can be argued that while biological and envi-
ronmental sciences as well as economics are sufficiently 
addressed, social sciences are generally overlooked.

The bibliometric analysis shows that the most promi-
nent, productive authors are Sijuwade Adebukola Adebayo 
 (7 articles), Oladimeji Idowu Oladele (7 articles) and Awudu 
Abdulai (5 articles). The fact that 105 other authors have only 
one article dealing with OFF in West Africa indicates the pres-
ence of a wider range of researchers who are not especial-
ly committed to OFF as a research field. This might be due 
to the absence of structured research projects/programmes 
because of the lack of investments in research on organic 
farming and agro-ecology in African countries because the 
bulk of investments still goes to industrial, conventional agri-
culture (Biovision Foundation for Ecological Development 
and IPES-Food, 2020).

The analysis of countries and affiliations suggests that, 
surprisingly, the most active country in the research field 
is Ghana (9 articles). West African countries mentioned in 
affiliations also include Nigeria (6 articles), Benin (6 articles), 
Senegal (2 articles), Burkina Faso (1 article) and Mali (1 arti-
cle). However, a large share of publications is authored by 
researchers based outside West Africa. These are either in 
Africa (e.g. South Africa, Kenya, Morocco), Europe (e.g. Ger-
many, England, France, Netherlands, Austria, Belgium, Swit-
zerland), North America (e.g. USA) or Oceania (e.g. Austral-
ia). This might be considered as an indicator of the weakness 
of the research systems in West Africa and/or lack of atten-
tion to organic food and farming in the region. Many of the 
promi nent institutions in the research field are based out-

side West Africa. These organisations include the North West 
Univer sity South Africa, University of Kiel (Germany), CIRAD 
(France), Universite de Montpellier (France), Wageningen 
University and Research (Netherlands), Coventry University 
(UK), Michigan State University (USA), University of Natural 
Resources and Life Sciences (BOKU, Austria). However, many 
domestic organisations are active in research on OFF in Nige-
ria (e.g. Federal University of Agriculture Abeokuta, Michael 
Okpara University of Agriculture), Ghana (e.g. University of 
Ghana, University for Development Studies, Kwame Nkru-
mah University of Science and Technology), Benin (e.g. Uni-
versity of Abomey-Calavi, National Institute of Agricultural 
Research of Benin, Parakou University), and Burkina Faso (e.g. 
University Ouaga II).

There are large differences between West African coun-
tries in terms of research on organic food and farming. The 
analysis of the geography of research in the region suggests 
that it is mainly performed in Nigeria (18 out of 45 selected 
documents). This is quite normal, and somehow expected, 
since Nigeria is the largest and most populous country in the 
region. Indeed, it is essential to take into account the coun-
tries’ sizes, which is often associated to their research sys-
tems (e.g. number of scientific articles per million inhabitants 
is used to assess country research performance). Interesting-
ly, Ghana (12 out of 45) and Benin (6 out of 45) are also active 
in the research field. They are followed by Benin (6 docu-
ments), Burkina Faso (3 documents), Mali (2 documents) and 
Senegal (2 documents). There is no article that deals specifi-
cally with OFF in Cape Verde, Gambia, Guinea, Guinea-Bissau, 
Ivory Coast, Liberia, Mauritania, Niger, Sierra Leone or Togo. 
This suggests a lack of research activity in these countries. 
Furthermore, there is no single study that addresses OFF 
in the whole West Africa but there are some multi-country 
studies. For example, Andriamampianina et al. (2018) assess 
the capacity of organic agriculture to address food insecuri-
ty in sub-Saharan Africa with experts from Senegal, Burkina 
Faso and Cameroon. Meanwhile, Probst et al. (2012) investi-
gate the marketing potential of organic vegetables in Benin, 
Ghana and Burkina Faso.

3.2 Agriculture subsectors and food chain 
stages 
Almost all the selected documents deal with crop produc-
tion whereas animal production is overlooked. The majori-
ty of papers focuses on fresh products, such as fruit (Owusu 
and Anifori 2013) and vegetables (Probst et al., 2010, 2012; 
Adebayo and Oladele, 2013c, f, d; Owusu and Anifori, 2013; 
de Bon et al., 2019; Amfo et al., 2019; Adebiyi et al., 2019). A 
number of articles deals with organic pineapple (Osei et al., 
2011; Aiyelaagbe et al., 2012; Kleemann and Abdulai, 2013; 
Kleemann et al., 2014), mango (Ouma et al., 2013) and cocoa 
(Onumah et al., 2013; Glin et al., 2015; Djokoto and Afari- Sefa, 
2017; Asigbaase et al., 2019). As for organic vegetables, some 
papers focus on specific crops such as tomato (Babalola, 
2019) and cabbage (Vidogbéna et al., 2015). Apart from food 
crops, some articles focus on industrial crops such as cot-
ton (Mensah et al., 2012; Glin et al., 2012; Somé, 2013; Kloos 
and Renaud, 2014; Métouolé Méda et al., 2018; Nicolay, 2019; 
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Bonou-zin et al., 2019; Avadí et al., 2020). In general, staple 
crops, especially grains that are destined to the domestic 
market, are overlooked and only a few examples such as 
rice (Van den Broeck et al., 2017), maize (Adejuyigbe et al., 
2012), soybean (Atungwu et al., 2012) and sesame (Glin et al., 
2013) are analysed. Other articles deal with organic farming 
in general and without focusing on any specific crop (Ade-
bayo and Oladele, 2013b, g, e, a; Binta and Barbier, 2015; Bello 
and Abdulai, 2016b, a, 2018; Issaka et al., 2016; Andriamam-
pianina et al., 2018; Ukeh et al., 2019; Emeana et al., 2019). A 
few articles address mixed systems; for example, Alao et al. 
(2012) focus on forages that are relevant for crop production 
and animal husbandry.

As for the stages of the food chain, most of the analysed 
literature deals with either the upstream (e.g. production) or 
downstream (e.g. marketing/consumption) of the food chain; 
intermediate stages (e.g. packing, processing) are often over-
looked. As for production, the selected articles focus on soil 
fertility management (Alao et al., 2012; Aiyelaagbe et al., 
2012; Adejuyigbe et al., 2012; Adebayo and Oladele, 2013b, 
a, g, e; Bonou-zin et al., 2019) or pest management (Osei et 
al., 2011; Mensah et al., 2012; Atungwu et al., 2012), among 
other topics. Articles addressing consumption deal with 
the attitude of consumers towards organic products and/or 
their willingness to pay premium prices for them (Probst et 
al., 2010, 2012; Owusu and Anifori, 2013; Ouma et al., 2013; 
Vidogbéna et al., 2015; Bello and Abdulai, 2016b, 2018; Amfo 
et al., 2019). Some articles take a holistic approach in deal-
ing with organic food and farming. For example, papers that 
analyse certification (Kleemann and Abdulai, 2013; Kleemann 
et al., 2014) often address production rules as well as access 
to market and communication with consumers. Similarly, 
papers that adopt a life-cycle assessment approach analyse 
different stages. For instance, Avadí et al. (2020) assess the 
environmental impacts of Malian cotton during the agricul-
tural and the ginning (cf. post-harvest processing) phases.

3.3 Topical analysis 

3.3.1 Climate change
The analysed literature suggests that organic agriculture can 
mitigate the effect of climate change in West Africa. Avadí 
et al. (2020) argue that Malian organic cotton products are 
similar to literature values in terms of greenhouse gas (GHG) 
emissions. Bonou-zin et al. (2019) found that organic cotton 
causes less GHG emission than conventional cotton in North-
ern Benin. Likewise, Binta and Barbier (2015) show that car-
bon emissions are lower in organic horticultural farms than in 
conventional ones in Senegal (Niayes region). This indicates 
that increasing organic farming can be regarded as a GHG 
mitigation measure.

Organic agriculture is also considered to support adapta-
tion to climate change. For instance, Kloos and Renaud (2014) 
found that organic cotton production reduced the risks of 
extreme climate events thus contributing to the reduction of 
economic risks at household level in Benin. However, Adebi-
yi et al. (2019) pointed out that the perceived vulnerability to 
the  yield and financial losses from heavy precipitation hin-

dered the adoption of organic farming in Nigeria.

 3.3.2 Environmental impacts and biodiversity 
Some papers analyse the relationship between organic farms 
and the conservation of biodiversity. Asigbaase et al. (2019) 
show that organic cocoa farms conserve more native floris-
tic diversity when compared with conventional farms in the 
Eastern Region of Ghana. Adebayo and Oladele (2013d) show 
that vegetable farmers in South Western Nigeria believe that 
organic farming improves soil structure and fertility as well 
as its biological activity. 

Other papers highlight the lower environmental impacts 
of organic farms compared to conventional ones. Following 
their life-cycle assessment (LCA) of conventional and organic 
cotton in Mali, Avadí et al. (2020) suggest that despite com-
paratively lower yields, organic cotton products feature 
 lower impacts than conventional ones due to lower input 
intensity. The main drivers of environmental impacts for 
organic cotton are organic fertilisers and natural pesticides 
(Avadí et al., 2020). However, Bonou-zin et al. (2019) show that 
“although organic cotton producers contribute less to GHG 
emission, they are environmentally inefficient compared to 
their conventional counterparts” (p. 14) in the cotton belt of 
Northern Benin. This clearly shows that the comparative per-
formance of organic farming is site-specific and depends on 
the practices used in organic and conventional farms in each 
context. 

3.3.3 Food security, food safety and nutrition
It is widely believed that productivity is lower in organic farm-
ing, which might have negative implications in terms of food 
security. For example, de Bon et al. (2019) report that cabbage 
and tomato yields are lower in organic farms. Likewise, the 
elicitation of expert knowledge carried out by Andriamam-
pianina et al. (2018) suggests that “the yields of organic sys-
tems are about 41 % lower than the yields of conventional 
systems” in sub-Saharan Africa. However, de Bon et al. (2019) 
note that organic yields are sometimes higher than conven-
tional ones among vegetable producers in Senegal. Beyond 
yields, Issaka et al. (2016) suggest that organic farming has 
the potential to achieve a higher increase in total factor pro-
ductivity in Northern Ghana compared with conventional 
agriculture.

Food safety is one of the determinants of the consump-
tion of organic foods. Organic products are perceived by 
con  sumers as being safer (Amfo et al., 2019). Williamson 
et al. (2008) showed that there is a contrast between the 
increasing attention to food safety and pesticide restrictions 
in export horticulture to Europe and food crops grown for 
domestic markets. Amfo et al. (2019) show that food safety 
consciousness affects organic vegetables expenditure and 
consumption in Tamale (Ghana). Meanwhile, Owusu and 
Anifori (2013) pointed out that, beside socioeconomic char-
acteristics, product cleanness and freshness have a positive 
effect on the willingness of consumers to pay a premium 
for  organic watermelon in urban Kumasi (Ghana). Likewise, 
Probst et al. (2010) found that attributes such as freshness 
and healthy appearance were central to vegetable choices in 
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Kumasi and Accra (Ghana), although consumers were mostly 
unaware of agro-chemical risks. 

3.3.4 Livelihoods
It is widely acknowledged that organic agriculture can 
increase the income and improve the livelihoods of farming 
households and rural communities in developing countries, 
such as those of West Africa. Indeed, premium  prices may 
increase the income of small-scale farmers. In this respect, 
an elicitation of the knowledge of experts in Burkina Faso, 
Senegal and Cameroon (Andriamampianina et al., 2018) 
shows that “the prices of organic products are 34 % higher “the prices of organic products are 34 % higher 
than prices of products from conventional agriculture”than prices of products from conventional agriculture”. Klee-
mann et al. (2014) conclude that organic-certified pineap-
ple yields a significantly higher return on investment (ROI) 
than GlobalGAP-certified pineapple in Ghana, mainly due to 
the price premium. Similarly, Kleemann and Abdulai (2013) 
found that there is a positive relationship between the inten-
sity of the use/adoption of agro-ecological practices and ROI 
among pineapple producers in Ghana. Moreover, the use of 
organic amendments is cheaper than synthetic agrochemi-
cals in West African countries (Osei et al. 2011), which affects 
positively the farm gross margin and, consequently, farmer’s 
income. In this context, Adebayo and Oladele (2013d) argue 
that organic agriculture holds a great potential for  effectively 
contributing to local food security and increased  family 
health at low cost compared to conventional agriculture. 
Using gross margin as economic indicator, Binta and Barbier 
(2015) suggest that organic agriculture is more attractive for 
horticultural producers in the Niayes region (Senegal) only 
where premium prices are available. Kloos and Renaud (2014) 
argue that organic agriculture supports sustainable liveli-
hoods even in the context of changing climate. However, the 
high cost of certification may negatively affect the adoption 
and ROI of certified organic farming (Kleemann et al., 2014). 
Furthermore, organic certification and, consequent, premi-
um prices may limit the affordability of organic products 
(Probst et al., 2010). 

Organic agriculture can contribute to the empower-
ment of different socio-economic groups such as youth and 
 women (Somé, 2013; Kloos and Renaud, 2014). Adebiyi et al. 
(2019) conclude that gender is one of the variables that shape 
the adoption of organic horticulture (e.g. leafy vegetables) in 
Ibadan (Oyo State, Nigeria). Many authors consider gender as 
a factor that affects the adoption of organic agriculture prac-
tices such as minimum tillage (Adebayo and Oladele, 2013b) 
and crop rotation and intercropping (Adebayo and Oladele, 
2013a) in Nigeria. The literature also suggests that the atti-
tude towards OFF is influenced by gender. For example, 
Vidogbéna et al. (2015) show that women in southern Benin 
pay more attention to the safety of products so that they are 
more likely to pay premium prices for organic products.

3.3.5 Barriers to and proposals for the develop-
ment of organic farming in West Africa 
Different factors hinder the development of organic food 
and farming in West Africa. These relate, among others, to 
agricultural policy, agronomic research, institutional environ-

ment and extension management. 
It seems that one of the weaknesses of OFF is that it relies 

on support from a wide range of stakeholders and institu-
tions. In fact, Nicolay (2019) suggests that organic farming 
“depends much more on societal support for extension, 
technology development and policy coherence than com-
mercial farms” (p. 86). In this context, extension and advisory 
services can play a central role in the agro-ecological transi-
tion towards organic farming (Adebayo and Oladele, 2013d; 
Métouolé Méda et al., 2018; Emeana et al., 2019) as they 
are important sources of information on organic farming 
in West Africa. Indeed, Adebayo and Oladele (2013c) show 
that extension agents represent a chief source of informa-
tion for organic vegetable producers in southwest Nigeria. 
Emeana et al. (2019) stress that factors such as research and 
extension management impede organic farming transition 
in Nigeria and call for an ambitious organic agriculture policy 
that supports organic agricultural research and information 
dissemination to farmers by extension services. Also, Issa-
ka et al. (2016) argue that the major constraints confronting 
organic farmers relate to access to extension and farm inputs. 
Kloos and Renaud (2014) report the insufficient availability of 
organic material as one of the obstacles to the development 
of organic farming among cotton farmers in Benin. Like-
wise, Adebiyi et al. (2019) point out that the lack of financial 
resources to hire labour or access organic inputs constrains 
the adoption of organic farming in Nigeria.  Organic produc-
ers face many technical problems and that might explain 
why Onumah et al. (2013) conclude that the organic cocoa 
production system is less technically efficient than the con-
ventional system in Ghana. Indeed, the Ghanaian organic 
cocoa sector is young and needs a lot of education so that 
farmers become familiar with the new practices to bridge the 
gap with conventional cocoa producers.

Many scholars stress the importance of the education 
of both consumers and producers for the development 
of organic farming and organic food market in West Africa 
(Métouolé Méda et al., 2018; Ukeh et al., 2019; Bonou-zin et 
al., 2019). Adebiyi et al. (2019) suggest that “exposing farm-
ers to information about the economic viability of organic 
farming, the potential health effects of chemical pesticides 
and herbicides, and to the knowledge of organic pest and 
soil fertility management can motivate adoption” (p. 16) of 
organic production in Nigeria. Bonou-zin et al. (2019) argue 
that there is a need for more technical support and educa-
tion to improve the environmental efficiency of organic cot-
ton in Benin. There is also a need to raise the awareness of 
extension agents and improve their attitude towards organic 
farming. For that, Adebayo and Oladele (2013d) recommend 
that extension agents’ training should include more messag-
es on organic agriculture techniques. 

Some authors call for paying more attention to  organic 
food and farming in agricultural policies (Probst et al., 2012; 
Emeana et al., 2019). Probst et al. (2012) argue that mar-
ket mechanisms and processes are not enough to develop 
organic farming in West Africa so that public commitment 
is vital to facilitate the change towards organic food and 
farming. Some papers also stress the need to improve the 
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governance of the whole organics sector, as institutional fac-
tors affect the adoption of organic farming (Glin et al., 2012; 
Métouolé Méda et al., 2018; Adebiyi et al., 2019). For instance, 
Adebiyi et al. (2019) suggest that institutional environment 
affects the adoption of organic horticulture (e.g. leafy vege-
tables) in Nigeria. Nicolay (2019) puts forward the view that 
organic agriculture is nested in socio-economic and  political 
networks, which makes its development challenging par-
ticularly for countries with poorly developed institutions and 
weak organisations. Glin et al. (2015) found that the Organic 
Cocoa Network in Ghana is moving towards hybrid govern-
ance arrangements in which the state, which is still a major 
player, is involved along with NGO networks and business-
es. It is evident from the analysed literature that NGOs have 
been playing a prominent role in the development of organic 
farming in West Africa (Glin et al., 2012). 

4 Conclusions

The paper reviews in a comprehensive way research on 
organic food and farming (OFF) in West Africa published in 
sources indexed in the Web of Science. The study concludes 
that OFF is relatively young in West Africa and there is a huge 
research gap in the region in general and in Cape Verde, 
Gambia, Guinea, Guinea-Bissau, Ivory Coast, Liberia, Mau-
ritania, Niger, Sierra Leone and Togo in particular. Indeed, 
only Ghana, Nigeria and Benin have done few research 
 studies on OFF. Most of the research outputs are authored by 
researchers outside West Africa. There is also a lack of region-
al and cross-country studies. The review shows clearly the 
 potentials and prospects of organic agriculture in West Africa 
as well as factors limiting its adoption. Factors hindering the 
development of OFF in West Africa relate, among others, to 
agricultural policy, agronomic research, institutional environ-
ment and extension management. The study, therefore, rec-
ommends that awareness of OFF should be raised,  organic 
farmers supported, and research and extension on OFF 
strengthened in West Africa. It is paramount to raise aware-
ness about the multiple and multifaceted  environmental 
(e.g. climate change mitigation and adaptation,  biodiversity 
conservation, sustainable soil management, reduction of 
chemicals use) and socio-economic (e.g. products quality 
and safety, consumer health, poverty eradication, gender 
empowerment) benefits of organic farming. The paper also 
stresses the need to improve the governance of the whole 
organic agriculture sector. There is also a need for an ambi-
tious organic agriculture policy that supports organic agri-
cultural research and information dissemination to farmers 
by extension services. 
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1 Introduction

Agroecology, first conceptualised in the mid-1920s, has 
recently been attracting increasing interest as an alterna-
tive to more industrialised forms of agriculture. However, 
there is a lack of consistency in definitions of agroecology, 
ranging from an academic discipline to a movement for the 
socio-economic as well as ecological transformation of agri-
culture. There is also a lack of clarity as to its relationship with 
other alternative agricultural approaches that have many 
principles in common, such as conservation agriculture and 
organic farming. This conceptual fluidity creates tensions 
in debates, but also makes agroecology attractive to  policy 
makers and scientists who may be less comfortable with 
more rigidly defined approaches. 

In this position paper, we explore some of the underlying 
issues and tensions, to see if it is possible to reach a common 
conceptualisation that can serve as basis for policy making. 
The authors have several decades of research experience in 
the development of organic farming and agroecology, and 
their integration into agricultural policy, both in their home 
countries and at the European level. Building on this, we 
explore how policy needs might be addressed within cur-
rent proposed and planned European and national policy 

 frameworks, with a focus primarily on the situation in France, 
Germany and the United Kingdom.

The choice of the three case studies reflects the knowl-
edge and experience of the authors, as well as contrasting 
approaches to policy, with France recently promoting agro-
ecology as such (Wezel and David, 2020), Germany strongly 
focused on organic farming, and the United Kingdom engag-
ing with both on a more limited basis. A comparative analy-
sis of agroecology in France and Germany has previously 
been undertaken by Wezel et al. (2009), although the  poli cy 
and research landscape in both countries has changed since 
then. Policies for agroecology in the United Kingdom and 
France have previously been compared by Ajates Gonzalez 
et al. (2018). These three countries have also recorded the 
highest number of research publications on agroecology in 
a European context (Ollivier and Bellon, 2021).

Building on the case studies, this paper provides an 
updated, comparative analysis of the status of agroecology 
in the frame of agricultural policy in Europe. It is divided into 
three parts: first, it identifies multiple challenges regarding 
the concept of agroecology itself, including multiple and 
competing understandings of the concept. Second, it traces 
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recent policy changes in the three case study counties and 
asks what these mean for agroecology in Europe. Thirdly, it 
makes a number of recommendations on what the status 
quo means for future agroecology policies and transform-
ative potential, including mentioning new policies and their 
potential impact.

2 Development of agroecology –  
concepts and practice

2.1 Definitions of agroecology
Agroecology has come a long way since it was coined as 
an academic term almost a century ago (e.g. Azzi, 1928). It 
now crosses a variety of social contexts (Wezel et al., 2009), 
while being internationalised and institutionalised (Doré 
and  Bellon, 2019), and used by FAO, IFOAM and dedicated 
professional associations, including Agroecology Europe3. 
Legal and political frameworks for agroecology now exist in 
 several countries, in particular Central and Latin America and 
the Caribbean, whereas in Europe only France has a specific 
poli cy programme.

The debate around agroecology is influenced by a num-
ber of contrasting definitions (Lampkin et al., 2015; Locon-
to and Fouilleux, 2019). From an academic perspective, the 
term can be interpreted as a research discipline, with a focus 
on the ecology of agricultural systems considered as agro-
ecosystems. From a practitioner perspective, it can be inter-
preted in a more applied sense as the application of ecologi-
cal principles and processes to the design and management 
of agricultural systems (agroecosystem management). But it 
can also be interpreted in the context of a social movement, 
including the transformation of socio-economic as well as 
technical processes in agricultural and food systems. For 
some, the transformative social movement definition may be 
seen as a strong vision, with the more agronomic focus seen 
as a weak vision (López-i-Gelats et al., 2016). HLPE (2019) and 
Wezel et al. (2020) identify a consolidated set of 13  related 
agroecological principles and recognise the diversity of 
actors (scientists, practitioners) and social activities involved 
in the transformation of food and farming systems.  For the 
purposes of this paper, with its focus on policy perspectives, 
we have adopted this broader definition of the term.

2.2 Historical development of agroecology 
 perspectives 
From an academic perspective, three main periods in the 
development of agroecology can be identified: 
1. The first period (1920–1970) is that of pioneers rooted in 
the scientific world (e.g. Azzi (1928) and Bensin (1940), with 
a focus on ecology applied to agriculture and the science of 
soil conservation; and Tischler (1965), with a focus on the bio-
logical regulation of pests). These research ers were relatively 
isolated and with limited audience despite their international 
perspective and their enrolment in various institutions. 
2. The following period (1970–1990), from which the Cali-
fornian (Gliessman, 2015), Latin American (Altieri, 1987) and 
Andalusian (Sevilla Guzman and Woodgate, 1997) currents 
of agroecology emerged, began with a social and political 

3 https://www.agroecology-europe.org

orientation together with its inclusion in dedicated curricula 
(Nicot et al., 2018) and a broader focus on the entire food sys-
tem (Francis et al., 2003). 
3. Finally, since the mid-1990s, agroecology has changed, in 
particular with the inception of numerous dedicated scientif-
ic institutions that produce an increasingly large and diver-
sified volume of work (Ollivier and Bellon, 2021). However, 
its development is highly differentiated from one country 
to another, both in terms of interpretation and in the social 
 areas where the concept is deployed. Flexibility in interpre-
tation also allows agroecological approaches to develop in 
locally adapted patterns.

This historical development of the concept also illus-
trates the different conceptual definitions of the term, from 
agroecology as an academic discipline, to an agroecosys-
tem management approach to farming and, more recently, a 
focal point for the development of a transnational coalition 
of actors promoting radically different agricultural and food 
systems, that involve a transformative approach also in the 
socio-economic arena.

As we explore further in this paper, these developments 
were not unique, but often parallel and intertwined with 
debates about other agricultural alternatives, including inte-
grated pest management, conservation agriculture, organic 
farming, bio-dynamic agriculture, regenerative agriculture, 
agroforestry and permaculture. These have all developed 
over similar time-scales since the early 1900s as responses 
to the same challenges (e.g. dust bowls and soil conserva-
tion, pesticides and biodiversity conservation, global warm-
ing, animal welfare and social justice issues in food systems) 
and share many common perspectives. The development of 
agroecology also displays common features with the three-
stage trajectory of the organic movement: first with pio-
neers, then with institutionalisation, and currently with the 
broadening of organic food and farming to address a wider 
range of challenges alongside other alternative agricultural 
approaches.

At the same time, the development of the concept and 
the emergence of a coalition of actors should not, however, 
mask the existence of tensions around agroecology, as illus-
trated for example by Ajates Gonzalez et al. (2018). Even if it 
is already old, its meaning is the object of a continuous work 
of redefinition, particularly during its implementation in poli-
tics. We are thus witnessing, in different contexts, dynam-
ics of appropriation, re-signification (Rivera-Ferre, 2018) or 
re-differentiation of the actors around the concept. 

In the next sections we examine the development of 
agroecology and its policy relevance in three European 
countries, in order to understand how some of these ten-
sions within agroecology, and between agroecology and 
external interests, have been addressed.

2.3 Development of a national policy for 
agroecology in France
In policy terms, France has taken a lead in the development 
of agroecology, both nationally and internationally, includ-
ing as the lead sponsor of the first FAO Agroecology Sympo-
sium in Rome in 2014. Between 2012 and 2017, the  socialist 

https://www.agroecology-europe.org/
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and priorities (Ajates Gonzalez et al., 2018). Within this nation-
al framework, situations differ among organisations. Some 
territories are considered as pioneer in transitions to more 
sustainable food systems, such as the south eastern organic 
'Vallée de la Drôme-Diois' (HLPE, 2019). Some authors consid-
er the performative indeterminacy of policy instruments as 
an asset for agroecological transitions (Lamine et al., 2020). 
These instruments enable supported farmers groups to build 
their own trajectory of change, which also entails difficulties 
in terms of implementation and evaluation.

2.4 Policies focusing on organic farming as an 
agroecological approach in Germany
In Germany, at the policy level, the focus of supporting tran-
sitions to sustainable farming and food systems is on organic 
farming and the term agroecology is not used in the exist-
ing strategies and schemes that promote sustainable farm-
ing. Policies in Germany indirectly support agroecological 
systems and promote agroecological transition (FAO, 2018). 
Building on the revised German Sustainability Strategy (Fed-
eral Government, 2016), a new "Organic Farming –   Looking 
Forwards" Strategy has been developed involving the 
 Federal States, the organic food industry and science (BMEL, 
2019). The strategies aim to increase the share of federal agri-
cultural land farmed organically towards the target of "20 % 
by 2030" and to facilitate the development of an appropriate 
policy framework and integration of a wide range of different 
support activities for organic farming and food. 

Complementing the financial support provided to organic 
farming directly through the CAP’s organic farming measure 
in the Rural Development Programmes, the Federal Scheme 
for Organic Farming and Other Forms of Sustainable Agri-
culture deals with the coordination of research on organic 
and other forms of sustainable farming and food production. 
Since its start in 2002, more than 1,100 research projects have 
been supported with a funding volume of some 170  million 
Euro. In addition, measures for knowledge transfer and 
ad vanced training programmes for value chain actors were 
implemented (BMEL, 2020). 

Beyond the promotion of organic farming, the acknowl-
edgement of the importance of agroecology is increasing 
in Germany as evidenced in discussion groups and confer-
ences on the contributions of agroecology to sustainable 
farming organised by ministerial departments as well as a 
number of position papers published by non-governmen-
tal and civil society organisations. One prominent example 
is a position paper published by 59 organisations (INKOTA, 
2019) calling for a transformation from industrial agriculture 
to agroecol ogical farming and a commitment of the  Federal 
Government to implement step-by-step  agroecological 
prin ciples in agricultural policy. In addition, a range of 
 territorially-based  initiatives support traditional and exten-
sive farming  practices and promote the implementation of 
agroecological  practices. Examples include the Flowering 
Meadows scheme in Swabian Alb and the Landcare Associa-
tion (Zilans et al., 2019).

In the academic discourse of the concept and importance 
of agroecology, recent studies (e.g. Wezel and Bellon, 2018; 

 Minister of Agriculture Stéphane le Foll, steadily pursued 
a public policy aimed at significantly changing the way 
 agri  cultural production is carried out in France. The "Pro-
duire autrement" (produce otherwise) plan (MAAF, 2014a), 
launched in June 2012, carried the "agro-ecology" banner. Its 
main thrust was to organise collective changes in  farmers' 
practices that would combine economic profitability and 
environmental performance. Social aspects were added 
later. The use of "agro -ecology" by the Minister was partly 
opportunistic, influenced by two professional agricultural 
groups that both use the term: that of ecologically intensive 
agriculture (Griffon 2014), and that of conservation agricul-
ture (no-till techniques with permanent soil cover and crop 
diversification); overlooking the fact that social movements 
had previously used the term (Bellon and Ollivier 2012; Bellon 
and Ollivier 2018). France’s national research institute, INRAE, 
designed a research agenda on agroecology in 2010, as well 
as other research institutions (e.g. CIRAD) (Caquet et al., 2020; 
Soussana and Côte, 2016), making France a Euro pean and 
global leader in agroecology research.

At the technical level, the agroecology plan has been 
built progressively along two tracks. The first was the inclu-
sion of various support programmes for agricultural trans-
formations that seemed compatible with the course set and 
with the term (MAAF, 2014b). This is the case, for example, 
of support for organic farming and agroforestry, or support 
for the reduction in the use of phytosanitary products with 
the 'Ecophyto' plan. New, or already in the process of being 
developed, elements have been added to this plan in rela-
tion to agricultural mechanisation, reducing the use of anti-
biotics in animal husbandry, and sustainable beekeeping. 
The  second way, which allowed the Ministry to promote 
 collective action, consisted in the establishment of econom-
ic and environmental interest groups (GIEE). The recognition 
of these groupings of farms facilitates access to French or 
European support schemes. 527 GIEE have been recognised 
since 2015, of which 492 were still active in 2019. They bring 
together around 8,000 farms and 9,500 farmers, or nearly 2 % 
of French farms.

France has bet on a "pacifying political rhetoric" (Arrignon 
and Bosc, 2020) aimed at embracing the widest possible 
range of actors. Although the concrete effects of this policy 
remain difficult to evaluate, or even rather inconclusive (e.g 
increased pesticide use despite Ecophyto’s pest reduction 
objectives), the discursive work has borne fruit; for example, 
in legitimising agroecology in France and helping put it on 
the global agenda at FAO level (Loconto and Fouilleux, 2019). 
The various components of the Ministry's action have grad-
ually been deployed to contribute to enhancing the three-
fold (productive, environmental and social) performance 
of agriculture: training (including trainers), research (and, 
more broadly, capitalisation of knowledge), and financial 
 incentives (support to collective actions). However, in terms 
of the more radical, transformative visions of agroecology 
such as those from Terre et Humanism or Confédération Pay-
sanne (Bellon and Ollivier, 2012; Calame, 2016), the policies 
still fall far short of what is hoped for, and represent a forced 
adaptation of the concept to fit existing policy programmes 
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Gallardo-López et al., 2018) argue that in  Germany agroecol-
ogy is mainly conceived as a science and largely operates 
within the realms of plant sciences, ecology and zoology. 
However, an increasing number of scientific studies and posi-
tion papers highlight the need for a "greener" agricultural 
policy that promotes the implementation of agro ecological 
principles and organic farming, aligned with contributions to 
the Sustainability Development Goals and based on smart, 
result-based indicators (e.g. Pe'er et al., 2020; SAB, 2019). Syn-
ergies between agroecology and organic farming need to 
be further utilised, converging their principles and practices 
to an approach that fundamentally transforms  conventional 
agro-food systems (Migliorini and Wezel, 2017).

2.5 Contrasting approaches, but limited policy 
recognition in the United Kingdom
Agroecology in the United Kingdom has been promoted 
in different forms since the 1980s. From a natural science 
research perspective, the ‘academic discipline’ approach to 
agroecology is perhaps best represented by Rothamsted 
Research Institute’s former Department of Agroecology  4, 
which was restructured in 2018 into Departments of Sus-
tainable Agriculture and of Biointeractions and Crop Pro-
tection 5. In 2011, Coventry University together with Garden 
Organic established what became the Centre for Agroecol-
ogy, Water and Resilience (CAWR) in 2015 6. Unlike Rotham-
sted, this academic Centre also had a high representation of 
social scientists, with a strong focus on the potential for the 
socio-economic transformation of agriculture, reflected in 
CAWR’s 'Mainstreaming agroecology' paper (Wibbelmann 
et al., 2013). At the farm level, the agroecology concept is 
 promoted most actively by the Landworkers’ Alliance (LWA) 7, 
representing the more radical vision of international organ-
isations such as La Via Campesina, as well as by the Oxford 
Real Farming Conference 8 and related initiatives.

These initiatives have developed in parallel, and some-
times in close association, with organisations for organic 
farming and research, like the Soil Association and the Henry 
Doubleday Research Association dating back to the 1940s, 
or the Progressive Farming Trust founded in 1980, as well 
as initiatives for Permaculture, Agroforestry, Conservation 
Agriculture (Allerton Trust) and Integrated Farming (LEAF). 
Reflecting this diversity of approaches, the Agricology web-
site 9 was established in 2015, to help farmers access practical 
information on ecological approaches to sustainable farm-
ing, regardless of labels. 

In 2014, the Land Use Policy Group of the UK nature con-
servation agencies commissioned a report (Lampkin et al., 
2015) on the role that agroecology might play in sustain-
able intensification10. While acknowledging the social con-

4 https://www.researchgate.net/institution/Rothamsted_Research/de-
partment/Department_of_Agroecology

5 https://www.rothamsted.ac.uk/science-departments
6  https://www.coventry.ac.uk/research/areas-of-research/agroecology-wa-

ter-resilience 
7 https://landworkersalliance.org.uk/
8 https://orfc.org.uk/about/
9 https://www.agricology.co.uk/)
10 Sustainable intensification is a term originally coined by Pretty (1997) to 

text, the report focused more on agroecosystem manage-
ment concepts, consistent with the efficiency, substitution, 
redesign framework proposed by Hill (1985) (see also Pretty 
et al., 2018). In this concept, agricultural and associated envi-
ronmental problems need ecological solutions, achieved by 
redesigning and managing agricultural ecosystems in prefer-
ence to input reduction (efficiency) approaches, or replacing 
problem inputs with more benign alternatives (substitution). 
Building on this concept, the report argued that agroecol-
ogy could be considered to be an inclusive framework for the 
range of alternative agricultural approaches that use at least 
some agroecological practices, though not all involve the 
complete rejection of agrochemicals. A subsequent report 
(Padel et al., 2018) looked into the process of transition at 
the farm level to these different agroecological alternatives. 
However, these reports were seen by others to be a weaken-
ing of the agroecology concept, at the expense of the social 
transformation agenda (Ajates Gonzalez et al., 2018).

From a policy perspective, there has been increasing dis-
cussion of agroecological perspectives as part of the debate 
over the UK’s future agricultural and environmental policies 
following the 2016 referendum vote in favour of leaving the 
European Union. The All Party Parliamentary Group (APPG) 
on Agroecology has supported debates within Parliament 
and the LWA has produced detailed policy proposals (e.g. 
LWA, 2017), leading to some limited recognition in the Agri-
culture Bill debated in the UK Parliament in 202011. How ever, 
there is some way to go in terms of institutional or financial 
support for farming, advice, training or research before agro-
ecology or organic farming receive similar governmental 
policy recognition to that elsewhere in Europe (Lampkin and 
Sanders, 2021, in press).

3 Points of tension impacting on policy 
making

It is clear from the contrasting experiences even of these 
three case study countries with different levels of govern-
mental support that the divergent interpretations of agro-
ecology can impact on policy debates. Is agroecology main-
ly an academic discipline, an agricultural management 
approach or a social movement? Is it inclusive of a range of 
approaches advocated as options for improved agricultural 
sustainability, or a stand-alone alternative in an increasingly 
crowded space? Does it automatically exclude certain inputs, 
as many advocates believe, or is it flexible with respect to 
inputs provided that the underlying ecological principles 
are maintained? The issues are explored in some detail at a 
 global level by HLPE (2019) and at a European  level by Wezel 
and Bellon (2018). In this section we consider two of them: the 
social transformation agenda, and the relationship between 

refer to agroecological approaches, but which subsequently acquired 
other meanings seen by many to be in opposition to agroecology. In 
part, this was due to weak conceptualisations of sustainability and con-
cerns that intensification represented continuing with the status quo, 
rather than intensifying reliance on more sustainable and ecological pro-
cesses.

11 https://services.parliament.uk/Bills/2019-21/agriculture/stages.html
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agroecology and organic farming, which already has a 
well-developed policy infrastructure in a  European context.

3.1 Agroecology and society
One way to question the policy relevance of agroecol ogy is to 
ask what does it contribute, globally, to society? It is no longer 
just an issue of questioning the capacity of an  agricultural 
system or practice to achieve a given set of objectives, but of 
understanding the wider contribution of the existence of agro-
ecology and the debates it provokes.  Agroecol ogy, like organ-
ic farming and other related approaches, is a  powerful driving 
force for reflection, nourished by its different facets. For agro-
ecology, whatever its form, is a new way of  "re-connecting" 
agriculture, science, the environment and  society.

Debates about the conceptualisation and implemen-
tation of agroecology are still on-going in research institu-
tions. The contexts of emergence and development of dis-
courses on agroecology are manifold (Wezel et al., 2009), and 
a study of research institutions shows contrasting implica-
tions and internal controversies around different agroecol-
ogical frameworks (Ollivier et al., 2019). At least two tensions 
are reflected in the framing of agroecology: firstly around the 
borders of science with politics, where different conceptions 
of scientificity are revealed; and secondly around the bor-
ders of science with the economic world, particularly when 
very diverse forms of agriculture coexist in one country (van 
Hulst et al., 2020). Previous studies on knowledge production 
regimes (Bonneuil and Thomas, 2009) show that research can 
be polarised by various players: academic ("excellence"), civic 
(sometimes consumerist), corporate (or professional), market 
and/or state actors represent different interests and prior-
ities. Indeed, such categories can be combined. But consid-
ering agroecology as an innovative programme encourages 
us to explore new fields of knowledge, with transdisciplin-
arity integrating different forms of knowledge (Meynard, 
2017) from life, earth, economic and social sciences, politics 
and practice. 

Reality is somehow different. True transdisciplinary  
approaches in agro ecology are scarce in European research 
(Fernández González et al., 2020). Scholars interact more with 
practitioners than with social movements, and mostly with 
work done outside Europe. There is also a strong disconnec-
tion and unbalanced participation between academic agro-
ecology and agroecology as a movement (Wezel et al., 2018; 
Gallardo-López et al., 2018). The debates within the research-
ers’ professional association Agroecology Europe show the 
difficulties of articulation between social movements and the 
scientific world, due to their different aims of action and tem-
poralities. The former is focused on advocacy for the political 
and institutional worlds, while the latter is divided on how to 
articulate with the social question, which is reflected in the 
internal cleavage within agroecology between strong and 
weak visions, identified already in the 1980s (Hecht, 1987). 
Moreover, social sciences are often less integrated in agri-
cultural research, with agroecology considered as a merger 
between agronomy and ecology, supposedly conveying a 
“hard” vision of agroecology (Dalgaard et al., 2003). In France, 
during the debate on the Law of the Future for Agriculture, 

Food and Forestry 12, the technicised vision conveyed by the 
Ministry was challenged by a new "Collective for a Peasant 
Agroecology"13. The Ministry’s actions have had little impact 
on food sovereignty (apart from "territorial food projects") 
and agricultural markets, despite two attempts (inclusion of 
agroecology in official quality signs, and coupling of private 
labels with High Environmental Value certification). Argu-
ably, the institutionalisation of agroecology in France has 
also impacted on the social movements by stabilising of net-
works.

Another drawback is the absence or weakness of frame-
works that legitimise agroecological research in the formal 
regulations and political agendas, and of social recognition 
that closes the gap between research, policy and farming 
stakeholders acting at different scales in Europe (Wezel et 
al., 2018; Gallardo-López et al., 2018; Migliorini and Wezel, 
2017; Monteduro et al., 2015). Forthcoming investments in 
both research infrastructure and science-society-policy part-
nerships at EU-level should contribute to bridge those gaps, 
reflecting increasing recognition and policy commitment.

3.2 Agroecology and organic farming 
The development of agroecology has been strongly inter-
twined with that of organic farming and other alternative 
agricultural movements, including regenerative agriculture 
(itself a by-product of organic farming), agroforestry and 
permaculture. The organic movement has also been asso-
ciated with a century long debate, also with an early focus 
on the soil, but to an extent with other players, with some 
key events where the two streams came together, for exam-
ple the IFOAM Global conference in Santa Cruz in 1986. The 
different movements have both had a diverse mix of people 
(practitioners, researchers, other citizens) and issues (pollu-
tion, animal welfare, food quality, soil conservation, social 
justice/fairness) interacting with each other, so that there 
is considerable common ground between them. There is 
an argument that organic farming is a transitional stage en 
route to an agroecological future, or at least somehow less 
impactful and more constrained by certification and markets 
(Gliessman, 2015; HLPE, 2019; FAO, 2018), but this is difficult 
to sustain given the extensive debates in organic farming lit-
erature and research and development in several countries 
since the 1970s. It is also potentially counterproductive in the 
context of different and still conflicting definitions of agro-
ecology and the challenges that agroecological producers 
have yet to resolve. FAO (2018) goes so far as to say that : "The 
deliberate and explicit consideration of the social and eco-
nomic dimensions of food systems is one of the specific char-
acteristics of agroecology that makes it unique compared to 

12 LOI no 2014-1170 du 13 Octobre 2014 D’avenir pour L’agriculture, L’ali-
mentation et la Forêt (https://www.legifrance.gouv.fr/affichTexte.do?cid-
Texte=JORFTEXT000029573022). Following this, agroecology is defined 
on the Ministry's website (but not defined in the law) as "the integrated 
use of nature's resources and mechanisms for the purpose of agricultural 
production. It combines the ecological, economic and social dimensions, 
and aims to make better use of the interactions between plants, animals, 
humans and the environment". 

13 https://www.bede-asso.org/wp-content/uploads/2014/10/Commu-
nique-agroecologie-paysanne-FR-ES-DE-EN1.pdf

https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000029573022
https://www.legifrance.gouv.fr/affichTexte.do?cidTexte=JORFTEXT000029573022
https://www.bede-asso.org/wp-content/uploads/2014/10/Communique-agroecologie-paysanne-FR-ES-DE-EN1.pdf
https://www.bede-asso.org/wp-content/uploads/2014/10/Communique-agroecologie-paysanne-FR-ES-DE-EN1.pdf
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organic agriculture". This ignores the substantial debates on 
social and economic aspects that have taken place in organ-
ic farming periodicals, conferences and standards setting 
forums over the last 50 years (see for example Lampkin, 1990) 
as well as the pioneering role of organic farmers in estab-
lishing new marketing models, including Community Sup-
ported Agriculture and other forms of shorter supply chains 
between producers and consumers. 

One key point of difference is the development of spe-
cialist markets for organic products and the associated regu-
latory issues and corporate engagement. Although the bio-
dynamic movement introduced Demeter certification much 
earlier, the organic market as such emerged in the 1970s, as 
a result of farmers needing to ensure the financial viability 
of their systems (in the absence at that time of any policy 
support). This was also a response to consumers becoming 
increasingly concerned about the health and environmental 
impacts of pesticides and other agricultural practices, with 
Silent Spring (Carson, 1962) representing one key turning 
point. However, the development of specialist markets for 
organic products led to the need to define standards, par-
ticularly because of the focus on defining production sys-
tems rather than the end product, in order to protect con-
sumers and bona fide producers, and as the markets grew, 
states intervened with regulations to provide legal defini-
tions. These standards and regulations focused, for under-
standable auditing and control reasons, more on permitted 
inputs and practices than on the underlying ecological prin-
ciples of organic farming or the environmental and  other 
social outcomes. While the focus on 'no chemicals' may have 
also reflected some consumer concerns and was simple 
to communicate, it has also adversely coloured the subse-
quent debate about the nature and role of organic farming. 
The growth of the market has also undoubtedly led to some 
commercial interests delivering the bare minimum required 
to meet organic standards, leading to the critique of the 'con-
ventionalisation' and institutionalisation of organic farming 
(Darnhofer et al., 2010; Migliorini and Wezel, 2017). While this 
may be true for some organic farmers and supply chains, it 
ignores many others that go much further than the regulato-
ry baseline, consistent with agroecological perspectives and 
the redesign principle. Arguably, the restrictions imposed 
by organic standards and regulations actually encourage 
this, as farmers need to be innovative and creative in find-
ing ecologi cal solutions to problems that can no longer be 
addressed by the use of agrochemical inputs.

In an effort to address this tension between its principles 
and the marketplace, the organic movement has in recent 
years put significant effort into refocusing on its agroecologi-
cal roots, both in terms of the debate around Organic 3.0 
(Arbenz et al., 2017), research agendas (Niggli, 2015) and 
 position papers on organic farming and agroecology (IFOAM 
EU, 2019; INKOTA, 2019). 

A challenge for agroecology more generally is exactly the 
same as that faced by organic farmers 50 years ago – how can 
the financial viability of agroecological farms be sustained, if 
the financial benefits of agricultural intensification are less 
accessible? There is already discussion around the develop-

ment of markets for agroecological products, in particular in 
France, but this will face exactly the same dilemmas faced 
by the organic movement – the need for definitions com-
municable to consumers, the need for standards and regu-
lations that can be audited, and the challenge of consisten-
cy with agroecological principles if premium markets are to 
be exploited. The same is potentially true for policy support 
options. Is it necessary to reinvent the wheel for agroecol-
ogy? Why not recognise the commonality and work to both 
improve commercial organic farming using agroecological 
principles, and use the organic market and current policy 
support frameworks to support agroecological producers? 

Despite the separate identities, there is a high degree 
of commonality between the approaches and their under-
lying principles (Lampkin et al., 2015; Lampkin et al., 2020). 
It is questionable whether they should be considered fun-
damentally different from each other. There is a need for 
bridge building between concepts, rather than creating 
hypothetical barriers, and it is important that future policy 
making takes this on board. However, while organic, regen-
erative, biodynamic, agroforestry and permaculture may be 
seen as closely aligned with agroecology, there is more of a 
debate about conservation agriculture, integrated pest man-
agement, climate smart, precision agriculture, circular agri-
culture and low input sustainable agriculture, where there 
is greater acceptance of agrochemical inputs. In contrast to 
Lampkin et al., (2015), who took a more inclusive perspective 
with respect to this second group, HLPE (2019) makes the dis-
tinction between agroecological and sustainable intensifica-
tion approaches as separate entities. Resolving this debate, 
and the degree of co-option of the agroecology concept to 
mainstream policy and institutional perspectives, will be 
important for the coherence of future policy making.  

The debates and tensions not only relate to farming meth-
ods, but also to issues of farm scale, corporate involvement 
and globalism. Many protagonists argue that small farms 
are in themselves more sustainable, and that agroecology 
can only be based on small farms, but this is not necessari-
ly the case (Ebel, 2020). There are reasons why small farms 
may be less well placed to adopt agroecological  approaches, 
not least due to limitations on specialist skills and experi-
ence and access to resources which larger farms may find 
easier to access. Agroecological management and system 
redesign approaches can also be applied on larger farms – 
indeed in regions where large farms are the norm, as in parts 
of the UK and Germany, it can be argued that an agroecol-
ogical approach needs to engage with a farming structure 
that reflects the cultural and social characteristics and heri-
tage of the region, rather than to attempt to re-impose a 
peasant farming system reflecting other human cultures. 
Similarly, while local, shorter food chains with direct interac-
tions between producers and consumers may generate some 
 benefits in terms of income retention in communities, reduc-
tion in food miles, freshness, traceability and communication, 
these are not necessarily guaranteed and potential impacts 
of climate on production methods, for example reducing 
the need for pesticides and energy inputs in drier or sunnier 
 climates, might outweigh benefits from proximity.
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4 Implications for future agroecology 
policies in Europe

Agroecology is currently marginal in the EU’s Common Agri-
cultural Policy (CAP) and in the policies of most Member 
States, including within their agri-environmental schemes. 
In the European context, the policy infrastructure to sup-
port organic farming, initiated in the late 1980s/early 1990s, 
re presents the closest existing equivalent to a possible policy 
framework for agroecology. This includes regulations defin-
ing organic food and farming, financial support for conver-
sion to and maintenance of organic farming, action plans to 
integrate supply-push (producer-focused) and demand-pull 
(consumer-focused) policies, and research and information 
programmes (Lampkin et al., 1999; Stolze and Lampkin, 2009; 
Meredith et al., 2018). These policies recognise and address 
the dual role of organic farming delivering both market 
opportunities meeting consumer needs and public goods 
for the benefit of wider society. 

In order to support the more widespread adoption of 
agroecology to deliver environmental and social benefits 
as well as food and fibre, should policy makers focus on 
developing a completely new policy framework, in parallel 
to existing ones, or would it make more sense to adapt the 
existing policies for organic farming to encompass agroecol-
ogical principles more explicitly? Critically, how important is 
a clear definition of agroecology to being able to implement 
any specific policies? The creation of an EU regulation defin-
ing organic farming (EC, 1991) was an essential pre-requisite 
for the inclusion of organic farming as an agri-environmen-
tal measure from 1994 (EC, 1992). Possible answers to these 
questions can be seen from recent European Commission 
policy proposals.

European-level agricultural and environmental policies 
are in a process of change, likely to be given new emphasis 
by the COVID-19 pandemic as well as the budgetary impli-
cations of Brexit. The proposals for a new CAP for the period 
2021–2027 (EC, 2018), now due to be implemented in 2023, 
emphasised the delegation of responsibility for develop-
ing and implementing policy measures to Member States, 
in the context of a common framework of environmental, 
economic and social goals. The so-called "Green Architec-
ture" of the new CAP comprises, in addition to the familiar 
Pillar 2 agri-environmental and organic farming policy sup-
port, new Pillar 1 initiatives for an enhanced baseline "condi-
tionality" and in particular Eco-schemes that could provide 
a basis for supporting a range of multi-functional, agroeco-
logical system-based approaches (Lampkin et al., 2020). In a 
recent communication from the Commission to the Europe-
an Parliament, an Agroecology Eco-scheme, including organ-
ic farming, but also more limited farming practice changes 
going beyond conditionality, was highlighted as one of four 
flagship Eco-schemes, the others being agroforestry, preci-
sion farming and carbon farming (EC, 2020c).

As part of the implementation of the European Commis-
sion’s Green Deal, the Biodiversity and Farm to Fork Strate-
gies (EC, 2020a, 2020b), are intended to be the starting point 
of a new debate on formulating a more sustainable and bio-

diversity friendly food policy, encouraging agroecology and 
in particular ambitious targets for the further expansion of 
organic farming to 25 % of EU land area by 2030. These strat-
egies cover most of the key areas identified here and require 
coordination between agricultural, food, environmental 
and public health policies and collaboration of stakeholders 
across those sectors. The key challenge will be how they are 
realised in practice, and the extent to which member states 
and their regions are enabled/required to integrate them in 
their CAP strategic plans. 

The ongoing debates over these strategies and the new 
CAP will offer an important opportunity for Euro pean, 
national and regional institutions and policy-makers to 
address the systemic flaws of a sectoral CAP and to align the 
CAP towards with the principles of sustainability, multifunc-
tionality and public payments for public goods (Pe'er et al., 
2020; ECA 2020). The potential for a sustainable agroecologi-
cal transition of the whole food system will not only depend 
on agricultural policies, but also on other policies supporting 
the establishment of values-based food chains (Stevenson 
and Pirog, 2008), a shift in production systems supported by 
 di etary changes (Walls et al., 2016; Poore and Nemecek, 2018) 
and the protection of natural resources (Wezel et al., 2016). 
Such a synergistic combination of action and policies to sup-
porting agroecological transitions would address the need 
to reduce food loss and waste and to improve the resilience 
and robustness of the food system in particular by diversifi-
cation (SAM, 2020) and be coherent with the ambitions of the 
new EU Green Deal.

In summary, a transformative policy for agroecology in 
Europe should:

 y encompass agricultural, environmental, food and public 
health policy, tackling the whole of the food system in a 
synergistic approach; 

 y address technical issues, including reducing the use of 
problematic inputs and practices, for example by encour-
aging more use of legumes fixing nitrogen biologi cally to 
replace synthetic nitrogen fertiliser use, with a focus on 
whole farm systems, not just individual practices or com-
modities; 

 y foster diversification of production and food systems, as 
well as farm autonomy and adaptive capability, to improve 
farm resilience and capacity to absorb shocks;

 y integrate biodiversity and habitat conservation within 
farming systems, as well as the conservation of natural 
resources, with a land sharing approach to agriculture and 
the environment (Pe'er et al., 2020; Lampkin et al., 2020; 
IPBES, 2018);

 y tackle questions about the role of livestock in farming sys-
tems and human diets (Aubert et al., 2019), with a focus on 
complementarity and moderation of consumption;

 y address issues of economic exploitation and power rela-
tions as well as problems of overconsumption and food 
waste in food chains, with implications for public health, 
social justice and food security; 

 y consider shifting the emphasis of support from land area 
to people employed in agriculture and related food busi-
nesses, which would make it possible to favour "job-rich"-
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farms, with the capacity to implement environmental and 
other public good actions;

 y support the process of transition, in particular recognising 
the different stages and the need for both learning new 
approaches and 'unlearning' previous convictions, requir-
ing a fresh approach to advice, training, education and 
information services, for practitioners, their support 
agencies and more widely in society (Padel et al., 2020). 

Achieving this will require broader coalitions, recognising 
the common ground and shared roots of agroecology, 
organic farming and related ideas, and building on rather 
than duplicating what has already been achieved. Address-
ing the green recovery from COVID-19 and implementing the 
new CAP, Green Deal and related strategies seems a good 
place to start.
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Minor changes in collembolan communities under 
different organic crop rotations and tillage regimes
Jan Hendrik Moos 1, 2, Stefan Schrader 2, and Hans Marten Paulsen 1

Abstract

An aim of organic farming is to reduce negative impacts of 
agricultural management practices on physical, chemical, 
and biological soil properties. A growing number of organic 
farmers is trying out methods of reduced tillage to save costs, 
protect humus and to foster natural processes in the soil. Fur
ther more, techniques like increasing crop rotation diversity 
and reduced tillage are discussed under the topics of agro
ecology or ecological intensification also for implementation 
in nonorganic farming systems.

The question arises as to whether these practices are 
positively impacting on soil ecosystems and which indica
tors can be used to describe these impacts. Collembolans are 
a widely distributed group of the soil mesofauna. They are 
mainly characterised as secondary decomposers feeding on 
fungi and other microorganisms. We investigated the influ
ence of different longterm organic crop rotations (mixed 
farming with animal husbandry versus stockless arable) and 
the short term effects of two years of different tillage systems 
(conventional tillage versus reduced tillage) on the abun
dance, species richness, species composition, and selected 
species traits (life forms) of collembolan communities.

Although not significant, some trends are evident. Spe
cies composition of collembolan communities responded to 
expected alterations in soil moisture mediated by different 
crop sequences and interannual effects rather than to dif
fer ent management practices. The proportion of euedaphic  

collembolan individuals tended to increase in soil environ
ments that offered more stable habitat conditions from 
increased availability of organic matter.

1 Introduction

Agriculture impacts directly and severely on soil biodiver
sity (Orgiazzi et al., 2016). Negative effects are especially 
ex pected in intensively managed systems with simple crop
ping se quences (e.g. Eisenhauer, 2016). To foster sustainability, 
soil fertility, biodiversity and nutrient supply from the soil, 
organic farming uses diverse crop rotations, which include 
different leguminous crops, and rely on organic fertilisation. 
In organic mixed farming systems, crop nutrition relies on the 
application of livestock manure and the inclusion of forage 
and grain legumes. Besides mixed farming systems including 
animal husbandry, stockless arable cropping systems without 
manure input are used in organic farming. Their fertilisation 
is based on Nfixation by legumes and input of crop residues 
and green manure. In summary, that the main differences 
between crop rotations of organic farming systems with and 
without livestock keeping are the form of organic fertiliser 
used and the proportion of legumes.

Regardless of the fertilisation regime, a common feature of 
most organic crop rotations is the use of a mouldboard plough, 
mainly for weed management. As the negative impacts of 
regu lar ploughing for different soil functions are well known 
(Peigné et al., 2007), in recent years different approaches have 
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been presented to integrate reduced tillage practices into 
crop rotations in organic farming systems to enhance system 
sustainability (e.g. Mäder and Berner, 2012; Moos et al., 2016). 
In general, reducing tillage intensity has positive effects such 
as reducing the risk of soil erosion or increased macroporosity. 
Nevertheless, in organic farming, reducing the intensity of 
soil tillage is hindered by specific challenges such as in creas
ing weed pressure, restricted Navailability, or restrictions in 
crop choice (Peigné et al,. 2007).

The aim of our project was to investigate the influence of 
different management practices in organic cropping systems 
on the soil macro and mesofauna. Complementing a report 
about effects on earthworms (Moos et al., 2016), this paper 
considers the influence of crops, crop rotations and tillage 
regimes on collembolans.

The investigation of widely distributed soil fauna groups 
such as earthworms and microarthropods, which hold key 
positions within soil food webs, can shed light on the impact 
of management practices on soil ecosystems. Collembolans 
are likely to be good indicators for soil conditions because 
they are widely distributed (Hopkin, 1997). Due to short 
life cycles of the species, composition and abundance of 
collem bolan communities are expected to rapidly adapt 
to and reflect environmental changes. This response might 
be further enhanced through their function as secondary 
decomposers, feeding on fungi and microorganisms, which 
links them closer to the environment than predatory or her
bivorous animals (Greenslade, 2007).

The influence of organic fertilisers on collembolan com
mu nities is still under debate. Platen and Glemnitz (2016) 
found a positive effect applying digestate from biogas 
pro duction on collembolan abundance in a twoyear field 
experiment. Kautz et al. (2006) showed a positive effect of 
annual applications of straw and green manure. Kanal (2004) 
also found a positive fertilisation effect when applying cat
tle manure but highlighted additional seasonal variations in 
abundance. In contrast, Pommeresche et al. (2017) described 
negative shortterm effects of slurry application on collem
bolan abundance, with more negative effects for epigeic 
than endogeic species. None of the studies found any con
sistent effect on collembolan community composition. There
fore, the influence of organic fertilisation on characteristics of 
collembolan communities is at least mediated by the type of 
organic matter and the timing of application.

As for organic fertilisation, there are different results from 
examinations of the effects of tillage intensity on collem bolan 
communities. Brennan et al. (2006) found that reduced tillage 
increases collembolan abundance, and Miyazawa et al. (2002) 
ascribed the related negative effect of conventional tillage on 
collembolan abundance to modified soil tempera ture, humid
ity and pore size distribution. In contrast, van Capelle et al. 
(2012) found a significant overall reduction in abundance and 
species diversity with decreasing tillage intensity. This result 
was however affected by interacting effects of soil texture and 
collembolan lifeform. Negative effects of reduced tillage were 
shown for atmobiont and euedaphic species in loamy soils 
(van Capelle et al., 2012). Although euedaphic species are well 
adapted to live within the soil, they rely on the maintenance  

of stable habitat conditions (Jeffery et al., 2010), especially 
on permanent pore space as they are not burrowing. On clay 
soils, reduced tillage can lead to a decrease in pore volume, 
which is likely to have a negative effect on euedaphic collem
bolans (e.g. Dittmer and Schrader, 2000).

Compared to euedaphic collembolans, hemiedaphic 
and atmobiont species are less dependent on the soil struc
ture, as they inhabit the upper soil layer, the litter layer, or 
the soil surface. Other factors such as humidity near the soil 
surface and shading influence these lifeforms (see above, 
c.f. Pommer esche et al., 2017). Thus, relative proportions of 
euedaphic, hemiedaphic and atmobiont species should indi
cate an impact of soil tillage intensity.

Besides fertilisation and tillage regimes, the characteris
tics of the cultivated crops influence soil conditions and 
thereby organisms inhabiting the soil. Different crop classes 
(e.g. cereals versus root crops) can influence evapotranspira
tion differently and thereby soil moisture and humidity 
on the soil surface. Legumes influence the soil specifically 
through their symbiosis with nitrogen fixing bacteria in root 
nodules. Some studies indicate positive effects of the pres
ence of legumes on collembolan abundance and diversity 
in grassland due to increased microbial biomass, and higher 
litter quality (e.g. Sabais et al., 2011). For arable land, some 
studies have been conducted comparing the influence of 
simple crop rotations (without legumes) and more complex 
crop rotations (with legumes) on collembolan communities 
(Andrén and Lagerlöf, 1983; Jagers Op Akkerhuis et al., 1988). 
How ever, these studies did not give consistent results, with 
complex crop rotations having both positive and no effect on 
collembolan abundance.

In the study reported here, we examined how collem
bolan communities respond to different management 
practices in two organic arable crop rotations on the same 
experimental station, i.e. under comparable soilclimate and 
agrotechnical conditions. Effects of tillage and crop rotation, 
as well as effects of crop classes and annual fluctuations (e.g. 
precipitation), on species richness, abundance, and lifeform 
and species composition of collembolan communities were 
analysed. We focussed on the question which characteristics 
of collembolan communities are indicative of the effects of 
different crop rotations or tillage regimes in organic farming.

2 Material and methods

2.1 Study site
The study was conducted at the experimental station of the 
Thünen Institute of Organic Farming in Trenthorst/Wulmenau, 
Schleswig Holstein, northern Germany (53°46’N, 10°31’E). The 
site has been managed according to the EU Organic Standards 
2092/91 and 834/2007 since conversion from convention
al farming in 2001. The farming area is nearly flat and the 
soil conditions are homogeneous. The soils on the site are 
Stagnic Luvisols derived from boulder clay with siltyloamy 
texture and bulk densities of the topsoil between 1.3 to 
1.5 Mg m 3. The Atlantic climate, with a mean annual precipi
tation of 700 mm, relatively welldistributed throughout the 
year and a mean annual temperature of 8.8 °C, generally 
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offers favourable cropping conditions. Dry periods and low 
temperatures can limit Nmineralisation in the heavy soils in 
early spring. The C:Nratio of about 10 lies in a range which is 
typical for high yielding agricultural land (Blume et al., 2010). 
According to German fertilisation recommendations, soils 
are sufficiently supplied with P, K, and Mg. The apparent soil 
pH of 6.3 to 6.5 is typical for arable land in temperate regions.

Within the experimental station, four crop rotations were 
established: livestock I (L I), livestock II (L II), livestock III (L III) 
and stockless (SL) (Figure 1). The crop rotations L I to L III are 
part of mixed farming systems and have been designed to 
serve the needs of different livestock. Livestock manure 
(slurry and solid manure) from one central stock was applied 
to all fields of these three crop rotations. Furthermore, the 
crop rotations comprised similar elements (Table 1). There
fore, fields from the three rotations of the ‘mixed’ systems 
(L I, L II, L III) can be seen as replicates when cultivated with 
identical crops. The stockless rotation (SL) differs from the 
livestockbased rotations (L I to L III) in organic fertilisation 
and organic matter backflow through crop residues (c.f. 2.2).

Each field on the experimental station is identified by a 
unique fieldcode and includes one or two longterm moni
tor ing plots (LTMplot) of one hectare each (Figure 1). Gener
al ly, within each LTMplot, four georeferenced longterm 
sampling points (LTMpoint) are located in a square at a dis
tance of 60 m. Monitoring plots are stretched to cover one 
hectare in narrow fields and the LTMpoints are then located 
in a zigzag with distances of 30 m (Figure 1). Soil sampling dis
tances larger than 20 to 50 m assure the inclusion of spatial 
variability of chemical and physical soil parameters in this 
landscape (Haneklaus et al., 1998).

T A B L E  1
Crop rotations (livestock I, livestock II, livestock III, stockless) and average soil conditions within the upper 30 cm of soils 
in 2012 on the fields of the experimental farm in Trenthorst/Wulmenau. The crop rotations comprise five (livestock II), 
six (livestock I, stockless) or seven (livestock III) fields.

Crop rotation Livestock I Livestock II Livestock III Stockless

Crops

clovergrass clovergrass clovergrass red clover

clovergrass maize clovergrass winter wheat

maize winter wheat spring barley spring barley

winter wheat field pea/spring barley field pea/false flax field pea

field bean/oat triticale winter barley winter rape

triticale field bean triticale

triticale

pH 6.4 ± 0.1 6.4 ± 0.0 6.3 ± 0.1 6.5 ± 0.1

Nutrient content (mg 100g1)

P 7.0 ± 0.3 8.6 ± 0.4 6.1 ± 0.4 7.7 ± 0.3

K 11.9 ± 0.5 16.1 ± 0.8 13.0 ± 1.2 11.0 ± 0.4

Mg 10.3 ± 0.3 11.6 ± 0.2 11.8 ± 0.3 11.3 ± 0.3

Texture (g kg1)

Clay (< 2 µm) 23 ± 1 18 ± 2 24 ± 3 23 ± 1

Silt (2–50 µm) 35 ± 1 33 ± 3 40 ± 3 37 ± 0

Sand (50–2000 µm) 42 ± 2 48 ± 4 35 ± 2 39 ± 1

P and K: CAL extract (Schüller, 1969), Mg: CaCl2 extract (Schachtschabel, 1954), Mean ± standard deviation.

250 500

LTM Point Crop rotation
Livestock I
Livestock II
Livestock III
Stockless
Free usage
Grassland
Leased out
Grassland leased out

Tillage
RT (reduced tillage)
CT (conventional tillage)

Meters
0

F I G U R E  1
Map showing the experimental farm in Trenthorst/Wul me
nau, Germany and the different farming systems realised 
within the farm. Red circles indicate the location of long
term monitoring (LTM) points used for this study.



116Moos et al. (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):113–128

The German Weather Service (DWD, Deutscher Wetter
dienst) provided information about soil moisture for the years 
2012 and 2014 (Figure 2). Water availability under winter wheat 
in the top 30 cm was calculated for soil and weather conditions 
at the experimental station using the AMBAV model (Löp
meier, 1994).

2.2 Study design
To evaluate the influence of different management prac
tices on collembolan communities in organic farming we 
compared (i) two crop rotations (livestock I versus stockless)  
and (ii) conventional tillage with mouldboard ploughing 
versus reduced tillage without mouldboard ploughing  
(Figure 1).

In (i) we evaluated the influence of one decade of dif
ferent organic crop rotations on collembolan communities. 
The management of the crop rotations mainly differed in 
the share of forage legumes (Table 1), in the amount of plant 
material remaining on the fields (green mulch and straw) and 
in farmyard manure application (Table 2). We sampled all six 
fields of the livestock I (L I) and all six fields of the stockless (SL) 
rotation on 29 May 2012.

Since a crop rotationindependent influence of differ
ent crop classes (grains, legumes, forage crops) could not be 
excluded, this was also examined.

In (ii) we studied the effect of soil tillage on collembolan 
communities within a shortterm experiment. Therefore, in 
summer 2012 we split one field from each of the L I, L II and 
L III rotations (Figure 1). Afterwards in each of the three rota
tions, one fieldhalf was managed with ploughing (CT: con
ventional tillage) and the other fieldhalf without ploughing 
(RT:  reduced tillage). Within our study, conventional and 

reduced tillage were defined according to ASAE (2005).  
Conventional tillage included the use of a twosided mould
board plough, with a working depth of 25 to 30 cm, whereas 
no mouldboard plough was used in the fieldhalves man
aged with reduced tillage. In RT, tillage depth was a maxi
mum of 15 cm without soil inversion. In RT, a chisel plough 
and a ro tary harrow were used. Therefore, the reduced tillage 
regime in our study is rather intensive compared to much 
less intensive ap proaches like notill. The two different tillage 
regimes were applied in two successive years. In 2012 before 
growing triticale and in 2013 before growing clovergrass. 
The soil management practices carried out are summa
rised in Table 3. We sampled the fieldhalves on 29 May 2012 
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F I G U R E  2
Precipitation (PCPN) and available water (AW) under winter wheat in Trenthorst/Wulmenau, Germany in 2012 and 2014 
according to AMBAV model.

T A B L E  2
Characteristics of fertilisation and crop residue management 
on the fields of the livestock I and stockless rotation in the 
harvest years 2002 to 2012. For management measures the 
absolute number of events within 10 years is given.

Livestock I Stockless

N from organic fertilisers (kg ha1 a1) 39–62 –

Organic matter from organic fertilisers 
(kg ha1 a1)

954–1318 –

Liming (kg ha1 a1)      0–300 –

Plant residues remaining on the field  
(not clovergrass)

2–3 7–8

Years with clovergrass 2–4 1–2

Mulching of clover grass 0–3 1–4

Ploughing of clovergrass 1–2 1–2
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(before introducing the different tillage systems) and again 
after two years on 19 May 2014 to assess the influence of till
age on collembolan communities. In 2012, the fields were 
planted with spring grown grain‐legume cereal mixtures or 
pure grain‐legumes (L I: field bean/oat; L II: field pea/spring 
barley; L III: field bean). In 2014, all fields were planted with 
winter grown clovergrass.

Samples taken in 2012 from the halffield subsequently 
managed with CT on the field of the L I rotation have also 
been part of the dataset when comparing the crop rotations 
L I and SL. Since annual effects could not be excluded, these 
were also examined.

2.3 Sampling and identification of collembolans
According to our study design, at each LTMpoint two soil 
samples (subsamples) were collected with an auger (effec
tive diameter 4 cm, depth 10 cm) resulting in eight samples 
per field half/field (Figure 1). This soil sampling resulted in 
96 samples for the comparison of crop rotations (L I versus 
SL) in 2012. It resulted in 48 samples in both 2012 and 2014 
for the comparison of tillage regimes (CT versus RT). The soil 
mesofauna was extracted from the whole samples using 
a MacFadyen highgradient extractor (MacFadyen, 1961). 
After collection in monoethylenglycol, the extract was trans
ferred to 96 % ethanol for storage. Since a first inspection of 

T A B L E  3
Agricultural measures applied for soil management on the three experimental fields, each belonging to one out of three 
livestockbased farming systems (livestock I–III), in 2011, 2012, and 2013. CT: conventional tillage; RT: reduced tillage
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a) Cultivation of the springgrown crops field bean/oat, field pea/spring barley, and field bean, respectively.
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the samples from May 2012 showed that many collembolan 
individuals could be extracted from the individual samples, 
two out of eight samples per fieldhalf/field were randomly 
selected to reduce the amount of work to a manageable level. 
Attention was paid to always select samples from two diff er
ent LTMpoints. From these two samples collembolan indi
viduals were sorted out from the extract, counted and stored 
separately in ethanol. The individuals were than mounted 
on glass microscope slides and identified at the species lev
el (max. magnification 400 x) according to Hopkin (2007). If 
neces sary, additionally identification keys by Gisin (1960), 
Bretfeld (1999), Potapov (2001), Thibaud et al. (2004), Dunger 
and Schlitt (2011), or Jordana (2012) were used. The nomen
clature used followed the system proposed by Hopkin (2007).

Heterosminthurus bilineatus Group, Protaphorura arma
ta Group, Sminthurinus aureus Group, and Sminthurus viridis 
Group were identified according to Hopkin (2007) as com
plexes of species. Furthermore, when discussing the genera 
Desoria and Isotomurus, Hopkin (2007) mentions difficulties 
in separating some species in these genera. Therefore, he 

summarises them into species groups Desoria tigrina Group 
and Isotomurus palustris Group, which we adopted in the 
identification process.

2.4 Life-form traits of collembolans
We used the method proposed by Martins da Silva et al. (2016) 
to classify collembolan species according to their adaptation 
to living within the soil by calculating an ecomorphological 
index (EMI). This enabled us to calculate a weighted mean 
EMI value for each collembolan sample. This is a socalled 
mean trait value (mT) (Vandewalle et al., 2010).

In addition to using the EMI mTvalues for describing 
collem bolan communities, we aimed to visually compare 
the composition of lifeforms from different collembolan 
communities using ternary diagrams (c.f. 2.5.3). Thus, we 
used publications by Stierhof (2003), Chauvat et al. (2007), 
Sticht et al. (2008), and Salamon et al. (2011) to assign the cal
culated EMI values to one of the three lifeforms atmobiont, 
hemiedaphic, or euedaphic (Table 4). We assume that spe
cies with the same EMI score belong to the same lifeform 

T A B L E  4  ( P A R T  1)
Lifeforms (LF) of collembolan species as derived from ecomorphological index (EMI) and publications of Stierhof (2003), 
Chauvat et al. (2007), Sticht et al. (2008), and Salamon et al. (2011). EMI (ecomorphological index) scores according to 
Martins da Silva et al. (2016). at: atmobiont; ep: epedaphic; he: hemiedaphic; eu: euedaphic. NA: No data available.
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Lepidocyrtus lanuginosus (Gmelin, 1788) Lepi.lanu 42 0 2 0 0 2 0.2 ep at he ep at

Lepidocyrtus lignorum (Fabricius, 1775) Lepi.lign 2 0 2 0 0 2 0.2 he at

Heterosminthurus bilineatus Gr. Hete.bili 2 0 2 0 4 0 0.3 at he

Lipothrix lubbocki (Tullberg, 1872) Lipo.lubb 2 0 2 0 4 0 0.3 he he

Pseudosinella alba (Packard, 1873) Pseu.alba 17 0 4 0 0 4 0.4 he eu he he

Pseudosinella decipiens (Denis, 1924) Pseu.deci 2 0 4 0 0 4 0.4 he

Pseudosinella denisi Gisin, 1954 Pseu.deni 2 0 4 0 0 4 0.4 he

Sminthurides malmgreni (Tullberg, 1876) Smin.malm 2 0 4 0 4 0 0.4 he

Sminthurides parvulus (Krausbauer, 1898) Smin.parv 2 0 4 0 4 0 0.4 he he

Cryptopygus thermophilus (Axelson, 1900) Cryp.ther 4 0 4 0 4 2 0.5 he he he he

Desoria tigrina Gr. Deso.tigr 2 0 4 0 4 2 0.5 he

Deuterosminthurus pallipes (Bourlet, 1843) Deut.pall 27 0 4 0 4 2 0.5 at ep he

Deuterosminthurus sulphureus (Koch, 1840) Deut.sulp 2 0 4 0 4 2 0.5 he

Isotoma viridis Bourlet, 1839 Isot.viri 69 0 4 0 4 2 0.5 ep he he ep he

Parisotoma notabilis (Schäffer, 1896) Pari.nota 56 0 4 0 4 2 0.5 he he he he

Sminthurinus aureus Gr. Smin.aure 52 0 4 0 4 2 0.5 he he he ep he

Sminthurinus niger (Lubbock, 1862) Smin.nige 2 0 4 0 4 2 0.5 he ep he
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type. The use of 0.7 as upper threshold for the hemiedaphic 
type is supported by studies of Dittmer and Schrader (2000), 
Salamon et al. (2004), and Querner (2008). Additionally, this 
threshold separates species with and without ocelli. Studies 
by Caravaca and Ruess (2014), D’Annibale et al. (2015), Dom
bos et al. (2017), Gillet and Ponge (2004), Leinaas and Ble
ken (1983), Lindberg and Bengtsson (2005), Ponge (2000), 
and Sterzynska and Kuznetsova (1995) justify separation 
between hemiedaphic and atmobiont at 0.3. As we fol
lowed the system proposed by Gisin (1943) we combined 
species described as epigeic and atmobiont under the term 
atmobiont.

2.5 Statistics
2.5.1 Statistical models
Generalised linear mixed models (GLMMs) were used includ
ing ‘crop rotation’ (L I versus SL) as fixed effect and ‘field
code’ (unique to each field on the experimental station) as 
random intercept effect for detecting differences in collem
bolan abundance or species richness depending on the type 
of crop rotation. The ‘tillage regime’ (CT versus RT) was used 
as fixed effect in GLMM when analysing the influence of till
age on collembolan abundance. ‘Sampling date’ (May 2012, 
May 2014) and the interaction of ‘sampling date’ and ‘tillage 
regime’ were used as additional fixed effects to check for 
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Sminthurus viridis Gr. Smin.viri 12 0 4 0 4 2 0.5 he

Sphaeridia pumilis (Krausbauer, 1898) Spha.pumi 21 0 4 0 4 2 0.5 he he he he he

Stenacidia violacea (Reuter, 1881) Sten.viol  8 0 4 0 4 2 0.5 he

Ballistura schoetti (Dalla Torre, 1895) Ball.scho  2 0 4 2 4 2 0.6 he

Cryptopygus bipunctatus (Axelson, 1903) Cryp.bipu  4 0 4 0 4 4 0.6 he he he

Parisotoma ekmani (Fjellberg, 1977) Pari.ekma  4 0 4 0 4 4 0.6 he

Proisotoma minuta (Tullberg, 1871) Proi.minu 48 0 4 2 4 2 0.6 he he he

Proisotoma tenella (Reuter, 1895) Proi.tene  2 0 4 2 4 2 0.6 he

Folsomides parvulus (Stach, 1922) Fols.parv  4 0 4 2 4 4 0.7 eu he he

Proisotoma minima (Absolon, 1901) Proi.mini  2 0 4 2 4 4 0.7 he he

Xenylla boerneri Axelson, 1905 Xeny.boer  2 0 4 4 4 2 0.7 he

Cryptopygus garretti (Bagnall, 1939) Cryp.garr  4 4 4 0 4 4 0.8 eu

Cyphoderus albinus Nicolet, 1842 Cyph.albi 10 4 4 0 4 4 0.8 he eu eu

Isotomiella minor (Schäffer, 1896) Isot.mino 33 4 4 0 4 4 0.8 eu eu eu eu

Magalothorax minimus Willem, 1900 Mega.mini  2 4 4 0 4 4 0.8 eu eu eu eu

Oncopodura crassicornis Shoebotham, 1911 Onco.cras  4 4 4 0 4 4 0.8 eu eu

Folsomia candida Willem, 1902 Fols.cand  4 4 4 2 4 4 0.9 he eu eu

Folsomia spinosa Kseneman, 1936 Fols.spin  2 4 4 2 4 4 0.9 he eu eu

Isotomodes productus (Axelson, 1906) Isot.prod 10 4 4 2 4 4 0.9 eu eu eu eu

Mesaphorura sp. Mesa.spec 21 4 4 4 4 4   1 eu

Neotullbergia crassicuspis (Gisin, 1944) Neot.cras  2 4 4 4 4 4   1 eu eu eu

Paratullbergia callipygos (Börner, 1902) Para.call  2 4 4 4 4 4   1 eu eu eu eu

Protaphorura armata Gr. Prot.arma 27 4 4 4 4 4   1 eu eu eu eu

Stenaphorura denisi Bagnall, 1935 Sten.deni  8 4 4 4 4 4   1 eu eu eu eu eu

Supraphorura furcifera (Börner, 1901) Supr.furc  2 4 4 4 4 4   1 eu

Willemia anophthalma (Börner, 1901) Will.anop  6 4 4 4 4 4   1 eu eu eu eu eu

a Frequency in % from a total of 48 samples.

T A B L E  4  ( P A R T  2 )
Lifeforms (LF) of collembolan species as derived from ecomorphological index (EMI) and publications of Stierhof (2003), 
Chauvat et al. (2007), Sticht et al. (2008), and Salamon et al. (2011). EMI (ecomorphological index) scores according to 
Martins da Silva et al. (2016). at: atmobiont; ep: epedaphic; he: hemiedaphic; eu: euedaphic. NA: No data available.
(Table 4, part 1, see previous page)
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temporal variability within the data. The ‘crop rotation’ (L I, 
L II, L III) was used as random intercept effect. The same set
up was used when modelling collembolan species richness 
depending on differences in the tillage regime.

Mean trait values (EMI mTvalues) were evaluated using 
linear mixed models (LMMs). The model evaluating the influ
ence of ‘crop rotation’ used ‘crop rotation’ (L I versus SL) as 
fixed effect and ‘fieldcode’ as random intercept effect. 
After applying a backward selection procedure, the model 
describing the influence of ‘tillage regime’ on EMI mTvalues 
used ‘sampling date’ (May 2012, May 2014) as fixed effect and 
‘crop rotation’ (L I, L II, L III) as random intercept effect.

Statistical analyses were conducted using R 3.2.2 
(R  Develop ment Core Team, 2016). All GLMMs were calcu
lated for negativebinomial distributed count data. We used 
the Rpackage glmmADMB (Skaug et al., 2015) for calculating 
GLMMs. For negativebinomial models the package uses the 
log as standard linkfunction. The estimation method used in 
glmmADMB is Laplace. Linear mixed models were calculated 
using the Rpackage lme4 (Bates et al., 2015). After setting up 
models LSMeans and pairwise comparisons were obtained 
using the Rpackage lsmeans (Lenth, 2016). Abundance, 
species richness and EMI mTvalues presented in the results 
section are LSmeans.

2.5.2 Non-metric multidimensional scaling 
(NMDS)
Nonmetric multidimensional scaling (NMDS) and associ
ated analyses were conducted using the Rpackage vegan 
(Oksanen et al., 2015). After conducting NMDS, differences 
between centroids for factor levels were analysed using per
mutational multivariate analysis of variance using distance 
matrices (Rfunction vegan::adonis). Homogeneity of multi
variate spread is a prerequisite for comparing centroids and 
was therefore checked in advance (Rfunction vegan::beta
disper). The adjustment of pvalues obtained from pairwise 
comparisons of centroids was conducted using Bonferroni cor
rection. NMDS were calculated using abundance values and 
used BrayCurtis as dissimilarity measure. The final NMDS 
analysis for the comparisons between crop rotations and 
tillage regimes both used three dimensions and had stress 
values of twelve and eleven, respectively. When displaying 
species in the NMDS plots they had to be weighted. Only the 
main species were displayed to avoid overlapping of species 
labels. Species weighting was done as follows: (1) calculating 
the share of each species in every sample; (2) calculating the 
share of samples in which the share of a species was greater 
than or equal to 3.2 %; (3) weighting of species according 
to this share of samples. The threshold of 3.2 % was chosen 
according to Engelmann (1978) who proposed this level for 
separation of main and other species of soil arthropod com
munities.

2.5.3 Ternary diagrams
Ternary diagrams illustrate compositions of three components 
and we used them to visualise the composition of collem bolan 
lifeforms. We calculated the relative share of atmobiont, 
hemiedaphic, and euedaphic collembolan indivi duals for each 

sample. For creating ternary diagrams the Rpackage compo
sitions was used (van den Boogaart et al., 2014). The share of 
each component is 100 % in the corner labelled accordingly 
and 0 % at the line opposite to that corner.

3 Results and discussion

3.1 Abundance, species richness and life-forms
Overall, 47 collembolan species and species groups were 
identified within the samples analysed for this study 
(Table 4). Based on their occurrence in the samples of this 
dataset seven species are rated eudominant, eight domi
nant, 12 subdominant and 20 as rare according to Engel
mann (1978).

3.1.1 Comparison of crop rotations:  
livestock I versus stockless
In May 2012, after 10 years of different crop rotation manage
ment treatments, neither collembolan abundance nor species 
richness differed significantly between the two crop rota
tions livestock I (L I) and stockless (SL) (Table 5). On fields of 
the L I rotation, 22 species and on fields of the SL rotation 
29 species were identified. While not significant, collembolan 
abundance, the overall number of species, and the number 
of species per sample were higher in the stockless rotation. 
These trends found in our study are in line with results of 
studies conducted by Kautz et al. (2006) and Pommer esche 
et al. (2017). Kautz et al. (2006) found a positive effect of 
regu lar application of straw and green manure on overall 
collembolan abundance which they attributed to improved 
soil physical properties and good food supply. In addition, 
Pommeresche et al. (2017) observed a decrease in collembo
lan abundance after slurry application, which was more pro
nounced for epigeic than for endogeic collembolan species. 
According to Domene et al. (2010), this negative effect of 
manuring can be ascribed to extractable ammonium from 
the slurry which is toxic for collembolans. Within our study, a 
higher proportion of plant residues remained on the fields of 
the stockless rotation while the fields of the livestock I rotation 
were regularly manured with slurry (cf. Table 2).

T A B L E  5
Results of statistical modelling (GLMM) to reveal the influ
ence of different crop rotations (L I vs. SL) on abundance 
and species richness of collembolans (n=24). Least square 
means (LSM) as well as lower (LCL) and upper (UCL) confi
dence levels are given.

Response
p

Effect 
level

LSM
Asymptotic  

LCL
Asymptotic 

UCL

Abundance  
(Individuals m2)

0.
43

84

L I 19,126 8,015 45,645

SL 31,107 13,033 74,244

Species richness 
(Species per 
sample) 0.

21
31

L I 5 3 7

SL 7 5 10
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There was no significant difference between EMI mT 
values of the two crop rotations in May 2012 (L I: 0.51 ± 0.06; 
SL:  0.55 ± 0.06; p=0.6452). When visually comparing the 
proportions of lifeforms between L I and SL fields, a higher 
relative share of euedaphic individuals under L I could be 
revealed, while the relative share of hemiedaphic individuals 
was higher under SL (Figure 3). Because the 95 % CIs overlap 
these differences are considered as not significant. The trend 
towards higher relative share of euedaphic individuals in 
the livestock I rotation may be caused by negative effects of 
regular slurry application on surface dwelling collembolans 
(Pommeresche et al., 2017).

3.1.2 Comparison of tillage regimes:  
conventional versus reduced
No significant differences in collembolan abundance or spe
cies richness were observed in either 2012, before setting 
aside the plough, or in 2014, after two years of different till
age regimes in place when comparing conventional tillage 
(CT) and reduced tillage (RT) (Table 6). Furthermore, there 
was no significant interaction between tillage regime and 
year of sampling.

As in our study, Petersen (2002) did not find any differ
ence in collembolan abundance when comparing con
ventional tillage with ploughing and noninverting deep till
age in a oneyear case study. Sabatini et al. (1997) support this 
result for the long run when studying fields constantly man
aged with three different tillage intensities for 15 years prior to 
sampling. In contrast, Miyazawa et al. (2002) revealed a posi
tive effect of reduced tillage on collembolan abundance. 
The fact that we did not observe any differences between 

at eu

he

F I G U R E  3
Ternary diagram representing the relative proportions of 
lifeforms (eu: euedaphic, he: hemiedaphic, at: atmobiont) 
in the collembolan communities on the fields of the live
stock I (L I) and stockless (SL) rotation in 2012. Data from SL 
marked with triangles and data from L I with circles. Solid 
markings represent the geometrical means. In addition 
95 % CI are shown.

T A B L E  6
Results of statistical modelling (GLMM) to reveal the influence of different tillage regimes (CT vs. RT) on abundance and 
species richness of collembolans (n=24). Least square means (LSM) as well as lower (LCL) and upper (UCL) confidence 
levels are given.

Response Grouping p Effect Level LSM Asymptotic LCL Asymptotic UCL

Abundance  
(Individuals m2) 2012 0.0514

CT 8,220 5,317 12,708

RT 12,046 7,762 18,693

2014 0.4821
CT 29,067 18,804 44,933

RT 25,357 16,419 39,161

CT <0.0001
2012 8,220 5,317 12,708

2014 29,067 18,804 44,933

RT 0.0002
2012 12,046 7,762 18,693

2014 25,357 16,419 39,161

Species number  
(Species per sample) 2012 0.8995

CT 5 3 8

RT 5 3 8

2014 0.8206
CT 6 4 10

RT 6 4 9

CT 0.2881
2012 5 3 8

2014 6 4 10

RT 0.476
2012 5 3 8

2014 6 4 9
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conventional and reduced tillage could be due to our use of a 
rather intensive form of reduced tillage with the use of chisel 
plough and ro tary harrow. In addition, the sampling in May 
2014 took place nine months after the last ploughing and the 
time might have been long enough for the collembolan com
munities to recover from this disturbance (Petersen, 2002). 
Furthermore, the influence of soil tillage on collem bolan 
abundance is mediated by abiotic soil properties. When 
evaluating twelve datasets from nine German studies van 
Capelle et al. (2012) showed an overall positive effect of con
ventional tillage on collembolan abundance and diversity, 
but also highlighted that this overall effect did not hold true 
for all combinations of soil type and lifeforms. For instance, 
species of all lifeforms were promoted by reduced tillage 
and not by conventional tillage in silty soils.

In our study collembolan abundance was significantly 
higher in May 2014 as compared to May 2012 under both till
age regimes. We ascribe this result to higher soil moisture 
in 2014 and the different crops under study in 2012 (spring 
grown grainlegume cereal mixtures or pure grainlegumes) 
and in 2014 (winter grown clovergrass). Seasonal effects on 
collembolan communities based on differences in soil mois
ture rather than on differences in management were also 
shown by D’Annibale et al. (2017). Due to the setup of our 
investigating it was not possible to distinguish the effect of 
year and cultivated crops, but we could show that there was 
no effect of tillage regime on collembolan abundance or 
species richness in our study.

A visual comparison of the proportions of life forms under 
CT and RT in May 2012 (Figure 4 a) and May 2014 (Figure 4 b) was 
possible using ternary diagrams. There was no difference in 
the proportions of life forms in May 2012. In May 2014, the 

relative share of atmobiont individuals was higher under 
CT than under RT whereas under RT the relative share of 
hemiedaphic individuals was higher (Figure 4 b). The 95 % CIs 
only overlap slightly for the data from May 2014. 

Martins da Silva et al. (2016) found an increase in 
euedaphic collembolans in soil habitats offering stable con
di tions in terms of resource availability, soil moisture, or dis
turbance in a Europewide study of different habitat types 
(forests, grasslands, arable land). Therefore, we hypothesise 
that the trend towards a higher relative share of hemiedaphic 
individuals after two years of reduced tillage indicates the 
early stages of the stabilisation of habitat conditions on the 
fieldhalves that were not ploughed.

Irrespective of the tillage regime, the EMI mTvalue was 
significantly higher in May 2012 than in May 2014 (2012: 0.61 
± 0.04; 2014: 0.44 ± 0.04; p<0.01). Higher EMI mT values indi
cate a higher relative share of euedaphic individuals, which 
we assume is due to the dry weather conditions in 2012 
decreasing the relative share of hemiedaphic and atmobiont 
individuals.

3.2 Collembolan communities
In the following we use autecological information on col
lem bolan species to characterise gradients uncovered with 
multi variate statistical methods. This approach must take 
geographical differences into account. Fjellberg (1998, 2007) 
characterises Protaphorura armata and Sminthurus viridis as 
preferring rather dry or mostly dry habitats. This is contrary 
to the views of other authors. While Hopkin (1997) reports 
that P. armata is susceptible to drought, Bretfeld (1999) states 
that S. viridis prefers the vegetation of moister grasslands and 
herbaceous fields. We suppose that these different ratings of 

at eu

he

a)

at eu

he

b)

F I G U R E  4
Ternary diagram representing the relative proportions of lifeforms (eu: euedaphic, he: hemiedaphic, at: atmobiont) in 
the collembolan communities on the fields under CT and RT in May 2012 (a) and May 2014 (b). Data from RT marked with 
triangles and data from CT with circles. Solid markings represent the geometrical means. In addition 95 % CI are shown.
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species are due to the fact that the assessments of Fjellberg 
(1998, 2007) are more valid for boreal and alpine regions with 
lower mean temperatures. Individuals of the same collem
bolan species are able to tolerate different humidity levels 
depending on the mean temperatures in their respective 
habitat, with individuals living in colder habitats tolerating 
lower humidity (Snider and Butcher, 1972, as cited in Hop
kin 1997). Therefore, in the case of P. armata and S. viridis 
we adopted the view of Hopkin (1997) and Bretfeld (1999), 
respectively.

3.2.1 Comparison of crop rotations: livestock I 
versus stockless
In May 2012 the main gradient within the data on collembo
lan communities from the livestock I (L I) and the stockless (SL) 
rotation along the first NMDSaxis is spanned by Prota phorura 
armata Group and Sphaeridia pumilis and the gradient along 
the second axis was spanned by Heterosminthurus biline
atus Group and Pseudosinella decipiens on the one end and  
Willemia anophthalma on the other end of the axis (Figure 5 a).

F I G U R E  5
NMDS for the collembolan data from May 2012 for the two crop rotations livestock I (L I) and stockless (SL).  
a) Ordination showing main species within the dataset (abbreviations according to Table 4).  
b) Sampling points grouped according to farming systems (SL marked with triangles and LI with circles). 
c) Sampling points grouped according to crop classes (SGrain: spring grown grain; WGrain: winter grown grain; FLEG: 
fodder legumes (clovergrass mixture); GLEG: grain legumes; LEGMix: mixtures of grain legumes and grains; MA: maize).
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No significant difference between the centroids for the 
two crop rotations (L I versus SL) were identified (p=0.105). 
It is clear that there is no difference along the first axis and 
only little difference along the second axis (Figure 5  b). When 
using cropclasses rather than crop rotations as grouping 
variables some differentiation is possible (Figure 5 c). Col
lembolan communities differ between autumnsown and 
springsown crops. However, none of the centroids differ 
significantly (Table 7).

The species spanning axis 1 can be differentiated accord
ing to their lifeforms. P. armata is an euedaphic species, a 
“true soildweller” (Bauer and Christian, 1993), with only 
poor drought resistance (Hopkin, 1997). On the other hand, 
S. pumilis lives in the litter layer of soils of different humid ity 
levels (Bretfeld, 1999; Ponge, 2000) and is a mobile epigeic 
species (Salamon et al., 2004). As the centroids of the live
stock I and stockless rotation were not separated along this 
axis, both crop rotations host collembolan communities 
consisting of a balanced mixture of species of different life
forms after ten consistent years of different organic farming 
practices. 

The second axis could follow a gradient of soil acidity. 
P. decipiens is characterised as not occurring under acid con
di tions (Ponge, 1993), while W. anophthalma prefers acidic 
habitats like peat, mor, or moder (Chauvat and Ponge, 2002; 
Salmon et al., 2014). Therefore, we hypothesise that the data 
on collembolan communities indicate more acidic condi
tions under the livestock I rotation than under the stockless 
rotation.

The differentiation between collembolan communities 
of different crop classes was more pronounced. Differences 
became apparent between autumnsown and springsown 
crops along axis 1. As sampling took place in May, the time 
elapsed since tillage and sowing differed markedly between 
these two groups. Different crops were in different devel
opment stages causing different degrees of soil coverage. 
As Salmon et al. (2014) found convergence of collembolan 
species traits for epigeic species and those living in open 
habitats, the gradient along the first axis could reflect differ
ences in habitat openness. Along the second axis, legumes 
and maize can be differentiated from cereals. Here the col
lembolan communities might uncover lower pH values in 
the rhizosphere of legumes and maize (Kamh et al., 2002; 
Maltais Landry, 2015). Kamh et al. (2002) found enhanced 
release of protons from Zea mays under Pdeficient condi
tions. To what extent proton release of young maize plants 
to dissolve phosphorus influenced soil pH was not within the 
scope of our study, but cannot be ruled out as a mechanism 
influencing habitat conditions for soil fauna on the study site 
(Ohm et al., 2015). Therefore, the higher relative share of leg
umes and maize in the livestock I rotation (cf. Table 1) could 
have influenced the differentiation of the livestock I and 
stockless rotation along the second NMDSaxis.

3.2.2 Comparison of tillage regimes: conven-
tional versus reduced
The first axis of an NMDS on the collembolan data from fields 
under conventional (CT) and reduced (RT) tillage is spanned 
by Sminthurides malmgreni, Cyphoderus albinus and Pseudo
sinella alba on the one end and Deuterosminthurus pallipes 
and Neotullbergia crassicuspis on the other end of the axis 
(Figure 6 a). NMDSaxis 2 is spanned by Sminthurides parvulus,  
P. armata Group, Supraphorura furcifera and Isotomurus palus
tris Group on the one end and P. alba, Cryptopygus thermo
philus and Sminthurinus niger on the other end of the axis.

Species at both ends of the first NMDSaxis are xero
thermophil and prefer dry and open habitats (C. albinus 
(Bockemühl, 1956, as cited in Dekoninck et al., 2007), P. alba 
(Filser, 1995), D. pallipes (Bretfeld, 1999; Fjellberg, 2007; 
Querner, 2004), N. crassicuspis (Stierhof, 2003)). Along the 
second axis, a humidity gradient seems to be spanned. 
S. parvulus, P. armata, S. furcifera, and I. palustris prefer wet or 
damp habitats (Bretfeld, 1999; Fjellberg, 1998, 2007; Hopkin, 
1997, 2007) whereas P. alba and C. thermophilus are adapted 
to dry habitat conditions (Detsis, 2009; Filser, 1995; Kautz et 
al,. 2006; Potapov, 2001).

There was no difference between centroids of CT and 
RT in May 2012 and in May 2014 (figure not shown). The lack 
of differences between conventional and reduced tillage in 
2014, after two years of different management treatments, 
could be due to the intensive form of reduced tillage investi
gated in this study (cf. 3.1.2) or due to sampling of collem
bolans taking place nine months after the last soil tillage, so 
that collembolan communities may have aligned during this 
time. Although the centroids differed between May 2012 and 
May 2014 (Figure 6 b), no test for significance of this difference 
was possible as the condition of homogeneity of multivariate 

T A B L E  7
Results of pairwise comparison of centroids from NMDS 
from the collembolan dataset in L I and SL in May 2012.

adjusted p

FLEG–GLEG 1

FLEG–LEGMix 0.9

FLEG–MA NA

FLEG–SGrain 0.675

FLEG–WGrain 0.345

GLEG–LEGMix NA

GLEG–MA NA

GLEG–SGrain NA

GLEG –WGrain 1

GLEGMix–MA NA

LEGMix–SGrain NA

LEGMix–WGrain 1

MA  SGrain NA

MA–WGrain NA

SGrain–WGrain 0.285

SGrain: spring grown grain; WGrain: winter grown grain;  
FLEG: fodder legumes (clovergrass mixture); GLEG: grain legumes; 
LEGMix: mixtures of grain legumes and grains; MA: maize.

NA: Comparison of centroids were not possible as homogeneity of  
multivariate spread could not be achieved.
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spread was not satisfied. Significant differences between 
spring grain crops (grainlegume/cereal mixtures; LEGMix) 
and fodder legumes (red clovergrass; FLEG) (p=0.003) and 
between grain legumes (GLEG) and fodder legumes (FLEG) 
(p=0.003) could be shown (Figure 6 c).

In May 2012, all fields were cultivated with grain legumes 
or with grainlegume/cereal mixtures, respectively. In May 

2014, all fields were cultivated identically with fodder leg
umes. Therefore, effect of year and crop class cannot be sepa
rated in our analyses (cf. 3.1.2). However, we could show that 
there were no differences between collembolan communi
ties based on tillage regimes and furthermore hypothesise 
that differences between data from May 2012 and May 2014 
are related to differences in soil moisture.

F I G U R E  6
NMDS for the collembolan data from May 2012 and May 2014 under the different management systems CT (conventional 
tillage) and RT (reduced tillage).  
a) Ordination showing main species within the dataset (abbreviations according to Table 4).  
b) Sampling points grouped according to sampling month (May 2012 marked with triangles and May 2014 with circles).  
c) Sampling points grouped according to crop classes (FLEG: fodder legumes (clovergrass mixture); GLEG: grain legumes; 
LEGMix: mixtures of grain legumes and grains).
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While in 2012 spring grown crops were cultivated the 
grassclovermixture present on all fields in 2014 was a 
winter grown crop. Thus, higher soil cover of the vegetation 
in May 2014 may have led to higher soil moisture. Alvarez et 
al. (2001) also discussed a positive effect of higher soil mois
ture due to higher weed densities as possibly influencing 
collembolan communities. Furthermore, data from the Ger
man Weather Service (DWD) on soil moisture revealed overall 
higher water content in the soil in 2014 (Figure 2).

4 Conclusion

Neither different crop rotations kept over ten years nor 
shorterterm changes in tillage regimes significantly influ
enced collembolan abundance, species richness, EMI 
mTvalues, or collembolan species composition at this 
experimental station. We found that collembolan abundance 
and species composition reacted to intermingled effects of 
different crops cultivated with interannual variability. How
ever, shifts in the relative share of the different collem
bolan lifeforms showed some nonsignificant reactions to 
manage ment differences. The relative share of euedaphic 
individuals is of particular interest, as some previous studies 
show that their proportion can be used as an indicator for 
stable soil habitat conditions. For different crop rotations, we 
found some first evidence that soil habitats in organic farm
ing systems with regular manuring and a high share of green 
fodder crops (here clovergrass mixtures) tend to be more 
stable than those in systems without high input of manure 
and a low share of greenfodder crops.

The results of this study are of interest not just for the 
further development of organic arable farming systems. As 
techniques such as increasing crop rotation diversity and 
reducing tillage intensity are discussed also for nonorganic 
farming systems, under the keywords agroecology (Tomlin
son, 2013) or ecological intensification (Kleijn et al., 2019), 
their evaluation is of broader interest for any farming system 
aiming to implement sustainable management regimes.
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Abstract

The alignment of the environmental, economic and social 
sustainability of farms is necessary for enhancing the pro-
vision of public goods in farming. This study combines the 
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use of three tools for the assessment of farm sustainability. It 
provides first insights into the sustainability performance of 
farms at different stages of agro-ecological transitions in 15 
case studies covering a range of different farming systems 
across Europe. Each case study reflects a different  transition 
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towards agro-ecological farming. The tools applied were 
COMPAS (an economic farm assessment tool); Cool Farm 
Tool (a greenhouse gas inventory, water footprint and 
 biodiversity assessment tool); and the SMART Farm Tool 
(a multidimensional sustainability assessment tool).

First results of the use of combined sustainability assess-
ments deepen the understanding of different farming systems. 
Sustainability performance varies greatly between farms, 
but overall, agro-ecological farms tend to enhance biodiver-
sity and water quality. For soil quality, no clear patterns could 
be identified. The same applies to economic performance at 
different stages of the agro-ecological transition. Quality of 
life was generally rated medium to high on all investigated 
farms. The combined sustainability assessment enabled the 
identification of areas for further policy development.

Aligning the tools required harmonising definitions, sim-
plification and assumptions with regard to the input data of 
the tools.

1 Introduction

The sustainability of farming needs to be enhanced to ena-
ble a sustainable food supply for a growing global popu-
lation while remaining within the planetary boundaries 
(Campbell et al., 2017; Willett et al., 2019; EEA/FOEN, 2020; 
Pe’er et al., 2020). Given that the co-provision of public 
and  private goods frequently remains imbalanced and not 
 sustainable at a farm or farm systems level, agro-ecological 
 practices are gaining increasing attention from practitioners 
and  policy-makers (Duru et al., 2015; IPES-Food, 2016; Wezel 
and Bellon, 2018; HLPE, 2019). Such agro-ecological prac-
tices aim at supporting sustainable food production “while 
being based on various ecological processes and ecosystem 
 services” (Wezel et al., 2014), for example, by substituting 
synthetically  produced inputs with biological alternatives or 
restoring healthy agro-ecosystems. 

The agro-ecological transition of farming systems 
implies adopting agro-ecological practices. It is linked to the 
ecosystem services these practices can provide (Altieri et al., 
2017; Prazan and Aalders, 2019). There is a wide set of agro- 
ecological practices with varying degrees of application. A 
common way to classify them is according to the efficiency, 
substitution and redesign (ESR) framework, which was first 
introduced by Hill and MacRae (1996) and which describes 
different transition stages towards sustainable agriculture 
(see also Wezel et al., 2014). More specifically, agro-ecological 
practices may enhance the efficiency of conventional practices 
(e.g. the precision application of mineral fertilisers), substitute 
inputs (e.g. applying organic instead of mineral fertiliser), or 
redesign conventional approaches (e.g. introducing green 
manure; see Prazan and Aalders, 2019).

However, transitions towards diversified agro-ecological 
systems remain slow. To some extent, this can be attributed 
to the challenge of tackling the key dilemma of securing the 
economic and social sustainability of farms while providing 
public goods, such as environmental benefits (see, e.g. Otero 
et al., 2020). This is despite significant political efforts: 40 % 
of the European Union’s 2014-2020 budget was allocated to 

the Common Agricultural Policy (CAP) (European Parliament, 
2020). Yet, questions have been raised over the effectiveness 
of the underlying policy instruments aiming at enhancing 
the environmental state of agriculture (Pe’er et al., 2014, 2017, 
2020; European Court of Auditors, 2017; Leventon et al., 2017). 
Despite recognition of the importance of agro-ecological 
practices for enhancing farm sustainability, identifying and 
integrating appropriate solutions is challenging and differs 
across contexts. 

European farm-level data are insufficient for capturing 
agricultural sustainability (Kelly et al., 2018), however, assess-
ment tools exist which can be used to determine the sus-
tainability performance of farms (e.g. Arulnathan et al., 2020; 
Coteur et al., 2020; Janker and Mann, 2020). For such tools, 
the term sustainability assessment tools (SAT) is used in this 
paper if they cover at least one dimension of sustainability. 
The way they are constructed and the aspects of sustain-
ability they investigate differ significantly (Coteur et al., 2020). 
The selection of a suitable tool is determined by factors that 
include the purpose of application as well as thematic and 
geographic scope (see e.g. Arulnathan et al., 2020; Coteur 
et al., 2020; Schader et al., 2014). A single SAT is unlikely to 
 capture all of the relevant aspects of sustainability (Gaspara-
tos et al., 2008). A more effective approach for assessing 
 complex systems is to combine the use of different tools (de 
Olde et al., 2017). 

This paper has two aims: i) to explore the potential and 
challenges of applying different SATs in parallel to assess 
farm sustainability in different farming systems and ii) to 
provide first insights into the sustainability impacts of agro- 
ecological practices implemented across Europe.

A set of different SATs were applied alongside each  other 
(hereinafter called ‘combined sustainability assessment’). 
The intended output was an overview of farm sustainability 
while also providing an in-depth assessment of at least one 
environmental topic, and of economic aspects. 

To gain insights into all sustainability dimensions with an 
emphasis on the environmental and economic aspects, three 
state-of-the art tools were selected: SMART Farm Tool (here-
inafter referred to as SMART), COMPAS, and Cool Farm Tool 
(CFT). SMART is a multidimensional sustainability assessment 
covering a broad range of sustainability topics. COMPAS 
covers the economic performance of farms. CFT is a green-
house gas (GHG) inventory, water footprint and biodiversity 
assessment tool. Used in combination, the semi-quantitative 
SMART results are complemented with quantitative evidence 
obtained from applying COMPAS and CFT. 

In the research work reported here, the three SATs were 
applied to 131 farms in 15 farming systems (case studies). 
Each of the farming systems comprises farm groups at differ-
ent stages of agro-ecological transition which are represent-
ed by the assessed farms.

The selection of case studies and farms as well as the 
application of the SATs are described in detail. First insights 
are provided on how different types of farms perform in 
relation to core sustainability topics: GHG emissions, biodi-
versity, soil quality, water quality, productivity/farm income 
and quality of life. The identified patterns and trends are 
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discussed in relation to relevant literature. The paper also 
reflects on the role of the current study for informing future 
policy development as well as some methodology matters.

2 Material and methods

The three SATs which were applied and the combined sus-
tainability assessment are described below, followed by a 
description of their use in 15 case studies across Europe.

2.1 Description of the three sustainability 
assessment tools and the combined 
 sustainability assessment

2.1.1 SMART
SMART (Sustainability Monitoring and Assessment RouTine; 
RRID:SCR_018197) is an instrument for analysing the sustain-
ability of farms. SMART is considered to be among the most 
comprehensive SATs for undertaking sustainability assess-
ments, delivering on seven of the eight Bellagio Sustainabil-
ity Assessment and Measuring Principles (see Arulnathan et 
al., 2020; Pintér et al., 2012). So far the tool that has been used 
to assess 4,300 farms in 28 countries. It is based upon the glob-
ally recognised Sustainability Assessment of Food and Agricul-
ture systems (SAFA) guidelines (FAO, 2013; Schader et al., 2016).

The four sustainability dimensions of SAFA are organised 
into 21 themes representing essential elements of sustain-
ability and 58 subthemes (Figure 2, on the following page). 
Themes and subthemes are defined by goals and specific 
objectives, respectively. Each subtheme has SMART indica-
tors which are associated with measurements relevant to 
achieving goals.

At its core, the SMART tool performs a multi-criteria 
analysis (MCA) that makes use of expert derived weights to 
aggregate indicators of subthemes. The subtheme scores 
range from 0 % (worst) to 100 % (best), and are mapped 
onto a colour scheme with five underlying categories of goal 
achievement (Figure 1).

2.1.2 COMPAS
COMPAS (Comparative Agriculture System Model) is a com-
parative, static, process analytical model used for detailed 
assessments of economic and technological changes at farm 
level. The model uses either data from the Farm Accountancy 
Data Network (FADN) or data that were specifically collect-
ed in farm surveys. Farm data are complemented by norma-
tive data from farm management handbooks, e.g. regard-
ing energy use of individual machinery or in case detailed 

accounting records cannot be obtained in full. The data are 
processed to calculate technical and monetary input-output 
coefficients of individual production processes (i.e. crops or 
farm animals). Each production process can be examined in 
greater detail, e.g. comparing different production intensity 
levels or field plots.

The output comprises the intermediate indicators of 
Total Output and Total Intermediate Consumption as well as 
the key indicators Net Value Added, Farm Net Value Added 
per Agricultural Work Unit, hereinafter referred to as labour 
productivity, Net Farm Income, and the gross margins of the 
crop and livestock products. The process of calculations of all 
output indicators follows the FADN definition (FADN, 2018).

2.1.3 Cool Farm Tool (CFT)
CFT is an online SAT used to estimate the environmental 
impacts of food production (CFA, 2019a). The tool estimates 
on-farm GHG emissions from crops and livestock (Hillier et 
al., 2011). It consists of a generic set of empirical models of 
Tier 1, Tier 2, and simple Tier 3 approaches to estimate full 
farm-gate product emissions (see IPCC, 1997, for a definition 
of Tiers for GHG estimation in national inventories). The bio-
diversity module, which was released in 2016, is based on 
the Gaia biodiversity yardstick (CFA, 2019b; CLM, 2019) and 
covers the assessment domains of farmed products, farming 
practices, large habitats, small habitats, livestock, crop and 
variety, soil fauna, beneficial invertebrates, arable flora, wet-
land and aquatic flora, woodland flora, arable birds, wood-
land birds, aquatic fauna, grassland flora and grassland birds.

Each section of CFT was designed to enable farmers to 
adjust the entered data to obtain insights into the potential 
reductions in emissions that can result from changing farm 
management practices. Its global applicability has led to 9,000 
users in numerous supply chains, covering 118 countries. 

2.1.4 Combined sustainability assessment
Each of the three SATs uses slightly different input data 

and operates with different types of indicators and outputs, 
which can be aggregated at different levels. Table 1 provides 
a summary of how the three SATs assess the core sustainabil-
ity topics of GHG emissions, biodiversity, soil quality, water 
quality, productivity/farm income and quality of life. 

The focal points of the tools vary with respect to the level 
of assessment. The approach of CFT is centred on the assess-
ments of single farm enterprises, COMPAS is based on data 
from farm enterprises and of the whole farm, and SMART is 
mainly focused on data at the farm level (see Table 1). Data 
were integrated at the farm level to align outputs of the three 

(4) BEST
81% - 100% of the
sustainability objec� ve
are achieved.

(3) GOOD
61% - 80% of the
sustainability objec� ve
are achieved.

(2) MODERATE
41% - 60% of the
sustainability objec� ve
are achieved.

(1) LIMITED
21% - 40% of the
sustainability objec� ve
are achieved.

(0) UNACCEPTABLE
0% - 20% of the
sustainability objec� ve
are achieved.

F I G U R E  1
The five rating categories of SMART describing the degree of goal achievement in each subtheme
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tools in the combined assessments. For CFT, the different 
emissions from farm enterprises were summed up in a dedi-
cated MS Excel file. For COMPAS, only the farm level indica-
tors were calculated by summing up data from the different 
farm enterprises.

The ability to represent the local context depends on the 
level of detail of the SAT. For example instead of selecting a 
locally occurring crop species (e.g. triticale), a more common 
crop species (e.g. wheat) had to be selected in one case. With 

this varying degree of detail between the tools, the input 
data needed to be aligned.

To streamline the simplifications described above and 
to align the input data, a Microsoft Excel tool for the data 
collection for all three tools was developed. This tool sup-
ported data entry using automated mechanisms, such as the 
conversion of data on fresh weight of livestock feed into dry 
weight (needed for CFT) based on conversion factors from 
feedi pedia.org (Sauvant et al., 2013).
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F I G U R E  2
Dimensions, themes and subthemes of the Sustainability Assessment of Food and Agriculture systems (SAFA) guidelines. 
Source: adopted from FAO (2013)
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2.2 Case studies
The combined sustainability assessment was first applied in 
case studies in 15 European countries. This  section describes 
how they were selected and how farms were sampled within 
each case study.

2.2.1 Case study selection
The study aimed to include a broad coverage of farm-

ing systems in Europe that are at different stages of agro- 
ecological transitions. In a first step, the local case study 
teams developed three proposals for case studies in their 
country. Prazan and Aalders (2019) document the initial 
selections which were based upon 19 characteristics such 
as the production type of farms, sustainability issue, agro- 
ecological practices, coverage of the value chain by farmers, 
network presence, level of cooperation, and the presence 
of innovative policy tools and/or market incentives. These 
proposed case studies were evaluated based on a reduced 
set of  criteria: i) the presence of innovative policy or market 
incentives, ii) a high degree of cooperation amongst farmers 
(and other actors), and iii) the involvement of farms in pro-
cessing and sales. The final set of selected case studies had 
to fulfil at least one of these criteria and was recommended 
to the local case study teams to decide upon together with 
the local stakeholders involved.

In the final step, representatives from EU-wide institu-
tions validated the final selection of case studies presented 
in Table 2. The set of case studies represents a wide range 
of production activities and of climatic and ecological con-
texts of Europe. For each case study, the core dilemma to be 

addressed by agro-ecological transition was identified by the 
local research teams.

2.2.2 Selection of farms along the agro- 
ecological transition pathway
The farm sampling strategy aimed to select representative 
farms with different strategies and performance profiles 
along the agro-ecological transition pathway following the 
previously introduced ESR framework (Figure 3). Based on 
this framework and the farm typology developed by Prazan 
and Aalders (2019), a guideline provided instructions to local 
case study teams on how to select farms. The first dimension 
of the farm typology (farm production system according to 
FADN) served to focus the case study on a certain farm pro-
duction system (dairy, mixed, perennial farms etc.) to ensure 
the comparability between the farms in one case study. The 
second dimension (agro-ecological practices) helped define 
case study-specific farm groups along the transition path-
way for the farm quota sampling. The third dimension (socio- 
ecological system context) was used to further characterise 
these groups.

A total of 51 farm groups were examined in the 15 case 
studies. These groups are presented in Table 3 according to 
their stage of transition. For example, in the Swiss case study, 
four farm groups are described: one group of conventional 
farms specialised in pig and dairy representing the current 
system in the case study area (Stage 0). The second group 
consists of organic farms specialised in pig and dairy repre-
senting the input substitution stage (Stage 1 in the Swiss 
case study). Two additional farm groups (organic farms with 

T A B L E  1
Comparison of tools in the project’s focus topics. The “+” sign indicates that the number of indicators scale with the 
 number of crops and livestock on the farm. For a complete list of indicators, see supplementary materials S1.

Level Indicator type (Bockstaller et al., 2015) Assessment type

Topic SAT
Crop/live-

stock
Farm

Causal 
 indicators

Predictive 
effect  

 indicators

Measured 
effect 

 indicators

Semi-
quantitative

Quantitative

Greenhouse 
gas emissions

SMART X 74 X

CFT X 5+ X

Biodiversity
SMART X 72 X

CFT X 27 X

Soil quality

SMART X 70 X

CFT X X
Topic not covered as a separate assessment, but the soil type (e.g. including 
parameters such as humidity) serves as an input data domain for GHG emission 
calculation. Soil  fauna is one indicator of the CFT biodiversity assessment.

Water quality

SMART X 61 X

CFT X
Topic not covered as a separate assessment, but land use and management 
 (riverine vegetation, ponds etc.) were entered for biodiversity assessment.

Productivity 
and farm 
incomes

SMART X 48 2 X

COMPAS X X 7+ X

Quality of life
SMART X 46 X

COMPAS X X Farm income, which contributes to quality of life, is covered (see above).
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mixed special crops and extensive mixed livestock farms) 
represent the stage of system redesign, which equals Stage 
2 in the Swiss case study.

Approximately 2.5 farms per farm group were then 
 selected on average for the assessments (131 farms in total). 
The specific farms were chosen based on input from local 
stakeholders, such as farmer associations, local authorities, or 
rural advisory services. They provided the insights required 
for selecting farms representing the defined farm groups 
and established the contacts with the farmers. Half of the 
farm groups defined along the transition pathway (1st stage 
and 2nd stage in Table 3) are certified as organic. Although 
agro-ecology is not defined by a standard or a certification, 
organic farming can be still seen as a laboratory for ecologi-
cal innovation (Tittonell, 2014) and, consequently, overlaps 
significantly with agro-ecological practices ( Migliorini and 
Wezel, 2017).

T A B L E  2
Overview of case studies and their dilemmas, which frame the development of practice-validated strategies for agro- 
ecological transitions. For each case study, the geographical scope is provided by referring to the level of the Nomen-
clature of Territorial Units for Statistics (NUTS).

Country Case study dilemma
Geographical scope 

(NUTS level)

Austria (AT)
Increasing carbon sequestration in soils and soil quality without losing economic viability of arable 
farms

NUTS 3

Czech Republic (CZ) Reducing soil degradation without losing economic viability of arable farming NUTS 3

Germany (DE) Reducing pressure on ecosystem (water, soil, biodiversity) without losing economic viability NUTS 3

Finland (FI) Reducing environmental impact of dairy farming without losing economic viability NUTS 3

France (FR) Reducing dependency of external fertilisers and pesticides without losing economic viability NUTS 1

Greece (GR) Reducing use of agro-chemicals in fruit production without losing economic viability NUTS 3

Hungary (HU) Improving soil quality without losing economic viability NUTS 0

Italy (IT) Increasing diversification without reducing profitability NUTS 2

Lithuania (LT) Enhancing economic viability and competitiveness of dairy without intensifying production NUTS 1

Latvia (LV)
Enhancing economic viability and competitiveness of dairy without increasing pressure on water and 
biodiversity

NUTS 2

Romania (RO)
Enhancing economic viability and competitiveness of small-scale farming without damaging cultural 
landscape and biodiversity

NUTS 1

Spain (ES) Improving economic resilience without increasing pressure on the ecosystem NUTS 1

Sweden (SE)
Diversifying specialised ruminant livestock farms to include more crops for direct human consump-
tion without losing economic viability

NUTS 0

Switzerland (CH)
Reducing water eutrophication and ammonia emission from intensive livestock keeping without los-
ing economic viability

NUTS 1

United Kingdom (UK)
Producing public goods while maintaining viable production of private goods, and securing econom-
ic and social sustainability at a farm level

NUTS 2
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F I G U R E  3
Representation of a transition pathway with different 
 stages of transition. Source: Tittonell (2014), adapted by 
Prazan und Aalders (2019)
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T A B L E  3
Overview of the farm groups in the case studies and their classification along the transition pathway. 
Stage 0 comprises farms which are not agro-ecological. The term ‘in transition’ used in the table refers to farms in 
 transition to input  substitution by applying some practices used in organic farming. ‘Org.’ stands for organic farming, 
‘Conv.’  for conventional farming.

Stage on the agro-ecological transition pathway

Main agro-ecological practices Stage 0 (S0) 1st stage 2nd stage

AT
Soil management (humus 
 formation) 

Conv. fruit farms
S0 + participating in humus 
project

Org. fruit farms participating 
in humus project

Conv. mixed livestock (pig) 
 arable farms

S0 + participating in humus 
project

Diversified mixed livestock 
(pig, poultry, cattle) arable 
farms,  participating in humus 
project

CZ
Livestock density/
soil management

Conv. specialised dairy Org. specialised dairy

FI
Livestock density/livestock 
diversity

Conv. specialised dairy 

Org. dairy farms (incl. some 
more diversified)

S0 + biogas project

FR Weed, pest and disease control Conv. perennial (wine)
Partially org. perennial (wine)/
in conversion

Demeter perennial (wine)

DE
Fertiliser and soil manage-
ment, flower/buffer strips, crop 
diversification

Specialised arable farms
(with minor pig systems)

S0 + some agro-ecological 
 practices

GR
Integrated crop management 
(ICM, fertiliser and soil), pest 
 control (mating disruption)

Fruit farms without ICM or 
mating disruption technique

Fruit farms with ICM or mating 
disruption technique

Fruit farms with ICM and 
 mating disruption technique

HU Soil management (erosion) Arable farms S0 + reduced tillage No-till arable farms

IT
Fertiliser management/soil 
 management

Intense perennial (wine) Org. perennial (wine)
Org. perennial (wine) with 
advanced soil management

LV Livestock diversity Conv. specialised dairy S0 + grazing Org. specialised farms

LT Livestock diversity

Extensive specialised dairy 
farms Extensive mixed dairy 

Org. specialised dairy 

RO
Livestock density/fertiliser 
management/weed, pest and 
disease control

Conv. specialised dairy Org. specialised dairy

Conv. cattle rearing and 
 fattening

Cattle rearing and fattening in 
transition

Mixed fruit/arable farms in 
 transition

Org. mixed fruit/arable farms

ES Crop spatial diversity Conventional arable farms Arable farms in transition Org. arable farms

SE Livestock diversity/density Conv. specialised beef farms

Org. and/or more diversified 
dairy farms Org. diversified production of 

beef or lamb and cropsOrg. and/or diversified beef or 
lamb farms

CH Livestock diversity/density
Conv. specialised livestock 
farms (pigs, dairy)

Org. specialised livestock farms 
(pigs and dairy)

Org. mixed special crop–live-
stock farms

Org. extensive mixed livestock 
farms

UK
Fertiliser and soil management 
and pest control 

Conv. arable farms

Mixed farms in transition

Org. arable farms

Conv. mixed farms Org. mixed farms
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2.2.3 Data collection and evaluation
The data collection and evaluation was mainly done by the 
local case study teams with support of a SAT coordinator for 
each of the three tools (see Figure 4).
To create a common understanding of the assessment pro-
cess among the case study teams and to streamline farm 
assessments, a guideline was provided to set out the steps 
needed for the farm assessment, such as reducing the assess-
ment time by omitting farm enterprises of limited relevance in 
the operation of CFT and COMPAS. The guideline was accom-
panied by seven webinars and a six-day, face-to-face field 
training course.

The farm visits listed in Figure 4 each lasted between three 
and four hours. Throughout the whole process, the local case 
study teams verified data with the SAT  coordinators by i) 
drawing attention to any  uncertainties about data quality in 
a dedicated online forum and ii) incorporating the feedback 
from the spot check of their data conducted by the three SAT 
coordinators. A separate guideline was provided for the data 
quality review process and result evaluation.

In a next step, the results were analysed by the local case 
study teams by comparing the results of the farm groups 
along the transition pathway with similarities and  differences 
relating to the core sustainability topics. This approach to 
result evaluation aimed at i) accounting for the local context 

Data filled in.

Data partly filled in.

Assessment results generated

The farmer is contacted by the local case study team and 
sends documents with farm data in advance.

Farm visit 1: Data collec�on with common MS Excel data 
collec�on tool by the local case study team 

Data transfer:  The local case study team transfers data 
from MS Excel data collec�on tool to CFT and SMART

Farm visit 2: The local case study team completes 
SMART data collec�on

Result genera�on: For COMPAS, results are generated 
centrally. For SMART and CFT: local case study team 

Result evalua�on: In case studies by local case study 
teams.

Synthesis: Centrally summarising interes�ng pa�erns 
across case studies, backed with addi�onal data analysis
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F I G U R E  4
Data collection and evaluation workflow

of each case study and ii) focusing the analysis of the more 
than 10,000 data records. To enable consideration of context, 
causalities, and potential data issues, a section of the guide-
lines framed the comparison between farm groups with the 
 following questions (summarised):
• How do farm groups compare to structural farm data 

available for the region (e.g. FADN data)?
• What are the causalities or contributions of different pro-

cesses in the SATs behind the observed patterns?
• How does the sample size affect the comparison?
• How does the farm type affect the comparison?
• What are other potential limitations for drawing con clu-

sions?
The guideline also provided a structure for reporting the 

results (see supplementary materials S2).
In the final step, all case study reports were iteratively 

summarised for each core sustainability topic (see Section 
2.1.4) accounting for patterns of similarities and differences 
between the farm groups.

The aggregated findings in pesticide use, fertiliser use, soil 
management, quality of life, and income volatility were com-
plemented with a central data analysis in SQL Server Manage-
ment Studio to query SMART indicator data across several case 
studies and MS Excel to further evaluate the query results (e.g. 
comparing conventional and agro-ecological farms).
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T A B L E  4
Summary of identified patterns and trends

Sustainability topic Identified patterns and trends

Greenhouse gas (GHG) 
 emissions

Different agro-ecological field management practices have a reducing effect on the total GHG emissions 
of farms. Some agro-ecological practices increase total farm emissions.

Biodiversity
Biodiversity scores are mainly determined by farming practices. Agro-ecological farm groups tend to 
show higher levels of biodiversity than their conventional counterpart. However, agro-ecological farming 
practices are not necessarily associated with measures designed to promote biodiversity. 

Soil quality
Farm type (conventional or agro-ecological) did not have a consistent effect on SAT scores for soil 
quality. As one reason, some practices are applied by all farm types such as determining soil fertiliser 
 requirements which contributes positively to the soil quality scores.

Water quality
Agro-ecological farm groups show higher scores for water quality, particularly due to reduced use of 
 pesticides, fertilisers, and practices such as erosion management.

Productivity and farm 
incomes

The majority of farms generate positive income, but subsidies (including direct and other payments) 
 represent a major proportion of the farm income in all countries. As such, SAT results show no clear pat-
terns between labour productivity, farm income and the stage of agro-ecological transition.

Quality of life
The quality of life is generally high on all farms, whether they are oriented towards agro-ecological 
 practices or not. A lower degree of mechanisation (and therefore higher physical workload) impacts qual-
ity of life negatively in some case studies. 

3 Results and discussion

The patterns and trends identified from the application of the 
SATs in the case studies are summarised in Table 4. The results 
are based on the analysis of similarities and  differences 
between the defined agro-ecological farms (i.e. farms in the 
1st and 2nd stage of agro-ecological transition, n=84) and 
their conventional counterparts in the case studies (n=47, 
Table 3). These comparisons were conducted within the con-
text of each case study and, in selected areas, explored in all 
or several case studies (see section 2.2.3). The observations 
are summarised in the following sections.

The farm groups are a simplification of the wide range of 
agro-ecological transition perspectives in the case  studies. 
The implications of this heterogeneity are discussed in Sec-
tion 4.2. The first results are accompanied by the code of the 
countries representing those case study reports in which 
the corresponding findings were explicitly mentioned. The 
underlying data is provided in the database compiled by 
Landert et al. (2019).

The results described below refer to SAT performance rat-
ings, illustrated in Figure 5 by SMART results. For example, a 
higher rating for the SMART subtheme Soil Quality implies a 
better performance of farms in aspects related to soil  quality 
(see section 2.1).

3.1.1 Greenhouse gas emissions
In the case studies, the production systems largely determined 
the GHG emissions of farms and the potential for mitigation. 
The level of agro-ecological transition appears to generally 
have less impact. Nevertheless, for the perennial systems of 
France and Greece, the results of CFT suggest that agro- 
ecological practices can lead (in some cases) to an increase in 
GHG emissions. Reasons for such increased emissions are, e.g. 

the increased fuel use for mechanical weeding (FR) and drip- 
irrigation in the case of some Greek conventional and agro-eco-
logical peach farms, which leads to increased energy use com-
pared to the flood irrigation of the other farms in the sample.

In arable farming, the SAT assessments identified the use 
of nitrogen (N) fertiliser as the main contributor to emissions 
because of nitrous oxide (N2O) and emission from the produc-
tion of synthetic fertilisers. This is reflected in the CFT results 
for the Swiss case study, in which the contribution of N-fer-
tiliser application to crop and grassland-related GHG emis-
sions was 36 % (on average) across all farm groups. Some of 
the agro-ecological farm groups investigated used less N-fer-
tiliser, which was reflected in lower GHG footprints per hectare 
in CFT and a higher SMART score, compared to the more con-
ventional counterparts: In Spain, on average the agro-ecologi-
cal farms used 107 kg N ha-1 of agricultural area (180 kg N ha-1in 
case of conventional farms), while in Switzerland these farm 
groups used an average of 89 kg N ha-1 (169 kg N ha-1 in case 
of conventional farms). The CFT assessment shows that soil 
conservation techniques in arable systems contribute (tem-
porarily) to GHG mitigation (AT, CH, IT, HU). Yet, the difference 
in the average share of agricultural land under reduced tillage 
between agro-ecological and conventional farm groups was 
small across the four case studies: 62 % in case of agro-ecolog-
ical farms versus 58 % in case of conventional farms. Despite 
the similar share of reduced tillage, the weed control differed: 
the conventional group did not use undersown cover crops 
at all, compared to an average share of 6 % area with under-
sown cover crops on the agro-ecological arable land. Also, the 
average share of arable area where catch crops are grown was 
only 5 % on conventional farms compared to 12 % in the case 
of agro-ecological farms. The SAT results also reveal lower pes-
ticide use on the agro-ecological farms (LV, ES), which reduces 
GHG emissions to a small extent on agro-ecological farms.
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3.1.2 Biodiversity
SATs cover different aspects of biodiversity, including genetic, 
species, and ecosystem diversity (SMART, see Section 2.1.1) or, 
in the case of CFT, scores that express the impact of farming 
on certain biotic communities, such as soil fauna (see  Section 
2.1.3). Figure 6 shows the scores for soil fauna across the farm 
groups in the case studies.

With regard to biodiversity, CFT and SMART rank agro- 
ecological farm groups higher than their conventional 
counterparts in most cases. Across all case studies, agro- 
ecological farms have an average rating of 54 % in SMART, 
whereas conventional farms score 42 %. The SATs yield higher 
biodiversity scores because of differences in farming prac-
tices, such as soil conservation practices (HU), biodiversity 
conservation (DE), a higher diversity of livestock, and crop 
rotation elements (CH, ES, IT, LV, RO). In the latter case, agro- 
ecological farms across all case studies exhibit, on average, 
a minimum number of 3.71 crops in the rotation compared 
to 3.48 on conventional farms. In addition to crop diversity, 
also the cultivation on small plots (RO), the application of less 
N-fertiliser (CZ, CH, ES, RO, UK) and less pesticides (CH, CZ, ES, 
GR, RO, SE, UK; number of active ingredients) lead to high-
er biodiversity scores on agro-ecological farms. The use of 
less pesticides in the cited cases is also reflected across all 
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F I G U R E  5
Ratings for the 21 SMART themes across all case studies

F I G U R E  6
Median soil fauna biodiversity score provided by CFT 
(0 – 100 %) including quartiles, minimum and maximum 
for farms in the case studies (excluding Finland and Spain 
where no CFT biodiversity data is available) at the three 
agro-ecological transition stages (see Table 3)
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case studies by a lower average number of active ingredients 
being used on agro-ecological farms compared to conven-
tional farms. Correspondingly, agro-ecological farms (includ-
ing 40 farms with no pesticides registered) scored better in 
the SMART indicators with regard to the toxicity attributes of 
pesticides, such as acute (inhalation) toxicity, chronic toxicity, 
and toxicity to bees and aquatic organisms. The active ingre-
dients registered on agro-ecological farms are, on average, 
less persistent in water (248 days versus 282 days of half-life 
time in the case of conventional farms). However, the greater 
use of copper on agro-ecological farms led to a high average 
persistence of pesticides in soils (243 days [104 days without 
considering copper] of half-life time versus 237 days for pes-
ticides used on conventional farms).

It appears that agro-ecological farming practices do not 
 necessarily correlate with targeted measures to promote 
biodiversity or the creation of large habitats (AT, CZ, LT, LV): 
The median CFT score for large habitats equals 2 % for agro- 
ecological farms (on a scale from 0 % to 100 %). Results from 
SMART show that the share of agro-ecological farms which 
undertake targeted promotion (of one group) of species 
(23 %) is even lower than for conventional farms (33 %).

3.1.3 Soil quality
While the CFT scores for soil fauna (an indicator of the biodi-
versity assessment) suggest that agro-ecological farms per-
form better (Figure 6), the SMART results did not show clear 
patterns between the groups of conventional and agro- 
ecological farms. The assessments of soil quality and soil fauna 
by the two SATs are mainly based on farming practices and 
land use, with additional topics, such as soil pollution and ero-
sion, assessed by SMART (see supplementary materials S1). 

While indicators in these different topics all similarly con-
tribute to the final SMART soil quality score, it was in some 
case studies positively influenced by the following agro- 
ecological practices: mulching (AT, FR), higher use (twice 
the level) of legumes in crop rotation in the agro- ecological 
group than in the conventional farm group (CZ), mainte-
nance of grass cover between vine rows (FR, IT), undersown 
crops (CH, CZ), reduced till (AT), no-till (HU), reduced soil con-
tamination due to pesticide use (LV, GR), or determining soil 
fertiliser requirements (LV). The higher share of legumes can 
be identified across all case studies (on average, 10 % on con-
ventional arable land versus 17 % on agro-ecological farms). 
The farm groups also differed with regard to the undersow-
ing of crops (3 % on average on conventional arable land ver-
sus 12 % on agro-ecological farms). Although the application 
of reduced tillage varied less between the farm groups, it is 
still substantial (36 % on average on conventional agricul-
tural area versus 45 % on agro-ecological farm land). The 
same applies to the green  cover outside the growing period 
(50 % on average on conventional arable land versus 65 % on 
agro-ecological farms).

Composting was not explicitly mentioned as playing an 
important role. Correspondingly, only 14 % of agro-ecolog-
ical farms which apply organic fertiliser apply plant or live-
stock-based compost (15 % of conventional farms).

3.1.4 Water quality
Most agro-ecological farm groups perform better across the 
case studies, particularly due to a reduced use of pesticides 
(AT, CZ, GR, LV), fertilisers (AT, CH, CZ, GR, LV, LT, SE), and 
improved erosion management (AT, CH). Overall, the median 
SMART scores for the farm groups in all case studies ranged 
between 60 % and 80 % (Figure 7).

Buffer strips along surface waters, an important meas-
ure of the current CAP, cross-compliance, and post-2020 CAP 
conditionality, contributed to a high SMART rating (CZ, HU).

3.1.5 Productivity and farm incomes
The majority of farms (95 %) generate positive net incomes 
with their crop and livestock farming activities in the refer-
ence year. This was true for 77 % of the conventional farms 
and 92 % of the agro-ecological farms over the last five years. 
However, subsidies represent a major share of the farm 
income in all countries. The SAT results show no clear pat-
terns between labour productivity, farm income, and the 
stage of agro-ecological transition. In one case (AT), results 
from different SATs yield contradictory results, which reflects 
COMPAS’s focus on economic performance in a particular 
year, compared to SMART tending to assess medium term 
economic resilience. In the Swiss case study, agro-ecological 
farm groups were reported to show lower labour productivity 
than their conventional counterparts. In other cases, higher 
subsidies (LV), sales through shorter supply chains (AT, FR, LT), 
or higher price premiums from organic farms (FR) contribute 
to the net farm income of agro-ecological farms.

3.1.6 Quality of life
With SMART scores ranging from 48 % to 92 % (average: 
74 %), quality of life can be considered medium to high on all 
of the assessed farms. This suggests that agriculture provides 
viable livelihoods, i.e. modes of living that fulfil people’s 

F I G U R E  7
Median SMART scores of goal achievement for the sub-
theme water quality including quartiles, minimum and 
maximum, separately displayed by the three agro-ecologi-
cal transition stages (see Table 3) in all case studies
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needs and expectations, although there are exceptions (RO). 
Reasons for the high scores are the profitability of farms and 
the generally high labour standards in Europe (CZ, ES, FR, SE), 
in spite of common characteristics, such as extra hours 
worked (see also section 4.1).

The results indicate scores of a slightly lower quality of life in 
some case studies for agro-ecological farms due to less mech a-
nisation, resulting in higher physical workload (CH, ES, LV).

3.1.7 Integrated perspective on sustainability 
issues
The combined sustainability assessment made it possible to 
identify some initial sustainability synergies and trade-offs in 
the case studies, for example, in Spain, where farms with a 
higher biodiversity performance have lower GHG emissions. 
In the Latvian case study, mineral fertiliser and pesticide 
applications are the reason for synergies between efforts to 
increase biodiversity and improve water quality. In place of 
mineral fertilisers, organic farms in Latvia often use perennial 
grasslands with nitrogen-fixing legumes to maintain soil 
 fertility. In Greece, the agro-ecological practices used led to 
synergies between efforts  relating to soil and water quality.

Two case studies explicitly reported trade-offs between 
the economic performance of the farm and biodiversity (CH, 
CZ). In contrast, the Italian case study showed that more spe-
cialised and economically viable winemakers implement 
more agro-ecological practices. However, a transition to 
agro-ecological practices may also result in trade-offs in the 
environmental dimension. In some cases, GHG emissions rise 
due to higher energy use, caused, for example, by increased 
mechanical weeding or energy-demanding irrigation (FR, 
GR). In the Swedish case study, greater plant protein pro-
duction meant more intensive arable farming, which led to a 
decrease in performance with regard to soil quality.

4 Discussion

4.1 Patterns and trends
The combined sustainability assessment showed what 
agro-ecological practices mainly contributed to the core 
sustainability topics investigated. These practices led to 
generally higher scores of agro-ecological farm groups in 
the case of biodiversity and water quality, compared to their 
non agro-ecological counterparts. In the other four sustain-
ability topics investigated, the results imply that a variety of 
factors, which are independent of agro-ecological transition, 
determine the sustainability performance of farms, e.g. the 
farm production system. In addition, the results suggest that 
agro-ecological practices can, in certain contexts, also have 
negative impacts on certain sustainability topics.

Most examples of such negative impacts are related to 
greenhouse gas emissions and comprise practices such as 
mechani cal weeding in French organic vineyards. The asso-
ciated increase in fuel consumption is reported for other 
organic production systems by Smith et al. (2015). On ara-
ble farms, soil conservation techniques were a key factor 
for reducing greenhouse gas emissions. Sanz-Cobena et al. 
(2017)  confirm this positive impact in their review for the 

Mediterranean area. Yet, they also point out that the rate of 
carbon sequestration is likely to decrease over time (Sanz- 
Cobena et al., 2017). In addition, there are general uncertain-
ties related to the potential of no-till to increase soil carbon 
stocks (Ogle et al., 2019).

In the case of the Hungarian case study, no-till led to high-
er CFT soil biodiversity scores. This positive effect in the mod-
el is confirmed in field studies (e.g. Adl et al., 2006). The high-
er number of crops on farmland and the smaller plot size had 
a positive effect on the biodiversity scores. Sirami et al. (2019) 
identified plot size to be a key determinant for  multitrophic 
diversity in their study of 435 landscapes across 8 regions 
of Europe and North America. They found that the effect of 
crop diversity on the multitrophic diversity varies depending 
on the extent of areas with semi-natural cover. In the pan- 
European study of Billeter et al. (2008), the crop diversity on 
farms had a positive impact on the diversity of three arthro-
pod species groups. The authors also found a negative effect 
of high nitrogen fertiliser use (>150 kg N ha–1 year–1) on plant 
species diversity and on the number of bird species. This pro-
vides another reason for the negative biodiversity ratings 
among the conventional farm groups: farms with a mean 
input in excess of 170 kg N ha–1 year–1score lowest for the cor-
responding SMART indicator. A reduction in N input in the 
range below 25 kg N ha–1 year–1is not considered by SMART. 

The lower use of pesticides in agro-ecological farm 
groups (lower number of active ingredients employed) and 
the associated use of less hazardous pesticides also contribut-
ed to the higher SAT rating with regard to biodiversity. Again, 
these findings are identified in field studies as main factors 
influencing biodiversity, such as the pan-European study by 
Emmerson et al. (2016). Although the agro- ecological farms 
investigated perform well with regard to their farming prac-
tices, in several case studies they fall short in the provision 
of larger semi-natural habitats, which is another key aspect 
of how agriculture impacts biodiversity (Billeter et al., 2008).

Although agro-ecological practices have been identified 
to contribute to the soil quality in the case studies, no clear 
pattern was observed with regard to SMART ratings between 
conventional and agro-ecological farm groups. This some-
what counterintuitive observation can be explained by the 
fact that such practices are important for the calculation of 
the soil quality score of SMART, but other factors, such as 
land use, soil condition, or additional farming practices, have 
a similar importance in the calculation of the score. Conse-
quently, these factors need to be looked at more closely in 
further steps of the data analysis in order to identify those 
practices, which can be improved on both, agro-ecological 
and conventional farms with regard to soil quality.

A further observation is that composting was not a com-
mon practice on agro-ecological farms in the case studies 
despite its potential to improve soil quality (Martínez-Blanco 
et al., 2013). This contrasts with the findings of Viaene et al. 
(2016) in which 87 % of the surveyed organic farmers used 
compost (in contrast to 14 % of the agro-ecological farms in 
this study). This large difference in use of composting can-
not fully be explained by the variation between countries 
or regions. The use of compost seems also to vary between 
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farms in the same case study. Generally, this shows that there 
is an untapped potential for policies and farm advice to pro-
mote composting and minimise barriers to its uptake.

Similar to findings for biodiversity, the SAT ratings for 
water quality were more negatively impacted by the  N-  
application rate on conventional farms than agro- ecological 
farms. The use of fewer pesticides had positive implications 
for aquatic organisms. The rating effect of  N-application rate 
is to be taken indicatively since the corresponding indicator 
does not consider agri-environmental factors such as climatic 
conditions, soil water content, crop type, soil type, or the use 
of catch crops, all of which are identified as important deter-
minants for nitrate leaching by Beaudoin et al. (2005).

Although most of the farms were profitable during the 
reference year, the net farm income of conventional farms 
was shown to be slightly more volatile over time than that 
for agro-ecological farms. However, this pattern of income 
volatility does not seem to be general in nature, since Krause 
and Machek (2018) were not able to detect such a pattern 
in their comparison between Czech organic and conven-
tional farms. Meuwissen et al. (2018) identified other factors 
that are important for income volatility, such as the country 
and farm production system. While in our study no overall 
patterns for farm income could be identified, Krause and 
Machek (2018) note that Czech organic farms tend to have 
a higher profit ability (determined by the return on assets). 
This last finding is further underpinned by the meta-analysis 
of Crowder and Reganold (2015) on profitability of organic 
farms for 55 crops across 14 countries. Moreover, in the case 
of conventional arable farms in France, Lechenet et al. (2017) 
did not observe a general loss of profitability when reducing 
the use of pesticides. Yet, empirical evidence varies across 
studies, depending on the country and production system 
(Krause and Machek, 2018). The relevance of short supply 
chains and higher prices from premia for profitability has 
been confirmed in other studies (Crowder and Reganold, 
2015; Hatt et al., 2016; Krause and Machek, 2018). On Swiss 
agro-ecological farms, the lower degree of mechanisation, 
the lack of innovative collaboration models (i.e. group farm-
ing), and the absence of short supply chains might all have 
been contributing reasons for the lower labour productivity.

The general profitability of the investigated farms 
 directly or indirectly contributed to high ratings for some 
SMART indicators of the quality of life subtheme. In line with 
that, Besser and Mann (2015) found that farm income (meas-
ured by proxies of farm size and perceived financial situation) 
positively influences (to different extents) the relatively high 
work satisfaction of farmers in Switzerland and northern Ger-
many (approximately 7 on a scale from 1 to 10). However, the 
relatively high scores for the SMART quality of life subtheme 
also stems from the fact that the used indicators rated Euro-
pean labour standards as high (also see section 4.2). In this 
study we could not identify clear differences between agro- 
ecological farms and conventional farms; however, there is 
some evidence for a higher satisfaction among organic farm-
ers compared to conventional farmers in France (Mzoughi, 
2014; Bouttes et al., 2020).

Throughout the analysis of the results, some synergies 
emerged. An example is the higher rationalisation and eco-
nomic success in the Italian case study that led to the adop-
tion of more agro-ecological practices for managing vine-
yards. This is similar to findings reported for vineyards in 
Portugal by van der Ploeg et al. (2019). In general, reducing 
fertiliser and pesticide inputs (given the limitations of gen-
eralizing such reductions, as discussed above) also leads to 
synergies between different aspects of sustainability (apart 
from the risk of increasing GHG emission due to higher fuel 
use related to mechanical weeding). Therefore, unsurprising-
ly, reducing the use of pesticides and fertilisers is at the core 
of the EU’s Farm to Fork Strategy (European Union, 2020). The 
results of this study provide additional indications for poli-
cy priorities. For example, with respect to biodiversity, the 
lack of large habitats found in this study suggests a need for 
improving the embedding of conservation efforts in meas-
ures in the CAP post-2020, as recommended by groups such 
as the Alliance Environment (2019). By revealing a low level 
of diffusion of certain environmentally beneficial practices 
(such as composting), the results of this study provide indica-
tions on practices that could be incentivised under the new 
Eco-schemes in EU Member States.

4.2 Combined sustainability assessment 
framework and process
The approach taken in this study enabled the benefit of com-
bining different perspectives on sustainability, as suggested 
by previous studies, such as Gasparatos et al. (2008). This 
combination of different perspectives allowed to relate the 
performance in the core sustainability topics with each  other 
and therefore the identification of patterns of synergies and 
trade-offs.

With the exception of the underlying SAFA framework in 
the case of SMART, all SATs represent a top-down approach 
( Binder et al., 2010) with only partial involvement of stake-
holders in their development. This contrasts with the rec-
ommendations of Arulnathan et al. (2020) and de Olde et 
al. (2017) to engage stakeholders in the development of 
such tools to increase their acceptance by end-users and to 
take local contexts into account. As a consequence, there is 
a trade-off between the desired global applicability of the 
SATs and how local context is accounted for. Coteur et al. 
(2016), Janker and Mann (2020), Röös et al. (2019), and others 
stressed the need for taking the local context into account, 
and Binder et al. (2010) confirmed that there are trade-offs 
between context applicability and standardisation in tools 
for benchmarking. This standardisation manifests itself, for 
example, in the SMART quality of life subtheme, in which 
some indicators reflect relatively low standards in compar-
ison to those in the more developed European context. For 
example, fulfilling the International Labour Organisation 
Fundamental Principles and Rights at Work (ILO, 1998) tends 
to be embedded in the operation of all farms in European 
countries, which is reflected in the relatively high scores of 
the assessment.

As outlined in section 2.1.4, where necessary, the out-
put of the tools was aggregated to the farm level to over-
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come problems of mismatches in scale. This step proved to 
be especially challenging when calculating greenhouse gas 
emissions, which was prone to errors of double accounting, 
for example, due to the use of common infrastructure for 
electricity or due to emissions from feed grown on the farm. 
These issues were underestimated and suggest a need for 
more emphasis on the methodology for this step in future 
projects and for the inclusion of specific indications in each 
tool on how these emissions from single farm enterprises 
may be aggregated to higher levels.

Apart from the issues arising from the different  levels 
of assessments, the alignment of input data referred to in 
 section 2.1.4 required simplifications and assumptions to 
address differences in concepts and to align the SATs to an 
interdisciplinary approach to data collection. The interdisci-
plinary approach represented a strength of this study since 
it is being widely accepted as the basis for advancements 
in sustainability issues, and the employment of assessment 
approaches is seen as beneficial for ensuring the plurality 
of views (de Olde et al., 2017). However, the interdisciplinary 
approach was also very demanding for both interviewers and 
farmers. This may have aggravated the common challenge of 
all models relying on empirical survey data, namely the risk of 
subjectivity (Biemer et al., 2013). Both the matching of a qual-
itative answer in the interview with one of the pre-defined 
answers in the questionnaire and the derivation of quantita-
tive data together with the farmer were prone to this risk.

With the complexity associated with case studies in 15 
European countries, this study was potentially vulnerable to 
heterogeneous assessments. Since the primary data evalu-
ation was carried out separately in each case study (see 
 section 2.2.3), the level of subjectivity within each case study 
should be the same. Nevertheless, comparisons across case 
study findings should be interpreted with caution since the 
exploratory approach of comparing the farm groups with 
regard to similarities and differences in selected topics (see 
section 2.2.3) yielded different focus points in the reporting 
by the case studies. Such inconsistencies may also stem from 
local adaptions of the data collection procedure that were 
necessary, e.g. how the interviews were conducted. In some 
case studies, due to long distances between farms, interviews 
were conducted in one session, which could have led to loss 
of concentration for the interviewer and the farmer.

Another reason for heterogeneous assessments was the 
definition of system boundaries: this mainly affected the 
 calculation of the aggregated farm level greenhouse gas 
emissions for which it was possible, due to the high demand 
in interview time on diversified crop farms (> 5 elements in 
crop rotation), to leave out crops with a share of less than 
10 % of the arable land. The same was true for diverse live-
stock farms (> 2 livestock species) with livestock accounting 
for less than 10 % of the total livestock units on the farm. The 
left-out livestock was also not considered for the economic 
analysis in COMPAS. These means of shortening the assess-
ment time were applied to a varying degree across the case 
studies. This heterogeneity may have been caused because 
the mentioned cut-off criteria were not directly incorporated 
into the tools themselves (Arulnathan et al., 2020).

Apart from the limitations relating to combining the tools, 
the data collection and evaluation, another limitation of this 
study was that farms were sampled with quota  sampling 
instead of random representative sampling, which was 
beyond its scope. Consequently, the small number of farms 
assessed in each case study is unlikely to be sufficient to cov-
er the heterogeneity of farms within the farm groups. This 
introduced a degree of uncertainty in the comparisons that 
can be made between the sustainability performances of farm 
groups. To overcome this limitation, the possibility of integrat-
ing our approach into existing, representative farm informa-
tion  systems should be further explored. One example would 
be the FADN, which aims to be representative with regard 
to the FADN region, economic size and type of farming. This 
corres ponds to the need identified by Kelly et al. (2018) of 
complementing FADN data with social and environmental 
indicators, although they also caution that the sampling con-
cept of FADN needs to be reviewed when doing so.

5 Conclusion

The combined sustainability assessment indicates that the 
agro-ecological farms investigated contribute positively to 
biodiversity and water quality, whereas no clear pattern was 
observed regarding their impacts on soil quality. With regard 
to greenhouse gases, in some cases, agro-ecological farms 
have lower N-fertiliser application rates, which contributes 
to a reduction of emissions. However, a few agro-ecological 
practices also lead to higher emissions, for example, due to an 
increased use of fuel as a consequence of mechanical weed-
ing. Contrary to the literature, we could not identify generally 
higher economic profitability of agro-ecological farms.

Although the application of the SAT was affected by prac-
tical challenges, the combination of approaches enabled 
an assessment of the status quo across different farming 
 systems in Europe. In turn, this made it possible to identify 
general areas which could be improved, such as the need for 
a greater emphasis on integrating biodiversity conservation 
efforts into agricultural policy. The results also provide indi-
cations of prospective benefits of practices such as compost-
ing which could be promoted under the future Eco-schemes. 

The assessment approach used in this study was charac-
terised by its analytical strengths. However, there were chal-
lenges in applying the tools in the case studies. In  subsequent 
applications, the tools could be improved by better inte-
grating system boundary definitions and cut-off criteria for 
farm-level assessments. Given the advantages of combining 
different SATs, we identified the need for standardisation of 
the exchange of data between tools, which would facilitate 
improvements in future combined assessments.

In addition, a future study should explore the potential of 
including the combined assessment into existing, representa-
tive monitoring systems such as FADN. By implementing such 
improvements, the broad and interdisciplinary approach of 
the combined sustainability assessment provides results 
which can be of direct relevance for informing the develop-
ment of policy and measures in national and regional agricul-
tural and environmental strategies.
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How do policy-influential stakeholders from the 
 Madrid region (Spain) understand and perceive the 
relevance of agroecology and the challenges for its 
regional implementation?
Ana Márquez-Barrenechea1, Marina García-Llorente1,2,3, Xavier López-Medellín4, 
 Franco Llobera5, Manuel Redondo6

Abstract

Due to the high population growth rates and the negative 
impacts of the current agrifood production model,  alternatives 
emerge to feed the current and future world population in a sus-
tainable way. One of the proposed approaches is agroecology, 
understood as a scientific discipline, a set of agricultural practices 
and a socio-political movement that enhances the sustainabili-
ty of agroeco systems from a holistic perspective. Agroecology 
was born and grew along the 20th century, and nowadays it is 
gaining legitimacy at different levels. However,  agroecology is 
still an unknown concept in several influential fields. This paper 
attempts to study the impact of agroecology in the Madrid 
region and the main challenges and strategies to encourage 
its transition. We analysed the understanding and perceived 
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 challenges of the agroecological transitions of stakeholders 
whose role is crucial in the political sphere, through four partici-
patory workshops conducted in October-November 2019 (n=79 
attendees). Among the main findings it is remarkable the high 
agroecological understanding of the attendees. This concept is 
predominantly associated with environmental elements with 
less relevance of social and governance elements. One of the 
major challenges to be tackled is the lack of legal framework on 
agroecological issues. Additionally, consumers were considered 
essential as they contribute to the creation of demand for agro-
ecological products, yet, the small productive sector is working 
precariously. Thus, the communication with these producers 
must be enhanced as well as their profession dignified. The insti-
tutionalisation of agroecology and the implementation of pub-
lic policies are decisive factors for the agroecological transition.
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1 Introduction

Demographic projections hold that in 2050 the world’s 
 population will be 9.7 ∙ 109 people. In response to the popu-
lation’s demand for food, a highly productive agroindustrial 
model has been promoted for decades following the Green 
Revolution (Borlaug, 1971). Recently, however, the academic, 
political and activist world are working to find alternatives 
to this model in order to feed the current and future popula-
tion in an environmentally sustainable and socially equi table 
manner (Gliessman, 2015). Likewise, according to Delgado 
Cabeza (2010), the current agrifood system is not capable of 
feeding the entire world population either, since there are 
still problems  related to hunger and malnutrition. The pre-
vailing agroindustrial model has not paid enough attention 
to the negative social and environmental consequences of 
its production system (McIntyre et al., 2009). Indeed, this sys-
tem has been characterised by the marginalisation of family 
farming with low capital and land, the abolition of subsistence 
agriculture, the loss of cultural identity, knowledge,  traditional 
 agricultural practices, the decline of (agro)biodiversity, soil 
contamination, overuse of inputs, soil degradation, the intensi-
fication of climate change and the impact on consumer health, 
among other impacts (Tilman, 1999; Delgado Cabeza, 2010; 
García-Llorente et al., 2019).

Although there are many alternative approaches pro-
posed by science, agroecology has been considered as a 
 possible solution to the above-mentioned problems (Ander-
son et al., 2015; Gliessman 2015, Gliessman 2020). According 
to Altieri (1999), agroecology is understood as the applica-
tion of ecological concepts and principles to the design and 
management of sustainable agroecosystems. In this way, 
several fields of knowledge have focused on understand-
ing agroecology as a natural scientific discipline and have 
researched its contribution to the sustainability of agroeco-
systems (Altieri 2002; Kremen and Miles, 2012; Wezel et al., 
2014; Altieri et al., 2015). Altieri (2002) remarked the role of 
agroecology as a natural science able to provide the scientif-
ic basis to combine diverse and productive agroecosystems 
by embracing and understanding their complex  ecological 
structure and function. Its practical implementation has 
been proved to be more effective than conventional practices 
in conser ving biodiversity and supplying a wide variety of 
ecosystem  services. Examples of this are: a more efficient use 
of carbon substrates (Chavarria et al., 2018), the possibility 
of intercropping to  provide pest and weed control (Francis, 
1986); improvement of nitrogen content in soil by intercrop-
ping legumes (Malézieux et al., 2009); or climate regulation 
through the use of grass strips to increase soil organic carbon 
stock (Van Vooren et al., 2018). 

Additionally to the understanding of agroecology as a 
natural scientific disciple that studies the productive system, 
Wezel et al. (2009) claim in their work that agroecology is also 
considered a set of principles and practices that promote the 
ecological, socio-economic and cultural resilience of agricul-
tural systems and a social movement that seeks a different 
way of considering agriculture and its relation with society. 
According to Wezel et al. (2009), in the 1920s the agroecology 

concept appeared as a scientific discipline combining agro-
nomy and ecology. It was in the 1970s that its mainstream 
expansion took place. The term agroecology appeared for 
the first time in the scientific literature and it began to be 
considered not only as a discipline with theoretical approach, 
but also as a set of practices. During the 1980s, such agro-
ecological practices were adopted by numerous social 
movements as an alternative to industrial agriculture (Sicili, 
2014). As mentioned by Sourisseau et al. (2018), the different 
understandings of agroecology reflect the current debate 
on the future of agriculture in our  society. Some definitions 
of agroecology are more technical and closer to the organic 
farming certification and the productive dimension. Mean-
while,  others are more focused on the role of social move-
ments,  collective action and peasant-to-peasant knowledge 
(Markelova and Meinzen-Dick 2009; Altieri et al., 2012). Since 
different definitions of agroecology exist, Gallardo-López et 
al. (2018) have analysed how the concept has evolved over 
time, finding that agroecology is mainly considered as a 
 science, as a practice and to a lesser degree as a social move-
ment. Indeed, they suggest that a more equal relationship 
among these three components could boost the under-
standing of agroecology as an interdisciplinary concept. In 
this manuscript, we understand agroecology as a holistic 
concept that aims to contribute to the transition towards 
social-ecological sustainability. In this context, we embrace 
the wide definition provided by the Food and Agriculture 
Organization of the United Nations (FAO, 2018) which consid-
ers that to define agroecology accepting its holistic character 
(i.e., integrating ideas from various disciplines, understand-
ing agroecology as a whole, going beyond the individual 
collection of parts), 10 elements must be taken into account: 
diversity, co-creation and sharing of knowledge, synergies, 
efficiency, recycling, resilience, human and social values, cul-
ture and food transitions, responsible governance and circu-
lar and solidarity economy. In this study, we aim to analyse 
the understanding of agroecology from the policy-influential 
stakeholders’ perspective, as an essential stakeholder group 
for the recognition of agroecology at the policy level. 

In this regard, within the recent past,  agroecology 
has been gradually legitimised at a global level, being 
 recognised by the FAO in 2018. The organisation created an 
initiative called Scaling up Agroecology, which highlights 
the relevance of agroecology, showing how it can be a key 
to meeting the Sustainable Development Goals (SDGs) set 
out in the 2030 agenda (FAO, 2018). The Scaling up Agro-
ecology initiative focuses on broadening the political impact 
of agroecology, due to the lack of agroecological awareness 
among decision-makers and the absence of political and 
economic support when it comes to prioritising sustainable 
 approaches. 

In Spain, agroecology is on the path of being scientifi-
cally recognised. As a matter of fact, the Spanish Associ ation 
of Terrestrial Ecology (AEET) has created an agroecol ogy 
research network. There are also research lines, academic 
groups and high education options that are becoming rele-
vant in the study and teaching of agroecology (Wezel et al., 
2018; Acosta-Naranjo et al., 2019). Agroecology is also gaining 
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more support in the political sphere in Spain. In this sense, 
on November 20, 2018 a proposal concerning the applica-
tion of agroecology to achieve the SDGs was  presented in 
the Congress of Deputies (Boletín Oficial de las Cortes Gen-
erales, 2018). Additionally, in 2010 Red TERRAE (Network of 
Agroecol ogical Reserve Territories) was born, a partnership 
of Spanish Municipalities involving different stakeholders 
to promote agricultural biodiversity and employment gen-
eration. However, the main principles of agroecology are 
not reflected in the public policies of the Community of 
Madrid, neither in the agrifood production system nor in 
the demands of consumers. Oteros-Rozas et al. (2019) state 
that the implementation of agroecological measures by pub-
lic authorities is still at its early stage and should be encour-
aged. These same authors consider that agroecology is still 
an unknown concept in many influential areas (e.g. health, 
food, tourism, education). 

In this context, the project ‘AgroecologiCAM: Uncover-
ing agroecology as a model of local farming and as a strat-
egy for the design of local agrifood systems’ was born. The 
project understands agroecology as a proposal of transi-
tion towards a more sustainable, healthy and fair agrarian 
model and agrifood system (http://agroecologicam.org/). 
The general objective of the AgroecologiCAM project is to 
address the barriers that are holding back the development 
of agroecology in the Madrid region. It is a three-year project 
(2018–2021) and it is implemented by an Operational Group 
(OG)promoted by the Rural Development Programme (RDP) 
of the Community of Madrid (2014–2020); Measure 16 of 
Coopera tion (PDR Madrid, 2017). The OG AgroecologiCAM 
(2019) deals with the following three dimensions and goals: 
(1) knowledge, by extending the scientific and technical agro-
ecological knowledge, (2) policy, by providing a space of dia-
logue and discussion to technicians, public administration 
managers and decision-makers to increase the institutional 
and social recognition of agroecology; and (3) dissemination, 
by making visible the role of the productive sector and rais-
ing consumers’ awareness of agroecological products.

Within the AgroecologiCAM project, the general objec-
tive of this paper is to analyse the understanding and impact 
of agroecology in the Madrid region by involving techni-
cians, managers, decision-makers, etc., identified as policy- 
influential stakeholders in the design, implementation or 
evaluation of policies. We refer to the term understanding 
of agroecology to analyse the meaning or conceptualisation 
of agroecology held by policy-influential stakeholders, since 
there is not a unified definition of agroecology and their view 
will determine their actions. The term impact of agroecology 
refers to the incidence agroecology has in the political agen-
da including related barriers and challenges as perceived 
by the attendees. To deal with this objective, we conducted 
the next two tasks: (1) assess the conceptualisation of agro-
ecology and its association with environmental, economic, 
sociocultural and governance components of the agrarian 
model and the agrifood system; and (2) explore the percep-
tions regarding the main barriers and challenges for a greater 
impact of agroecology on the future political agenda. Hence, 
by our investigation we attempt to respond to the  following 

research questions in the context of the Madrid region: How 
do influential stakeholders understand agroecology? What 
do they know about agroecology and the different elements 
of the agroecosystems? What has still to be done to promote 
an agroecological transition in the Madrid region? This infor-
mation is intended to better understand the meaning of 
agroecology for policy-influential stakeholders in the Madrid 
region, to later facilitate political support to design agroecol-
ogical strategies that foster the future transition of the agrari-
an model and the agrifood system in the region.

2 Material and methods

2.1 Study area
The project is linked to the development and fostering of 
agroecology in the region of Madrid, which is  administratively 
defined as the Community of Madrid, and especially in the 
rural territories of the region. The Madrid region occupies an 
area of 8028 km2 with a population of 6.7 million of inhabit-
ants (for 2019) distributed in 179 municipalities. Madrid city 
hosts almost half of its total population and, as other Europe-
an capitals, its metropolitan power leads to a minority of rural 
areas and a modest territory dedicated to agricultural activ-
ities: 28 % agricultural land and 7 % pastureland (del Valle 
et al., 2018). Madrid rural areas are divided in three regions: 
north (19 municipalities), southwest (42 munici palities), and 
southeast (23 municipalities; Figure 1). For a good representa-
tion of stakeholders from a large diversity of rural territories 
we held three participatory workshops in three municipal-
ities of each rural territory to encourage the attendance of 
representatives from the three rural areas. The fourth partic-
ipatory workshop was held in the  Gastronomic Innovation 
Center of Madrid city, in order to encourage the attendance 

F I G U R E  1
Rural municipalities of the Madrid region, classified by area 
(north, southwest and southeast) and location of the four 
participatory workshops, including Madrid city

http://agroecologicam.org/
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of technicians, managers of the public administration and 
decision-makers who develop their professional activity in 
the headquarters in Madrid city, such as the Regional Gov-
ernment of the Environment, Territorial Planning and Sus-
tainability. 

2.2 Recruitment and characterisation of 
 attendees
The sample was composed of technicians, managers, land-
scape planners, decision-makers, and other public staff from 
the local and regional government of the Madrid region 
related with the development of public food, rural, agri-
cultural and landscape planning policies. In addition, the 
recruitment of attendees also considered other influential 
stakeholders from the academic, educational, and environ-
mental sectors (Figure 2). 

In order to advertise the event, we notified Madrid city 
councils by e-mail including an informative digital leaflet 
and posters containing relevant information of the partici-
patory workshops. Announcements were also published on 
the websites of the project (agroecologicam.org), the Madrid 
City Council (madrid.org), the Community of Madrid (comu-
nidad.madrid) and other web pages for the agroecological 
transition in Madrid such as agrolabmadrid.com, observato-
rioculturayterritorio.org, agroecología.net, and tierrasagroe-
cologicas.es. We also sent personal invitations to policy-influ-
ential contacts we already knew from the AgroecologiCAM 
project network. Additionally, we contacted the Local Action 
Groups of the three rural territories of the Community of 
Madrid who contributed to disseminate the call. 

An important recruitment effort was done; nevertheless, 
some limitations regarding the open sample selection must 
be considered such as the over or infra representation of 
perspectives (Harrison, 2013). Since the participatory work-
shops were voluntary, we probably missed policy-influential 

stakeholders with decision-making capacity in the develop-
ment of public food rural, agricultural and landscape plan-
ning poli cies but without an interest, or even with reluctant 
positions, in agroecological approaches to reframe the con-
ventional farming system. We assume that the people who 
finally took part in the workshops were the ones that decid-
ed freely to attend, and that were mostly interested in the 
topic, because of either their high knowledge or their inter-
est to learn about it. This attendees’ profile is the one that 
could best contribute and enhance the understanding of the 
phenomenon under study (Creswell, 2008). Further research 
could be enriched by combining the information extracted 
from the participatory workshops with personal interviews 
with the missing policy-influential stakeholders. Another 
potential bias of the open invitation is that the number of 
attendees is not predetermined. To tackle this shortcoming, 
a recommended but not compulsory pre-registration was 
done. In addition, four facilitators assisted each session, and 
a plan for working in break-out groups was designed.  Finally, 
as in any participatory activity, there was a risk of experienc-
ing power asymmetries in the deliberation process by the 
attendance of dominant attendees leading the discourse. To 
minimise this, the participatory workshops were moderated 
and speaking times were carefully given. 

Overall, the participatory workshops were attended by 
79 attendees (8 people in two of the rural municipalities, 32 in 
the third rural participatory workshop, and 31 people in the 
participatory workshop organised in Madrid city); of those, 
42 responded the written questionnaire (7 people in the first 
rural municipality, 6 people in the second rural municipality, 
11 people in the third rural municipality, and 18 people in the 
participatory workshop organised in Madrid city).

The respondents were 23 men and 19 women. Most of 
them were between 40 and 60 years old and 36 (85 %) of 
them had received university education. Some similarities 

62% 17% 9% 5% 5% 2%

Public administra�on workers
Researchers
Representa�ves of the produc�ve sector
Promoters of the rural areas
Environmental educators
Representa�ves of natural protected areas

14% 29% 33% 24%

None
A li�le
Quite a lot
A lot

43% 12% 10% 14% 21%

Never
In the last year
In the last 2 years
In the last 5 years
More than 5 years ago

5% 2% 43% 50%

DK/NA
None
A li�le
Quite a lot
A lot

F I G U R E  2
Characterisation of the respondents’ profile (n=42): (A) professional role; (B) professional linkage to agroecology; (C) time 
since the concept was incorporated into their professional activity; and (D) level of importance of integrating agroecology 
into public policy design at different scales according to the respondents.

http://agroecologicam.org
http://madrid.org
http://agrolabmadrid.com
http://observatorioculturayterritorio.org
http://observatorioculturayterritorio.org
http://a.net
http://tierrasagroecologicas.es
http://tierrasagroecologicas.es
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have been found with a study carried out by Migliorini et 
al. (2017) that assessed the perception, definition and future 
expectations of different stakeholders regarding agroecol-
ogy and organic agriculture. In both cases, the public stands 
out for its knowledge and interest in agroecology (Figure 2). 
Although the participatory workshops were mainly focused 
on stakeholders from the public administration, researchers 
have shown their interest on agroecology with their partici-
pation (Figure 2: A). This fact can be explained by Wezel et al. 
(2018), who argue that research and education are currently 
major components of agroecology in Europe. In this paper, 
part of the researchers who attended the event were aware 
of it because of their link to the AgroecologiCAM project. 
Additionally, it is important to stress the fact that 24 (57  %) 
respondents have incorporated agroecology into their pro-
fessional activity (19 (80  %) of them have been doing so 
for more than two years; Figure 2: B, C). With regard to their 
motivation to take part in the participatory workshops, the 
interest in agroecological practices for the development of 
rural municipalities was the dominant factor (9 respondents; 
21  %); others participated because they considered impor-
tant the promotion of agroecology (8 respondents; 19  %) or 
in order to incorporate it in their work (8 respondents; 19  %); 
6 respondents (14  %) attended because they were  interested; 
3 respondents (7  %) participated with the objective of 
acquiring knowledge of effective agroecological practices 
and to form networks with different stakeholders; the same 
number of people (3 respondents; 7 %) participated because 
they were members of the AgroecologiCAM project; and the 
remaining 2 respondents (5 %) participated because they 
wanted to include agroecology in Environmental Education. 
Finally, the written questionnaire showed that 39 (93  %) of 
the respondents considered the integration of agroecology 
into public policies necessary (Figure 2: D).

2.3 Data collection
Data was collected in four participatory workshops held in 
the Madrid region through an attendant list, a questionnaire 
and from active debate during the participatory workshops. 
Participatory workshop is a consultative data collection 
method based on gathering primary and qualitative informa-
tion provided by a group dynamic with selected stakehold-
ers. The aim of this participatory workshops was to acquire 
information from the positions and discourses of the sample, 
but also to incentive social learning, sharing and co- creating 
knowledge among the group. Social learning has been rec-
ognised as a key feature for socioecological sustainability 
issues because it enhances understanding and promotes 
the creation of trustworthy relationships among stakehold-
ers with different perspectives, interests and needs (Opdam 
et al., 2013; Karimi et al., 2015; García-Nieto et al., 2019). These 
workshops allowed us to bring together diverse knowledge 
holders to seek their opinions, extract their knowledge and 
identify and understand challenges and barriers to an agro-
ecological transition in Madrid in collaborative and creative 
environments (Knapp et al. 2011).

At the beginning of each participatory workshop an 
attend ant list was completed, including the organisation 

where they conduct their work and professional role; this 
information was relevant to characterise their profiles. All the 
information was collected anonymously and confidentially. 
Then, before starting the participatory workshop, attendees 
were asked to complete a questionnaire in order to gather 
information about their understanding of agroecology. As 
it has been noted previously, the number of respondents 
(n=42), attendants who answer the questionnaire, did not 
coincide with the number of participants (n=79) due to dif-
ferent reasons: those who arrived late to the participatory 
workshop did not respond, as the questionnaire had to be 
answered before the discussions began, those linked to the 
project did not respond either, and some attendees did not 
want/remember to respond to the questionnaire.

The questionnaire gathered personal information as well 
as information about their professional role, linkage to agro-
ecology, motivations to participate and their agroecological 
understanding (Table 1). Additionally, 28 elements were  given 
to analyse its importance and its relationship with agroecol-
ogy covering ecological, sociocultural, economic and gov-
ernance aspects (Table 2). Ten of the elements came from a 
selection made by FAO (2018a) described as the ten elements 
of agroecology: (1) human and social values of equity, inclu-
sion and justice; (2) recycling of nutrients, biomass and water; 
(3) diversity of species, genetic resources and practices; (4) 
exchange of knowledge among producers; (5) efficiency in 
the use of products and energy; (6) synergies or synchronisa-
tion of production practices; (7) capacity to adapt to extreme 
events; (8) responsible governance; (9) circular economy that 
reconnects production and consumption; (10) culture, herit-
age and agrifood traditions. The remaining eighteen are also 
shown in Table 2 and were selected in order to cover more 
aspects that characterise agroecology according to scientific 
documents on the discipline (Palomo-Campesino et al., 2018; 
Wezel et al., 2018). The selection of agroecological elements 
did not cover misleading elements, because the purpose 
of this section was to include elements which are, in fact, 
descriptors of agroecology. As agroecology is a complex and 
holistic concept, it has many different descriptors covering 
ecological, sociocultural, economic and governance aspects. 
Thus, we have investigated the conceptualisation that stake-
holders with a strong influence on policy making have on 
these elements. 

Finally, once the questionnaires were completed, the dis-
cussions of the participatory workshop were carried out con-
sisting of the challenges of agroecology in five  different areas: 
(1) productive systems and the opportunities of employment 
and maintenance of the rural environment; (2) mitigation and 
adaptation to climate change; (3)  consumers’ role and health; 
(4) institutions and public policies; and (5) strategies for the 
agroecological transition and the rural development of the 
Madrid region 2021-2027. Before the  discussion of each  topic, 
a presentation was made covering its theoretical aspects; 
afterwards, the attendees adopted the roles of analysts, 
with the aim of raising questions or reflections so that the key 
challenges linked to each of the subjects could be identified. 
This way, the attendees that had something to say participated 
one by one. Since the attendees were somehow linked to the 
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agroecological development in the Madrid region, they were 
expected to identify local barriers and challenges of agro-
ecology. Thereby, they could show their perspectives and 
give information about the situation of agroecology mainly 
in rural territories of the Madrid region. 

The participatory workshops were facilitated by at least 
four people who introduced the AgroecologiCAM project, 
explained the five topics, enabled the active participation, 
controlled times, recorded audios, and took notes. They were 
experts in topics such as agroecological development, circu-
lar economy in agrifood systems, climate change, rural devel-
opment, etc.; with a track record as facilitators in agroecologi-
cal development processes. The audio obtained from these 
participatory workshops was recorded in digital devices.

2.4 Data analysis
The data obtained from the questionnaires (n=42) was 
entered in Microsoft Excel- using the parameters mentioned 
in data collection section- and analysed with the XLSTAT 
extension. By means of this data, a detailed descriptive analy-
sis was carried out to analyse the agroecological understand-
ing of the respondents; then, a scatter diagram was  created 
to study the relationship between the importance given to 
certain elements and the relationship with agroecology that 
the respondents considered these elements to have. Then, 
data was analysed with the non-parametric Kruskal- Wallis 
test (Kruskal and Wallis 1952) with the aim of evalu ating 
whether there were significant differences between the 
scores given by the respondents and the vari ous elements 
of the agrarian model and the agrifood system. A Dunn test 
(Dunn 1964) was then performed to identify the groups of 
elements that did not show significant differences between 

them, with the objective of verifying the test performed pre-
viously and analysing which elements have similar patterns 
and from which ones they differ. 

Finally, audio recordings of the participatory workshops 
discussions (n=79) were fully transcribed; interventions 
were firstly coded and secondly classified by topic and the 
resulting list was then exported to Atlas.ti, where the quali-
tative analysis was further conducted creating codes to be 
regrouped into families. Once the information was analysed, 
a diagram was created summarising the barriers and chal-
lenges of agroecology as perceived by those attending the 
participatory workshops. 

3 Results 

3.1 Agroecological knowledge and the 
 relationship between agroecology and 
 environmental, sociocultural, economic and 
governance elements of the agrarian model and 
the agrifood system

Overall, 36 respondents (86  %) already knew about the 
concept of agroecology before taking part in the partici-
patory workshop. However, the conceptualisation of agro-
ecology varies among them: 11 respondents (26 %) defined 
agroecology as a set of sustainable farming practices, 10 
respondents (24 %) as a socially and environmentally sus-
tainable production, 9 respondents (21 %) identified it as the 
application of ecology in agriculture, 5 respondents (12 %) 
considered it a holistic and multidisciplinary concept, and 
2 respondents (5 %) defined agroecology as the necessary 
application of an urban-rural link. 

T A B L E  1
Summary of questionnaire information: variables used, coding type and main attributes

Variables Coding type Attributes

Professional role Nominal Characterisation of the respondent’s professional profile

Organisation Nominal Organisation in which the respondent works

Level of education Ordinal 1, non-formal education; 2, with complete primary education; 3, with complete secondary education; 
4, complete education; 5, professional education; 6, college degree

Age Ordinal Age of the respondent

Sex Dichotomous 1, woman; 0, man

Prof linkage Ordinal Application of agroecology in the work routine (1, none; 2, a little; 3, quite a lot; 4, a lot)

Years agroecology Ordinal How recently has agroecology been incorporated into the work routine (0, never; 1, in the last year; 
2, in the last two years; 3, in the last 5 years; 4, more than 5 years ago)

Motivation Nominal Motivation for taking part in the participatory workshop

Policies Ordinal Level of importance of integrating agroecology into public policy design 
(1, none; 2, a little bit; 3, quite a lot; 4, a lot)

Agroecological 
understanding

Dichotomous Agroecological understanding before the participatory workshop (1, yes; 0, no)

Definition Nominal Definition of agroecology

Term importance
(28 terms)

Ordinal Level of importance of different terms (1, not important - 10 highly important)

Term relation 
(28 terms)

Ordinal Relationship between different terms and agroecology (1, unrelated - 10 closely related)

http://Atlas.ti


Márquez-Barrenechea et al. (2020)  ·  L A N D B A U F O R S C H   ·  J Sustainable Organic Agric Syst  ·  70(2):145-156 151

T A B L E  2
 Importance of the 28 elements expressed by the respondents and the relationship the respondents considered these ele-
ments to have with agroecology (scoring levels from 1-not important/unrelated to 10-highly important/closely related). 
Arithmetic Mean, Standard Deviation and Dunn Groups are indicated.

Elements of Agroecology

Importance Relationship with agroecology

Arithmetic 
mean

Standard 
deviation

Dunn 
groups*

Arithmetic 
mean

Standard 
deviation

Dunn 
groups*

Recycling of nutrients, biomass and water 9.54 1.05 c 9.68 0.75 b

Ecology and conservation of the environment 9.51 1.12 b-c 9.59 0.90 b

Circular economy that reconnects production and 
consumption

9.29 1.13 a-b-c 9.33 1.01 a-b

Efficiency in the use of products and energy 9.27 1.12 a-b-c 9.24 1.21 a-b

Human and social values of equity, inclusion and 
 justice

9.25 1.30 a-b-c 9.00 1.72 b

Fertile and living soils 9.24 1.14 a-b-c 9.57 0.77 a-b

Healthy food 9.15 1.11 a-b-c 9.16 1.28 a-b

Rural development 9.15 1.12 a-b-c 9.11 1.31 a-b

Farm-to-table and short-circuit solutions 9.07 1.21 a-b-c 9.05 1.35 a-b

Environmentally sustainable consumption 9.02 1.24 a-b-c 9.08 1.30 a-b

Fresh and seasonal food 9.00 1.20 a-b-c 9.16 1.36 a-b

Organic farming 8.98 1.51 a-b-c 9.23 1.33 a-b

Maintenance of local varieties 8.98 1.25 a-b-c 9.22 1.25 a-b

Socially sustainable consumption 8.90 1.32 a-b-c 8.72 1.6 a-b

Multifunctional landscapes with productive, 
 aesthetic, recreational, ecological value, etc.

8.74 1.25 a-b-c 8.94 1.24 a-b

Resiliency (capacity to adapt) to extreme events 8.71 1.44 a-b-c 8.75 1.54 a-b

Carbon fixation 8.70 1.51 a-b-c 8.77 1.52 a-b

Responsible governance 8.69 1.49 a-b-c 8.25 1.92 a-b

Culture, heritage and agrifood traditions 8.68 1.46 a-b-c 8.78 1.61 a-b

Collaboration between actors 8.63 1.61 a-b-c 8.73 1.33 a-b

Employment niche 8.63 1.48 a-b-c 8.54 1.88 a-b

Fight against rural depopulation 8.62 1.87 a-b-c 8.57 1.85 a-b

Diversity of species, genetic resources and practices 8.59 1.65 a-b-c 8.89 1.57 a-b

Food sovereignty 8.46 1.68 a-b-c 8.60 1.82 a-b

Synergies or synchronisation of production practices 8.41 1.26 a 8.58 1.20 a-b

Exchange of knowledge among producers 8.39 1.51 a-b 8.54 1.45 a-b

Citizen participation 8.19 1.52 a 7.89 1.91 a

Access to land 8.00 1.86 a 8.26 1.79 a-b

* Dunn Groups collect sets of variables that are not significantly different from each other.
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The importance and relationship with agroecology var-
ied depending on the 28 elements proposed (Table 2). After 
the Kruskal-Wallis analysis, significant differences were found 
in the importance attached to the different elements (Kruskal- 
Wallis, K= 87.48; p-value<0.01), and their relationship with agro-
ecology (Kruskal-Wallis, K= 83.36; p-value<0.01). On the one 
hand, dealing with the importance given by the respond-
ents, recycling of nutrients, biomass and water (9.54, from 
a scoring from 1 to 10) was the most important element, fol-
lowed by ecology and conservation of the environment (9.51) 
and circular economy that reconnects production and con-
sumption (9.29). The ones with lower values were exchange 
of knowledge among producers (8.39), citizen participation 
(8.19) and access to land (8.00). In this sense, the groupings 
carried out by means of the Dunn test revealed that there 
were no significant statistical differences between most ele-
ments (a-b-c). The only exception was recycling of nutrients, 
biomass and water (c), which obtained a higher importance 
than both the exchange of knowledge among producers 
(a-b) and the following three elements: synergies or syn-
chronisation of productive practices (a), citi zen participation 
(a) and access to land (a) (all of them were not significantly 
different from each other; however, they did obtain signifi-
cantly lower scores than recycling of nutrients, biomass and 
water). Only these last three elements were significantly dif-
ferent from ecology and environmental conservation (b-c). 
On the other hand, dealing with the relationship that the 28 
elements have with agroecology, the following high scored 
elements are highlighted: recycling of nutrients, biomass 
and water (9.68), ecology and conservation of the environ-
ment (9.59) and fertile and living soils (9.57). While the ele-
ments considered with the lowest relationship with agro-
ecology were access to land (8.26), responsible governance 
(8.25) and citizen participation (7.89). Citizen participation 
obtained a statistically significant lower value than the rest 
of the elements, having these obtained significantly similar 
scores to each other.

3.3 Barriers and challenges of agroecology
During the participatory workshops a total of 101 mentions 
were classified in five groups by topic and period of time. The 
five groups were: (1) productive systems and the opportuni-
ties of employment and maintenance of the rural environ-
ment; (2) mitigation and adaptation to climate change; (3) 
consumers’ role and health; (4) institutions and public policies; 
and (5) strategies for the agroecological transition and the 
rural development of the Madrid region 2021-2027  (Figure 3).

Regarding the role of agroecological practices from the 
point of view of the productive system and the opportunities 
of employment and maintenance of the rural environment 
(f=19/101 mentions; Figure 3), the attendees remarked the 
absence of generational replacement and the lack of com-
munication between producers, the economic low profitabil-
ity of the sector due to lower yield, the insufficient employ-
ment generation and the loss of traditional values. 

The challenges perceived in relation to the role of con-
sumers for the agroecological transition were especially pres-
ent during the participatory workshops (f=27/101 mentions; 

Figure 3). In fact, the attendees made numerous interventions 
regarding logistical aspects related to the need to develop 
information strategies to promote socially and environmen-
tally responsible consumption, the need to change the pre-
vailing consumption habits characterised by high fast food 
consumption and by the demand of more products from 
abroad, the risk of reproducing an agrifood system that only 
some privilege groups of people could afford, and the need 
to better connect food consumption with health. Even if the 
role of agroecology in dealing with climate change was the 
least-mentioned topic (f=10/101 mentions; Figure 3), attend-
ees mentioned barriers such as the lack of scientific evidence 
or the insufficient climate change awareness.

Several challenges were stated about institutions and 
public policies in the agroecological context (f=24/101 men-
tions; Figure 3). Indeed, attendees highlighted the lack of 
action of organizations and policies such as the World Health 
Organization (WHO), the Common Agricultural Policy (CAP), 
the Madrid Institute for Research and Rural, Agricultural and 
Food Development (IMIDRA), the Ministry of Ecological Tran-
sition, the state, autonomous and municipal Spanish govern-
ments. Other aspects stated regarding the role of institutions 
and public policies were the scare number of competences 
of local governments, or the absence of citizen participation 

F I G U R E  3
Barriers and challenges of agroecology perceived by the 
attendees (n=79) during the participatory  workshops. 
 Mentions have been classified into several themes, 
re group ed under five topics (green shaded) and divided 
in accordance with the period of time (2019/2020 and next 
programme period for the design of agrifood policies 2021–
2027). The number of mentions is shown in parentheses.

Absence of genera�onal replacement (6)
Lack of communica�on (6)

Limita�ons of low produc�on (5)
Insufficient genera�on of employment (1)

Loss of tradi�onal values (1)

Lack of scien�fic evidence (5)
Lack of climate change awareness (3)

No linkage to biotechnology (2)

Lack of ac�on of the ins�tu�ons (14)
Insufficient waste management (3)

Scarce competences of local government (3)
Lack of ac�on of the Health Sector (2)

Absence of ci�zen par�cipa�on (1)
Unfavourable socio-poli�cal context (1)

Distribu�on model adapta�on (9)
Need of scaling-up agroecology (3)

Absence of a rural-urban gradient (3)
Strengthen the produc�ve sector (3)

Non conserva�on/restora�on plans (2)
Lack of social ac�on (1)

Insufficient informa�on (14)
Essen�al change in habits (7)

Elite consump�on (3)
Li�le role from the health (3)

Produc�ve systems, the 
opportuni�es of 
employment and 

maintenance of the rural 
environment (19)

Consumers’ role and 
health (27)

Mi�ga�on and adapta�on 
to climate change (10)

Ins�tu�ons and 
public policies (24)

Strategies for the 
agroecological 

transi�on and the 
rural development 

of the Madrid region 
2021-2027 (21)

AGROECOLOGY (2019-2020)

AGROECOLOGY (2021-2027)
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in public policies, between others. Finally, the attendees 
identified some barriers that the agroecological transition 
could face in the future context of Madrid region (f=21/101 
mentions; Figure 3), such as the need to adapt the distribu-
tion model by shortening the food supply chains, the need to 
scale-up agroecology, the need to promote an agroecologi-
cal transition connecting urban-rural regions in Madrid, or 
the importance of consolidating the productive sector. 

4 Discussion

A great majority of respondents already knew about the 
concept of agroecology before taking part in the participa-
tory workshop. This result was expected, since the selected 
attendees were linked mainly to the policy-making sector 
(including public food, rural, agriculture and landscape plan-
ning policies) and, to the academic, educational, and envi-
ronmental sectors.

Although the conceptualisation of agroecology varies 
among the respondents, all the definitions were comple-
mentary and emphasised different aspects of agroecology. 
Wezel et al. (2009) consider that the different interpretations 
of the concept depend on the set of contextual factors sur-
rounding the individual. In this sense, Méndez et al. (2015) 
argue that by assuming the complexity of the term agro-
ecology, the application of limited definitions is promoted, 
removing the interdisciplinary nature that characterises it.

Concerning the 28 environmental, sociocultural, eco-
nomic and governance elements of the agrarian model and 
the agrifood system, it should be noted that the highest 
 values were assigned to environmental elements while the 
lowest values were assigned to socio cultural (e.g. exchange 
of knowledge among producers) and governance (citizen 
participation, access to land) elements. This coincides with 
the systematic review conducted by  Palomo-Campesino 
et al. (2018) in which it is shown that there are many more 
 studies from natural scientific discipline than those that 
study sociocultural, economic or governance dimensions. 
One explanation that has contributed to this result is that the 
profile of the attendees was mainly linked to natural science 
disciplines such as Agronomy, Biology, Forestry or Environ-
mental Sciences. This is reflected in the lower score of ele-
ments such as citizen participation or access to land, while 
both terms are considered by the academic world as essen-
tial points for a sustainable social, environmental and eco-
nomic transition. For example, Altieri (2009) and Rossett et 
al. (2019), when describing La Via Campesina, highlight the 
involvement of this movement in the struggle for an agrarian 
reform that gives communities access and control over their 
land, in order to fulfil their demands. Likewise, it has been 
seen that agroecology is one of the possible ways to promote 
the development of rural areas and to deal with the problem 
of depopulation in rural Spain. On this matter, the Spanish 
Ministry of Territorial Policy and Public Function (2019) holds 
that the support for family farming is an essential measure 
to tackle rural depopulation, due to both its link with the 
territory and the fair distribution of wealth and employ-
ment it generates. For the reasons mentioned above, and 

since the attendees mainly came from rural municipalities, 
a high score was expected in elements such as rural develop-
ment, fight against rural depopulation, or employment niche. 
Although it is true that they received high values, these were 
not among the highest rated elements. 

Regarding the agroecological challenges associated to 
the productive side, it is worth mentioning the difficulty and 
precariousness of working in the field, as well as the need to 
dignify the producers’ profession. The FAO (2018) considers 
a duty of agroecology to place the producers at the centre 
of the agrifood system, emphasising dignity, equity, inclu-
sion and justice. This shift should be immediate, since there 
are alarming statistics that show the reduction of farmers in 
Spain in favour of other economic sectors or moving towards 
larger cities (Franco and Borras, 2013; Pinilla and Sáez, 2017; 
Acosta-Naranjo et al., 2019). The loss of traditional values and 
rural culture was highlighted as a threat by the attendees. 
Therefore, one of the points proposed by the FAO (2018) for 
the fulfilment of the SDGs through agroecology is to value 
the food heritage and local culture, promoting food securi-
ty and at the same time respecting the ecosystems. At pres-
ent, during the COVID-19 pandemic and health crisis, the 
need emerges to rethink the agrifood system and its vital 
role to feed the population in a healthy and sustainable way, 
promoting small-scale agroecological production (Gliess-
man, 2020). Another aspect mentioned by attendees was 
the lower productivity of agroecological plots. Despite this, 
the economic profitability of agroecological production has 
been proven, and there are studies that show the economic 
benefits provided by livestock and agricultural production 
through direct sales, agroecological canteens, or  consumer 
groups (del Valle et al., 2018; Van der Ploeg et al., 2019). 
According to some attendees, the problem might arise from 
the lack of communication with the productive sector, since 
most small producers are unaware of these data. Indeed, 
Lucas and Gasselin (2018) investigate the “silent develop-
ment” of agroecology, which is barely visible to conventional 
producers. Innovative agri-environment measures should be 
designed to focus on strengthening the economic viability and 
collaboration between the productive sector using agroecol-
ogical practices either through collective approaches, sup-
port networks and other incentives from public or  private 
sectors (Yacamán et al., 2020). 

The data collected during the active participation and 
discussion at the participatory workshops demonstrated the 
vital role of consumers in demanding agroecological prod-
ucts. Indeed, Levidow et al. (2014) consider that the role of 
research is key to strengthening consumer support for agro-
ecological production. In the same study, the authors men-
tion the advantages of considering the opinions and tastes 
of consumers in order to create and increase agroecologi-
cal knowledge, as well as the need to encourage consum-
er support for small food producers who are not certified. 
At the same time, the possibility of reaching this change in 
consumption habits through health should be considered, 
with the use of fresh, seasonal products and free of harm-
ful substances. The FAO (2018) holds that the new markets 
that trade agroecological products represent an attempt to 
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respond to the growing demand for healthier diets. Horrigan 
et al. (2002) consider that raising awareness about the serious 
health impacts of conventional agriculture is essential both in 
the short and long term (e.g. cardiovascular diseases, cancer 
risk, bioaccumulation of toxic substances in the body, etc.). 
Finally, attendees referred to the high price of agroecol ogical 
products, since it can make agroecology unfeasible on a large 
scale due to its elitism of consumption (Figure 3).  Concerning 
the link between agroecology and nutrition, Poux and Aubert 
(2018) have demonstrated that the implementation of wide-
spread agroecological farming practices by 2050 could boost 
the adoption of healthier diets (e.g. reduction in meat con-
sumption, or higher fibres intake) by European citizens. 

The impact of agroecology as a tool for mitigation and 
adaptation to climate change was not particularly noticeable, 
but it was also considered. Scarborough et al. (2014) compare 
various diets in terms of greenhouse gas (GHG) emissions and 
found a huge difference, almost three times greater, between 
meat and vegetable-based diets. In addition, it is important 
to take into consideration the contribution of agroecological 
production in terms of carbon fixation, nutrient recycling and 
reduction of GHG emissions due to the proximity of consump-
tion. Moreover, Altieri (2009) highlights the capacity of tradi-
tional agricultural systems to naturally increase productivity 
and resilience to changing climatic conditions. As argued by 
the FAO (2018), it is claimed that there is a need to expand sci-
entific research on agroecol ogy in order to gain evidence of its 
positive effects, thus creating a consolidated theoretical basis 
for the development of public policies.

The challenges perceived in relation to the role of institu-
tions and public policies were numerous. Many organisations 
were mentioned for their inaction in  agroecological issues, 
although they are essential for the promotion of agroecology 
(Oteros-Rozas et al., 2019). In this regard, one of the debates of 
the participatory workshops covered the possibility of learn-
ing from the French model, on which the CAP is based and 
that has already been implemented in the  country through 
the Law d’Avenir (Law No. 2014-1170, 2014) “for the future of 
agriculture, food and forestry”. The Law d’Avenir proposed a 
new agricultural model by combining  economic, social and 
environmental considerations under an agroecological policy 
in which farmers’ groups are considered (Bodiguel, 2014). It 
is claimed that one of the limitations of the law is the difficul-
ty in developing indicators and evaluating tools to measure 
the reality of its implementation due to the diversity of defi-
nitions, practices and approaches that characterise agroecol-
ogy (Claveirole, 2016). Similarly, some attendees stressed that 
the current socio-political context is not very favourable for 
the development of agroecology, due to the overall political 
and economic regime, and the inability of the local authori-
ties to act due to their lack of competences. However, it was 
highlighted that various local government competencies, 
duties and responsibilities, can be used for the introduction 
of agro ecological measures at the local level: parks and gar-
dens, which can lead to the creation of urban homegardens; 
waste collection and management, where agro-composting 
initiatives can be created; consumption, markets and trade, 
such as the promotion of agroecol ogical markets or healthy 

 consumption campaigns; and culture, through the creation 
of agroecological training and leisure activities (Begiristain- 
Zubillaga, 2018; López-García et al., 2018; Cevallos-Suarez et 
al., 2019).

Overall, the attendees mentioned several aspects that 
should be considered by policy makers in order to promote 
the agroecological transition in the Madrid region; being the 
adaptation of the distribution model essential. There is a need 
of reforming the prevailing distribution model towards short 
food supply chains are required, from both a legislative and 
a logistic point of view. As Yacamán et al. (2020) state, knowl-
edge, communication and public policies are key  elements 
to boost the agroecological transition in Madrid. In relation 
to this and considering the important role given to consum-
ers during the participatory workshops, the regional govern-
ment must develop awareness-raising campaigns accompa-
nied by the promotion of Madrid agrifood production in order 
to gain consumers’ support in the agroecologi cal market. By 
implementing these strategies, local agro ecological produc-
tion can take advantage of the proximity to the large food 
demand by the Madrid city. This implies establishing relia-
ble producer-consumer connections. Likewise, Nicholls et al. 
(2016) highlights the importance of developing equal oppor-
tunities among producers based on networks, emphasising 
the creation of marketing and distribution schemes. Anoth-
er aspect that must be considered by policy makers is the 
need to structure and reorganise marketing and distribution 
channels. These can be tackled through the creation of mar-
kets dedicated solely to the sale of organic products or by the 
development of platforms to join producers and consumers 
together (Germinando, 2019). To this end, Levidow et al. (2014) 
claim that numerous initiatives have already been implement-
ed in Europe in order to bring producers and consumers closer 
together with the aim of creating agrifood networks and prox-
imity trade. Finally, Mier et al. (2018) identified eight aspects 
that foster the scaling of agroecology, being mobilisation of 
discourse and the promotion of favourable public policies 
rele vant components. In this research, we would like to take 
a first step forward towards the institutionalisation of agro-
ecology in Madrid region by the establishment of a space of 
dialogue with policy-influential stakeholders in the design of 
agro ecological policies. 

5 Conclusions

The sample of this study – policy-influential stakeholders – 
shows a clear interest in and understanding of  agroecological 
issues. The data obtained indicates the diversity of meanings 
of agroecology and the complexity of defining it (Wezel et 
al., 2009; Méndez et al., 2015). The agroecological knowledge 
has been predominantly associated with the environmental 
elements of agroecosystems (recycling of nutrients, biomass 
and water; and ecology and conservation of the environ-
ment) as opposed to the sociocultural, economic and gov-
ernance components affecting the whole agrifood system. 
Despite the potential difficulties of not having a unified defi-
nition; it is important to embrace the plurality of the  concept; 
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 considering all its dimensions and its applicability in the whole 
agrifood system. 

Regarding the barriers and challenges to an agroecologi-
cal transition in the Madrid region, following our findings, 
from the productive side, it is essential to develop a variety of 
networks for the transmission of agroecological knowledge 
(Nicholls et al., 2016) and to understand the needs of the pro-
ductive sector. Additionally, future strategies must focus on 
the demand side of consumers, which is deemed as an essen-
tial factor in fostering agroecological production (Levidow et 
al., 2014). This could be accomplished by analysing the public 
information promoting healthy and socio- environmentally 
sustainable modes of consumption and by strengthening 
the connexion between the productive sector and local con-
sumers. In terms of the policy perspective, we highlight the 
absence of a legal framework in agroecology. The institution-
alisation of agroecology, together with the implementation 
of public policies is a decisive factor for an agroecological 
transition. As Mier et al. (2018) remarked, the mobilisation of 
discourse and the promotion of favourable public policies are 
drivers to encourage the scaling up of agroecology; together 
with other aspects such as the moments of crisis, that foster 
the search of alternatives. Under the global change context 
and the health, economic and environmental crisis we are 
facing, it is time to support agroecological transitions. To do 
so, a coordination between the different levels of the public 
administration and the academic and the productive sectors 
is essential.
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Participatory analysis and action to promote 
 agroecological food systems – methodological 
 insights from a three-country initiative:
Nicaragua, Senegal and England
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Abstract

Understanding and seeking to change complex systems 
requires approaches which can adequately respond to com-
plexity and which undermine rather than reinforce dominant 
power structures.  This paper presents and reflects on a par-
ticipatory methodology developed and applied to transition 
food systems in England, Nicaragua and Senegal to align 
 better with agroecological principles.  The methodology 
combines participatory research, complex systems mapping 
and deliberation to understand and respond to the complex-
ities of food systems in an integrated and transdisciplinary 
way.  Where this methodology distinguishes itself from other 
participatory research approaches is the explicit focus on the 
multiple dimensions of food systems in an integrative way, 
which was possible through a deliberative process and by 
involving various stakeholders, but continuing to privilege 
(yet also challenge) the voices of marginalised producers. 
Our experience indicates that the methodology could be 
used and adapted for various complex topics and contexts 
in which social change is sought.

1 Introduction

This paper presents a methodology for analysing and contrib-
uting to the transition of food systems, which are understood 
to be complex and dynamic (Leach et al., 2010; Ericksen et al., 
2010) and which marginalise the voices and  experiences of 
farmers (European Parliament, 2014), one of the most crucial 
set of actors.  The methodology combines farmer-led partic-
ipatory action research (PAR) with complex systems analysis 
and deliberative processes in order to adequately respond 
to the complexity of food systems and address their power 
imbalances.  Its innovation stems from its ability to prioritise 
the voices of farmers beyond their direct interests.  It propos-
es a strategy to address the sustainability of food systems 
while ensuring research is transdisciplinary and participatory 
(Lang et al., 2012; Wiek et al., 2012). 

Our project evolved in response to a global food system 
that is undeniably in a state of crisis and is failing to achieve 
its principal goal of ensuring food and nutrition security for 
all people in socially just and ecologically sustainable ways 
(Ericksen, 2008; Foran et al., 2014). Although agricultural pro-
duction is enough to feed the world 1.5 times over (Global 
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Agriculture Report, 2016; Holt-Gimenez et al., 2012), an esti-
mated 815 million people in the world are undernourished 
(FAO, 2017). Paradoxically, obesity is increasing in poor and 
rich countries (Global Nutrition Report, 2016; Ng et al., 2014) 
due to food systems failing to deliver high quality nutrition, 
leading to what is known as malconsumption and result-
ing in adverse dietary health effects (Sage, 2013; Lock et al., 
2010). At the core of food production are farmers, who, all 
over the world are increasingly struggling to survive eco-
nomically (van der Ploeg, 2008). Many farmers live in  poverty, 
especially those producing on small or medium scale (World 
Bank, 2014). This is exacerbated by policies that favour agro- 
industrial production and marginalize small-scale farmers 
(European Parliament, 2014), excluding them from deci-
sion-making processes and leading to negative social out-
comes. In addition, industrialised agriculture contributes to 
increasing environmental damage, loss of biodiversity and 
eco-system degradation, threatening the viability of the cur-
rent food production model as a whole (Giraldo and Rosset, 
2018; Altieri and Toledo, 2011; Tittonell, 2013). Against this 
backdrop there are increasing calls for a fundamental change 
to food systems (UNCTAD, 2013). 

As a reaction to these challenges, the concept of agro-
ecology has emerged and evolved as an approach that 
encompasses the social, ecological and economic dimen-
sions of agri-food systems (Francis et al., 2003: 100; Gliess-
man, 2007; Wezel, 2009). Agroecology itself is a contested 
term with various definitions. It has been conceptualised 
not only as a science and practice at a farm or plot level but 
also as a social movement across entire food systems (Wezel 
et al., 2009; Rosset and Martinez-Torres, 2012; Francis et al., 
2003). The project on which this paper is based chose to 
focus on the potential for agroecological food systems to be 
realised, thus interpreting agroecology in its most transdis-
ciplinary and systems-wide definition rather than focusing 
only on production.  This is based on an understanding of 
food systems as complex, in which treating issues in isolation 
(e.g. nutrition at the cost of ecology; livelihoods at the cost of 
nutrition, etc.) is unlikely to lead to positive changes for the 
system as a whole (Tendall et al., 2015). 

With this food systems understanding of agroecology 
and the current challenges of complex, unsustainable and 
unequal food systems, the project Transitions to agroecologi-
cal food systems: pathways to sustainability, took place in 
Nicaragua, Senegal and England from 2016 to 2018. The pro-
ject was initiated and coordinated by a research institute in 
the UK, the Institute of Development Studies (IDS), and run in 
partnership with community and farmer-led organisations in 
each of the three countries. It centred on small-scale farmers 
who self-identified as practising agroecology, some of whom 
were involved in agroecological and/or food  sovereignty 
social movements within their contexts.  The project team 
deliberately selected localities in both the Global North and 
Global South to facilitate an exchange of knowledge and 
produce a greater understanding of the similar and different 
challenges faced in spreading agroecological food systems.  
Yet, of course, knowledge itself is unlikely to lead to change; 
rather, it needs to be applied, by actors which are  relevant, 

well positioned and empowered to act. Thus, the project also 
included a component of developing alliances and strate-
gies, rather than simply producing more knowledge.

This article outlines the different phases of the research 
and demonstrates how a methodology that integrates par-
ticipatory research and a systemic approach with a delib-
erative process is suitable for the analysis of complex food 
systems and their alignment with agroecological principles. 
The next section expounds the rationale underpinning this 
methodology and the methodological design. Using exam-
ples from the three-country initiative we then illustrate the 
different phases of the action research and briefly highlight 
research results and strategy outcomes of the project. The 
last section closes with a reflection on this methodological 
framework and how it can support future endeavours to 
improve participatory research in agroecology and thus the 
transition to more sustainable food systems.

The positionality of the authors is as follows. The lead 
author of this paper joined the project halfway through to 
support in the evaluation of the project process and out-
comes.  The other two authors were part of the core team of 
people implementing the project. One of the authors is an 
ecological food producer in addition to being a researcher.  
None of the authors are from the UK, though all were living 
in England at the time of the project.

2 Motivation

Integrating ‘participation’, ‘complex systems 
thinking’ and ‘deliberative processes’
Food systems are characterized by their dynamism and com-
plexity as processes interlink on various levels (individual, 
farm, local, national, global) and are affected by multiple 
forces (economic, social, cultural, technological and ecolog-
ical) (Guzmán et al., 2013). Systemic and participatory action 
research approaches lend themselves to effectively engage 
with these characteristics and inform the novel methodo-
logical design this article describes. Undergirded by a strong 
deliberative component, the methodological design allows 
for a discursive and critical analysis and meaning-making 
process by farmers over time. Illustrated with examples from 
the three-country initiative this section elaborates on the 
rationale of the methodology and the anticipated impact, 
before taking the reader through the methodology and the 
different phases of the project in section 3.

The methodological framework of this research initia-
tive was developed to a) contribute towards a rebalancing of 
power relations through approaches that centre on farmers 
as co-researchers, b) respond to and capture the complexi-
ty of food systems, and c) apply an integrated view on the 
social, economic, ecological and nutritional dimensions rele-
vant for agroecological food systems. 

To rebalance power through participation, we purpose-
fully chose an action research approach as it allows to draw 
on the knowledge and experience that farmers have about 
their lived realities and local conditions. A participatory 
research approach, according to Chambers (1995) refers to 
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an “empowering process, which enables local people to do 
their own analysis, to take command, to gain confidence, and 
to make their own decisions.” Action research (Reason and 
Bradbury, 2001, 2008) is a participatory, democratic process 
of iterative cycles of action and reflection that brings togeth-
er theory and practice, and centres on the development 
of knowledge (Reason and Bradbury, 2001) that responds 
to the needs and challenges of people in their everyday 
lives.  Knowledge that is derived under a participatory para-
digm has the potential to challenge deeply entrenched 
 power in equalities, as well as the monopoly of conventional 
research and knowledge production (Gaventa and Cornwall, 
2006; Pimbert, 2006). This research has taken a decision to 
particularly privilege – though also critically challenge – the 
perspectives of small-scale farmers in the food system who 
identify as practicing agroecology.  This is because small-
scale farmers have typically been excluded from decision 
making about food systems (Pimbert and Wakeford, 2002), 
yet they have unique understandings of what it is like to pro-
duce food and the challenge of working within the existing 
food systems while maintaining agroecological principles.  
As agroecological approaches emphasise farmers as pro-
tagonists in the research process, as opposed to top-down 
measures in conventional research, PAR approaches harmo-
nise well with the more political interpretations of agroecolo-
gy (Guzmán, 2013; Pimbert, 2006). The incorporation of agro-
ecological farmers along with other actors in the food system 
(as witnesses and as change agents), had the additional ben-
efit of responding to complexity.  A growing body of litera-
ture acknowledges that because of their multi-dimension-
al, multi-levelled, dynamic and uncertain nature, research 
about complex issues require a wide range of knowledge to 
be incorporated from across different disciplines and actors, 
but with facilitation of ‘scaffolding’ to support constructive 
dialogue and the emergence of new perspectives (Burns 
2014, Burns and Worsley, 2015, Lang et al., 2012, Jordan et al., 
2013).  

To further respond to complexity, we chose to use an 
approach based on participatory systemic inquiry (Burns, 
2012, Harvey et al., 2012).  Participatory systemic inquiry is 
an approach which can be incorporated into action research, 
and which emphasises “developing processes and learning 
architectures that can effectively engage with complex sys-
tems dynamics” to support systemic change (Burns, 2014: 3).  
Specifically, the complex nature of food systems means that 
conventional research approaches which look at single issues 
(production, distribution, marketing, consumption) in isola-
tion are inadequate (Thompson and Scoones, 2009; Jordan 
et al., 2013). Instead, our process included a focus on the eco-
logical, economic, social and nutritional aspects of food sys-
tems throughout. This focus brought the inquiry out beyond 
the direct interests of food producers and into wider societal 
and ecological considerations. 

Two complexity-congruent methods which we used in 
this research were complex systems mapping and delibera-
tive processes.  Systems mapping helped to visually account 
for the non-linear interactions of diverse actors and issues 
across scales and levels in food systems. Rather than an end 

in itself, systems mapping in this project was used as a tool 
to facilitate discussion and analysis, as described in the next 
section.  It was also used for setting research questions, 
which were deliberately not formulated at the outset by 
the research team, in order to both challenge convention-
al research power dynamics and respond to the uncertain-
ty and disagreement about the problem which characterises 
complex issues.  

Deliberation as a form of discursive participation (Carpini 
et al., 2004) was incorporated to support the action-reflec-
tion cycle of PAR, and because the nature of this research 
requires a process that facilitates critical and dialogic analysis 
of the issues in question and the provided evidence. A delib-
erative process can bring in different perspectives of various 
stakeholders of the food system to provide a better under-
standing of its complexity; it enables participants to make 
sense of the research findings as well as challenge them; 
it enables participants to contextualise and appropriate 
research findings within their realities; it provides an arena 
to discuss different strategies for change; it can build solidar-
ity between participants and underpin decisions they have 
reached collaboratively with legitimacy (Kemmis and McTag-
gart, 2006).  A deliberative process in which different stake-
holders come together to debate, reflect on and challenge 
each other’s experiences and perspectives without having 
to find consensus is a way to address complexity and avoid 
potential groupthink, thus addressing a common downfall 
of participatory research (Cooke, 2001; Wakeford et al., 2008). 
Considering the values of participation and agroecology in 
terms of constituting bottom-up approaches and being con-
text specific (Guzmán, 2013; Pimbert, 2006), and also consid-
ering the wide range of interpretations of agroecology (Bell-
wood-Howard and Ripoll, 2020), it was deemed important to 
ground the project in what the farmers themselves under-
stood to be agroecological food systems.  We chose to pres-
ent four different dimensions for participants to reflect on: 
social, ecological, economic and nutritional, with a view to 
ensuring that the participants went beyond their own inter-
ests and concerns as food producers to consider the wider 
aspects of food systems beyond production. 

In sum, incorporating these conceptual considera-
tions our methodological design led to an approach which 
included different phases of participatory systems map-
ping, research, deliberation, alliance and strategy building 
and learning across countries. These phases are described 
in a practical way in the following sections, with a view to 
them being adapted and replicated in future participatory 
research on agroecology. 

3 Methodology

The research process was designed by the UK research team 
and co-led by farmers who created the content, allowing 
them to inquire themselves into their situation as agroeco-
logical growers and the manifold factors that affect them. 
While the farmers did not initiate the project, they were at 
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the centre of the inquiry, with power to make decisions about 
the content and direction and the ability to shape the pro-
cess itself. The participatory research design enabled farmers 
to set the research agenda, analyse the findings and nego-
tiate their meanings and implications. Involving farmers 
actively in the research and basing it on their lived experi-
ences ensured the relevance of the project to them person-
ally and led to a sense of ownership over the process and 
continued momentum after the process ended.

The methodological design was structured in the below 
mentioned phases (Figure 1) for all three countries, whereby 
the implementation of individual phases could vary slightly 
across locations.

4 Process description and exemplary 
results

Phase 0: Selecting participants and creating a 
safe space
Selecting participants: Who to invite as participants is a 
first crucial step (Bergold and Thomas, 2012; Wakeford et al., 
2008). The consideration of who to engage depends on the 
nature of the project and who can contribute the knowledge 
required for what wants is to be achieved. The participant 
selection did not aim to get a sample representative of the 
population or even of agroecological farmers. Rather, the 
 primary consideration was to create a panel with a combina-
tion of people which could generate insights about the chal-
lenges of producing agro ecologically within existing food 
systems but more specifically about how to identify leverage 
points that are suitable to induce systems change. 

Burns (2012, 2014) pointed out that there are trade-offs 
between Participatory Action Research (PAR) and Systemic 
Action Research (SAR) in terms of the homogeneity of the 
participant panel and the diversity of worldviews that they 
yield. In order to achieve a multiple-perspectives view of sys-
tems, SAR involves a variety of people in the research process 
that can have completely different interests, and that join 
and leave as necessary (Burns, 2014: 9). PAR however, is cen-
tred on a community or fixed group of participants that carry 
the entire research process, part of which is to identify and 
counteract unequal power relations. In a pure SAR approach 
for example farmers might lose their weight and centrality 
in the project if stakeholders with different interests were 
part of the process. While a multi-stakeholder panel ensures 
a diversity of worldviews, it has the disadvantage of risking 
co-option by more powerful actors and yielding knowledge 
that is not specifically relevant or action-oriented. On the 
contrary, in PAR the emphasis is clearly on amplifying the 
voice of a specific marginalized group, which means that 
less emphasis is given to the concerns of other stakehold-
ers and that other perspectives would be less represented in 
the research. A group of people with similar goals, problems 
and strategic interests leading action research will ensure 
that the knowledge generated is relevant for their lives and 
generates practical action to pursue. The disadvantage will 
be that other worldviews from other stakeholders will not be 
present in the panel. There is no ‘right’ make-up of the panel, 
but rather a need to acknowledge and redress the drawbacks 
(e.g. bringing other voices into the analysis). In our case, we 
tended towards the interest group-based approach, using 
the deliberation process to bring in the perspectives from 
other actors in the food system (consumers, traders, retailers 
and so on). The methodology featured in this paper seeks to 
create a systemic PAR approach, that offers the potential to 
use elements of both approaches and adjust the weight that 
is given to either one according to the scope and context of 
the research.

The idea was that farmers, who are at the centre of food 
production, come together, bring to the fore and consolidate 
their first-hand experiences and knowledge. The farmers 

Phase 0: Selecting participants and creating a safe space

Initial and ongoing considerations of how to select participants for the 

farmer panel and ensure that there is an ability for people to challenge 

one another and themselves.

Phase 1:  Participatory systems mapping and identification of 

research questions

Reflecting on food systems and creating messy maps and distilled 

maps enabled farmers to visualise their actual food systems and iden-

tify causal relations and patterns. From there they determined 4-6 

research questions.

Phase 2: Research

The identified research questions led to micro-research projects 

undertaken by local partner organisations.

Phase 3: Deliberation

The evidence resulting from the research was presented back to the 

farmers’ panels and supplemented by invited key informants and 

experts pertaining to the different topics. In a deliberative process the 

farmers reflected on and challenged the findings and their own ideas, 

as well as identified potential allies who would be in  a position to sup-

port them in their strategising.

Phase 4: Change agents workshop

The identified allies were invited to a ‘change agents’ workshop, 

where farmers could present their findings and jointly develop fea-

sible strategies.

Phase 5: Global summit in Nicaragua

The project activities culminated in a summit in Nicaragua where par-

ticipants of all three countries (Nicaragua, Senegal and UK) came 

together. This served as a platform for farmers to share their experi-

ence and ideas, to reflect on similarities, differences and correlations, 

to develop action points for their respective countries and to build 

international networks to promote agroecology.

F I G U R E  1
The research desgin
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were selected purposefully for their previous engagement 
– or interest – in agroecological or sustainable agriculture, 
with many (but not all) belonging to organisations that were 
linked to agroecological or food sovereignty social move-
ments. It was anticipated that this particular positioning 
could yield the tensions and contradictions between farmers’ 
immediate economic survival (which entails working within 
the existing system) and their other goals and aspirations 
such as regenerating their land, building communities and 
equitably nourishing populations, which may require signifi-
cant changes to the systems on which they currently depend.  
Further, involving those who are already active in the agro-
ecological movement and demonstrating an interest in the 
matter had the benefit of high engagement throughout the 
project and beyond.  

Variety and balance are important criteria to ensure ver-
satility and inclusion of less represented or marginalized 
groups as well as a variety of perspectives. In our examples 
the farmers’ panels, also called ‘juries’, consisted of 10 – 13 
members of a mix of genders and age groups, representing 
different types of production and different levels of involve-
ment with farmers’ or civil society organisations. Calling the 
farmers’ panels a ‘jury’ in Nicaragua and Senegal was a sym-
bolic way of declaring the farmers’ knowledge as priority and 
was met with affirmative positive feedback from the farmers.  
In the English context, the term ‘panel’ resonated well with 
the farmers and for some, gave a sense of prestige to their 
participation.  The geographical scope varied depend on the 
country. In the UK, discussions were mostly relevant to Eng-
land, in Nicaragua, to the Central and Pacific regions, and in 
Senegal, to the region of Casamance. 

In practice, many of the eligible and interested partici-
pants for this project held a representative or leadership 
position within their community or organisation.  This pre-
sented both strengths and risks.  One of the strengths of 
including such individuals with leadership roles is that they 
brought a wealth of issue-specific knowledge about the pro-
motion of agroecology, having engaged in it for some time.  
They also had strong networks through which knowledge 
from the project could be disseminated and acted upon.        

The risk was that of re-enforcing existing power relations 
through privileging some voices at the expense of others 
during the process (Cooke and Kothari 2001). Thus, there is a 
trade-off that emerges when constituting the panel.  There 
is no ‘right’ combination of leaders (who in our project were 
themselves farmers) and ‘lay’ people, rather the structure of 
the participatory process needs to reinforce and give space 
to those voices that are at risk of being diminished.  Further, 
a number of facilitation measures were put into place in 
order to avoid and/or counteract power imbalances in real 
time during workshops and through reflection and feedback 
throughout the project.  The following section describes 
ways in which this was undertaken. 

Facilitation, power and creating a safe space: “Reflexivity is 
a hallmark of excellent qualitative research and it entails the 
ability and willingness of researchers to acknowledge and 
take account of the many ways they themselves influence 

research findings and thus what comes to be accepted as 
knowledge.” (Sandelowski and Barosso 2002: 222)

Facilitation is not neutral (Kemmis and McTaggart, 2005: 
285 f.; Burns, 2015). Like any other person, the facilitator is 
subject to her or his ontological and epistemological posi-
tion and therefore not free of values, beliefs and vested inter-
ests.  These can influence the direction in which she or he 
guides the process, analyses data and draws conclusions. 
Whether intended or not, a facilitator exercises power:  facili-
tators have the power to include or exclude perspectives, 
open up communicative and safe spaces or shut them down, 
influence relationship dynamics and even manipulate the 
process (Burns, 2015: 157; Chambers, 1997: 155). 

In this project, workshops were facilitated by an IDS 
researcher and co-facilitated by a local researcher embedded 
in the partner organisation. The biases and positionalities of 
the research team were mitigated by the use of participatory 
exercises which entailed metaphorically ‘handing over the 
stick’ to participants (Chambers, 1997: 157). The project drew 
on exercises espoused by Chambers (2012) and Kaner et al. 
(2014) which encouraged inclusivity and empowerment of 
participants.  

Facilitators also endeavoured to be reflexive about their 
own positionality and the power they themselves exercise, 
intentionally or not (Muhammad et al., 2015; Burns, 2015: 157 
f). Reflexivity of positionality was supported by co-facilita-
tion and by cross-country facilitator debriefings after each 
major workshop.  

Another crucial element for mitigating power inequali-
ties was the creation of a safe space (Bergold and Thomas, 
2012; Gayá-Wicks and Reason, 2009). In the panels, farmers 
of different types of production, most of whom did not know 
each other, came together, not being sure what to expect or 
what exactly was expected from them. Participants from all 
three countries emphasised the importance of establishing 
ground rules at the beginning, to create a space where peo-
ple’s interpersonal needs of inclusion and intimacy were met, 
so that they could feel free to speak their minds. Creating and 
maintaining a safe communication space is crucial for achiev-
ing a high level of participation, and a way to address power 
relations, as spaces “are infused with power relations, affect-
ing who enters them, who speaks with what knowledge and 
voice, and who benefits. This is particularly apparent, for 
example, when both professional knowledge and peoples’ 
experiential knowledge are brought together in the same 
space and discussed.” (Pimbert, 2006: 19)

A safe communicative space was created by establishing 
‘ways of working’ together in the first workshops by discuss-
ing ground rules such as the types of confidentiality to be 
had, active listening, empathy, giving people space to voice 
their opinions and, crucially for the deliberative aspect of the 
project, not needing to agree on everything. 

In England, the ‘ways of working’ were revisited at the 
beginning of each workshop, even though they had been 
discussed a number of times.  Participants themselves would 
present to the group different principles for working togeth-
er that felt important for them. The group would then be 
able to add to or discuss any additional details.  
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The exercise was less repetitive than the researchers had 
anticipated, and as workshops progressed, exemplified the 
ownership that participants felt of the process.  New princi-
ples were added, and existing ones were adjusted or clari-
fied with nearly every iteration.  At the beginning of the final 
workshop, for example, one participant had new reflections 
and disagreed about the importance of one of the ways of 
working which had previously governed the group  dynamic. 
He questioned whether it was necessary to be stipulating 
‘safe expression’, given that there was no threat of physical 
violence within the group.  Rather than the facilitators jump-
ing in to explain what ‘safety’ meant in this context, a number 
of participants expressed their own previous life  experiences 
of not feeling able to speak up in group settings because of 
gender and age dynamics, with other participants adding 
details for clarification.  The resolution of this issue by the 
group – rather than by the facilitator – is one small example 
of the ways in which the process enabled participants to set 
boundaries and respond to their needs for expression. 

Phase 1: Participatory food systems mapping 
and definition of research questions
“I loved the alchemy of the chaos - in the beginning it 
seemed chaotic, but then things started to emerge.” (Farm-
er, England)
Complex systems are very difficult to grasp due to their 
non-linear interactions and dynamism (Leach et al., 2010; 

Ericksen et al., 2010; Burns, 2015; Foran et al., 2014). Visualising 
a system through participatory mapping can enable partic-
ipants to see the ‘bigger picture’ and identify correlations, 
patterns, causalities and leverage points (Burns, 2012; Burns, 
2015; Burns and Worsley, 2015) that will serve as a foundation 
for building strategies for systemic change. In this method-
ological design the mapping process served five purposes:

 – Facilitating reflection
 – Generating new insights and perspectives
 – Creating systems (or ‘messy’) map(s) of the food system
 – Deriving distilled maps of specific issues within the food 

system
 – Determining researchable questions

The systems maps, to which we also refer as messy maps 
(Burns, 2015) due to their initial chaotic appearance, served 
as starting points of this inquiry as they formed the basis for 
discussion, reflection and the generation of new insights 
into food systems.  The mapping process was preceded by 
a session in which participants reflected on their own lived 
experiences of trying to work agroecologically, and what 
they understood agroecology to be when considered con-
sidering its relevance to the food system as a whole, explor-
ing the four dimensions of food systems (social, ecological, 
nutritional, economic) as guiding points.  During this process, 
they identified the factors which had impacted their reality. 
It was important that people focused on their own lives, so 
that the mapping was grounded in the participants’ actual 
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F I G U R E  2

Distilled map 'Economic profitability and environmental impact in the medium and long term' by Nicaraguan farmers
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experiences, rather than perceptions of others, which can be 
biased or limited.

Rather than an analytical tool, these categories of sus-
tainability were a heuristic device to reflect on what agro-
ecology meant to participants, to remind facilitators and 
participants of the multidimensional nature of food systems 
i.e. they span beyond production into distribution and con-
sumption and beyond agriculture to other domains such as 
social welfare, economic policy, and so on. It also served to 
highlight how factors that may be positive in one dimension 
may undermine sustainability in others. For instance, organ-
ic edible flower production (i.e. a niche product) may en  able 
farmers to achieve economic and ecological sustainabili-
ty but is unlikely to contribute to nutritional sustainability. 
These categories can be expanded or modified according to 
the needs of the panel, for example including categories like 
health more broadly, animal welfare, biodiversity, etc.

Upon completion of and reflection on the messy maps, 
participants identified common themes, or core issues that 
seemed to be integral to the issue of transitioning food sys-
tems.  In each country, the participants identified 3-6 sali-
ent topics.  These were explored further through, so-called 
distilled maps (Burns, 2015: 77 f) (Figure 2). Distilled maps 
allowed the deliberative panels to zoom in on particular 
issues and arti culate and perceive more clearly how factors 
relate to each other and what dynamics they cause.  From 
reflecting on the distilled maps, the groups identified issues 
that needed to be explored further. These then became the 
research questions for the group. 

What else do we need to know? Determining the research 
questions: The distilled maps served as the basis for deriving 
the research questions. Through the process of mapping and 
deliberating farmers identified and collectively agreed four 
to six areas of research that had the potential to yield relevant 
insights and understanding of how to move towards more 
sustainable food systems. Collaboratively participants and 
the researcher-facilitators turned the various lines of research 

into researchable questions and sub-questions which led to 
what we called ‘micro-research’ projects, small research pro-
jects that could be solved through a few days of inquiry. 

By participants setting the research agenda the pro-
ject sought to overcome a significant and often overlooked 
source of bias in research: the research questions that are 
asked and those not asked (Ioannidis, 2005; Greenhalgh and 
Russell, 2009).  This bias is strongest when research ques-
tions are formulated by ‘outsiders’ and not the people actu-
ally involved with and directly affected by the issue.  Table 1 
provides an overview of the research themes and questions 
developed through the project. 

Phase 2: Conducting collaborative research
The type of research that was employed for this second 
phase of the project was farmer-led collaborative research. 
The farmer panels posed the research questions above and 
commissioned the micro-research projects to their respec-
tive farmer organisations. These farmer organisations then 
carried out the research as a result of the interaction of 
in-house technical officers, and research consultants linked 
to the agroecology movement in the case of England and 
Nicaragua. In the case of Senegal, the collaboration occurred 
with agrarian researchers from the Senegalese Institute 
for Agricultural Research (ISRA). The role of the Institute of 
Development Studies was to support the research process-
es and give guidance to collaborating partners in terms of 
approaches, methodologies and analysis. This approach 
aimed to enable grassroots organisations to develop their 
capabilities to engage in research processes.  There are, how-
ever, trade-offs between choosing farmer-led collaborative 
research and strictly defined action-research, in which farm-
ers conduct the research themselves. The further removed 
from the farmers the research is, the less likely it will yield 
knowledge relevant to them. On the other hand, areas of 
interest may fall outside the usual area of experience of farm-
ers e.g. trade agreements and policies around subsidies, and 
thus research conducted by a trained researcher can be a 

T A B L E  1
Research themes or questions

Country Research themes 

Nicaragua • Markets and their politics 

• Management of water and forest resources 

• Comparison of agroecological and conventional approaches 

• Land access and land tenure 

• Youth in agriculture 

• Public awareness about agroecological products, health and nutrition

Senegal • What is the existing knowledge of agroecology within our communities? 

• How can existing diversification be best utilised to support improved nutrition?

• How can we increase access to agroecological production inputs?

• What are the capacities of existing agroecology organisations to promote agroecology?

England • What can promote increased access to land for agroecological farmers? 

• How can we ensure the contribution of agroecological farmers is valued appropriately? 

• How do and to what extent do subsidies affect the cost of food?

• What has led to the development of sustainable local food strategies, and what have these entailed?
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useful contribution to the process. There is potential to com-
bine both approaches, research conducted by farmers and 
collaborative research with relevant researchers, aiming to 
maintain the balance between action-relevance or results 
and adequate scope of expertise.

Most of the research conducted was a result of second-
ary data analysis and key stakeholder interviews and focus 
groups. Only in the case of Senegal was primary research con-
ducted. For the purpose of food system analysis for action, a 
significant amount of information was available (academic 
and grey literature, key informants interviews, etc.): the role 
of the researchers was to ‘ground’ and translate that research 
for the requirements of the farmer panels, rather than con-
ducting new research. 

Phase 3: Deliberation
Following the completion of research projects, a series of 
deliberations were held in each of the respective localities.  
First, panel or jury members reminded themselves of the 
research questions and were presented with the research 
findings.  This was through a combination of written sum-
maries and oral presentations.  Then, up to four witnesses 
presented their views about the research topic to the farm-
ers to spark a discussion. Witnesses were key informants 
(researchers, activists or practitioners) whose expertise and 
insights would spark productive debate. Presenters were 
urged to use a range of techniques for sharing their opin-
ions, in order to ensure their content was accessible to all 
participants.  After presenting, they left the room, and the 
farmers reflected individually and discussed in pairs. They 
then individually identified what questions they had for the 
witness. The witness was then brought back into the room 
for questioning and comments by the farmer panels.  Having 
participants reflect and identify their questions individually 
and in pairs helped to prevent quicker thinkers or more con-
fident partici pants from dominating the group deliberations. 
The talking playing field was also levelled through some use 
of  ‘stacking,’ a facilitation tool used to establish turns and 
enable everyone to speak, along with flexibility to allow for 
dynamic interactions (Kaner et al., 2014).  After questions and 
comments were fielded, the floor was open to general dis-
cussion and deliberation, with witnesses and farmers inter-
acting as equals in the discussions.  

The deliberations did not necessarily need to lead to con-
clusions or to consensus.  While consensus was reached on 
many occasions, at times what was most important was the 
surfacing of disagreements and tensions that were other-
wise unrecognised.  Given the plurality of the agroecologi-
cal movement, explicitly recognising these differences was 
arguably as valuable as finding agreements and clarity.  In 
the spirit of action research, it is hoped that these areas of 
ambiguity might be further explored through future itera-
tions of questioning, inquiring and reflecting, individually or 
collectively.

Following these discussions, the witnesses left the room 
and farmers revisited the distilled maps, reflecting on what 
was missing or what needed editing in their maps, as well 
as what was needed as a next step to change or overcome a 

particular challenge.  Another round of reflection and delib-
eration ensued to identify potential strategies and next 
steps.  This process focused on what might lead to ‘tipping 
points’ or changes in key dynamics or path dependencies of 
the system (Burns and Worsley, 2015).  Strategies were then 
ranked in terms of feasibility, impact and passion for action, 
and a short-list of strategies was collectively decided. For 
each strategy, change agents were identified for outreach 
and invited to a ‘change agent’ workshop (see Phase 4). 
Some highlights of the research results- including insights 
from the deliberative process

It is outside the scope of this article to describe in full the 
research results of 12 micro-research projects  conducted by 
local researchers and the added insights provided by the 
deliberative workshops, as our main goal here is to showcase 
the methodology. That said, it is useful to offer some high-
lights in terms of content to understand the relevance of the 
activities described.

In Nicaragua, the research highlighted the lack of price 
differentiation for agroecological or even organic products, 
an exposure to fluctuating and low-return global markets 
through free-trade agreements and a policy bias toward 
large-scale plantation farmers. Positive experiences were 
collected of farmers’ market promotion and the benefits of 
producer and buyer cooperatives.  A similar bias in favour of 
plantation farming occurred in terms of the uneven imple-
mentation of an otherwise progressive environmental leg-
islation. In terms of agroecological production, the econom-
ic environment pushed small-scale farmers to short-term 
risk mitigation for survival that side-lined other priorities, 
such as the long-term soil health and fertility. This lack of 
 profitability, coupled with patriarchal decision-making 
dynamics in the household, makes agriculture unappealing 
to young people. Land is progressively being concentrated in 
the hands of wealthy producers, shifting towards cattle and 
monoculture production of cane, palm and other cash crops, 
whilst landlessness increases. Consumers play a role in the 
lack of price differentiation of agroecological production, as 
they are less aware of the different benefits of food produced 
 agroecologically.

In Senegal, the primary research showed diverse under-
standings and practices of agroecology in Casamance, and 
the coexistence of conventional and agroecological tech-
niques. It also identified preferred methods of commu-
nication of agroecological techniques, not only through 
engaging with farmers (radio, traditional oral communi-
cation, demonstration plots, etc.), but also encouraging 
 system-wide alliances beyond production, such as engaging 
with leadership of farmer groups, and owners of canteens 
and restaurants, so as to encourage them to source agroe-
cological produce. Another micro-project established the 
linkages between agroecological produce, dietary diver-
sity and improved nutritional outcomes. Lastly, an analysis 
on the availability and affordability of inputs showed the 
impact of subsidies on farmers’ preference for agrochemical 
use, the unavailability of native seeds and the potential of 
 community organisation for agroecological input provision, 
e.g. seed banks.
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In England, the research focused on the market and subsidy 
systems that have enabled extreme land concentration, leav-
ing agroecological new entrants struggling to access land. 
Important drivers identified included financial investments 
in land, and planning policies. Potential avenues to enhance 
access were identified, from promoting tenancy opportu-
nities, to the implementation of a statutory land registry 
and reforming planning policy.  In relation to markets, the 
research evaluated critically and comparatively the different 
schemes to incorporate other forms of value into the cost of 
food such as triple cost accounting (environmental, social 
and economic costs), or true cost accounting and how they 
could be helpful in the promotion of agroecology. The litera-
ture review on subsidies highlighted the contradictions in the 
subsidy regime and the bias towards grains and food manu-
facturing and showed the myriad of factors that drive prices 
and the difficulty of attribution. Lastly, the research identi-
fied the factors that contributed to the development of local 
sustainable food strategies: mobilisation and  commitment 
of different public (local councils, NHS bodies, educational 
institutions and housing associations), private (local farmers, 
traders, retailers and caterers) and coordinating local associ-
ations, NGOs or community interest companies.

Phase 4: Strategy and Alliance building
A defining characteristic of Action Research is its orientation 
towards transformational action, not only to understand 
social phenomena, but, unlike conventional social science, 
to generate knowledge in order to effect a desired change 
(Bradbury, 2010). Through deliberation and several cycles 
of action and reflection, the previous phases of the project 
facili tated the formation of a body of new and refined knowl-
edge that the farmers put into action as they identified key 
stakeholders (‘change agents’) in the food system who could 
be potential ‘allies’ in pursuing strategies for moving towards 
more sustainable food systems. Change agents, which are 
indispensable actors in any process where change is pur-
sued, can be individuals or organisations (Rothwell and Sul-
livan, 2005) which have the capacity and position to induce 
change and to effectively interact with the gatekeepers 
responsible for maintaining the actual structures (Wielinga 
et al., 2008; Argyris and Schön, 1996). These change agents 
were invited as participants to the ‘change agents’ work-
shop’. The ‘change agents workshop’ was a significant step 
in the project in which participants, based on their new 
understandings and self-assurance (Bergold and Thomas, 
2012: 13), assumed agency and carried action beyond their 
group to involve stakeholders on multiple levels. Linking the 
research to the broader debate serves as a catalyst for induc-
ing desired change. 

The ‘change agents’ workshop’: Between 10 to 20 change 
agents or ‘allies’ per country were invited to partake in 2-day 
‘change agent’ workshops. As opposed to conventional 
stakeholder engagement, the identification and selection 
of change agents was undertaken by the farmer panels fol-
lowing on from the preceding phases of collaborate analy-
sis and deliberation. They ranged from representatives of 

 agricultural ministries, ethical bankers, nutritionists, plan-
ning commissioners, radio stations (in Nicaragua) and tra-
ditional oral narrators (in Senegal), only to name a few. The 
objective was to forge alliances and build actionable strate-
gies with key actors who were in a position to influence driv-
ing factors in the favour of more sustainable food systems. 

In the sessions of these workshops, the farmers  presented 
to the enlarged group of farmers and change agents on the 
various topics which had emerged as priorities in the deliber-
ative workshop, explaining the problems as well as the find-
ings from the research and the conclusions from the deliber-
ations. Following this, a facilitated deliberation was opened 
for the entire farmers’ panels and the invited change agents, 
to include everybody’s contributions. At the end of each 
day farmers and change agents agreed on concrete action 
points, the responsible person or organisation to carry it out 
and a realistic time frame to complete them. 

In all three countries, the change agents’ events denoted 
a constructive phase in which farmers harnessed their new-
ly gained understandings and self-confidence to step out of 
their circle and engage key actors of the wider food system.  
The positionality of the farmers in the centre of the  project – 
presenting their research and deliberation findings and their 
draft strategies – possibly gave them additional  credibility 
with the invited change agents. Local researchers and par-
ticipants involved, more used to conventional research, 
were surprised on the shifts of power-relations away from 
top-down, ‘expert’ led processes. For example, a researcher 
and community organiser in Nicaragua reported: "Until now 
I have not seen in my work in this country a process in which 
campesinos (peasants or farmers) themselves do the discus-
sions and analysis of their food systems."

This direct collaboration with change agents has laid 
the ground for expanding and intensifying the farmers’ net-
works and building actionable strategies to transition to 
more sustainable food systems. 

Phase 5 Global summit
The action research was not designed to be comparable 
across countries, but rather to adapt to the context-specific 
needs of each locality. However, a global summit was organ-
ised to gather some lessons that could be learned across 
countries and to promote exchange of experiences and  ideas 
between the deliberative panels. Through the 3-day partici-
patory workshop, farmers from each country presented key 
insights from the participatory analysis of their country’s 
food systems and their strategies and alliances for action. 
Participants then compared between the different country 
experiences. The key issues which were common to all three 
countries -although unfolding in different ways due to differ-
ent ecologies and political economies- were access to land, 
markets and trade, communication and awareness-raising, 
and forming alliances.  An insight of significant impact for 
farmers across the three countries was the difficulty of access 
to land in England, particularly the inability for many farm-
ers to live on their farms. The struggles faced by farmers in 
England appeared to turn on its head the typical narrative of 
‘developed’ and ‘developing’ countries.
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Outcomes 
Whilst this project could not possibly redress the lack of sus-
tainability and of food systems in Nicaragua, Senegal and 
England, it did generate some localised impact, both in terms 
of kick-starting initiatives that promoted agroecology and 
highlighting the avenues for change, as well as countering 
top-down power relations in food system research and the 
position of farmers in the production of knowledge.  High-
lights of strategies are presented here, though these have 
not yet been evaluated for their ability to effect systemic 
change, in part due to the timescale of the initiatives. Per-
haps most importantly has been the sense of empowerment 
reported by the farmer participants. One farmer in Senegal, 
for example, stated, "It was the first time I experienced a pro-
ject like this, [a project] that changed the community."

One of several examples of actions from Senegal is the 
cooperation with a nutritionist, a cookery school and desig-
nated local restaurants. With them the farmers worked out a 
plan where the nutritionist would teach farmers, restaurant 
owners and youth that attend a cookery school the nutri-
tional and taste value of agroecological food. In the  cookery 
school students would learn to prepare nutritious meals 
from agroecological produce and cater to designated restau-
rants. This has the potential to reach a large number of peo-
ple and the entire process is embedded in awareness-rais-
ing as a method to promote agroecology effectively. A new 
 network of agroecological farmers across the  Casamance 
region of Senegal was created, to share experiences in agro-
ecological production.

In England, farmers were able to form and strengthen alli-
ances with key stakeholders for policy changes. Among them 
two ethical investment banks that provide funding for sus-
tainable agriculture and representatives of planning bodies 
that are instrumental in the interpretation of planning policy 
and its revision. Farmers were also well- positioned to feed 
into agricultural policy making opportunities which arose 
from Brexit, and fed into government consultations, met with 
parliamentary members and developed and strengthened 
policy and advocacy materials.  

In Nicaragua, farmers participated in the First National 
Agroecological Forum that was hosted by UNAG , the Nic-
araguan National Union of Farmers, to promote agroecolo-
gy in Nicaragua. In this forum, which also included a strat-
egy-building-section, the farmers shared their experiences 
and research findings with key stakeholders in agroecolo-
gy and government. Artists contributed to help spread the 
message, and farmers had the opportunity to share their 
experiences on radio and TV. The research pointed to a high 
potential for systemic change when initiated at the local and 
municipal level, and members from the farmers jury have 
been speaking to community radios to communicate the key 
messages emerging from the action research.

4 Conclusion

The project ‘Transitions to agroecological food systems’ 
applied a methodological approach that combines  systemic 
and PAR supported by a strong deliberative component. 
Especially tailored to analyse food systems and contribute 
to systemic change, this methodology additionally draws 
on values of agroecology and food sovereignty: enabling 
 participatory processes that emphasise context-specificity 
and actively involve those in the research who are directly 
concerned by an issue, and not leaving it to outside experts. 
This methodology draws from the commitment of both 
 participatory and agroecological approaches to realising just 
futures and reshaping asymmetric power relations (Méndez 
et al., 2013) to enable systemic change. Where this metho-
dology distinguishes itself from other participatory research 
approaches is the explicit focus on the multiple dimensions 
of food systems in an integrative way. This was achieved 
through a deliberative process and by involving various 
stakeholders across multiple levels of the food system for 
each of the three countries.. 

The expectation of deploying this methodological 
approach was that it would facilitate the emergence of new 
knowledge, enabling farmers to adjust their views, develop 
new perspectives and, it follows, new strategies for change 
(Gaventa and Cornwall, 2006). Farmers gave account of how 
being involved in the research process, being able to build 
on their own knowledge and creating the content them-
selves based on their lived realities was not only satisfying 
but increased the relevance of the research outcomes for 
their own lives. They also gained a sense of ownership over 
the process. Farmers’ knowledge was recognised and val-
ued, yet their perspectives were also challenged through 
engagements with other farmers, witnesses, change agents 
and research findings. This facilitated a process in which 
 participants could develop new ideas and new ways of fram-
ings both problems and solutions. In Senegal, for exam-
ple, farmers realised that agroecological knowledge and 
practices are part of their cultural heritage – even though 
some farmers did not know the term agroecology before – 
and determined that agroecology represents a strategy to 
oppose neo-colonialism .

The participatory methodology facilitated an empower-
ing process that enabled farmers to feel more confident to 
assume agency beyond their immediate circle and partici-
pate in new spaces: for example, when they identified and 
involved key stakeholders for the ‘change agents  workshop,’ 
or when Nicaraguan farmers presented their cause on nation-
al radio and in the First National Forum of  Agroecology. This 
resulted in the expansion of their networks within the agro-
ecological movement, and with other stakeholders in the 
food system. The use of participatory and inclusive meth-
ods played a valuable role in the capacity building of farm-
ers and local research partners. Farmers gave account of how 
through the participatory workshops they had appropriat-
ed the way of organising and structuring their thoughts and 
how to express them; skills they started to use in other are-
as of their lives as well. Through engaging and building the 
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skills and capacities of local facilitators and researchers it is 
hoped that capabilities will remain with the communities 
and benefit them beyond the project duration.

The methodological framework and description of the 
process presented in this paper demonstrates how  different 
members of the action research family – participatory and 
systemic action research - can be creatively integrated to 
meet context-specific requirements and produce  relevant 
and actionable knowledge and strategies. While rigorous 
evaluation of the efficacy of strategies actioned has not 
 taken place, evidence about the empowerment and  capacity 
development effects of the project suggest that the method-
ology is relevant and effective for research efforts endeav-
ouring to contribute to transitions to agroecological food 
systems. It also appears to be adaptable for a multitude of 
topics that are complex and require systemic change through 
the involvement of various stakeholders across the system, 
including those whose voices are typically  marginalised.
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S1: Overview of SAT indicators 
 


The indicator type is defined based on the following source: 


Bockstaller, Christian, Pauline Feschet, und Frédérique Angevin. „Issues in Evaluating 
Sustainability of Farming Systems with Indicators“. OCL 22, No. 1 (1. January 2015): D102. 
https://doi.org/10.1051/ocl/2014052. 


 


and abbreviated as followed: 


- MEI = Measured effect indicator 
- PEI = Predictive effect indicator 
- CI = Causal indicator 


 


Greenhouse gas (GHG) emissions 
 


Tool Indicator (Relevance) Description / Assessment question Type 


CFT Total GHG emissions for crop 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Fruit Production 


Total GHG emissions per crop farm 
enterprise (CO2eq). 


PEI 


CFT GHG emissions per area of 
cropland 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Fruit Production 


GHG emissions per area of cropland 
(CO2eq). 


PEI 


CFT GHG emissions per kg of crop 
product 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Fruit Production 


GHG emissions per kg of crop 
product (CO2eq). 


PEI 


CFT Total GHG emissions per livestock 
farm enterprise 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 


Total GHG emissions per livestock 
farm enterprise (CO2eq). 


PEI 


Supplement S1 for:  
Landert et al. (2020) Assessing agro-ecological practices using a combination of three sustainability assessment tools. 
Landbauforsch – J Sustainable Organic Agric Syst 70(2):129–144, doi:10.3220/LBF1612794225000 
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Tool Indicator (Relevance) Description / Assessment question Type 


production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep 


CFT GHG emissions per kg of livestock 
product 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep 


GHG emissions per kg of livestock 
product (CO2eq). 


PEI 


SMART Land clearing method 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Which land clearing methods have 
been used to establish and/or to 
renovate plantations/fields over the 
past 20 years? 


CI 


SMART N from fertilizers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How much N from fertilisers (in kg) 
does the farm apply on its 
agricultural area per hectare per 
year? 


CI 


SMART Permanent grasslands: Conversion 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland 


(If there is/was permanent 
grassland on the farm:)  


What proportion of permanent 
grassland has been converted to 
other use in the past 5 years (e.g. to 
arable land, perennials without 
blanket permanent grass coverage)? 
[% of permanent grassland] 


CI 


SMART Woodlands: Deforestation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Which portion of the farm’s current 
agricultural area has been 
deforested over the past 20 years? 


(Remark: deforestation = removal of 
a forest or stand of trees where the 
land is thereafter converted to a 
non-forest use.) [% of agricultural 
area] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Covered slurry stores (or stable 
natural crust) 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Pot plants / Plant nursery, Fruit 
Production 


Are slurry stores covered or does a 
stable natural crust cover the 
surface? 


CI 


SMART Renewables electricity 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the electricity 
consumed is derived from 
renewable resources? 


 [% of electricity consumption] 


CI 


SMART Permanent grasslands: Share of 
agricultural area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Fruit Production 


 CI 


SMART Electricity consumption per ha 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 


How much electricity is used on the 
farm per hectare per year? 


(Make sure private use is not 
included. If only one electric meter, 
calculate deduction based on 
number of people. For private use 
1.000 kWh/adult/year and 500 
kWh/child/year can be deducted) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Share of fuel from renewable 
sources 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the fuel 
consumed is provided by renewable 
resources? [% of fuel consumption] 


CI 


SMART Woodlands: Share of agricultural 
area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


 CI 


SMART Drained arable land on peatland 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


How much of your arable land was 
formerly peatland (now drained)? (if 
there is no former peatland, do not 
rate and comment the question) 


CI 


SMART Renewables heating and hot water 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the heating-
energy consumption is provided by 
renewable energy or waste heat? 


(Only consider consumption related 
to agricultural production) [% of 
heating energy consumption] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART On-farm renewable energy 
production 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


 CI 


SMART Permanent grasslands: Extensively 
managed 


Relevant for farms with the 
following activities: Permanent 
grassland 


What proportion of the area of 
permanent grassland is under 
extensive management? 


(Extensive means: double 
mowing/grazing or less, zero use of 
inputs, e.g. fertilisers, pesticides, 
soil improvement measures) [% of 
permanent grassland] 


CI 


SMART Plough less soil management 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


What proportion of the agricultural 
area (excluding permanent 
grassland) is subject to zero / no-
tillage or reduced tillage? [% of 
agricultural area] 


CI 


SMART Precise fertilisation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use systems for 
precise fertilisation (e.g. variable 
rate application methods, drip 
irrigation with mineral fertilisers)? 


CI 


SMART Biogas plant: share organic 
residues 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 


What proportion of organic matter 
utilized in a biogas plant (own or 
external plant) is a surplus or 
leftover from food/feed 
production? [% of organic wastes] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Determining fertiliser requirements 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


When determining nutrient 
contents and soil properties, how 
often are soil analysis performed?  


-> note down in comment how 
often for N, P, K and pH 


CI 


SMART Permanent grasslands: Renewal 


Relevant for farms with the 
following activities: Permanent 
grassland 


What proportion of permanent 
grassland has been newly seeded in 
the past 5 years? [% of permanent 
grassland] 


CI 


SMART Permanent grasslands: Mowing 
frequency 


Relevant for farms with the 
following activities: Permanent 
grassland 


How often is the grassland mowed 
on average? 


CI 


SMART Agro-forestry systems 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


 CI 


SMART Humus formation: Crop residues 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials,  Fruit 
Production 


On what proportion of the 
agricultural area (excluding 
permanent grasslands) are crop 
residues (e.g. straw, beet tops, 
leaves) not removed? [% of 
agricultural area] 


CI 


SMART Humus Formation: Humus balance 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


Is a humus balance calculated and is 
the humus balance positive, 
balanced or negative on average? 


(In case of small holder farms, check 
whether the farmer focuses on 
practices that improve humus 
balance) 


CI 


SMART Stocking density Are stocking densities in the 
housing system (animals/m2 of 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Aquaculture 


floor space) adequate (sufficient 
space for movements and to avoid 
animal injuries and stress due to 
conflicts) for all livestock 
categories? 


SMART Share of legumes on perennial 
crops area 


Relevant for farms with the 
following activities: Viticulture, Tree 
nursery / perennials,  Fruit 
Production 


What proportion of the perennial 
cropland area is devoted to 
legumes? [% of perennial crop area] 


CI 


SMART Share of fuel from own production 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Which proportion of the fuel used 
for farm vehicles and machinery is 
produced on-farm? [% of total fuel 
consumption] 


CI 


SMART Share of legumes on arable land 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Pot plants / 
Plant nursery 


What proportion of the arable land 
is devoted to leguminous crops? [% 
of arable land] 


CI 


SMART Share of undrained permanent 
grassland on moorland 


Relevant for farms with the 
following activities: Permanent 
grassland 


Calculated indicator: It calculates 
the share of undrained permanent 
grassland on moorland: Area 
undrained perm. Grassland on 
peatland / (area drained perm. 
grassland on peatland + area of 
undrained perm. grassland on 
peatland) 


CI 


SMART Access to pasture for ruminants 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep 


How many days per year are the 
ruminants out on pasture? 


(In case of several livestock 
housing/animal species: score 
based on the worst condition.) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Agricultural area: Share of 
mulching 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


What proportion of the agricultural 
area (excluding permanent 
grasslands) is mulched? 


Only consider organic (plant 
material) mulch. 


Leaving only harvest residues on the 
field doesn't count as mulching (is 
assessed separately: ID 289).) [% of 
agricultural area] 


CI 


SMART Insulation of heated farm buildings 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(If there are heated farm buildings:) 


What proportion of the heated farm 
buildings are sufficiently insulated 
(e.g. with double or multiple glazed 
windows, roof / wall / floor 
insulation)? [% of heated farm 
buildings] 


(Do not score heated greenhouses, 
covered in ID 745) 


CI 


SMART On-farm point sources of nutrients 
and pollutants 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Permanent 
grassland, Beef cattle / meat sheep 
/ meat goats, Pig production, 
Poultry production, Dairy cattle / 
dairy goats / dairy sheep 


Can it be excluded that there are 
direct point source emissions of 
nutrients and pollutants to the 
atmosphere and water bodies (incl. 
wells and drinking water sources) 
on the farm and its utilized areas? 


E.g. exports (= emissions through 
discharge and degassing) from 
exercise yards, farmyard manure 
stores, livestock water facilities or 
shelter of animals near to water on 
pastures, direct entry of animals 
into the water and cleaning areas. 


CI 


SMART Arable land: Share of direct seeding 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


What proportion of the arable land 
is managed by the method of direct 
seeding? [% of arable land] 


CI 


SMART On-farm renewable heat 
production 


Relevant for farms with the 
following activities: Arable farming, 


What proportion of the heating-
energy used is generated by the 
farm's own installations that are run 
with renewable sources (wood 
chips, geothermal, solar)? [% of 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


heat energy consumption from own 
source] 


SMART Open burning of farm or household 
wastes and bushes 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


Does the farm refrain from burning 
of bushes, crop residues? 


CI 


SMART Bought-in concentrated feed 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Aquaculture 


What proportion of the concentrate 
feed used on the farm is sourced 
externally? 


(In case no concentrate feed is given 
to the livestock, rate positively (= 
0%).) [% of total feed concentrate] 


CI 


SMART Slurry application with drag hose 
system or by injection 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Permanent 
grassland, Tree nursery / perennials,  
Fruit Production 


On what proportion of the area 
fertilised with slurry does the farm 
use drag hose or injection systems 
(to apply slurry)? [% of area 
fertilised with slurry] 


CI 


SMART Agricultural area: Green cover  > 30 
% 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Care is taken on agricultural areas 
(excluding permanent grasslands) 
with sloping gradients higher than 
30 % to ensure a good, continuous 
green cover (under sown crops, 
catch crops etc.)? 


CI 


SMART Settings of combustion motors 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 


How often are the settings of 
combustion motors of vehicles (e.g. 
tractor, stapler) and other 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


machineries checked and adjusted 
(engine, air filter etc.)?  


e.g.: based on exhaust emissions 
test results 


(If no tractor is used give highest 
score.) 


SMART Share green cover on perennial 
crop land 


Relevant for farms with the 
following activities: Vegetable 
production, Viticulture,  Fruit 
Production 


On what proportion of the 
perennial cropland is a green cover 
maintained during the whole year? 


CI 


SMART Arable land: Share of green cover 
outside growing period 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery 


What proportion of the arable land 
is covered by vegetation outside the 
growing period? 


(EU: Period between 15. November 
und 15. February.) 


 [% of arable land] 


CI 


SMART Catch Crops 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


On what proportion of the arable 
land are catch crops grown? [% of 
arable land] 


CI 


SMART Waterlogging: Agricultural area 
(excluding permanent grassland) 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


Calculated indicator: It calculates 
the share of waterlogged 
agricultural area (excluding 
permanent grassland) related to the 
total area of the agricultural area 
(excluding perm. grassland) 


1-(water logged agricultural area 
[excl. permanent grassland] not on 
peatland)/(agricultural area - 
permanent grassland- agricultural 
area [excl. permanent grassland] on 
former peatland) 


CI 


SMART Production of bioenergy crops 


Relevant for farms with the 
following activities: Arable farming, 


On what proportion of the farm´s 
agricultural area bioenergy crops 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Vegetable production, Viticulture, 
Permanent grassland,  Fruit 
Production 


are produced? [% of agricultural 
area] 


SMART Average number of lactations 


Relevant for farms with the 
following activities: Dairy cattle / 
dairy goats / dairy sheep 


What is the average number of 
lactations of the dairy animals? 


CI 


SMART Energy-efficient driving (Eco-Drive) 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Do the farm manager and the 
workers use energy-efficient driving 
techniques (e.g. Eco-Drive advice: 
low speed of engine (revolutions 
per minute) and driving with high 
gears if possible etc.)? 


CI 


SMART Imported organic fertilisers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


What proportion of the entire 
organic fertilisers used is externally 
sourced? 


- Green manure not counted in 
calculation 


- If applicable use indications in 
tonnes or m3 to calculate value 
based on N content 


-  [% of organic fertilizers in kg N] 


CI 


SMART Daily outdoor access for animals 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep 


Do all animals have daily outdoor 
access (year-round)?  


(Score based on worst animal 
category. 


Rate positively (= Yes) if outdoor 
access is provided at least 26 days 
per month and minimum 4 hours 
per day. 


For poultry: possibility for outdoor 
access is sufficient (even if not used 
daily e.g. due to bad weather 
conditions).) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Arable land: Under sown crops 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


What proportion of the arable land 
has cover crops under sown? [% of 
arable land] 


CI 


SMART Feed No Food: non-grazing animals 


Relevant for farms with the 
following activities: Pig production, 
Poultry production, Aquaculture 


What proportion of the feed given 
to non-grazing animals would be 
suitable for human consumption? 


(Contrary to e.g. waste products; 
Score based on worst animal 
category [% of feed]) 


CI 


SMART Agroforestry: Number of layers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How many layers does the agro-
forestry system consist of? Rate 
according to the agroforestry area 
under the worst condition covering 
at least 10 % of the total 
agroforestry area. 


CI 


SMART Irrigation: Low energy technology 
and pumps 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


(Only ask if irrigation is used:) 


Does the farm use low-energy 
irrigation technology and pumps, 
drip irrigation and micro irrigation? 


Score positively in case of no 
irrigation and if irrigation is done 
manually. 


CI 


SMART Feed No Food: grazing livestock 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep 


What amount of the feed given to 
grazing livestock would be suitable 
for human consumption (For maize 
silage take standard yields for grain 
maize)? [kg/livestock unit/year] 


CI 


SMART Waterlogging: Permanent 
grassland) 


Relevant for farms with the 
following activities: Permanent 
grassland 


Calculated indicator: It calculates 
the share of waterlogged 
permanent grassland related to the 
total area of the grassland: 


1-(water logged permanent 
grassland not on peatland)/(area 
total permanent grassland-
grassland on peatland) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Proportion bought-in roughage 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Dairy cattle / dairy 
goats / dairy sheep 


Which proportion of the used 
roughage is sourced externally? [% 
of roughage] 


CI 


SMART Dual-purpose breeds: Ruminants 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep 


What proportion of the ruminants 
are dual-purpose breeds? 


(Any dual-purpose breed that is only 
kept for one purpose (e.g. meat 
only/dairy only) does not count as a 
dual-purpose breed.) [% of 
ruminants] 


CI 


SMART Plants for energy production 
instead of human consumption 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(If a farm uses plant materials for 
energy production:) 


What part of the substrate used for 
energy production would also be 
suitable for human consumption? 
[% of total substrate] 


CI 


SMART Agricultural area: Erosion control  > 
15 % 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials,  Fruit 
Production 


Are sufficient measures taken on 
agricultural areas with sloping 
gradients higher than 15 % (up to 
30%) to prevent erosion (e.g. 
contour ploughing)? 


CI 


SMART Utilization of peat 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 


Does the farm use peat? 


If yes: 


What is the proportion of peat used 
in growing media and other 
substrate? [% of volume] 


(include substrate for bought in 
seedlings, containerized plants, soil 
improvement, etc.) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


perennials, Pot plants / Plant 
nursery,  Fruit Production 


SMART Measures to prevent erosion 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


Are sufficient measures taken on 
agricultural areas with sloping 
gradients lower than 15 % to 
prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.) 


Exclude perennial crops from rating 
(assessed separately: ID 763) 


CI 


SMART Measures to prevent erosion in 
perennial crops 


Relevant for farms with the 
following activities: Viticulture, 
Permanent grassland, Pot plants / 
Plant nursery,  Fruit Production 


Are sufficient measures taken in 
perennials with sloping gradients 
lower than 15 % to prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.).) 


CI 


SMART Duration of transport to abattoir 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep 


What is the average duration of 
livestock transportation to the 
abattoir (in minutes)? 


(Score based on worst animal 
category. If animals are slaughtered 
at the farm score positive.) 


CI 


SMART Reusable packaging materials 


Relevant for farms with the 
following activities: Vegetable 
production, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm use reusable and 
multiple-use packaging?  


(Consider purchases and sales.) 


CI 


SMART Dual-purpose breeds: poultry 


Relevant for farms with the 
following activities: Poultry 
production 


What proportion of the poultry are 
dual-purpose breeds? 


(Any dual-purpose breed that is only 
kept for one purpose (e.g. meat 
only/eggs only) does not count as a 
dual-purpose breed.) [% of poultry] 


CI 


SMART Recycling of paper/cardboards 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 


What proportion of paper and 
cardboard is delivered to recycling 
points?  


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(If no such waste generates on the 
farm, rate positively (= 100%)) [% of 
paper/cardboards] 


SMART Share of area for biodiversity 
promotion on total farm area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Calculated indicator: It calculates 
the share of areas to promote 
biodiversity of the total farm area: 
(biodiversity promotion area on 
agricultural area + biodiversity 
promotion area off agricultural 
area) / total farm area 


CI 


SMART Steaming on open ground 


Relevant for farms with the 
following activities: Vegetable 
production, Tree nursery / 
perennials, Pot plants / Plant 
nursery 


1) Is soil steaming performed on 
open ground? 


If yes: 


2) Is deep or flat steaming 
performed? 


CI 


SMART Steaming in the greenhouse 


Relevant for farms with the 
following activities: Vegetable 
production, Tree nursery / 
perennials, Pot plants / Plant 
nursery 


1) Is soil steaming performed in the 
greenhouse? 


If yes: 


2) Is deep or flat steaming 
performed? 


CI 


SMART Silage storage 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Dairy cattle / dairy 
goats / dairy sheep 


Is the silage stored appropriately to 
minimize losses and avoid 
contamination? 


CI 


SMART Use of synthetic aggregates for soil 
and substrate 


Relevant for farms with the 
following activities: Vegetable 


Does the farm use synthetic 
aggregates or chemically treated 
wood products (e.g. bark mulch) for 
the substrate? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


production, Tree nursery / 
perennials, Pot plants / Plant 
nursery 


SMART Hybrid livestock (poultry, pigs) 


Relevant for farms with the 
following activities: Pig production, 
Poultry production, Beekeeping, 
Aquaculture 


Does the farm keep hybrid livestock 
(of poultry or pigs)? 


CI 


SMART Outdoor access for poultry 


Relevant for farms with the 
following activities: Poultry 
production 


On average, how many hours per 
day do the poultry have outdoor 
access? 


(In case of several livestock 
housing/animal species: score 
based on the worst condition.) 


CI 


SMART Outdoor access for pigs 


Relevant for farms with the 
following activities: Pig production 


On average, how many hours per 
day do the pigs have outdoor 
access? 


CI 


SMART Arable land: Share of temporary 
grasslands 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


 CI 


 


 


  







Biodiversity 
 


Tool Indicator (Relevance) Description / Assessment question Type 


CFT Crop diversity 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


How many different crops do you 
grow? 


CI 


CFT Crop varieties 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


Do you grow more than 1 variety of 
any of your crops? 


CI 


CFT Grasslands 


Relevant for farms with the following 
activities: Arable farming, Permanent 
Grassland 


Do you have any grassland? (at least 
0.5Ha, including temporary grassland 
or leys, excluding grass margins) 


CI 


CFT Livestock diversity 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Dairy cattle / dairy goats / dairy sheep, 
Other livestock 


What farm livestock do you keep? CI 


CFT Livestock breeds 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Dairy cattle / dairy goats / dairy sheep, 
Other livestock 


Do you keep more than one breed - 
or crossbreeds or rare breeds - of any 
of your livestock? 


CI 


CFT Crop protection type 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


What type of crop protection 
products do you use? 


CI 


CFT Crop protection application 


Relevant for farms with the following 
activities: Arable farming, Vegetable 


What good practices do you use 
when applying crop protection 
products? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


CFT Insecticide application 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


What good practices do you use 
when controlling pest insects? 


CI 


CFT Fungicide application 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


What good practices do you use 
when controlling fungi or other 
diseases? 


CI 


CFT Nematodes control 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


What good practices do you use 
when controlling nematodes? 


CI 


CFT Herbicides application 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Fruit 
Production 


What good practices do you use 
when controlling weeds? 


CI 


CFT Potato haulm control 


Relevant for farms with the following 
activities: Arable farming 


What good practices do you use 
when destroying potato haulms? 


CI 


CFT Soil health improvements: croplands 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Fruit Production 


What good practices do you use to 
improve soil health in crop fields? 


CI 


CFT Soil health improvements: grasslands 


Relevant for farms with the following 
activities: Arable farming, Permanent 
grassland 


What good practices do you use to 
improve soil health in grassland 
fields? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


CFT Promotion of flowering 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production 


What measures do you take to 
provide flower resources in your 
productive fields (excluding non-
productive areas such as field 
margins, scored as 'small habitats')? 


CI 


CFT Organic matter 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Fruit Production 


Do you add organic matter to your 
fields? 


CI 


CFT Wildlife protection: cereals 


Relevant for farms with the following 
activities: Arable farming 


What wildlife-friendly measures do 
you carry out in all or part of your 
cereal fields? 


CI 


CFT Wildlife protection: grasslands 


Relevant for farms with the following 
activities: Arable farming, Permanent 
grassland 


What wildlife-friendly measures do 
you carry out in all or part of your 
grass fields? 


CI 


CFT Non-productive areas 


Relevant for all farms. 


Do you have areas of grass and 
flowering plants that are not for 
production? 


CI 


CFT Extensive management permanent 
grassland and flower-rich areas 


Relevant for all farms. 


What management do you carry out 
in perennial grassy or flower-rich 
areas (not suitable for annual flowers 
or wild bird mixes)? 


CI 


CFT Hedgerows 


Relevant for all farms. 


Do you have hedgerows? CI 


CFT Woodlands 


Relevant for all farms. 


Do you have small patches of 
woodland or trees? 


CI 


CFT Wildlife protection: water courses 


Relevant for all farms. 


What wildlife-friendly management 
measures do you carry out along 
water courses? 


CI 


CFT Wildlife protection: ponds 


Relevant for all farms. 


What wildlife-friendly management 
do you carry out in pools and ponds 
on your land (including in your 
farmyard)? 


CI 


CFT Wildlife protection: farm buildings 


Relevant for all farms. 


What wildlife habitats do you provide 
in and around your farm buildings? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


CFT Large nature conservation areas 


Relevant for all farms. 


Do you own or manage larger areas 
(at least 1 ha) of natural habitat that 
are designated or managed solely for 
nature conservation? 


CI 


CFT Landscape features 


Relevant for all farms. 


How would you describe the 
landscape surrounding your farm? 


CI 


SMART Agroforestry: Native trees 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


Are native tree species integrated 
within the agro-forestry system? 


CI 


SMART Agroforestry: Number of layers 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


How many layers does the agro-
forestry system consist of? Rate 
according to the agroforestry area 
under the worst condition covering at 
least 10 % of the total agroforestry 
area. 


CI 


SMART Share of area for biodiversity promotion on 
total farm area 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Calculated indicator: It calculates the 
share of areas to promote 
biodiversity of the total farm area: 
(biodiversity promotion area on 
agricultural area + biodiversity 
promotion area off agricultural area) 
/ total farm area 


CI 


SMART Areas for promoting biodiversity / valuable 
landscape elements: 


Interconnection 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


Does the farm implement measures 
on its agricultural area to enhance the 
interconnection of areas for 
biodiversity promotion and/or 
ecologically valuable landscape 
elements? 


(If neither areas for biodiversity 
promotion nor ecologically valuable 
landscape elements exist on the 
farm´s agricultural area, then rate 
"No".) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Permanent grasslands: Extensively 
managed 


Relevant for farms with the following 
activities: Permanent grassland 


What proportion of the area of 
permanent grassland is under 
extensive management? 


(Extensive means: double 
mowing/grazing or less, zero use of 
inputs, e.g. fertilisers, pesticides, soil 
improvement measures) [% of 
permanent grassland] 


CI 


SMART Agro-forestry systems 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


 CI 


SMART Pesticides: Toxicity bees 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered toxic to 
bees according to the "PAN Pesticide 
Database"? 


(The strongest impact on bees of all 
active ingredients used is assessed) 


CI 


SMART No use of synth. chem. insecticides 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery,  Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical insecticide applications? 


Spinosad, Neem and other broad-
range organic insecticides count. [% 
of agricultural area] 


CI 


SMART Woodlands: Share of agricultural area 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


 CI 


SMART No use of synth. chem. fungicides 


Relevant for farms with the following 
activities: Arable farming, Vegetable 


What proportion of the agricultural 
area does not receive synthetic 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery,  Fruit Production 


chemical fungicide applications? [% of 
agricultural area] 


SMART Permanent grasslands: Share of agricultural 
area 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Dairy cattle / dairy goats / dairy sheep, Tree 
nursery / perennials, Fruit Production 


 CI 


SMART Promotion of beneficial organisms 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery,  Fruit Production 


Are beneficial organisms on the farm 
protected and promoted? 


CI 


SMART No use of synth. chem. herbicides 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical herbicide applications? [% 
of agricultural area] 


CI 


SMART Number of elements in crop rotation 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production 


What is the minimum number of 
elements in a crop rotation on the 
farm? Consider the worst condition 
found on at least 10% of the arable 
land.  


(Count perennial clover grass as one 
element. Intercropping of two or 
more crops, e.g. one main crop and 
one or more intercrops, counts as 2 
elements) 


CI 


SMART Management of riparian strips 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Dairy cattle / dairy goats / dairy sheep, Tree 


Are the riparian strips extensively 
managed or unmanaged (minimum 
width 3m, no cultivation, no 
fertilisers, no pesticides)? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


nursery / perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Pesticides: Toxicity aquatic organisms 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered to be 
toxic to aquatic organisms according 
to the "PAN Pesticide Database"? 


(The strongest impact on organisms 
of all active ingredients used is 
assessed) 


CI 


SMART Pesticides: Number of active substances 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


How many active substances of 
pesticides are used per year? 


CI 


SMART Arable land: Average plot size 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production,  Tropical crops 


 CI 


SMART Number of perennial crops 


Relevant for farms with the following 
activities: Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants / Plant 
nursery,  Fruit Production 


How many different perennial crops 
are grown on the farm´s agricultural 
area? 


(Count perennial crops if more than 
10% of agricultural area. Do not count 
perennial clover grass on arable land, 
already covered in ID 236) 


CI 


SMART Share green cover on perennial crop land 


Relevant for farms with the following 
activities: Vegetable production, Viticulture,  
Fruit Production 


On what proportion of the perennial 
cropland is a green cover maintained 
during the whole year? 


CI 


SMART Arable land: Share of green cover outside 
growing period 


Relevant for farms with the following 
activities: Arable farming, Vegetable 


What proportion of the arable land is 
covered by vegetation outside the 
growing period? 


(EU: Period between 15. November 
und 15. February.) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


production, Tree nursery / perennials, Pot 
plants / Plant nursery 


 [% of arable land] 


SMART Soil disinfection 


Relevant for farms with the following 
activities: Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm refrain from the use of 
chemicals for soil disinfection? 


(If such substances are applied:) 


Is documentation and justification for 
the use of soil disinfection products 
available? 


CI 


SMART Use of GMO-crops 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery,  Fruit Production 


Is there a risk that GMO crops are 
grown at the farm? 


CI 


SMART Agricultural area: Green cover  > 30 % 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Pot plants / Plant nursery,  Fruit 
Production 


Care is taken on agricultural areas 
(excluding permanent grasslands) 
with sloping gradients higher than 30 
% to ensure a good, continuous green 
cover (under sown crops, catch crops 
etc.)? 


CI 


SMART Land clearing method 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


Which land clearing methods have 
been used to establish and/or to 
renovate plantations/fields over the 
past 20 years? 


CI 


SMART Arable land: Share of temporary grasslands 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production 


 CI 


SMART Alpine pasturage and shepherding 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 
goats, Dairy cattle / dairy goats / dairy sheep 


What proportion of the livestock is 
moved to alpine pasture in the 
summer? 


(Do not answer question if in a region 
with no alpine pasture.) [% of 
animals] 


CI 


SMART Rare and endangered livestock breeds 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 


Are rare or endangered livestock 
breeds kept on the farm? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Aquaculture 


SMART Share of legumes on perennial crops area 


Relevant for farms with the following 
activities: Viticulture, Tree nursery / 
perennials,  Fruit Production 


What proportion of the perennial 
cropland area is devoted to legumes? 
[% of perennial crop area] 


CI 


SMART Rare or endangered agricultural crops 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Pot plants / Plant nursery,  Fruit 
Production 


How many rare or endangered 
agricultural crops are grown on the 
farm? 


(Rare crop species should be 
considered in the same way as 
varieties) 


CI 


SMART Humus formation: Crop residues 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials,  Fruit Production 


On what proportion of the 
agricultural area (excluding 
permanent grasslands) are crop 
residues (e.g. straw, beet tops, 
leaves) not removed? [% of 
agricultural area] 


CI 


SMART Locally adapted livestock breeds 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Aquaculture 


Are locally adapted livestock breeds 
kept on the farm? 


CI 


SMART Use of GMO-feedstuff 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery 


Is there a risk that the farm is using 
GMO feedstuff? 


CI 


SMART Arable land: Under sown crops 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Tree nursery / perennials 


What proportion of the arable land 
has cover crops under sown? [% of 
arable land] 


CI 


SMART Sealed areas 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 


 CI 







Tool Indicator (Relevance) Description / Assessment question Type 


grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


SMART Dual-purpose breeds: Ruminants 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 
goats, Dairy cattle / dairy goats / dairy sheep 


What proportion of the ruminants are 
dual-purpose breeds? 


(Any dual-purpose breed that is only 
kept for one purpose (e.g. meat 
only/dairy only) does not count as a 
dual-purpose breed.) [% of 
ruminants] 


CI 


SMART Hybrid cultivars 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Permanent grassland, Pot plants 
/ Plant nursery, Fruit Production 


Does the farm decline to cultivate 
hybrid cultivars? 


CI 


SMART Steaming on open ground 


Relevant for farms with the following 
activities: Vegetable production, Tree 
nursery / perennials, Pot plants / Plant 
nursery 


1) Is soil steaming performed on open 
ground? 


If yes: 


2) Is deep or flat steaming 
performed? 


CI 


SMART Access to pasture for ruminants 


Relevant for farms with the following 
activities: Beef cattle / meat sheep / meat 
goats, Dairy cattle / dairy goats / dairy sheep 


How many days per year are the 
ruminants out on pasture? 


(In case of several livestock 
housing/animal species: score based 
on the worst condition.) 


CI 


SMART N from fertilizers 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


How much N from fertilisers (in kg) 
does the farm apply on its agricultural 
area per hectare per year? 


CI 


SMART Hybrid livestock (poultry, pigs) 


Relevant for farms with the following 
activities: Pig production, Poultry 
production, Beekeeping, Aquaculture 


Does the farm keep hybrid livestock 
(of poultry or pigs)? 


CI 


SMART Dual-purpose breeds: poultry What proportion of the poultry are 
dual-purpose breeds? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Relevant for farms with the following 
activities: Poultry production 


(Any dual-purpose breed that is only 
kept for one purpose (e.g. meat 
only/eggs only) does not count as a 
dual-purpose breed.) [% of poultry] 


SMART Agricultural area: Share of mulching 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Pot plants / Plant nursery,  Fruit 
Production 


What proportion of the agricultural 
area (excluding permanent 
grasslands) is mulched? 


Only consider organic (plant material) 
mulch. 


Leaving only harvest residues on the 
field doesn't count as mulching (is 
assessed separately: ID 289).) [% of 
agricultural area] 


CI 


SMART Pesticides: Persistence water 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered very 
persistent in water (half-life > 60 
days) according to the "PAN Pesticide 
Database"? 


CI 


SMART Share of undrained permanent grassland 
on moorland 


Relevant for farms with the following 
activities: Permanent grassland 


Calculated indicator: It calculates the 
share of undrained permanent 
grassland on moorland: Area 
undrained perm. Grassland on 
peatland / (area drained perm. 
grassland on peatland + area of 
undrained perm. grassland on 
peatland) 


CI 


SMART Pesticides: Persistence soil 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered to be very 
persistent in soil (half-life > 180 days) 
according to the "PAN Pesticide 
Database"? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Woodlands: Deforestation 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


Which portion of the farm’s current 
agricultural area has been deforested 
over the past 20 years? 


(Remark: deforestation = removal of a 
forest or stand of trees where the 
land is thereafter converted to a non-
forest use.) [% of agricultural area] 


CI 


SMART Pesticides: Chronic toxicity 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered to have 
adverse long-term effects on the 
users according to the "PAN List of 
HHPs" or "PAN Pesticide Database"? 


CI 


SMART Drained arable land on peatland 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Tree nursery / perennials 


How much of your arable land was 
formerly peatland (now drained)? (if 
there is no former peatland, do not 
rate and comment the question) 


CI 


SMART Plough less soil management 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Pot plants / Plant nursery,  Fruit 
Production 


What proportion of the agricultural 
area (excluding permanent grassland) 
is subject to zero / no-tillage or 
reduced tillage? [% of agricultural 
area] 


CI 


SMART P from fertilizers 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


How much P from fertilisers (in kg 
P2O5) does the farm apply on its 
agricultural area per hectare per 
year? 


CI 


SMART Pesticides: Acute toxicity 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 


Pesticides: Are active substances 
used, which are classified by the WHO 
as acute toxic to the health of the 
users? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


SMART Determining fertiliser requirements 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


When determining nutrient contents 
and soil properties, how often are soil 
analysis performed?  


-> note down in comment how often 
for N, P, K and pH 


CI 


SMART Pesticides: Acute toxicity inhalation 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered acute 
toxic when inhaled by the users 
according to the "Globally 
Harmonized System of Classification 
(GHS)"? 


CI 


SMART Utilization of peat 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Beekeeping, Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use peat? 


If yes: 


What is the proportion of peat used 
in growing media and other 
substrate? [% of volume] 


(include substrate for bought in 
seedlings, containerized plants, soil 
improvement, etc.) 


CI 


SMART Precise fertilisation 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Pot plants / Plant nursery,  Fruit 
Production 


Does the farm use systems for precise 
fertilisation (e.g. variable rate 
application methods, drip irrigation 
with mineral fertilisers)? 


CI 


SMART Catch Crops 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Pot plants / Plant nursery, Fruit 
Production 


On what proportion of the arable 
land are catch crops grown? [% of 
arable land] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Flowering regulation 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Tree nursery / 
perennials, Pot plants / Plant nursery,  Fruit 
Production 


Does the farm use products to 
influence the flowering of plants or 
for desiccation? 


(Rate positively (=No) in case nature 
identical ethylene gas is used.) 


CI 


SMART Soil degradation: Measures taken to 
counter 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Beef cattle / meat sheep / meat 
goats, Pig production, Poultry production, 
Dairy cattle / dairy goats / dairy sheep, Tree 
nursery / perennials, Pot plants / Plant 
nursery, Fruit Production 


On what proportion of the 
agricultural area endangered by soil 
degradation processes (other than 
erosion (e.g. compaction, 
contamination, salination)) are 
measures taken to combat soil 
degradation?  


Rate positively (=100%) if no 
degradation processes are evident. 
[% of endangered agricultural area] 


CI 


SMART Humus Formation: Humus balance 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Tree nursery / perennials 


Is a humus balance calculated and is 
the humus balance positive, balanced 
or negative on average? 


(In case of small holder farms, check 
whether the farmer focuses on 
practices that improve humus 
balance) 


CI 


SMART Harmful substances P-fertilisers 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


Can the risk be excluded that the 
farm used mineral P fertilisers (e.g. 
superphosphate, rock phosphate) 
with critical contents of cadmium or 
uranium in the last five years? 


CI 


SMART Arable land: Share of direct seeding 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production 


What proportion of the arable land is 
managed by the method of direct 
seeding? [% of arable land] 


CI 


SMART Contamination tests before using bought-in 
compost or sewage sludge 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


If compost or sewage sludge from 
external producers is applied: 


Are they tested for heavy metal 
contamination beforehand (at 
producer, trader or farm) and found 
to be safe?  


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


(heavy metals: cadmium, lead, 
chromium, copper, mercury, nickel, 
zinc) 


SMART Antibiotics from livestock in fertilizers 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery, Fruit Production 


Is there a risk that manure/slurry 
from livestock treated with antibiotics 
is applied to the agricultural area? 


CI 


SMART Growth regulation 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Tree nursery / perennials, Pot 
plants / Plant nursery 


Does the farm decline to use 
synthetic chemical growth 
regulators? 


CI 


SMART Irrigation: Water consumption per ha 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland, Tree nursery / perennials, Pot 
plants / Plant nursery,  Fruit Production 


 CI 


SMART Substrate (Soilless) production 


Relevant for farms with the following 
activities: Vegetable production, Tree 
nursery / perennials, Pot plants / Plant 
nursery 


Does the farm have substrate 
(soilless) production systems? 


(Example: substrate, hydroponics.) 


CI 


SMART Steaming in the greenhouse 


Relevant for farms with the following 
activities: Vegetable production, Tree 
nursery / perennials, Pot plants / Plant 
nursery 


1) Is soil steaming performed in the 
greenhouse? 


If yes: 


2) Is deep or flat steaming 
performed? 


CI 


SMART Use of synthetic aggregates for soil and 
substrate 


Relevant for farms with the following 
activities: Vegetable production, Tree 
nursery / perennials, Pot plants / Plant 
nursery 


Does the farm use synthetic 
aggregates or chemically treated 
wood products (e.g. bark mulch) for 
the substrate? 


CI 


SMART Measures to prevent erosion Are sufficient measures taken on 
agricultural areas with sloping 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production 


gradients lower than 15 % to prevent 
erosion? 


(Consider: cropping techniques, type 
of crop, gradients, weather conditions 
(wind, rainfall etc.) 


Exclude perennial crops from rating 
(assessed separately: ID 763) 


SMART Measures to prevent erosion in perennial 
crops 


Relevant for farms with the following 
activities: Viticulture, Permanent grassland, 
Pot plants / Plant nursery,  Fruit Production 


Are sufficient measures taken in 
perennials with sloping gradients 
lower than 15 % to prevent erosion? 


(Consider: cropping techniques, type 
of crop, gradients, weather conditions 
(wind, rainfall etc.).) 


CI 


SMART Permanent grasslands: Conversion 


Relevant for farms with the following 
activities: Arable farming, Vegetable 
production, Viticulture, Permanent 
grassland 


(If there is/was permanent grassland 
on the farm:)  


What proportion of permanent 
grassland has been converted to 
other use in the past 5 years (e.g. to 
arable land, perennials without 
blanket permanent grass coverage)? 
[% of permanent grassland] 


CI 


 


  







Soil Quality 
 


Tool Indicator (Relevance) Description / Assessment question Type 


SMART Soil degradation: Measures taken 
to counter 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Pot plants / Plant nursery, Fruit 
Production 


On what proportion of the 
agricultural area endangered by soil 
degradation processes (other than 
erosion (e.g. compaction, 
contamination, salination)) are 
measures taken to combat soil 
degradation?  


Rate positively (=100%) if no 
degradation processes are evident. 
[% of endangered agricultural area] 


CI 


SMART Soil improvement 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Pot plants / Plant nursery, Fruit 
Production 


What proportion of formerly 
degraded lands (not suitable for 
farming) has been regenerated over 
the past 20 years and can again be 
used for farming? 


(Measures include e.g. compost 
applications, liming, fertilizer 
applications; Full score for 
completely fertile soils [% of 
degraded lands]) 


CI 


SMART Soil degradation: Severe soil 
compaction 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


On what proportion of the 
agricultural area has been signs of 
severe soil compaction (caused by 
either machinery or livestock)? [% 
of agricultural area] 


CI 


SMART Soil degradation: Share of 
agricultural area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Pig 
production, Poultry production, 


What proportion of the agricultural 
area has been degraded over the 
last 20 years or can no longer be 
used for farming? [% of agricultural 
area] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


SMART Agricultural area: Green cover  > 30 
% 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Care is taken on agricultural areas 
(excluding permanent grasslands) 
with sloping gradients higher than 
30 % to ensure a good, continuous 
green cover (under sown crops, 
catch crops etc.)? 


CI 


SMART Determining fertiliser requirements 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


When determining nutrient 
contents and soil properties, how 
often are soil analysis performed?  


-> note down in comment how 
often for N, P, K and pH 


CI 


SMART Plough less soil management 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


What proportion of the agricultural 
area (excluding permanent 
grassland) is subject to zero / no-
tillage or reduced tillage? [% of 
agricultural area] 


CI 


SMART Pesticides: Persistence soil 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered to be 
very persistent in soil (half-life > 180 
days) according to the "PAN 
Pesticide Database"? 


CI 


SMART Agricultural area: Erosion control  > 
15 % 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials,  Fruit 
Production 


Are sufficient measures taken on 
agricultural areas with sloping 
gradients higher than 15 % (up to 
30%) to prevent erosion (e.g. 
contour ploughing)? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART No use of synth. chem. insecticides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical insecticide applications? 


Spinosad, Neem and other broad-
range organic insecticides count. [% 
of agricultural area] 


CI 


SMART No use of synth. chem. fungicides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical fungicide applications? [% 
of agricultural area] 


CI 


SMART Humus formation: Crop residues 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials,  Fruit 
Production 


On what proportion of the 
agricultural area (excluding 
permanent grasslands) are crop 
residues (e.g. straw, beet tops, 
leaves) not removed? [% of 
agricultural area] 


CI 


SMART No use of synth. chem. herbicides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical herbicide applications? [% 
of agricultural area] 


CI 


SMART Soil disinfection 


Relevant for farms with the 
following activities: Vegetable 
production, Viticulture, Tree 
nursery / perennials, Pot plants / 
Plant nursery, Fruit Production 


Does the farm refrain from the use 
of chemicals for soil disinfection? 


(If such substances are applied:) 


Is documentation and justification 
for the use of soil disinfection 
products available? 


CI 


SMART N from fertilizers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How much N from fertilisers (in kg) 
does the farm apply on its 
agricultural area per hectare per 
year? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Humus Formation: Humus balance 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


Is a humus balance calculated and is 
the humus balance positive, 
balanced or negative on average? 


(In case of small holder farms, check 
whether the farmer focuses on 
practices that improve humus 
balance) 


CI 


SMART Soil degradation: Compaction due 
to heavy machinery 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


When heavy machinery is used, are 
measures taken to reduce wheel 
load (twin tyres) and surface 
contact pressure (reduced inflation 
pressure)? (Restriction of usage of 
machines in dry conditions is not 
sufficient as a measure.) 


CI 


SMART Permanent grasslands: Share of 
agricultural area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Fruit Production 


 CI 


SMART Contamination tests before using 
bought-in compost or sewage 
sludge 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


If compost or sewage sludge from 
external producers is applied: 


Are they tested for heavy metal 
contamination beforehand (at 
producer, trader or farm) and found 
to be safe?  


(heavy metals: cadmium, lead, 
chromium, copper, mercury, nickel, 
zinc) 


CI 


SMART P from fertilizers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 


How much P from fertilisers (in kg 
P2O5) does the farm apply on its 
agricultural area per hectare per 
year? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Arable land: Share of direct seeding 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


What proportion of the arable land 
is managed by the method of direct 
seeding? [% of arable land] 


CI 


SMART Harmful substances P-fertilisers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Can the risk be excluded that the 
farm used mineral P fertilisers (e.g. 
superphosphate, rock phosphate) 
with critical contents of cadmium or 
uranium in the last five years? 


CI 


SMART Permanent grasslands: Extensively 
managed 


Relevant for farms with the 
following activities: Permanent 
grassland 


What proportion of the area of 
permanent grassland is under 
extensive management? 


(Extensive means: double 
mowing/grazing or less, zero use of 
inputs, e.g. fertilisers, pesticides, 
soil improvement measures) [% of 
permanent grassland] 


CI 


SMART Share green cover on perennial 
crop land 


Relevant for farms with the 
following activities: Vegetable 
production, Viticulture,  Fruit 
Production 


On what proportion of the 
perennial cropland is a green cover 
maintained during the whole year? 


CI 


SMART Arable land: Share of green cover 
outside growing period 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery 


What proportion of the arable land 
is covered by vegetation outside the 
growing period? 


(EU: Period between 15. November 
und 15. February.) 


 [% of arable land] 


CI 


SMART Waste disposal: pesticides and 
veterinary medicines 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 


Are all waste materials from plant 
protection products and veterinary 
medicines disposed properly? 


(Score positive if no such wastes 
arise.) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Measures to prevent erosion 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


Are sufficient measures taken on 
agricultural areas with sloping 
gradients lower than 15 % to 
prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.) 


Exclude perennial crops from rating 
(assessed separately: ID 763) 


CI 


SMART Measures to prevent erosion in 
perennial crops 


Relevant for farms with the 
following activities: Viticulture, 
Permanent grassland, Pot plants / 
Plant nursery,  Fruit Production 


Are sufficient measures taken in 
perennials with sloping gradients 
lower than 15 % to prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.).) 


CI 


SMART Arable land: Share of temporary 
grasslands 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


 CI 


SMART Share of legumes on arable land 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Pot plants / 
Plant nursery 


What proportion of the arable land 
is devoted to leguminous crops? [% 
of arable land] 


CI 


SMART Arable land: Under sown crops 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


What proportion of the arable land 
has cover crops under sown? [% of 
arable land] 


CI 


SMART Woodlands: Deforestation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 


Which portion of the farm’s current 
agricultural area has been 
deforested over the past 20 years? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(Remark: deforestation = removal of 
a forest or stand of trees where the 
land is thereafter converted to a 
non-forest use.) [% of agricultural 
area] 


SMART Compost 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the organic 
fertilizer used is compost (plant-
based or livestock-based)? [% of N 
from organic fertilizers] 


CI 


SMART Arable land: Gradients > 15 % 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery,  Tropical crops 


What proportion of the arable land 
has gradients above 15 %? [% of 
arable land] 


CI 


SMART Soil analyses for heavy metals 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Have soil analyses been carried out 
over the past 20 years with a view 
to assessing heavy metal 
contamination (of soils or ponds), 
and, in case of positive tests, were 
further monitoring analyses 
undertaken? 


CI 


SMART Permanent grasslands: Conversion 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland 


(If there is/was permanent 
grassland on the farm:)  


What proportion of permanent 
grassland has been converted to 
other use in the past 5 years (e.g. to 
arable land, perennials without 
blanket permanent grass coverage)? 
[% of permanent grassland] 


CI 


SMART Agricultural area: Share of 
mulching 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


What proportion of the agricultural 
area (excluding permanent 
grasslands) is mulched? 


Only consider organic (plant 
material) mulch. 


Leaving only harvest residues on the 
field doesn't count as mulching (is 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


assessed separately: ID 289).) [% of 
agricultural area] 


SMART Precise fertilisation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use systems for 
precise fertilisation (e.g. variable 
rate application methods, drip 
irrigation with mineral fertilisers)? 


CI 


SMART Woodlands: Share of agricultural 
area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


 CI 


SMART Share of legumes on perennial 
crops area 


Relevant for farms with the 
following activities: Viticulture, Tree 
nursery / perennials,  Fruit 
Production 


What proportion of the perennial 
cropland area is devoted to 
legumes? [% of perennial crop area] 


CI 


SMART Catch Crops 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


On what proportion of the arable 
land are catch crops grown? [% of 
arable land] 


CI 


SMART Recycling of waste oil 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 


What proportion of the used oil is 
delivered to recycling points? [% of 
waste oil] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Number of elements in crop 
rotation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


What is the minimum number of 
elements in a crop rotation on the 
farm? Consider the worst condition 
found on at least 10% of the arable 
land.  


(Count perennial clover grass as one 
element. Intercropping of two or 
more crops, e.g. one main crop and 
one or more intercrops, counts as 2 
elements) 


CI 


SMART Agro-forestry systems 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


 CI 


SMART Share of undrained permanent 
grassland on moorland 


Relevant for farms with the 
following activities: Permanent 
grassland 


Calculated indicator: It calculates 
the share of undrained permanent 
grassland on moorland: Area 
undrained perm. Grassland on 
peatland / (area drained perm. 
grassland on peatland + area of 
undrained perm. grassland on 
peatland) 


CI 


SMART Recycling of used batteries 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of used batteries is 
delivered to recycling points?  


(If no such waste generates on the 
farm, rate positively (= 100%).) [% of 
used batteries] 


CI 


SMART Antibiotics from livestock in 
fertilizers 


Relevant for farms with the 
following activities: Arable farming, 


Is there a risk that manure/slurry 
from livestock treated with 
antibiotics is applied to the 
agricultural area? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Share of area for biodiversity 
promotion on total farm area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Calculated indicator: It calculates 
the share of areas to promote 
biodiversity of the total farm area: 
(biodiversity promotion area on 
agricultural area + biodiversity 
promotion area off agricultural 
area) / total farm area 


CI 


SMART Permanent grasslands: Renewal 


Relevant for farms with the 
following activities: Permanent 
grassland 


What proportion of permanent 
grassland has been newly seeded in 
the past 5 years? [% of permanent 
grassland] 


CI 


SMART Correct waste disposal 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is all operational/commercial waste 
disposed correctly? 


Exclude pesticides and veterinary 
medicines (already covered in ID 
327) 


(Consider waste e.g.: Waste oil, 
used tyres, batteries, plastics, 
metal, paper/cardboard, glass and 
other waste 


Comment: score positive if waste is 
collected by public/private services ( 
for e.g. incineration, covered land-
fill)) 


CI 


SMART Sealed areas 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 


 CI 







Tool Indicator (Relevance) Description / Assessment question Type 


goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Flowering regulation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use products to 
influence the flowering of plants or 
for desiccation? 


(Rate positively (=No) in case nature 
identical ethylene gas is used.) 


CI 


SMART Use of synthetic aggregates for soil 
and substrate 


Relevant for farms with the 
following activities: Vegetable 
production, Tree nursery / 
perennials, Pot plants / Plant 
nursery 


Does the farm use synthetic 
aggregates or chemically treated 
wood products (e.g. bark mulch) for 
the substrate? 


CI 


SMART Pesticides: Number of active 
substances 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How many active substances of 
pesticides are used per year? 


CI 


SMART Drained arable land on peatland 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


How much of your arable land was 
formerly peatland (now drained)? (if 
there is no former peatland, do not 
rate and comment the question) 


CI 


SMART Growth regulation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery 


Does the farm decline to use 
synthetic chemical growth 
regulators? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Number of perennial crops 


Relevant for farms with the 
following activities: Vegetable 
production, Viticulture, Tree 
nursery / perennials, Pot plants / 
Plant nursery,  Fruit Production 


How many different perennial crops 
are grown on the farm´s agricultural 
area? 


(Count perennial crops if more than 
10% of agricultural area. Do not 
count perennial clover grass on 
arable land, already covered in ID 
236) 


CI 


SMART Waterlogging: Permanent 
grassland) 


Relevant for farms with the 
following activities: Permanent 
grassland 


Calculated indicator: It calculates 
the share of waterlogged 
permanent grassland related to the 
total area of the grassland: 


1-(water logged permanent 
grassland not on peatland)/(area 
total permanent grassland-
grassland on peatland) 


CI 


SMART Waterlogging: Agricultural area 
(excluding permanent grassland) 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


Calculated indicator: It calculates 
the share of waterlogged 
agricultural area (excluding 
permanent grassland) related to the 
total area of the agricultural area 
(excluding perm. grassland) 


1-(water logged agricultural area 
[excl. permanent grassland] not on 
peatland)/(agricultural area - 
permanent grassland- agricultural 
area [excl. permanent grassland] on 
former peatland) 


CI 


SMART Recycling of plastic waste 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of plastic waste is 
delivered to recycling points or re-
used? 


(Rate positively (= 100%) if no such 
waste is generated. [% of plastic 
waste]) 


CI 


SMART Steaming on open ground 


Relevant for farms with the 
following activities: Vegetable 


1) Is soil steaming performed on 
open ground? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


production, Tree nursery / 
perennials, Pot plants / Plant 
nursery 


If yes: 


2) Is deep or flat steaming 
performed? 


SMART Recycling of used tyres 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of used tyres is 
delivered to recycling points?  


(If no such waste generates on the 
farm, rate positively (= 100%).) [% of 
used tyres] 


CI 


SMART On-farm point sources of nutrients 
and pollutants 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Permanent 
grassland, Beef cattle / meat sheep 
/ meat goats, Pig production, 
Poultry production, Dairy cattle / 
dairy goats / dairy sheep 


Can it be excluded that there are 
direct point source emissions of 
nutrients and pollutants to the 
atmosphere and water bodies (incl. 
wells and drinking water sources) 
on the farm and its utilized areas? 


E.g. exports (= emissions through 
discharge and degassing) from 
exercise yards, farmyard manure 
stores, livestock water facilities or 
shelter of animals near to water on 
pastures, direct entry of animals 
into the water and cleaning areas. 


CI 


SMART Information on water quality 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm have access to 
information on water quality 
(analysis of water quality)? 


CI 


SMART Crop resistance 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 


Are cultivars chosen with a view to 
resistance to harmful organisms and 
diseases? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


SMART Steaming in the greenhouse 


Relevant for farms with the 
following activities: Vegetable 
production, Tree nursery / 
perennials, Pot plants / Plant 
nursery 


1) Is soil steaming performed in the 
greenhouse? 


If yes: 


2) Is deep or flat steaming 
performed? 


CI 


SMART Production materials: Use of 
problematic elements 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Does the farm only use production 
materials made of less problematic 
plastic types? 


(Check problematic materials (e.g. 
PVC, polystyrene)) 


CI 


SMART Land clearing method 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Which land clearing methods have 
been used to establish and/or to 
renovate plantations/fields over the 
past 20 years? 


CI 


SMART Use of antibiotic drying agents 


Relevant for farms with the 
following activities: Dairy cattle / 
dairy goats / dairy sheep 


Does the farm use antibiotic drying 
agents? [% of dairy cows] 


CI 


SMART Distance manure heap to waters 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep,  Tropical crops 


Is the shortest distance between 
the “worst” of the storage facilities 
for livestock wastes or silage and 
the nearest water resource (well, 
open drain, sewer, river) more than 
30m? 


CI 


 


  







Water Quality 
 


Tool Indicator (Relevance) Description / Assessment question Type 


SMART Wastewater: Disposal 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is all wastewater produced on the 
farm correctly discharged (into 
sewer for treatment)? 


CI 


SMART Pesticides: Toxicity aquatic 
organisms 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Pesticides: Are active substances 
used, which are considered to be 
toxic to aquatic organisms according 
to the "PAN Pesticide Database"? 


(The strongest impact on organisms 
of all active ingredients used is 
assessed) 


CI 


SMART Waste disposal: pesticides and 
veterinary medicines 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are all waste materials from plant 
protection products and veterinary 
medicines disposed properly? 


(Score positive if no such wastes 
arise.) 


CI 


SMART Pesticides: Persistence water 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 


Pesticides: Are active substances 
used, which are considered very 
persistent in water (half-life > 60 
days) according to the "PAN 
Pesticide Database"? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART On-farm point sources of nutrients 
and pollutants 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Permanent 
grassland, Beef cattle / meat sheep 
/ meat goats, Pig production, 
Poultry production, Dairy cattle / 
dairy goats / dairy sheep 


Can it be excluded that there are 
direct point source emissions of 
nutrients and pollutants to the 
atmosphere and water bodies (incl. 
wells and drinking water sources) 
on the farm and its utilized areas? 


E.g. exports (= emissions through 
discharge and degassing) from 
exercise yards, farmyard manure 
stores, livestock water facilities or 
shelter of animals near to water on 
pastures, direct entry of animals 
into the water and cleaning areas. 


CI 


SMART No use of synth. chem. herbicides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical herbicide applications? [% 
of agricultural area] 


CI 


SMART No use of synth. chem. insecticides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical insecticide applications? 


Spinosad, Neem and other broad-
range organic insecticides count. [% 
of agricultural area] 


CI 


SMART No use of synth. chem. fungicides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical fungicide applications? [% 
of agricultural area] 


CI 


SMART Pesticides: Persistence soil Pesticides: Are active substances 
used, which are considered to be 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


very persistent in soil (half-life > 180 
days) according to the "PAN 
Pesticide Database"? 


SMART Determining fertiliser requirements 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


When determining nutrient 
contents and soil properties, how 
often are soil analysis performed?  


-> note down in comment how 
often for N, P, K and pH 


CI 


SMART Management of riparian strips 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Pot plants / Plant nursery, Fruit 
Production 


Are the riparian strips extensively 
managed or unmanaged (minimum 
width 3m, no cultivation, no 
fertilisers, no pesticides)? 


CI 


SMART N from fertilizers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How much N from fertilisers (in kg) 
does the farm apply on its 
agricultural area per hectare per 
year? 


CI 


SMART Correct waste disposal 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 


Is all operational/commercial waste 
disposed correctly? 


Exclude pesticides and veterinary 
medicines (already covered in ID 
327) 


(Consider waste e.g.: Waste oil, 
used tyres, batteries, plastics, 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


metal, paper/cardboard, glass and 
other waste 


Comment: score positive if waste is 
collected by public/private services ( 
for e.g. incineration, covered land-
fill)) 


SMART Information on water quality 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm have access to 
information on water quality 
(analysis of water quality)? 


CI 


SMART P from fertilizers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How much P from fertilisers (in kg 
P2O5) does the farm apply on its 
agricultural area per hectare per 
year? 


CI 


SMART Waste disposal: cadaver livestock 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Aquaculture 


Are all animal wastes/cadavers 
disposed of properly (no risk of 
harm to human health or the 
environment)? 


(Score positive if no such wastes 
arise.) 


CI 


SMART Precise fertilisation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use systems for 
precise fertilisation (e.g. variable 
rate application methods, drip 
irrigation with mineral fertilisers)? 


CI 


SMART Recycling of waste oil 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 


What proportion of the used oil is 
delivered to recycling points? [% of 
waste oil] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Harmful substances P-fertilisers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Can the risk be excluded that the 
farm used mineral P fertilisers (e.g. 
superphosphate, rock phosphate) 
with critical contents of cadmium or 
uranium in the last five years? 


CI 


SMART Distance manure heap to waters 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep,  Tropical crops 


Is the shortest distance between 
the “worst” of the storage facilities 
for livestock wastes or silage and 
the nearest water resource (well, 
open drain, sewer, river) more than 
30m? 


CI 


SMART Recycling of used batteries 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of used batteries is 
delivered to recycling points?  


(If no such waste generates on the 
farm, rate positively (= 100%).) [% of 
used batteries] 


CI 


SMART Permanent grasslands: Extensively 
managed 


Relevant for farms with the 
following activities: Permanent 
grassland 


What proportion of the area of 
permanent grassland is under 
extensive management? 


(Extensive means: double 
mowing/grazing or less, zero use of 
inputs, e.g. fertilisers, pesticides, 
soil improvement measures) [% of 
permanent grassland] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Agricultural area: Green cover  > 30 
% 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Care is taken on agricultural areas 
(excluding permanent grasslands) 
with sloping gradients higher than 
30 % to ensure a good, continuous 
green cover (under sown crops, 
catch crops etc.)? 


CI 


SMART Catch Crops 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


On what proportion of the arable 
land are catch crops grown? [% of 
arable land] 


CI 


SMART Share green cover on perennial 
crop land 


Relevant for farms with the 
following activities: Vegetable 
production, Viticulture,  Fruit 
Production 


On what proportion of the 
perennial cropland is a green cover 
maintained during the whole year? 


CI 


SMART Arable land: Share of green cover 
outside growing period 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery 


What proportion of the arable land 
is covered by vegetation outside the 
growing period? 


(EU: Period between 15. November 
und 15. February.) 


 [% of arable land] 


CI 


SMART Soil degradation: Measures taken 
to counter 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Pot plants / Plant nursery, Fruit 
Production 


On what proportion of the 
agricultural area endangered by soil 
degradation processes (other than 
erosion (e.g. compaction, 
contamination, salination)) are 
measures taken to combat soil 
degradation?  


Rate positively (=100%) if no 
degradation processes are evident. 
[% of endangered agricultural area] 


CI 


SMART Slurry application with drag hose 
system or by injection 


On what proportion of the area 
fertilised with slurry does the farm 
use drag hose or injection systems 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Permanent 
grassland, Tree nursery / perennials,  
Fruit Production 


(to apply slurry)? [% of area 
fertilised with slurry] 


SMART Soil disinfection 


Relevant for farms with the 
following activities: Vegetable 
production, Viticulture, Tree 
nursery / perennials, Pot plants / 
Plant nursery, Fruit Production 


Does the farm refrain from the use 
of chemicals for soil disinfection? 


(If such substances are applied:) 


Is documentation and justification 
for the use of soil disinfection 
products available? 


CI 


SMART Pesticides: Number of active 
substances 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How many active substances of 
pesticides are used per year? 


CI 


SMART Contamination tests before using 
bought-in compost or sewage 
sludge 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


If compost or sewage sludge from 
external producers is applied: 


Are they tested for heavy metal 
contamination beforehand (at 
producer, trader or farm) and found 
to be safe?  


(heavy metals: cadmium, lead, 
chromium, copper, mercury, nickel, 
zinc) 


CI 


SMART Antibiotics from livestock in 
fertilizers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is there a risk that manure/slurry 
from livestock treated with 
antibiotics is applied to the 
agricultural area? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Conflicts over water quality 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are there, or have there been, any 
conflicts with other water users / 
stakeholders over water quality in 
the farm’s neighbourhood? 


CI 


SMART Permanent grasslands: Conversion 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland 


(If there is/was permanent 
grassland on the farm:)  


What proportion of permanent 
grassland has been converted to 
other use in the past 5 years (e.g. to 
arable land, perennials without 
blanket permanent grass coverage)? 
[% of permanent grassland] 


CI 


SMART Flowering regulation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use products to 
influence the flowering of plants or 
for desiccation? 


(Rate positively (=No) in case nature 
identical ethylene gas is used.) 


CI 


SMART Growth regulation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery 


Does the farm decline to use 
synthetic chemical growth 
regulators? 


CI 


SMART Agricultural area: Erosion control  > 
15 % 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials,  Fruit 
Production 


Are sufficient measures taken on 
agricultural areas with sloping 
gradients higher than 15 % (up to 
30%) to prevent erosion (e.g. 
contour ploughing)? 


CI 


SMART Measures to prevent erosion Are sufficient measures taken on 
agricultural areas with sloping 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


gradients lower than 15 % to 
prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.) 


Exclude perennial crops from rating 
(assessed separately: ID 763) 


SMART Measures to prevent erosion in 
perennial crops 


Relevant for farms with the 
following activities: Viticulture, 
Permanent grassland, Pot plants / 
Plant nursery,  Fruit Production 


Are sufficient measures taken in 
perennials with sloping gradients 
lower than 15 % to prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.).) 


CI 


SMART Livestock health: Proportion of 
prophylactic treatments 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Aquaculture 


What proportion of the animals 
(across all livestock categories) was 
given prophylactic treatments, 
preventive before any clinical signs 
of disease, including for purposes of 
enhanced performance, during the 
past year? 


(Do not count vaccinations as 
prophylactic.) [% of animals] 


CI 


SMART Share of area for biodiversity 
promotion on total farm area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Calculated indicator: It calculates 
the share of areas to promote 
biodiversity of the total farm area: 
(biodiversity promotion area on 
agricultural area + biodiversity 
promotion area off agricultural 
area) / total farm area 


CI 


SMART Permanent grasslands: Renewal 


Relevant for farms with the 
following activities: Permanent 
grassland 


What proportion of permanent 
grassland has been newly seeded in 
the past 5 years? [% of permanent 
grassland] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Woodlands: Deforestation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Which portion of the farm’s current 
agricultural area has been 
deforested over the past 20 years? 


(Remark: deforestation = removal of 
a forest or stand of trees where the 
land is thereafter converted to a 
non-forest use.) [% of agricultural 
area] 


CI 


SMART Plough less soil management 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


What proportion of the agricultural 
area (excluding permanent 
grassland) is subject to zero / no-
tillage or reduced tillage? [% of 
agricultural area] 


CI 


SMART Poultry: cover of vegetation at 
open-air access 


Relevant for farms with the 
following activities: Poultry 
production 


(If there is an open-air access for 
poultry:) 


What is the percentage vegetation 
coverage of the open-air access? 


Score based on worst poultry 
access. [% of vegetation coverage 
(poultry)] 


CI 


SMART Woodlands: Share of agricultural 
area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


 CI 


SMART Arable land: Under sown crops 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials 


What proportion of the arable land 
has cover crops under sown? [% of 
arable land] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Arable land: Share of direct seeding 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


What proportion of the arable land 
is managed by the method of direct 
seeding? [% of arable land] 


CI 


SMART Arable land: Share of temporary 
grasslands 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


 CI 


SMART Livestock health: Hormonal 
treatment for problems with 
livestock in heat 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Dairy cattle / dairy 
goats / dairy sheep 


Does the farm use hormonal 
treatments for livestock with in-
heat problems? 


CI 


SMART Use of antibiotic drying agents 


Relevant for farms with the 
following activities: Dairy cattle / 
dairy goats / dairy sheep 


Does the farm use antibiotic drying 
agents? [% of dairy cows] 


CI 


SMART Silage storage 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Dairy cattle / dairy 
goats / dairy sheep 


Is the silage stored appropriately to 
minimize losses and avoid 
contamination? 


CI 


SMART Recycling of used tyres 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of used tyres is 
delivered to recycling points?  


(If no such waste generates on the 
farm, rate positively (= 100%).) [% of 
used tyres] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Arable land: Gradients > 15 % 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery,  Tropical crops 


What proportion of the arable land 
has gradients above 15 %? [% of 
arable land] 


CI 


SMART Recycling of plastic waste 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of plastic waste is 
delivered to recycling points or re-
used? 


(Rate positively (= 100%) if no such 
waste is generated. [% of plastic 
waste]) 


CI 


SMART Crop resistance 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


Are cultivars chosen with a view to 
resistance to harmful organisms and 
diseases? 


CI 


SMART Share of legumes on perennial 
crops area 


Relevant for farms with the 
following activities: Viticulture, Tree 
nursery / perennials,  Fruit 
Production 


What proportion of the perennial 
cropland area is devoted to 
legumes? [% of perennial crop area] 


CI 


SMART Production materials: Use of 
problematic elements 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


Does the farm only use production 
materials made of less problematic 
plastic types? 


(Check problematic materials (e.g. 
PVC, polystyrene)) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Landslides and mudslides on 
agricultural area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials,  Fruit Production 


Were there landslides and/or 
localized mudslides on the farm's 
agricultural area in the past 10 
years? 


CI 


SMART Recycling of waste glass 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the waste glass 
is delivered to recycling points? 


(If no such waste generates on the 
farm, rate positively (= 100%).) [% of 
waste glass] 


CI 


SMART Sealed areas 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Share of sealed are on farm area. CI 


 


  







Productivity and farm incomes 
 


Tool Indicator (Relevance) Description / Assessment question Type 


COMPAS Total Output  


Relevant for all farms. 


Following the FADN definition for 
indicator SE131, the indicators 
describes the total of output of 
crops and crop products, livestock 
and livestock products and of other 
output, including the sales, changes 
in product stocks, change in 
livestock valuation, and the costs 
due to purchases of livestock. 


PEI 


COMPAS Total Intermediate Consumption  


Relevant for all farms. 


Total specific costs (including inputs 
produced on the holding) and 
overheads arising from production 
in the accounting year (Following 
the FADN definition for indicator 
SE275).  


PEI 


COMPAS Net Value Added  


Relevant for all farms. 


Remuneration to the fixed factors of 
production (work, land and capital), 
whether they be external or family 
factors (FADN definition for 
indicator SE415). 


PEI 


COMPAS Farm Net Value Added per 
Agricultural Work Unit  


Relevant for all farms. 


Farm Net Value Added expressed 
per agricultural work unit (FADN 
definition for indicator SE425) 


PEI 


COMPAS Net Farm Income 


Relevant for all farms. 


Remuneration to fixed factors of 
production of the farm and 
remuneration to the entrepreneurs’ 
risks in the accounting year (FADN 
definition for indicator SE420). 


PEI 


COMPAS Crop gross margin 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Fruit Production 


Total revenue of a crop minus its 
variable costs, expressed in per 
hectare units. 


PEI 


COMPAS Livestock gross margin 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 


Total revenue of livestock minus the 
variable costs, expressed in 
livestock units. 


PEI 







Tool Indicator (Relevance) Description / Assessment question Type 


Dairy cattle / dairy goats / dairy 
sheep, Tree nursery / perennials, 
Pot plants / Plant nursery, Fruit 
Production 


SMART Agroforestry: Number of sold 
products 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How many different products 
produced in the agro-forestry 
system are sold? 


CI 


SMART Professional agricultural accounts 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm have a professional 
agricultural accounting procedure 
that is also used for the farm 
management? 


(Rate "partly" if the professional 
accounts are not used for the farm 
management.) 


CI 


SMART Yield level 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Calculated indicator: Shows the 
average relation of the farm's crop 
yield to the regional crop yield. Only 
economically important crops are 
considered. 


CI 


SMART Profit stability 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 


Has the farm’s profit been rising, 
stable or falling in the last 5 years? 


MEI 







Tool Indicator (Relevance) Description / Assessment question Type 


perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Farm Net Income 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Over the past five years, was the 
farm able to generate a positive net 
income (which also includes a living 
wage for the farmer and his family)? 


MEI 


SMART Yield tendency 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How have the yields developed in 
the past 5 years (rising, falling (+/- 
5%) or stable)?  


(Refer to the 3 most profitable 
products (animals and plants)) 


CI 


SMART Long term investments 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Has the farm invested in long-term 
improvements to infrastructure 
(buildings, roads) or in the purchase 
of further productive land in the last 
10 years? 


CI 


SMART Producer price vs. market price 
level 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 


How many percentage points do the 
average prices of the farm’s main 
products deviate from the average 
market price? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(1) Rank the most important 
products according to their share on 
gross sales value. 


2) For the most important products 
which account for at least 60% of 
the gross sales value, calculate the 
deviation from the market price in 
percentage (find out the regional 
market price either before or after 
the interview). 


3) Calculate the weighted average 
according to the product's share on 
gross sales value. [% of price level]) 


SMART Yield loss 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Calculated indicator: Determines, if 
the farm has been affected by crop 
failures (> 20% of expected yields) 
in the past 5 years. Only considering 
main crops (>10% of the farm's 
agricultural revenue). 


CI 


SMART Fattening pigs: Losses 


Relevant for farms with the 
following activities: Pig production 


What was the loss of fattening pigs 
(in %) in the past year? [% of 
fattening pigs] 


CI 


SMART Secure supply of farm inputs 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Have there been any occasions in 
the last 5 years when necessary 
farm inputs were not available, and 
which in turn resulted in production 
losses? 


(Example: There were no seeds 
available.) 


Do not account for unavailability 
determined by the farmers financial 
constraints. 


CI 


SMART Diversification of income 


Relevant for farms with the 
following activities: Arable farming, 


How many other sources of income 
(related to agriculture and which 
contribute more than 10% of 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


farmer's income) exist on the farm 
besides farming?   


(Examples: Services to other 
farmers, agritourism, etc.) 


SMART Losses of piglets 


Relevant for farms with the 
following activities: Pig production 


What is the loss of piglets (up to 25 
kg) incl. stillbirths (average of the 
past 5 years)? [% of piglets] 


CI 


SMART Climate change adaptation 
measures 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is the farm taking steps to adapt to 
the consequences of climate 
change? 


CI 


SMART Yield decreases resulting from lack 
of water 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Were yields limited during the past 
5 years as a result of lack of water 
(more than 20% reduction either in 
livestock and/or crop production 
yield)? 


CI 


SMART Collective marketing 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Beef cattle / meat sheep / meat 
goats, Pig production, Poultry 
production, Dairy cattle / dairy 
goats / dairy sheep, Fruit Production 


Is the farm involved in collective 
marketing with other farmers? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Determining fertiliser requirements 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


When determining nutrient 
contents and soil properties, how 
often are soil analysis performed?  


-> note down in comment how 
often for N, P, K and pH 


CI 


SMART Irrigation: Low energy technology 
and pumps 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


(Only ask if irrigation is used:) 


Does the farm use low-energy 
irrigation technology and pumps, 
drip irrigation and micro irrigation? 


Score positively in case of no 
irrigation and if irrigation is done 
manually. 


CI 


SMART Losses of calves 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep 


What was the loss of calves (calves 
up to 65 kg) in the past year? [% of 
calves] 


CI 


SMART Insulation of heated farm buildings 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(If there are heated farm buildings:) 


What proportion of the heated farm 
buildings are sufficiently insulated 
(e.g. with double or multiple glazed 
windows, roof / wall / floor 
insulation)? [% of heated farm 
buildings] 


(Do not score heated greenhouses, 
covered in ID 745) 


CI 


SMART Harvesting methods 


Relevant for farms with the 
following activities: Viticulture,  
Fruit Production 


Are crops harvested at the 
appropriate time and using the best 
method to optimise quality and 
crop health? 


CI 


SMART Use of clean planting materials 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture,  
Fruit Production 


Are seeds and/or planting materials 
obtained from external sources 
controlled/certified to ensure high 
levels of seed health, cleanness and 
germination? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


(If seeds are not officially certified 
they should be checked in 
accordance with the rules of the 
International Seed Testing 
Association (ISTA).) 


SMART Precise fertilisation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use systems for 
precise fertilisation (e.g. variable 
rate application methods, drip 
irrigation with mineral fertilisers)? 


CI 


SMART Food Waste Disposal 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Fruit Production 


Was there any produced food 
intended for human consumption 
disposed of over the past five years 
in one of the following ways: 


- Redistributed to people  


- Sent to animal feed  


- Sent to anaerobic digestion  


- Sent to compost  


- Sent to incineration with energy 
recovery  


- Sent to incineration without 
energy recovery 


- Sent to landfill 


- Spread on field 


- Going to sewer 


CI 


SMART Problems with loan providers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


In the last 5 years, have there been 
problems with lenders? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART On farm processing 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the sales comes 
from on-farm processed products? 


(If necessary estimated.) [% of sales 
income] 


CI 


SMART Insurance: Fire 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is the farm insured against fire 
damage? 


CI 


SMART Proportion of lame animals 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Dairy cattle / dairy 
goats / dairy sheep 


What is the proportion of lame 
animals? 


(Score based on worst animal 
category) 


CI 


SMART Weed management 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture,  
Fruit Production 


Are weeds controlled to optimize 
nutrient and water uptake of the 
crop as well as spread of pests and 
diseases? 


CI 


SMART Storage facilities 


Relevant for farms with the 
following activities: Tropical crops 


Are storage facilities and equipment 
kept clean, pest and water leak 
proof, with good ventilation, stored 
off-ground, away from the walls and 
not together with chemicals? 


CI 


SMART Insurance: Natural disasters 


Relevant for farms with the 
following activities: Arable farming, 


Is the farm insured against natural 
hazards relevant to the region 
(flooding, landslides, drought etc.)? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Soil water harvesting 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland,  Fruit 
Production 


Are adequate measures taken to 
improve rainwater harvesting from 
the soil? 


CI 


SMART Soil degradation: Severe soil 
compaction 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


On what proportion of the 
agricultural area has been signs of 
severe soil compaction (caused by 
either machinery or livestock)? [% 
of agricultural area] 


CI 


SMART Measures to prevent erosion 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


Are sufficient measures taken on 
agricultural areas with sloping 
gradients lower than 15 % to 
prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.) 


Exclude perennial crops from rating 
(assessed separately: ID 763) 


CI 


SMART Measures to prevent erosion in 
perennial crops 


Relevant for farms with the 
following activities: Viticulture, 
Permanent grassland, Pot plants / 
Plant nursery,  Fruit Production 


Are sufficient measures taken in 
perennials with sloping gradients 
lower than 15 % to prevent erosion? 


(Consider: cropping techniques, 
type of crop, gradients, weather 
conditions (wind, rainfall etc.).) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Mechanization: Milking 


Relevant for farms with the 
following activities: Dairy cattle / 
dairy goats / dairy sheep 


To what extent does mechanization 
reduce the physical workload when 
milking? 


CI 


SMART Mechanization: harvesting 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beekeeping, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


To what extent does mechanization 
reduce the physical workload when 
harvesting?  


(Rate negative if loads of more than 
25 kg are carried from one person.) 


CI 


SMART Soil degradation: Share of 
agricultural area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Pig 
production, Poultry production, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


What proportion of the agricultural 
area has been degraded over the 
last 20 years or can no longer be 
used for farming? [% of agricultural 
area] 


CI 


SMART Energy-efficient driving (Eco-Drive) 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Do the farm manager and the 
workers use energy-efficient driving 
techniques (e.g. Eco-Drive advice: 
low speed of engine (revolutions 
per minute) and driving with high 
gears if possible etc.)? 


CI 


SMART Permanent grasslands: Mowing 
frequency 


Relevant for farms with the 
following activities: Permanent 
grassland 


How often is the grassland mowed 
on average? 


CI 


SMART Landslides and mudslides on 
agricultural area 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 


Were there landslides and/or 
localized mudslides on the farm's 
agricultural area in the past 10 
years? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Permanent grassland, Tree nursery / 
perennials,  Fruit Production 


SMART Biogas plant: share organic 
residues 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of organic matter 
utilized in a biogas plant (own or 
external plant) is a surplus or 
leftover from food/feed 
production? [% of organic wastes] 


CI 


SMART Growth regulation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Tree nursery 
/ perennials, Pot plants / Plant 
nursery 


Does the farm decline to use 
synthetic chemical growth 
regulators? 


CI 


SMART Flowering regulation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Tree nursery / perennials, Pot plants 
/ Plant nursery,  Fruit Production 


Does the farm use products to 
influence the flowering of plants or 
for desiccation? 


(Rate positively (=No) in case nature 
identical ethylene gas is used.) 


CI 


SMART Permanent grasslands: Conversion 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland 


(If there is/was permanent 
grassland on the farm:)  


What proportion of permanent 
grassland has been converted to 
other use in the past 5 years (e.g. to 
arable land, perennials without 
blanket permanent grass coverage)? 
[% of permanent grassland] 


CI 


SMART Hybrid cultivars 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Permanent 
grassland, Pot plants / Plant 
nursery, Fruit Production 


Does the farm decline to cultivate 
hybrid cultivars? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Arable land: Share of temporary 
grasslands 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production 


 CI 


SMART No use of synth. chem. herbicides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical herbicide applications? [% 
of agricultural area] 


CI 


SMART No use of synth. chem. insecticides 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Tree nursery / 
perennials, Pot plants / Plant 
nursery,  Fruit Production 


What proportion of the agricultural 
area does not receive synthetic 
chemical insecticide applications? 


Spinosad, Neem and other broad-
range organic insecticides count. [% 
of agricultural area] 


CI 


SMART Arable land: Average plot size 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production,  Tropical 
crops 


 CI 


  







Quality of life 
 


Tool Indicator (Relevance) Description / Assessment question Type 


SMART Availability of regular meals, 
beverages and toilet facilities 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are all workers able to have regular 
meals, drink sufficiently and use 
toilet facilities? 


Consider:  


- Farmer / Farm manager 


- Family members 


- Permanent workers 


- Temporary / seasonal workers 


- Interns 


CI 


SMART Workers: Use of protective gear 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm manager ensure that 
all workers (incl. the farm manager) 
have appropriate protection during 
their application of pesticides and 
other hazardous materials? 


When the answer to any of the 
questions to the farmer is no, 
answer this question with an overall 
“No”. If the answer to all questions 
to the farmer is yes, answer this 
question with an overall “Yes”. 


CI 


SMART Child labour: Hazardous forms of 
work 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(If children (< 16 years old) help 
with the work:) 


Is there a risk that this work may be 
hazardous to their health or 
development (e.g., carrying heavy 
loads or doing dangerous work, 
applying plant protection 
products)? 


If no children help, do not assess. 


CI 


SMART Workers: Weekly working hours 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 


Calculated Indicator: Average 
working hours per week for 
workers, who are working the most 
hours (in relation to a full time 
equivalent) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


- Including overtime 


- Average value, not extreme weeks 


- Part time jobs working hours are 
related to a full time equivalent 


SMART Days of absence due to 
occupational injuries and work-
related illnesses 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How many days (per person per 
year) of absence due to 
occupational injuries and work-
related illnesses have there been in 
the past 5 years? 


CI 


SMART Work-Life-Balance family workers 
(holiday) 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


To what degree does the farm 
manager (and family workers) take 
whole days off work (per year)? 


CI 


SMART Equal pay 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Do women, men, people with 
disabilities, minorities and 
vulnerable groups receive equal pay 
for equal work/output at this farm? 


(Rate according to worst conditions 
found. If family workers voluntarily 
receive unequal pay, give a positive 
assessment) 


Consider:  


- Family members 


- Permanent workers 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


- Temporary / seasonal workers 


SMART Relation paid wage to the regional 
living wage 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


How does the lowest wage that the 
operation pays to its employees 
(except interns/ apprentices and 
subsidised workplaces) compare 
with the necessary living wage (if no 
data on living wage available use 
minimum wage/union demanded 
minimum wage) in the region. 
Based on data from 
wageindicator.org. 


CI 


SMART Workers: Overtime compensation 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is overtime compensated at the 
farm (in terms of time off or 
overtime pay)? 


Consider:  


- Permanent workers 


- Temporary / seasonal workers 


CI 


SMART Workers: Regular breaks 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are all workers free to take regular 
breaks? 


(Regular breaks:) 


- Long break of one hour per 
working day (9h) 


- Additional breaks (at least 0.25 h) 
for each half day 


Example for 1 working day: 1 hour-
break and 2 smaller breaks of 0.25 
h. 


Consider:  


- Farmer / Farm manager 


- Family members 


- Permanent workers 


- Temporary / seasonal workers 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


- Interns 


SMART Child labour: Impairment of school 
performance 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(If children (< 16 years old) who live 
on or off the farm work at the 
farm:) 


Is there a risk that the children’s 
school performance is hampered by 
that work (e.g., they are tired at 
school or do not have time to 
complete homework assignments)? 


If no children help, do not assess. 


CI 


SMART Workers: Incidences of harassment 
and mobbing 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Have there been any incidences of 
workers being harassed or mobbed 
in the past 5 years? 


CI 


SMART Systematic identification of 
potential safety hazards 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


(For smallholders and family farms:) 


Is the farm manager aware of all 
relevant potential safety hazards? 


(For large operations:) 


Are safety hazards systematically 
identified and recorded? 


CI 


SMART Management system for workplace 
safety and health 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 


Is there a professional management 
system for workplace safety and 
health in place to reduce the risk of 
injuries and illnesses relating to 
work? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Workers: Freedom of assembly and 
collective bargaining rights 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are workers free to assemble and 
engage in (collective) bargaining? 


CI 


SMART Anti-discrimination measures 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm take measures to 
prevent discrimination against 
women, minorities and vulnerable 
groups? 


Consider the worst condition 
regarding equity in e.g. hiring, 
household budget-share in relation 
to the workload, type of work, 
wages, training and other 
opportunities offered to all 
employees. 


CI 


SMART Staff turnover 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


In the last 5 years, how many staff 
changes have there been among the 
permanent workers of the farm? 


(Where > 20% of workers note 
down the reasons.) 


Consider permanent workers (incl. 
family members). 


CI 


SMART Forced labour at the farm 


Relevant for farms with the 
following activities: Arable farming, 


Is there a risk that the farm was 
involved in any incidences of forced 
labour in the past 10 years? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Workers: Freedom of joining 
unions 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are workers free to join unions? 


Consider:  


- Temporary / seasonal workers 


- Permanent workers 


CI 


SMART Household food security 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Do all members of the farm 
household have adequate 
nutritional meals each day? 


CI 


SMART Workers: Work permits 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Do all workers have work permits 
and are they registered with the 
authorities? 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


SMART Access to medical care 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Do all workers (temporary and 
regular) have access to medical 
care? 


(Include family workers and the 
farm manager. Both public and 
private health care are acceptable. 
Example: The farm provides a car to 
drive to a near-by hospital in case of 
emergency and provides coverage 
for treatment costs.) 


CI 


SMART Proactive support of disadvantaged 
groups 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does this operation provide extra 
support to disadvantaged groups 
(women, minorities, disabled 
people, etc.) working on the farm? 


(Consider last 5 years and give 
specific examples: Paying for the 
language courses of non-native 
speakers, collaboration with social 
institutions (e.g. therapy), 
financially support to women during 
their maternity leave etc.) 


CI 


SMART Availability of adequate 
replacement of farm manager 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Does the farm manager/farmer 
have an adequate replacement who 
is familiar with the farm (e.g. taking 
care of the animals) in case of 
illness or holidays? 


CI 


SMART Subsistence farming 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 


To what extent does the farm 
supply its own food needs and 
those of its workers, as far as the 
local environmental conditions 
allow? [% of what is possible under 
the local environmental conditions] 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Fruit Production 


SMART Profit stability 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Has the farm’s profit been rising, 
stable or falling in the last 5 years? 


CI 


SMART Clear ownership rights / social 
protection for partners in the event 
of divorce / death 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are the spouse and other 
dependent relatives of the farm 
manager provided for in the event 
of his or her death or in case of 
divorce (clear ownership rights, 
etc.)? 


(Focus on social security, not on the 
continuity of farming.) 


CI 


SMART Forced labour at suppliers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is there a risk that suppliers of the 
farm (other operations within the 
farm’s sphere of influence) were 
involved in any incidences of forced 
labour in the past 10 years?  


(Problematic regions according to 
ILO [> 3‰]: Non-EU-countries in 
Eastern Europe, Middle East, Africa, 
Latin America, Caribbean and 
Pacific.) 


CI 


SMART Number of jobs created/removed 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 


Were there any new (= additional) 
jobs created or job cuts at the farm 
in the past 5 years?  


Only consider: 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


- Family members and workers who 
get monetary compensation for 
their work 


SMART Commitment against 
discrimination 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Has the farm committed itself with 
a written document to prevent 
discrimination against women, 
minorities and other vulnerable 
groups? 


CI 


SMART Mechanization: Milking 


Relevant for farms with the 
following activities: Dairy cattle / 
dairy goats / dairy sheep 


To what extent does mechanization 
reduce the physical workload when 
milking? 


CI 


SMART Mechanization: harvesting 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beekeeping, 
Tree nursery / perennials, Pot plants 
/ Plant nursery, Fruit Production 


To what extent does mechanization 
reduce the physical workload when 
harvesting?  


(Rate negative if loads of more than 
25 kg are carried from one person.) 


CI 


SMART Child labour at suppliers 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is there a risk that suppliers to the 
farm (other operations within the 
farm’s sphere of influence) have 
been involved in any incidences of 
child labour abuse over the past 10 
years?  


(Problematic regions according to 
ILO [> 5%]: Middle East, Africa, Latin 
America, Asia and Pacific.) 


CI 


SMART Workers: Nutritional meals Does the farm offer its workers 
regular, nutritious meals and/or is 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


there a kitchen where employees 
can prepare meals? 


SMART Social involvement outside the 
farm: Costs 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is the farm involved in social 
activities (unpaid) in its local 
community? If yes, how many days 
on average per year are spent on 
such projects? 


(In case of smallholders and family 
farms, consider the private 
engagement of the household 
and/or the farm manager. In case of 
large farms, do not consider the 
private engagement of the farm 
owner/manager.) 


CI 


SMART Mechanization: Mucking out 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep 


To what extent does mechanization 
reduce the physical workload when 
mucking out? 


CI 


SMART Disabled workers / inhabitants 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Are there disabled people who work 
and/or live at this farm? 


CI 


SMART Prevention of resource conflicts 


Relevant for farms with the 
following activities: Arable farming, 


Does the farm have mechanisms for 
preventing the use of resources that 
have been, or are, legally disputed, 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


or whose ownership is unclear 
(water, land, biodiversity, etc.)? 


(E.g. use a movable fence to avoid 
grazing conflicts or involvement of 
concerned stakeholders to 
commonly set basic rules for the 
use of water.) 


SMART Food security measures for local 
communities 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Fruit Production 


Does the farm take steps / 
implement projects to enhance the 
food security of the local 
community, or does it financially 
support such efforts? 


(Examples: Teach other farmers 
how to store or to further process 
raw products.) 


CI 


SMART Mechanization: Feeding 
concentrated fodder 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Dairy cattle / dairy goats / dairy 
sheep, Aquaculture 


To what extent does mechanization 
reduce the physical workload when 
giving concentrate fodder? 


(In case no concentrate feed is given 
to the livestock, exclude from 
rating.) 


CI 


SMART Mechanization: Feeding roughage 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Pig 
production, Dairy cattle / dairy 
goats / dairy sheep 


To what extent does mechanization 
reduce the physical workload when 
feeding roughage? 


CI 


SMART Social responsibility in 
procurement 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 


Calculated indicator: It calculates 
the average from the answers 
whether social criteria or 
certifications have been accounted 
for the five most important farm 
inputs. 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


perennials, Pot plants / Plant 
nursery, Fruit Production 


SMART Feed No Food: grazing livestock 


Relevant for farms with the 
following activities: Beef cattle / 
meat sheep / meat goats, Dairy 
cattle / dairy goats / dairy sheep 


What amount of the feed given to 
grazing livestock would be suitable 
for human consumption (For maize 
silage take standard yields for grain 
maize)? [kg/livestock unit/year] 


CI 


SMART Feed No Food: non-grazing animals 


Relevant for farms with the 
following activities: Pig production, 
Poultry production, Aquaculture 


What proportion of the feed given 
to non-grazing animals would be 
suitable for human consumption? 


(Contrary to e.g. waste products; 
Score based on worst animal 
category [% of feed]) 


CI 


SMART Environmental involvement 
outside the farm: Costs 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is the farm involved in 
environmental protection (unpaid) 
external to its own land? If yes, how 
many days on average per year are 
spent on such projects? 


(In case of smallholders and family 
farms, consider the private 
engagement of the household 
and/or the farm manager. In case of 
large farms, do not consider the 
private engagement of the farm 
owner/manager.) 


CI 


SMART Farm inputs from countries with 
problematic social conditions 


Relevant for farms with the 
following activities: Arable farming, 
Vegetable production, Viticulture, 
Permanent grassland, Beef cattle / 
meat sheep / meat goats, Pig 
production, Poultry production, 
Beekeeping, Dairy cattle / dairy 
goats / dairy sheep, Tree nursery / 
perennials, Pot plants / Plant 
nursery, Fruit Production 


Is there a risk that farm inputs 
originate from countries with 
problematic social conditions and 
don't have a social certification? 


(Problematic regions according to 
ILO: Middle East, Africa, Latin 
America, Caribbean, Asia and the 
Pacific; for individual countries refer 
to BSCI-rating. 


(If no, can information regarding the 
social compatibility of their 
production be furnished? (This 
relates to where the farm inputs 
originally came from.) 


CI 







Tool Indicator (Relevance) Description / Assessment question Type 


Concentrates, Fertilisers, Pesticides, 
young plants, seeds (Fuels are not 
considered).) 


 





		S1: Overview of SAT indicators

		Greenhouse gas (GHG) emissions

		Biodiversity

		Soil Quality

		Water Quality

		Productivity and farm incomes

		Quality of life








S2: Case Study Report Structure 
 
Project partners needed to compile a case study report with the following structure: 
 
1) Description case study dilemma 
 
2) Description investigated farm groups  
 
3) In-depth topic analysis 1: Direct and indirect greenhouse gas emission  
 
4) In-depth topic analysis 2: Biodiversity  
 
5) In-depth topic analysis 3: Soil quality (soil as a mean of production)  
 
6) In-depth topic analysis 4: Water quality  
 
7) In-depth topic analysis 6: Productivity  
 
8) In-depth topic analysis 7: Farm income  
 
9) In-depth topic analysis 8: Quality of life  
 
10) In-depth topic analysis 8: Other, case-study specific sustainability aspects (such as resilience)  
 
11) General differences between farm groups  
 
12) General similarities between farm groups  
 
13) Trade-offs / synergies between above topics  
 
14) Synthesis of task 3.2 results in the case study 


Supplement S2 for:  
Landert et al. (2020) Assessing agro-ecological practices using a combination of three sustainability assessment tools. 
Landbauforsch – J Sustainable Organic Agric Syst 70(2):129–144, doi:10.3220/LBF1612794225000 



https://doi.org/10.3220/LBF1612794225000
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